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BRITISH ACETONES TORONTO, LIMITED

Sik FREDERICK NATHAN,
Director of Propellant Supplies,
London, England.

SIR:—

I have the honor to submit herewith a report on the work done

by the British Acetones Toronto, under the Weizmann process.

The report is lengthy, going into all details, but is well worth
more than a casual glance. It sets forth the difficulties met with
in making a commercial success of what had been little more than
a Laboratory Experiment, and the means employed to overcome
these difficulties. On our success I need not elaborate, as our out-
put and exceedingly low percentage of spoiled grain (viz.: less than
one-half of one per cent.) speaks more forcibly than any words of
mine could do.

During the first fifteen months of operation, we shipped
2,162,000 1bs. of Acetone, and it should be borne in mind that this
production was carried on while very extensive alterations and
enlargements were being made to the plant.

This success is due entirely to the untiring efforts of my staff.

My son, Captain A. E. Gooderham (who was medically unfit for
Active Service) looked after the correspondence, office, employment
of men, and in my absence managed the entire works. He worked
indefatigably in the interests of the Company.

Mr. H. B. Speakman, who was sent out from England to work
the Fermentation end was most untiring in his efforts and most
successful in developing the ferment, and systematizing the work
of his Department.

To Mr. D. Alliston Legg great credit is due for his part in the
distillation and purification of the Acetone and in the working out
from a scientific point, of the Methyl Ethyl Ketone plant.

Mr. W. Charles Collett, our architect, a master of his calling,
saved us many a dollar in the close supervision of the construction
of the plant.

Mr. E. Metcalfe Shaw, our Chief Engineer, proved himself a
genius in inventing heating and cooling apparatus for use in the
different parts of the plant—in devising simple, yet most effective
methods of sterilisation and generally in devising apparatus which
materially reduced the liability of failure to a minimum and also
the cost of production.
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Mr. J. H. Parkin, his assistant, worked night and day in the
interests of the company, and most ably assisted Mr. E. Metcalfe
Shaw, his work on the Catalysers being worthy of special mention.

To Mr. D. J. Thomson, belongs the special honor of inventing
a method of heating the Catalysers in the M.E.K. process which
such companies as the General Electric and Westinghouse did not
care to undertake, and positively would not guarantee to work sat-
isfactorily, and that, too, at a cost of one-half the estimate of these
Companies. He also had the supervision of all the Electric work
about the premises, and it speaks well for his supervision that the
Inspectors never once altered any of his work, nor had we any
trouble with the electric work after he took charge.

Mr. F. W. Barron, our Mechanical Superintendent, had the en-
tire confidence of the men under him. He supervised all our boilers,
steam supplies, pumps, etc., and save us many a ton of coal by his
close supervision of the plant.

Mrs. Bowes proved herself an ideal Superintendent of the Girls’
Department. She had the happy knack of choosing girls who
worked well and harmoniously together.

We are greatly indebted to the University of Toronto for allow-
ing several of their staff to assist us, and for supplying us with
Chemicals which it was impossible to purchase.

In conclusion, may I say that had it not been for the splendid
team work of the members of the Staff, 1 feel sure The British
Acetones could not have been such a pronounced success.

When the Armistice was signed, I received orders to close down
immediately. I called my staff together, in my office and thanked
them all for the support they had given the Company, and while
thankful that the Great War was over, we all regretted that the
very happy relations which had existed between us during the past
two and a half years was so soon to be severed. “They all did
their bit.”

Personally, I am most thankful that I had the opportunity of
doing something helpful to those brave fellows at the Front.

I have the Honor to be,
Sir, 5
Your obedient servant,
ALBERT E. GOODERHAM, COLONEL.
General Manager.
TORONTO, APRIL 3RD, 1919.
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LIST OF ABBREVIATIONS

IN SECOND STAGE M.E.K. PROCESS.
Butylene Butylene from Catalysis. 807 of gases, over 99%¢; pure.
BHS Butyl Hydrogen Sulphate. B.H.S., unabsorbed butylene, acid, polymerized
butylene.

FROM PURIFICATION OF SECONDARY BUTYL ALCOHOL.

Crude SB Crude Secondary Butyl Aleo- 600, or more secondary butyl.
hol.

Salted SB Top layer after salting.

FRSB First Runnings from rectifica-  Dissolved butylene, little M.E.K., sec. but. C.B.
, tion. mixture (800 sec. but.)

SB1 Secondary Butyl C.B. Mixture Free from impurities in FRSB and less water.

% ethyl

sB2 Intermediate Fractions. Between sec. but. C.B. mixture and dry sec.
but.
RSB Rectified Secondary Butyl Al-  Pure.
cohol.
hyl and Residue in Kettle. Sec. But. plus high boiling oils (6007 8.B.).

FROM RECTIFICATION OF METHYL EHTYL KETONE.

M.E.K. (erude) Crude Methyl Ethyl Ketone. Over 607, M.EK.

s with [ FRMEK First Runnings. M.EK. and water C.B. mixture.

Strong M.EK. Conforms to specifications regards to 8.G., but
possibly fails on permanganate, acidity
or alkalinity.

Rectified M.E.K. for Shipment.  Conforms fully to specifications.

MEK (inter.) Intermediates. Contains small amounts sec. but.

RSB As above. As above.

LRMEK Residue in Kettle. Sec. but. and high boiling oils (60¢; 8.B.).

\ganate

» 8%

er al

water

ohols,
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A Report on the progress made and the results obtained during
the period from August 1st, 1916, to April 30th, 1917.
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BRITISH ACETONES, TORONTO, LIMITED,
FERMENTATION DEPARTMENT.

A Report on the progress made and the results obtained during
the period from August 1st, 1916, to April 30th, 1917.

N. W. PIRRIE, EsqQ., :
Director of Propellant Supplies,
Imperial Munitions Board,
Ottawa.

DEAR SIR:—

The process in operation at the British Acetones, Limited, To-
ronto, may be briefly described as one in which maize mash is pre-
pared in a certain manner and fermented in iron vessels by inocu-
lating with a vigorous culture of a micro-organism. The products
of this fermentation are afterwards distilled and rectified.

In my report I propose to follow the course of the mash and
the inoculant in their various stages, and in the final fermentation,
describing and considering them purely from the bacteriological
point of view.

LABORATORY CULTURE—To avoid contamination of the culture
the usual precautions have been taken, and ordinary bacteriological
technique employed. The cooking and sterilisation of flasks and
tubes of maize have been done by responsible persons only, owing
to the prevalence of resistant spore-forming air organisms. Dur-
ing the twelve months’ work here we have not been troubled so far
by contamination in the laboratory.

A great source of trouble and anxiety during the first few
months was the repeated sluggishness of the fermentation. This
phenomenon appears after about six generations in open culture
tubes, even when using perfectly pure cultures and growing under
anaerobic conditions. Much detritus and very few spores are
formed, and these things I regard now as characteristic of a slug-
gish fermentation. This problem has been solved in the following
manner.

Sealed culture tubes in vacuo are only used at intervals, and
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the effect is beneficial. Different media have been employed at Ci
intervals of a few generations—potato, maize and wort. Chiefly, and h
however, we have been able to preserve strongly fermenting cul- ing.
tures by discarding tubes at intervals and starting from an old all jo
culture containing spores, usually from three to six weeks’ old. leakay
This has been done twice per week. In two generations, starting Tt
from such a spore culture, a vigorous, rapidly fermenting cultur: throuy
is obtained. plug ¢
The culture which I brought out from England has been used failur
for the first ten months. Recently I have examined carefully and ring il
used in the factory tubes brought out by Colonel Gooderham from limina
England recently. This, I presume, is the culture that has bee: Th
used at home for the last few months. The culture was perfectly jacket,
pure, and gave very good results in the factory. Eventually, the tempei
rapidity of the fermentation began to diminish, and the cultur avoid t
has now been replaced by one recently isolated and developed in my and ob
laboratory. The
After many experiments with different solid media I hav« pounds
found one which gives splendid results with a Weizmann culture. They a
This is made according to the following recipe :— bated f
To 1,000 c.c. of wort, S.G. 1.008, add 1% gelatine, 1% calcium flask a1
carbonate, 2% agar. Heat gently, filter, sterilise and make up For
into tubes in the usual manner. Use for shake cultures, and in seed ta
making the dilutions an old culture containing spores must be menters
used. Vegetative forms will not grow in the medium, but spores per day
give rise to large colonies of healthy bacilli in forty-eight hours sibility
Up to the present no successful technique has been found for pre- generati
paring good plate cultures using this medium. method
to econg
FLASKS—A 10 c.c. tube of culture is used to inoculate a 500 c.c.
flask, containing 300 c.c. maize mash. This is incubated for eigh- INoc
teen to twenty-four hours at 37" C. per masl
mechani
PaiLs—=Satisfactory aluminum pails have not been obtainable in @8 able of s
Toronto. It was found impossible to get rid of very serious air § The masl
leaks, and the aluminum pails were therefore discarded. Copper f gravity i
pails are now being used, and are giving every satisfaction. Ex- §§ 10 pound
perience has shown that the thin black coating formed over the J persist.
copper must not be removed by vigorous scouring when the pail is § cooking.
empty, thus exposing a new copper surface. Rubber gaskets are a The ¢
constant source of danger and difficulty. of stating
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Contamination has several times been discovered in the pails,
and has been traced to air leaks occurring when the pail was cool-
ing. Before a pail is used it is tested under compressed air after

old all joints have been made, and is rejected if there is the slightest
old. leakage of air under 10 pounds pressure.

ting The only opening made after this test is completed is the one
ture through which the mash is poured, and it is closed with a cotton

plug during the cooking and cooling. The cause of several of our
failures here has been traced back to slight contamination occur-
ring in the pails. 1 therefore attach great importance to this pre-
liminary test.

The mash is made in an open copper vessel, heated by a steam
jacket, and taken up to boiling and kept for twenty minutes at this
temperature before putting it into the pail. By this method we

ure avoid the necessity of interrupting the sterilisation to stir the mash,
my and obtain a homogeneous medium.

' The pails are sterilised for two-and-a-half hours at twenty-five
ave pounds pressure, and are afterwards cooled slowly in a water bath.
re They are inoculated with one of the flask cultures, and are incu-

bated for twenty hours at 370" C. A permanent slide is made of the
um flask after the pail is inoculated, and kept for at least one week.
up For the first four months the pails were used to inoculate the
in seed tanks directly, which were in turn used to inoculate the fer-
be menters. When we began to ferment from four to five fermenters
res per day, requiring the same number of seed tanks, with every pos-
\TS. sibility of still further increasing our output, I introduced another
re- generation or stage in the processes, i.e., the inoculators. By this
method I hope to obtain better results in the seed tanks, and also
to economise on labor.
8.C.
th- INocULATORS—This battery consists of four units: one open cop-
per mashing vessel, heated by means of a jacket, and fitted with a
mechanical stirring gear, with three copper fermenting vessels cap-
in @ able of standing a pressure of twenty-five pounds (see diagram).
air l The mash is prepared in the open vessel, and when boiling is run by
yer B gravity into the inoculator. After cooking for two hours under
'x- | 10 pounds pressure the mash is tested to see if any organisms still
he B persist. If the mash is sterile the vessel is cooled after three hours’
is @ cooking.

The consideration of the inoculators provides an opportunity
of stating several points which I have come to regard as essential,

5
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especially in connection with inoculators and seed tanks. made

(a) There is no type of plug cock or plug valve obtainable here examil
which for very long remains gas tight. Three way cocks are to disc
especially dangerous, and have been a constant source of weakness. inocula

Recently, they were discarded wherever possible. Complete im- with ti
mersion in an antiseptic liquid is the only remedy for the danger. ation o
4 (b) We assume now that all globe and gate valves leak to a smallex
slight degree, and that these leaks are sufficient to cause the loss of in the

several fermenters. Acting on this assumption, we protect the will be
ki tank in one of two ways. All valves leading into the atmosphere Aft
are either open with steam passing through when the tank is commel
empty and under steam, or closed and covered very carefully with inoculaf

cottonwool when the mash is cooling and during the fermentation. samples
Valves leading from the mash or inoculating lines into the vessel The las
are covered by the next point. for seve

(¢) The mash and inoculating lines when not in use are con- flask ar
tinually under live steam pressure. This also is to prevent con- culture
tamination from air or water organisms. The great importance
of this has been shown on several occasions, when what would SEED
appear to be negligible amounts of air have been allowed to leak of the
in. On one occasion the mash line was broken without authority been ad
for a few minutes when at room temperature, and the mash after- is appe
wards pumped through the line into four fermenters owing to the and see

person in charge at the time neglecting to cease operations and re- from th
sterilise the line. Each of these four fermenters was a failure, ped for
It does not seem possible to erect a large perfectly gas tight inlet lin
plant, but speaking from a bacteriological point of view, I feel sure required
: that by working constantly under pressure from live steam, sterile it is fillec
mash, or fermentation gases, pure culture fermentation processes has been

can be successfully carried on in spite of the ever present danger tanks the

from air contamination which has been the cause of all our trouble and is ag

here. is cooled

(d) Only by constant examination and careful repair work can twenty gt

| the plant be kept in suitable condition for our work. Mr. Shaw described

l;; recently placed at my disposal a competent member of his staff, seed tank

who tests and examines carefully the inoculators and seed tanks hourly ga
‘.* when they are empty, and repairs the small defects. I attribute staff exan
!f ) the recent run of successful fermentations largely to this continued two hours

and systematic overhauling of the plant.
i One of the copper pail cultures is carried from the laboratory *All drt
and used as inoculant for the inoculator. A permanent slide is folios. The

“ porated in t
‘ F? 6
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made of the pail, and kept for at least one week, after a careful

ere examination has been made. We are hoping in the near future
are to discontinue the use of pails, owing to the fact that while the
ess. inoculators are being inoculated the culture must come in contact
im- with the atmosphere, and there is a slight possibility of contamin-
er. ation occurring at this point. Instead of the present arrangement,
0a smaller culture vessels will be connected by a line to the inoculators
i of in the factory, and apart from the tubes and flasks the process
the will be in a continuous plant.
ere After the fermentation has been going six or eight hours we
is commence to make observations at intervals of two hours until the
ith inoculator is used. These observations consist of the titration of
on. samples to see the acidity, and of a careful examination of slides.
sel The last slide is converted into a permanent one, and preserved
for several days, and a sample of the culture is taken in a sterile
m- flask and incubated. The permanent slides and samples of the
m- culture will be considered later.
ice
id

SEED TANKS—The seed tanks consist of four, which are part
of the original plant, and five new ones which have since
been added. The diagrammatic drawing of the plant, which
is appended, shows the relative positions of the inoculators
and seed tanks.* The mash is supplied to the seed tanks
from the four cookers by a two-inch line, which is equip-
ped for sterilisation purposes with a low pressure steam
inlet line, a safety valve and a drain. If a seed tank is
required to inoculate a fermenter to-morrow at 12 o’clock noon,
it is filled with mash from the cooker after the batch in the cooker
has been pronounced sterile at 12 o’clock noon to-day. In the seed
tanks the mash is heated further under pressure from 12 to 1 p.m.,
and is again examined for sterility. If the mash is sterile, the tank
is cooled down by an outside water curtain and inoculated with
twenty gallons of inoculant from one of the inoculators, previously
described, at about 3 o’clock p.m. One hour after inoculation the
seed tank is connected by a one-inch pipe line to a gas meter, and
hourly gas readings are taken by the factory staff. The laboratory
staff examine the culture in the manner previously described every
two hours, and from the gas produced, the rise and fall of the acid-

* All drawings, charts and diagrams, etc., are contained in separate port-
folios. The large size and great number of these prevents them being incor-
porated in the report proper.
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ern- pounds of maize meal in each fermenter. The mash is raised to
boiling point, and kept for thirty minutes. During the whole
ling period of mashing the rakes in the mash tun are revolving rapidly,
and a perfectly homogeneous mash is obtained. The mash floor
res- record which is attached to my report is kept by the staff on the
the mash floor. The flora of the mash at this stage is a very numerous
the one.
t/hh‘
| to COOKING—The mash is pumped across to the fermenting floor
ible through a four-inch pipe by means of a centrifugal pump. Commu-
hen nication is maintained between the cookers, the pumpmen and the
an- mash floor men by means of electric bell signals. On the way over
live steam is injected into the mash through a series of one-inch
pipes fitted into the line close together at right angles to it. The
od- steam intake is controlled by one of the girl members of the staff,
nt. and as far as possible the mash is maintained at a temperature of
he 240" F. To assist her in this operation a recording thermometer is
th. fitted in the line. The maize mash beyond the steam injector contains
in only B. mesenterious, chiefly the spore form. The steam injector,
If, therefore, besides heating and disintegrating the mash, brings
ch about partial sterilisation. All these three things are important
- and essential features in the proper preparation of the mash. (See
3i- thermometer chart in appendix.)
he When the cooker is full, the stirring begins at once. At present
no mechanical stirring gear is fitted into the cookers. During the
ill first few months cone stirrers, driven by mechanical stirring gear,
n were used in the cookers, but owing to the danger due to spark
th formation during their operation they were removed. At present
h. the stirring is effected by means of two low pressure steam jets
y. fitted on to a revolving shaft at the base of the cooker. These are
e revolved by hand, and steam 22 pounds pressure blown into the
cooker. At the base of the draw-off line from the cooker a high
pressure steam jet is inserted to prevent the caking of mash in the
I line and the possibility of any organisms surviving the cooking
] treatment. A safety valve, which operates above a pressure of 15
" pounds, and a vacuum valve are fitted on the cookers.
f After one-and-a-half hours a test for sterility is made. Owing

to the .impracticability of incubating samples or preparing plate
cultures, a rapid and reliable test had to be devised. A slide is
made of the mash, and the cooker is pronounced sterile when no
organisms whatever are indicated under the microscope. 1 do not
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regard it as practicable or safe to leave any room for discussion

Al
as to whether organisms which may be visible are dead or alive in owing
the mash. Also the mash on different days and in the four cookers ing. F
is not sterilised in the same time. Unless we could allow three the ma
hours at least in the cookers a test of every batch should be made. to ferm
If the mash is not sterile according to this test the cooking is pro- Owi
tonged. The line from the cookers through the cooler pump to the Jl possible
cooler is under live steam pressure continuously when not in use. steam |
At the end of each filling period the line from the mash floor to the of wate
cookers is washed out with hot water prepared in one of the mash ferment
tuns. The drain connection is shown in the diagram. twelve b

cooling |

CooLING—From the fermentation point of view the cooler must Assumir
satisfy three conditions :— residues
(a) The sterility of the mash must be preserved; with int

(b) The temperature required by the organism must be easily [ of the fe
obtained to within 1° F.; to cool d
(¢) The cooler must respond quickly when slight changes in the [ sterility,
temperature of the stream of mash are desired. from the
The cooling system designed and erected by Mr. Shaw has satis- A she
fied these three conditions. When not in use the cooler is sterilised valve an¢
with live steam, and cleaned by condensing live steam in the coils. | into the r
Experience has shown that the cooler slows down after two fer- 8 ing of the
menters are filled. For this reason and others we then close down [ cooling or
for two hours to steam sterilise the mash line and the cooler and Jl occurring
the time is recovered by the more rapid cooling which follows. inch valve
comes int

FERMENTERS—The General Distillery was equipped when.we | water pre
arrived with nine large open fermenters. To make them suitable for During
our work a conical top was made for each. At the beginning of this J dues from

year to increase our capacity seven new fermenters were added of [ four-inch

the same size. I hope that these new fermenters will soon be in use. densation .
They embody all the improvements which experience here has [l cleansing |
shown to be desirable. Since operations began here several times [l can be use(

changes have been made in the old fermenters, especially in the gas Before
measuring system. (See Mr. Shaw’s report.) intake val

Previous to coming to Canada I had been working for two Jsolution of
months at the Royal Naval Cordite Factory, Poole, England. My Jating rapid
experience there had shown that the success of this process de- ffor the faq

pends almost entirely on the sterility of the conditions under which
we work.

cheescloth i
is also cove
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FERMENTATION DEPARTMENT

A large percentage of the fermentations at home had failed
owing to the imperfect sterilisation of the maize mash during cook-
ing. From the first, therefore, it has been our endeavor to sterilise
the mash in the cookers, and to prepare a sterile vessel in which
to ferment it.

Owing to the construction of the fermenters it has not been
possible to sterilise with steam at high pressure. The maximum
steam pressure which we are using corresponds to twelve inches
of water pressure. When a new fermenter is first used, or after a
fermenter has been contaminated, it is sterilised under pressure for
twelve hours and then cooled for twelve hours. This steaming and
cooling is repeated three times before the fermenter is used at all.
Assuming that the fermenter is not thickly coated with maize mash
residues, a temperature of 214" to 215° F., for this period of time,
with intermediate cooling periods, is sufficient to sterilise the body
of the fermenter. The next and perhaps more difficult problem is
to cool down the fermenter ready for use and still to preserve its
sterility, knowing that the greatest danger of contamination is
from the atmosphere.

A short length of four-inch pipe, fitted with a four-inch gate
valve and terminating in a large galvanised iron funnel, is fitted
into the roof of the fermenter. Also in order to prevent the collaps-
ing of the fermenter due to the formation of a vacuum during the
cooling on account of carelessness of the operator, or some accident
occurring, another similar funnel is fitted, but instead of the four-
inch valve a vacuum valve is fitted in the pipe. This vacuum valve
comes into operation when a vacuum of more than three inches of
water pressure occurs in the fermenter.

During the sterilising period the condensed water and the resi-
dues from the last fermentation are drained periodically through a
four-inch sludge valve at the bottom of the fermenter. The con-
densation of steam on the walls and bottom of the fermenter has a
cleansing effect, and under ordinary circumstances the fermenter
can be used again after eight to twelve hours’ standing.

Before cooling down the fermenter the vacuum valve and air
intake valve funnels are thoroughly sponged and cleaned with a
solution of carbolic acid. The galvanized iron funnels are deterior-
ating rapidly with this treatment, and copper ones are being made
for the factory. A thick covering of cottonwool in layers, and
cheescloth is placed over them and securely tied. The sludge valve
is also covered with cottonwool, seeing that this valve also leads

1
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into the atmosphere. The four-inch line running from the top of
the fermenter through the roof to take away the gases during the
fermentation is fitted at the base with a live steam jet, which plays
on to the valve during the period of cooling. The mash line is,
of course, under pressure continuously, and there is no danger of
contamination from this source. (See diagram.)

When these precautions have been taken the steam is turned off,
and the air allowed to pass into the fermenter through the cotton-

seed te
the air
in the
opening
line ani
at the |
forced
cooler,

wool over the air intake valve by opening the four-inch valve when Foul
the manometer only shows about .2 inches pressure. The temper:a- [ then all
ture of the fermenter at all times is kept on a recording thermo- | ceeding

meter. The cooling time can be arranged so that the fermenter
is ready approximately at the time required. If the cooling pro-
ceeds too rapidly a little steam is turned on, and the temperature
is thus sustained for the time required. (See thermometer chart
in appendix.)

The filling of the fermenter commences when the temperature
of the fermenter is as near as possible to 120° F. The arrangement

to prew:
drawn i
closed f«
tell whe
During 1
twelve i1
released.

of the mash line leading to the fermenters is shown on the diagram After
attached to my report. When filling has been in operation for fif- 8 stead of
teen minutes the temperature of the mash in the fermenter is taken. | we shut

The temperature reading is repeated at half-hour intervals through-
out the filling. The foreman in charge is kept acquainted with this
temperature, and arranges the temperature of the mash at the
cooler accordingly. After a little experience it is possible to obtain
a mean temperature of 98° F. in the fermenter throughout this
operation.

Our usual practice is to cool down two fermenters with an inter-
val of one hour between, and to fill them together, putting in the
cookers alternately. By this means there is an interval of about
one hour between any two cookers going into one fermenter. The
effect of this has been to increase the rapidity of the fermentation,
owing, I think, to the fact that the inoculant has an opportunity
of developing and producing a strong culture in the first cooker
of mash before the second is put into the fermenter.

line, the |
tains thr
very long
or five fe
Sterilisat:
coils, and
the mash
two ferme
and re-ste
fail. Usin
contamina
cooler, thy
the operat

If the temperature of the mash at the end of a quarter-of-an- GAS My
hour after filling begins is right, the inoculant from one of the seed | only to me;
tanks is run into the fermenter with the remainder of the cooker. l a compress
This operation is spread over a period of twenty minutes, and an [l from the fi
intimate mixture of the inoculant and the mash is obtained. The @ divided by

greatest care is taken to prevent air from being drawn into the | ture 1.5 in.
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FERMENTATION DEPARTMENT

seed tank as the inoculant leaves it by thoroughly protecting all
the air inlets with cottonwool filters. The inoculating line shown
in the diagram is under steam pressure when not in use, and by
opening one valve only the mash from the main line backs up the
line and prevents a vacuum when steam is turned off. The cock
at the base of the seed tank is then turned, and the inoculant is
forced by gravity into the stream of mash just as it leaves the
cooler.

Four cookers of mash are put into each of the fermenters, and
then all valves are closed. Generally fermentation is already pro-
ceeding to some extent, and gas is being produced, but in order
to prevent the possibility of contamination owing to air being
drawn in as the fermenter cools slightly, the fermenter is kept
closed for one hour. By means of the manometer it is possible to
tell whether gas is being produced, and roughly to what extent.
During this period, if the pressure within the fermenter exceeds
twelve inches, the safety valves come into operation and the gas is
released.

After the filling of two or three fermenters during the day, in-
stead of continuing and filling the remainder of the fermenters
we shut down for two hours and empty and re-sterilise the mash
line, the cooler pump and the cooler. In this way the cooler main-
tains throughout the day its normal efficiency, whereas during a
very long run (for example, towards the end of the filling of four
or five fermenters) the rapidity of the cooling begins to diminish.
Sterilisation of the cooler with steam appears to clean the copper
coils, and in this way helps to transfer the heat. If for any reason
the mash line is contaminated during the filling of one of the first _
two fermenters, experience has shown that until the line is emptied
and re-sterilised all the fermenters will be contaminated and will
fail. Using our present system we have reduced the possibility of
contamination to two fermenters, and by re-sterilisation of the

cooler, thus increasing its efficiency, we recover the time spent in
the operation.

(GAS MEASUREMENTS—For some time it was our intention not
only to measure the gas, but to collect and store it, and by means of
a compression system to extract the volatile acetone carried over
from the fermenters. The system involved the use of a gas drum,
divided by a diaphragm in the centre, of which there was an aper-
ture 1.5 in. in diameter. This drum was connected to the fermenter

13
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and to the gas storage tank by horizontal pipes. The drums werc i one or
never completely gas tight; also the piping system became foul i smootk
with mash during the foaming periods, and owing to the existence 8 done b,
of dead ends during the sterilisation period this part of the systen, J8 the ins

could not be sterilised satisfactorily. sides a
The whole of this system has been removed, and we have upper |
abandoned for the present the idea of recovering the acetone car- i @ thick

ried away with the gases. iods of
At the end of one hour the four-inch gas valve at the top of [ the fen
the fermenter is opened, and a free passage is made for the gas j§ ¢d- Fo

to escape into the atmosphere. From this time onwards, careful [ tently f
readings of the pressure, temperature and acidity of the culture At
are made and recorded. the ferr

Fitted into the gas pipe there is a movable diaphragm with an i steam ¢
aperture of known diameter. (See diagram.) From the pressure i 2r¢ @ p¢
in the fermenter and the area of this aperture the amount of gas iods the

produced per hour can be calculated approximately. When the [§ 2nd t!‘e
pressure exceeds five inches on the manometer, the diaphragm is l§ sible m
removed, and a full four-inch pipe is available for the gas to escape, fl auent in
Usually the pressure falls to about .5 inches. The reason for this i "¢ "f. th
operation is that violent foaming often follows high pressure in @ ¢! maize
the fermenter. From the fermenting liquor large quantities of i These va
slimy head pour out through the safety valves and manometer con- J§ the ferm
nection and are often driven four or five feet high on the roof J§ measures
through the gas-pipe while this foaming is going on. Apparently [ (See Mr.
the semi-fermented mash becomes supersaturated with gas. The We h,
residues form a head which is gradually formed and then lifted l§ from the
above the body of liquid. We have tried by working at a lower [l Portunity
maximum pressure to avoid foaming, but it still occurs, and when J§ soon as t
once it begins the only remedy is to pump out of the fermenter i this line 1
until the foaming ceases. Efforts made to stop it with live steam i taminatio
blasts blown into the mass of foam in the dome of the fermenter J§ only from
have not succeeded. Unfortunately, the most violent foaming coin- bath of ar
cides with rapid, vigorous and successful fermentations. of contam
During the first four months the average time of the fermenta- § to overcor
tion in the fermenters was about 86 hours, counting the time from J§ menter col
when the fermenter was full. Since Christmas the fermentation [J§ lost.
period has gradually diminished, and the great majority of fer- The lin
mentations are completed in between 24 and 27 hours. pumped to
In the normal working of the plant the fermenters are not J§ beer-still i
cleaned by hand after each fermentation. I propose cleaning out J§ beer. Aty
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FERMENTATION DEPARTMENT

one or two fermenters per week when everything is running
smoothly. Normally the cleaning operation depends on the work
done by the live steam during sterilisation. At intervals, however,
the inside of the fermenter is thoroughly scraped and cleaned. The
sides and bottom are not difficult to clean, but the roof and the
upper part of the body of the fermenter are usually coated with
a thick crust—composed of maize mash, deposited during the per-
jods of foaming, and iron rust. Besides cleaning the interior of
the fermenter all the valves and the cocks are removed and repair-
ed. Following this operation the fermenter is sterilised intermit-
tently for two days before being put back into use.

At present there are two points of weakness in connection with
the fermenters. The safety valves which were fitted to deal with
steam during the sterilisation and gas during the fermentation
are a possible source of contamination. During the foaming per-
iods the mash fills the valve, and no doubt remains on the seating,
and the disc does not return to its proper position. It is not pos-
sible in practice to remove and thoroughly clean the valves at fre-
quent intervals, owing to their construction. If during the cool-
ing of the fermenter a valve is being kept open by small particles
of maize mash, unfiltered air must be drawn into the fermenter.
These valves are now being removed, and a water seal fitted on to
the fermenters, which not only acts as a safety valve, but also
measures approximately the output of gas during fermentation.
(See Mr. Shaw’s report.)

We have, therefore, removed the straight gas-pipe which ran
from the top of the fermenter through the roof wherever the op-
portunity has arisen (without diminishing our output), and as
soon as the new device could be made. If the four-inch valve in
this line was leaking slightly we had again the possibility of con-
tamination. Using the water seal arrangement, there is one exit
only from the fermenter, and this is immersed continually in a
bath of antiseptic fluid. As far as I can see, there is no possibility
of contamination unless the liquid is all drawn into the fermenter
to overcome a vacuum during cooling. If this occurred the fer-
menter could be re-sterilised and not filled and no maise would be
lost.

The line at the bottom of the fermenter along which the beer is
pumped to the beer-still is not under steam pressure, and when the
beer-still is not in operation this line is filled with air or stagnant
beer. At present there is only one four-inch gate valve separating
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the sterile fermenter from this line which is not sterile, If during 1
the cooling of the fermenter the beer line is full of air or beer tion
containing foreign organisms, and the four-inch valve is not in the larg
¥ best condition, contamination of the fermenter may occur. In the new
; | near future we hope to duplicate the four-inch valve on the draw- sessi
off line from the fermenter, and insert between the valves a high Our
4 pressure steam jet. If during the cooling of the fermenter therc and
is a slight leak in the valve, live steam only will pass into the the |
] fermenter and sterility will be preserved. There will be no dange these
- also from possible leakage through the sludge valve. (See dia care,
| gram.) meta
{ the r
GENERAL REMARKS. strue
to gu
CONTAMINATION—The whole of our failures since work began ledge
here have been due to contamination, and not to weakness in the tions
principles underlying the process. talks
As I have previously said, in each case unsterile air getting into to shc¢
the vessel concerned has been the cause. Generally speaking, this and w
has been due to faulty valves or connections, and very rarely to by m¢
carelessness on the part of members of the staff. On a few occa- largel:
sions when slight contamination has been detected the fermenter spent
has given a sufficiently high yield of acetone to justify its being
distilled, but in the majority of cases the contamination has proved RE
fatal. We have detected three different organisms which cause the the co
trouble, all of them being short bacilli or bacteria which from the the ste
morphology in the vegetative condition cannot be distinguished lant hs
with ease from the Weizmann bacillus. Owing to this fact it is into tk
- extremely difficult in the early stages of the fermentation to detect record
{1 any impurity. One of the foreign organisms does stain a little vided.
i more deeply with carbol fuchsin, and in a few cases the slide shows puts d¢
y i this and the organism can be detected. After twelve to fifteen made,
f f hours the same one, a strepto bacillus, begins to form characteristic cubate¢
! ' spores in chains, and this enables us to detect its presence with help in
18 certainty. The acidity of the mash also continues to mount stead- future,
g i ‘ ily, instead of turning and falling in the usual manner. We have from th
‘; succeeded in the laboratory in isolating one of the impurities, and or for {
b are studying at present its life history and behaviour on different units in
. media. By working along these lines we may succeed in finding Seve
‘4! | some method of combating the impurities, even when, unfortunate- taminat
i ly, they are found in the fermenter. able to {
ik
h, ‘ 16
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INSTRUCTIONS—I was faced at the commencement of the opera-
tions here with the difficulty of starting this work, which was
largely at that time in the experimental stage, with a completely
new staff, none of them, apart from my laboratory assistants, pos-
sessing any bacteriological training, either theoretical or practical.
Our methods of working necessarily changed from time to time,
and the plant has been changed very considerably. There was
the possibility of confusion arising in the factory on account of
these things. Also the most delicate operations, requiring great
care, patience and cleanliness, are being conducted in enclosed
metal vessels out of the sight of the operators, and they cannot see
the results of their work. From the beginning careful written in-
structions have been handed to the different sections of the staff
to guide them in their work. To overcome the lack of any know-
ledge of the principles involved or the actual process, demonstra-
tions of the various stages, using glass vessels, and short simple
talks have been given in the laboratory. For example, I have tried
to show what the difference is between unsterile and sterile mash,
and what is the result of slight contamination from the atmosphere
by means of slides and plate cultures. The staff have benefited
largely from these demonstrations, and the time has been very well
spent from my point of view.

RECORDS—I have traced the mash from the mash floor through
the cooker and cooler into the fermenter; also we have considered
the sterilisation, cooling and filling of the fermenter, and the inocu-
lant has been traced from the laboratory through its various stages

into the fermenter. Day by day a careful and accurate written
record is kept of all these operations on the forms and charts pro-
vided. With the record of the various observations the observer
puts down his or her initials, with the time the observations are
made. Mention has been made of the microscopical slides and in-
cubated samples which are kept. This system has been of great
help in improving, checking and making our work of value in the
future. A similar record, though not so complete, has been kept
from the commencement, and is available at all times for reference
or for the obtaining of any data required concerning the various
units in the plant.

Several times when the fermenters have failed, owing to con-
tamination, by careful examination of these records we have been
able to find out the cause of the failure and also to remedy it. For

17




BRITISH ACETONES TORONTO, LIMITED

example, a careful examination of the slides and samples of the
culture in the flask, pail, inoculator and seed tank stages will indi-
cate whether the contamination occurred at any of these points.
On one occasion the failure of a fermenter was found to be due to
carelessness on the part of one individual, and the evidence of this
was in the record of the cooling of a fermenter. When so many
people take part in the one process in its various stages, with so
many possibilities of contamination the most careful record is the
only check.

SUMMARY OF FACTORY RESULTS.

NOTE—The first column shows the number of fermenters filled
during each week from Monday morning till Saturday night.

Failures represent those fermenters which on account of con-
tamination have not yielded sufficient acetone to justify their being
distilled.

The percentage yields of acetone and butyl alcohol are the
figures supplied by the chemical department.

Fermenters Failures % Acetone % Butyl
Month, per week per month. Alcohol.

August 10 10 2
September,
1st. week g 6 0 7.89
nd ¢ . g 2 0
3rd. “ 6 0 8.356
4th. « . 12 26 0 7.8
October,
1st. week ...... .11 0 8
2nd. “ ; weisin 5 48 0
3rd. “ " 11 1
R | s s icoyits 11 44 0
November,
1ot woek.......c...c. 11 0 7.34
2nd. “ wiris 10 1 7.5
3rd. “ I 5 0 8.89
B Ve e B8 3 8.66
T TR | 57 0 8.39
December,
1st. week............ 18 0 8.33
ad " . - 12 3 8.6
R e i 39 0

Monti
1917,
Janu
1st
2nd
3rd
4th,
Febn
1st.
2nd.
3rd.
Maret
1st.
2nd.
3rd.
4th.
April,
1st.
2nd.
3rd.
4th.

Fermen
Fermen
Corn n
Corn re
Acetone

ST
scientic
interes
have el
counter




he

¥
ol

FERMENTATION DEPARTMENT

Fermenters Failures % Acetone % Butyl
Month. per week per month. Alcohol.
1917.

January,

1st. week
2nd. “

3rd. “

4th. ¢
February,

1st. week.................
2nd. “

8rd. “
March,

1st. week
2nd. “

8rd. “

4th. “
April,

1st. week .........
2nd. ¢

8rd. “

4th. “

Fermenters filled to end of April
Fermenters rejected

Corn mashed

Corn rejected ...

Acetone shipped

500
24
8,272,000 1bs.
403,000 “
250 tons

STAFF—I wish to bring to your notice the faithful and con-
scientious work of the members of my department. By their keen
interest in the work they have become proficient very rapidly, and
have endeavoured to overcome the difficulties which we have en-
countered.

I am, Sir,
Your obedient servant,
H. B. SPEAKMAN,
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DISTILLATION AND RECTIFICATION OF ACETONE AND
BUTYL ALCOHOL.

The main units concerned in distillation and rectification in-
clude the following:— \

BEER STILL—A 30-ft. still, 6 ft. in diameter, and containing
19 plates, with 69 boiling caps on each. The “beer” before enter-
ing the still passed through a 15-ft. beer heater containing 66 214-
in. tubes, and outside these the vapours from the beer still pass
and are to some extent concentrated. There is no rectifying sec-
tion. The beer is heated by a callandria and by an auxiliary live
steam ring.

TANK AB-—This is a 13,000 gallon graduated tank, and receives
the distillate from the tail box of the beer still.

RECTIFIER I. (Referred to as R1)—This is a batch still with a
13,000 gallon kettle and 37-foot column associated with a goose
tank dephlegmator. The column has twenty-four 5-ft. plates, with
seven six-inch bonnets on each. It can deliver to R2., “Tails”, Al,
B1 and LR, and receive from AB and Al.

RECTIFIER II. (Referred to as R2) —Construction identical with
R1. Used for final rectification. It can deliver to A3, via gauge
tanks, and Al, and “Oils” and receive from R1 or shipping room.
Kettle used directly as storage tank for A2,

TANK Al—A 13,000 gallon graduated copper tank.

VIDE, BLUE PRINT: “Diagramatic Arrangement of Distilla-
tion and Rectification Plant.”

TANK B1—A 13,000 gallon graduated tank, with gauge glasses
and overflow at 11,000 gallon mark to Tank B2.

TANK B2—A 13,000 gallon graduated copper tank, which re-
ceives the top layer which overflows from B1.

TANK A3—A 13,000 gallon copper tank for storage of pure
acetone,
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TANK “OIL8”—A 13,000 gallon copper tank for “acetone oils”
obtained as “tails” in final rectification.

TANK “TAILS"—A 13,000 gallon copper tank to be used in emer-
gencies for any very bad distillate which may be obtained.

TANK LR—A 1,400 gallon tank used for “last running” from
butyl alcohol

JAUGE TANKS—Four one hundred gallon tanks receiving from
tail box of R2, and delivering either to A3 or to Al.

TESTING RooM—This is a small whitewashed room with special
“daylight” illumination, situated in the still control floor, and used
by still men and girls for control tests.

PRIMARY DISTILLATION IN BEER STILL.

When the gas pressure on a fermenter indicates completion of
fermentation the fermenter is stirred and a sample taken and the
beer pumped to a 13,000 gallon tank on still control floor, and from
thence to beer still by another pump on control floor, which can thus
be conveniently controlled by the still men. By this arrangement
the still pump has less head to pump against, so that smoother run-
ning and greater capacity are obtained. The beer is pumped at
the rate of about 6,000 gallons per hour, enters the still from the
beer heater at a temperature of about 140 degrees F., and yields
a distillate of from 600-700 gallons from each tub. (17,500 Ibs.
corn.)

The distillate known as AB contains usually 20-22% of acetone,
and from 46-49% of butyl alcohol (and other alcohols). No separ-
ation of acetone from butyl occurs in this still. The working is
controlled by determinations of S.G. at tail box. This varies from
0.876-0.890.

NOTE.—ESTIMATION OF ACETONE IN SAMPLE OF BEER—500 c.c.
of the sample are distilled till 100 c.c. of distillate are obtained.
This is diluted to 1 litre and 10 c.c. of this used for the estimation,
as follows:—100 c.c. of distillate and 50 c.c. of N. soda and 20 c.c.
of N/5 iodine solution are allowed to stand for ten minutes. 55 c.c.
of N. sulphuric acid are added, and the liberated iodine titrated
back with N/10 phiosulphate. The solutions are from time to time
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DISTILLATION DEPARTMENT.

standardized under like conditions against pure acetone. A factor
for converting c.c. of iodine into c.c. of acetone per gallon is used.

The value of these estimations for determining the yield of ace-
one is somewhat vitiated by the fact that we have no definite means
of controlling or measuring the volume of beer .in the fermenters;
Ibut they serve as a check, and are sufficiently accurate to indicate
in event of contamination occurring whether the beer is worth dis-
tilling.

AB—This is contained in tank AB, and on the composition of

is liquor the weekly estimate of acetone produced and the yield
is based. The tank is provided with sampling cocks, and can be
stirred. At the commencement of a week the percentages of ace-
one and butyl in the liguor and volume of liquor are measured,
and when any AB is pumped to R1 the amount is recorded and a
sample analyzed for acetone and butyl. At the end of the week
ithe residual contents are again analyzed, and from the figures ob-
ained the amounts of acetone and butyl produced during the week
are calculated.

This system had till recently proved satisfactory, but is now
somewhat complicated by the occurrence of foaming. Thus suppos-
ling on Friday (weekly report day) we are distilling the last of

e week's fermenters with the intention of taking samples of AB
n completion, it now frequently happens that one or more of the
mext day’s fermenters will start to foam, and will have to be
pumped to the still.

(So far the only satisfactory method of dealing with such tubs

to pump them to the still for a time in order to reduce the volume
n the tank, and thus save flooding of the floor.)
This means that AB will now include some acetone derived from
e next week’s tubs, so that before we can make our weekly esti-
ate (and obtain yield) we must wait till the foaming tubs have
been completely distilled.

This difficulty can, of course, be overcome by installing a second
AB tank, so that the tanks could be used alternately each week.
il then it will be necessary to make the weekly estimate at a time
as near as possible to Friday) at which AB has received distillate
rom completely distilled tubs.

NOTE.—ESTIMATION OF ACETONE AND BUTYL ALCOHOL IN AB—

e acetone in the AB is estimated by the iodometric method, as
ndicated previously.
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The butyl is estimated by salting a certain volume with pot;
carb:, noting the volume of oil, taking the S.G., and calculating
from curves the residual water content. The water and acetone
are deducted and the remainder assumed to be butyl aleohol. This;
will, of course, include the small proportion of ethyl alecohol and
traces of higher alcohols, etc., which are present.

FIRST RECTIFICATION.

This is carried out in R1. The charge is made up of AB and
Al, and is about 13,000 gallons in quantity, and contains from LAST R
15-25% of acetone (Al being variable in acetone content).

The first runnings (obtained after 5-6 hours’ heating) wash out
the condenser and are run back to Al. There appears to be verylliq and tl
little head product, the impurity at start being mainly due t
previous distillation. The acetone quickly reaches a good quality
as regards permanganate test and S.G., and is then run to R2. I
is tested periodically, and as soon as the permanganate test fails
hold for fifteen minutes, the acetone is run back to A1. This is con
tinued till a test on the distillate indicates 1% or less of acetone,
ﬁ | It is then run to Bl, where it separates into two layers, the to

layer overflowing into B2, and the bottom layer, containing 8-10%
butyl, being periodically pumped to beer still with the beer. (Thi
is allowed for in the weekly estimate.)

i4 NoTES—A charge of, say 6,000 gallons of AB at 21.8% aceton :
For this

and 6,900 gallons of Al at 9% acetone would give about 1,500 gal bd ¢
{ j lons of A2, 5,000 gallons of Al and 5,000 gallons of Bl. 0 con!
I’E If, however, Al contains, say, 20.25% of acetone, as it som
| ,’ times does after receiving from Rectifier 2, the amount of A2 ¢ laie
tained is considerably higher. DiALe, at

The aceto

f The amount of acetone obtained in this distillation which woul s of i
| S ¢

i satisfy the specification is small, the maximum permanganate t
‘IH being rarely more than 100 m. and the acidity being somewh
; | high, so that it has been found advisable to redistill the whole
| ‘1 the A2,
1

g 3 A2 as a whole, then, consists of strong acetone, but containi
4 traces of impurities which prevent its satisfying the tests.

] Al—The intermediate fraction between A2 and B1. It is la
1 in quantity and runs from 98% at the start to 1% of acetone at
/11

average a

26



pot:
ting!
tone
This|

and

and
rom

oul
veryl
ity
1t

con:
one.

top
0%
Chis

DISTILLATION DEPARTMENT.

inish, and contains also butyl alcohol, water and a certain amount
f ethyl alcohol.

B1—This consists chiefly of butyl constant boiling mixture, but
ontains some ethyl alcohol.

A rapid test was devised to enable the stillman to tell when to
witch from A1l to B1. This is based on the iodoform reaction, and

ndicates when the amount of acetone in the distillate is less than
%.

LAST RUNNINGS LR—At the end of the distillation about 20-30
fallons of greenish oil are obtained. This is run to tank LR where
separates into two layers. The aqueous layer contains butyric
id, and the oily layer has been investigated and so far found to
pntain amyl alcohols, normal hexyl alcohol, esters of ethyl, butyl,
myl and hexyl alcohols, and about 4% of what I have thought to
p a mixture of citronellol and geraniol esters. This I am investi-
ting further, as there might be valuable products.

SECOND RECTIFICATION.

Carried out in R2.

The A2 from R1 runs directly into the kettle of R2. (This
ves evaporation and transference losses which were previously
und to be considerable).

For this final rectification the most suitable charge has been
nd to consist of 4,000-5,000 gallons of A2 and 1,000 gallons of
ter plus 10 lbs. of soda. The column of the still holds another
D00 gallons of water. The diluted soda is charged on to the 5 bot-
n plates, and thence into the kettle.

The acetone runs after about 5 hours’ heating, and almost at
ce is of excellent quality, tailing off gradually towards the end.
e delivery is at the rate of about 300 gallons an hour. The ace-
he is run into the series of 4 gauge tanks, so that it can be

ed before running to the shipping tank A3, and if of poor

ity can be run back to Al. Towards the end a small quantity
yellowish oil is obtained. 4,500 gallons of A2 will usually give a
load (3,600 gallons) of good acetone, the tails being consider-
in amount and very bad in quality, and are run back to Al.
e average acetone as obtained analyses approximately as fol-
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Permanganate Test, 4-6 hours.

Acidity (carbon dioxide only) 0.0013%-0.0015%.
Alk. to p-nitrophenol, nil.

Sp. Gr. 0.7980 at 15.5° C.

Residual matter, 0.0004 %-0.0007 %.

It has been found more satisfactory to run the tails back to A
and mix with fresh AB than to retain the tails separately and r
distil. Possibly the organic acids in AB have a beneficial effect i
purifying the tails, as it usually happens that when a large amoun
of tails are obtained from R2 and are run back to Al, that th
next distillate of Al and AB gives exceptionally good quality ac
tone.

The acetone is sometimes distinguishable from the acetone prn
pared by other processes by a very faint musty odour. The caus
of this has not been determined, but the amount of the impuri
must be extremely small. The odour seems to be exaggerated
the distillation with soda, being present before this treatment in
modified form. It is not apparently completely removed by disti
lation with dilute sulphuriec acid, but appears to be modified by thi
treatment. It might possibly be due to minute traces of imi
ethers. Any aldehyde which is present in A2 appears to be hj
boiling and is probably butyric aldehyde.

BUTYL ALCOHOL.

This runs as constant boiling mixture from the tail box of
to tank B1, from whence the top layer overflows to B2. B2 is pe
odically pumped out to a large iron storage tank (250,000 gallo
outside, the amounts pumped being measured.

From this tank, referred to as B2 storage the butyl is wi
drawn, and passed through the continuous salting plant, then
an 18,000 gallon settling tank, from which the butyl layer ow
flows to the shipping tank.

The butyl salts up to about 92% dryness, and the following
an approximate analysis made on a sample of 92% dryness, whi
was taken from the whole of the stock which had accumulated
to April 8th, 1917.

Butyl-Alcohol . ssssesmesesemsssssssssnseseiansssssssaisnsces Se80% by weight
Ethyl alcohol ....... SRR R SR U . i R "
L AR N RS e V. 8 %

IR | Lot el il s obltsm it A st - M-

Salt (sodium chloride) ... it OER

eferred t

ettle R2 as
nd when o
day it wi
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DISTILLATION DEPARTMENT.

Included under butyl alecohol will be the small amounts (prob-
bly less than 1%) of amyl, hexyl alcohols, etc. The salted butyl

alcohol is found to very rapidly rust steel drums, thus causing
discoloration.

GENERAL CRITICAL SURVEY.

BEER STILL—By instalment of the double pumping arrangement
eferred to the capacity of this still has been raised from between
and 5 thousand gallons per hour up to 6,000 gallons per hour; but
t does not seem probable that the column as at present constituted
ould deal with a much greater amount of beer., We are thus able
o deal with from 5-6 fermenters per day, provided everything runs
moothly. As in the near future we hope to be fermenting 6-7

bs a day, the question of increased beer still capacity is under
bonsideration.

RECTIFICATIONS.

R1—With the present arrangement, which involves the use of
ettle R2 as storage tank, this still (R1) is pretty well fully loaded,
nd when our fermentation capacity is increased to 6-7 fermenters

day it will be overloaded. In view of this fact, and the fact
at R2 is not altogether a satisfactory type of still for the final
ectification, we are considering the question of installing a small
pntinuous still for the rectification of our A2. This would allow
he use of our present stills R1 and R2 for primary rectifications.

R2—The kettle of this still is used as a storage tank for the A2
erived from R1, thus saving evaporation and transference losses.
his still has too large a kettle, and is generally speaking too large
pr the work which it has to do. Thus at 6 tubs a day this still
ould only require to be run once a week with a charge of, say,
000-4,000 gallons of acetone. It appears that the prolonged heat-
g to which some of the acetone is necessarily submitted in a
scontinuous still of this type has a detrimental effect upon the
petone, so that comparatively large amounts of poor acetone are
ptained as a tail product. Possibly the relatively large copper
rface to which the vapours are exposed for a considerable time
pder pressure may have a detrimental catalytic effect.
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Beer Contains roughly %% A&1% B

AB
Al
A2
A3
B1

B2
B3

“

“

22-23% A. & 46-48% crude dry
Butyl.

10-20% A. variable amounts of
Ethyl Alcohol, Butyl Alcohol.
98-100% A. traces of impurities.

Pure acetone as shipped.

Butyl constant boiling mixture
separates into 2 layers.

Top layer of B 1.

Rectified Butyl ale. 98-100%
Butyl alcohol.

LR Mixture of amyl alcohols, hexyl alcohol, octyl alcohol,
and esters of these.

WR Bottom layer of Bl (8-10% butyl alcohol.)

Salted Butyl 90-92% dryness and contains ethyl alcohol
and traces of acetone.

DISTILLATION LOSSES AND YIELD TO WEDNESDA
JUNE 15th, 1917.

Up to this time the amount of fermented corn which has pa:
through the beer still was 11,852,975 lbs. which corresponded
proximately to 10,202,841 lbs. of dry corn.

As we have no means of estimating accurately the total acet
in a fermenter, we cannot estimate losses in the Beer Still, but
this is a continuous still and rarely removes the acetone toge
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DISTILLATION DEPARTMENT

with butyl and water with no rectifying action the losses here
would be very small.

:::" The average yield of acetone on dry corn based on estimated of

acetone in AB is 8.45%.
The average yield of acetone on dry corn based on acetone ship-
ped is 7.7%.
The percentage loss in the two rectifications and until acetone
is shipped is 8.9% of the acetone in AB of which 1.8% is accounted
for by acetone which goes away with the butyl (the wet butyl)

- alcohol containing approximately 0.7% acetone).

e

Thus acetone loss not accounted for is 8.9 - 1.8==7.1% of the

1 acetone in the original AB.

The installment of the small continuous Barbet still (which is
in progress) should reduce rectification losses as these are un-
doubtedly partly due to the use of large discontinuous rectifiers.

“IDEAL ARRANGEMENT.”

(a) Probably the most satisfactory distillation plant which could
be installed in view of present arrangements would be as follows:
Retain present beer still and either install a small auxiliary
ditto, or convert the present beer still into two stills, as it appears
that the whole of the separation takes place in the top half of the
still. The A.B. from these stills would then be passed through
some form of Barbet continuous still, provided with a good rectify-
ing column, and containing acid and soda chambers, so that these
could be used if necessary. Evidence obtained from our discon-
tinuous rectifiers, indicates that head products, more especially
after soda treatments, are very small, if any at all, hence we could
probably draw off from such a still, a pure acetone with a single
distillation. Probably by the use of the continuous still the tail
product would be considerably reduced. From the lower plates in
the still, one might draw off a mixture of butyl aleohol, water, and
ethyl alcohol, rich in the latter, and from the bottom, butyl aleohol
—water constant boiling mixture.
(b) As an alternative to the above, the following arrangement
could be more easily and rapidly installed, and in view of urgency
will probably have to be done:
Retain present beer still, and either install small auxiliary ditto,
t or cut present still in half and convert into two separate stills. Use
@R and R2 for primary rectification running the A2 from these to
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the storage and diluting tank, and from thence to a small continu. (1)
ous still to obtain the pure product. A s
lcohol,

RECTIFICATION OF BUTYL ALCOHOL. illle:'-lo

cohol

It appears that whilst some manufacturers are satisfied with the emp. 0
crude wet Butyl Alcohol (72-75% dryness) or the salted Butyl {illdeg. C.)
Alcohol 90-92% dryness others require pure dry Butyl Alcoho (2) |
and we have had enquiries for this. Buty
Arrangements are being made to put one of the Gooderham & ol. Thi
Worts’ rectifying stills permanently in commission for rectifying ing plan
the Butyl Alcohol, meanwhile two trial distillations have been made @) I
and indicate the purification will be a simple process. Rectll
The still used is a discontinuous one of similar construction t, jeoming o
those used in the rectification of our acetone and consists of a 40 ft et tail bo
column made up of 9 sections with 25 plates, each containing 8 boil- The t

ing caps. The kettle is of 7,000 gal. capacity. A goose tani[llof these
dephlegmator is used. ill be ro
In the first distillation the kettle was charged with 5,000 gals Jlwith dry |

of salted Butyl (92% dryness) the column being left dry. (1) 4«
Procedure and results as follows: (2 1,
Heated up 4 hrs. returning liquor to column via goose tank (3) 3,
At end of this time the liquor had attained a gravity of 0.814 at The av
21 deg. C. indicating a strong spirit. The gravity gradually rosjnour—abo

during 4 hrs. to 0.840, the temperature of the vapours rising from

70 deg. C. to 90 deg. C. At this stage the gravity of the liquor QUA
rapidly rose to 0.875 and the liquid became milky, the temperatures Sample
of the vapour being 91-93 deg. C. The liquor ran cloudy for 3 t Specific
4 hrs. and consisted of Butyl constant boiling mixture free from Tests fq
Ethyl Alcohol. Towards the end of this fraction the rate of flow (a) Cry
diminished to a mere trickle and the temperature at the top of (b) Ca
column rose to 109 deg. C. At this stage therefore the reflux liquuJlj 150 c.c
from the goose tank was sent directly to the cooler instead of being te of 1 dr
returned to the column. The liquor at the tail box rapidly attained Bar: Pr
a gravity of 0.810 at 21 deg. C. and became clear. The tempera First ru
ture of the vapours at top of column at this stage was 116 Deg. C, 110-114°
The cut between the fractions was very sharp: 114-116*
In the second distillation the column was left charged with dnjj 116-117°
Butyl Alcihol and a fresh charge of 5,000 gals. salted butyl waflj 117-117.0
introduced. ' Left in f|

It is considered advisable to divide the product into 8 fraction,
32
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(1) First Runnings. F.R.

A spirit rich in Ethyl alcohol and containing in addition Butyl
alcohol, water, acetone. This is non-saltable but might be redis-
illed to obtain a strong ethyl alcohol and recover some of the butyl
alcohol Specific Gravity at tail box varying from 0.814 to 0.840.
emp. of vapours from 72 deg. C.-91 deg. C. (chiefly at about 80-85
deg. C.).

(2) BL:

Butyl constant boiling mixture practically free from ethyl alco-
ol. This is saltable and the top layer will be returned to the salt-
ing plant, the bottom layer (aqueous) to the beer still.

(8) B3:

Rectified Butyl Alcohol. This is water white dry butyl alcohol
oming over at 116-117 deg. C. with specific gravity of 0.811-0.810
t tail box.

The two trial distillations indicate that the relative proportions
of these fractions from a charge of 5,000 gallons of salted butyl
will be roughly as follows (it is assumed that the column is charged
with dry butyl from previous distillation, 2,000 gals.) :

(1) 400 gallons F. R.

(2) 1,200 gallons B. 1.

(3) 3,400 gallons B. 8.

The average rate of distillation will be from 300-400 gals. per
our—about 150 gals. per hour of B. 8 for whole time.

QUALITY OF B. 3 (RECTIFIED BUTYL ALCOHOL).

Sample from 6,480 gals. on hand June 29th.

Specific Gravity at 21 C. 0.8109.

Tests for Water:

(a) Crystals of pot, permanganate, no coloration.

(b) Carbon bisulphide. No turbidity. ,

150 c.c. distilled in 250 c.c. flask with standard thermometer at
ate of 1 drop per second.

Bar: Pressure 759 mm.

First runnings at 110° C.

110-114° C.

114-116° C.

116-117° C.

117-117.2° C.

Left in flask still boiling at 117.2 ...
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This indicates in my opinion, that the quality is very satisfuc.

4 thereft
tory the amount of water being very small.

Compa

BUTYL RECTIFICATION—ARRANGEMENT OF PLANT AND M(',r l:f
METHODS OF WORKING. For
A 2,500 gallon tank (B2 supply) delivers to the salting drum and ing out
thence to an 18,000 gallon tank (Butyl settling). The overflow from apparat
this tank runs into another 18,000 gallon tank which constitutes a to the '
supply for the Butyl alcohol rectifier or a shipping tank for salted apparat
Butyl alcohol. Rou
From this tank the liquid is pumped over to two graduated @8 cajion ir
charge tanks of 8,000 gal. capacity contained in the G. & W. section. Estir
The kettle of the rectifier is charged by gravity from these tanks. to rectif
The rectifier delivers from the tail box through 3 pipes. Exan
(a) F. R. To any one of nine 9,000 gallons graduated copper 88 ination o
storage tanks in No. 2 tank house. Cont1
(b) B. 1. To two 3,600 gallon tanks. Contr
(c) Rectified Butyl aleohol. To any one of nine 9,000 gallon @8 and supe
graduated copper tanks in No. 2 Tank house. Contr
F. R. Can be pumped back to the rectifiers for further rectifi Analy
cation if necessary. Recor
B. 1. Can be pumped back to a settling tank near the salting B8 girls as st
plant, the aqueous layer being then pumped with beer to Beer Still
and the top layer delivered by gravity to the salting drum. R.ESEA
B. 8. Can be racked off in No. 2 Tank House. . R
the carryi
CHEMICAL LABORATORY. <t "}‘I’ted
During the first two or three months, Mr. Speakman and myself ::ctotn: twt‘
equipped the present Bacteriological Laboratory and worked to- presence ¢
gether in this laboratory on general chemical and bacteriological ledge, in e
problems connected with the carrying out of the fermentation pro- L:,xboral
cess on a large scale. On commencing regular work on the large [ with the M,
scale it was agreed, on account of limited accommodation, in the There h
bacteriological laboratory and in order to facilitate the control of @M. Meteals
the working of the two main sections of the process, i.e., fermenta- onl'\' the fe
tion and distillation, that Mr. Speakman take charge of the working meihy] eth
control of the fermentation section and myself of the distillation}ll get at ther:

and chemical end. In regard to general principles in either section,
these have been decided on after discussion at the bi-weekly meef-
ings of the executive and elsewhere. The chemical laboratory was

34



DISTILLATION DEPARTMENT.

therefore transferred to the laboratory of the General Distilling
Company, situated in the distilling building.

This is a room about 30 ft. by 20 ft., well equipped for the pur-
pose of an ordinary routine work laboratory.

For the investigation and research in connection with the carry-
ing out of our process, considerable rearrangement and additional
apparatus has been necessarily required, and I am greatly indebted
to the Toronto University Chemical Department, for the loan of
apparatus and chemicals which could not be readily obtained.

ROUTINE WORK—This includes: Estimation of Acetone per
gallon in “beer” from all fermentations.

Estimation of Acetone and Butyl Alcohol in all charges delivered
to rectifiers and in storage tanks at end of week.

Examinations of each batch of pure acetone from R2 and exam-
ination of samples from drums.

Control of drum cleaning and shipping room staff.

Control and training of acetone distillation and rectifying staff
and supervision of plant.

Control of Butyl Alcohol salting and rectifying plant and staff.

Analysis of coal and flue gases.

Records of distillation and rectification are kept by still men and
girls as shown on accompanying sheets.

RESEARCH WORK—Under this heading are included numbers
of minor problems which naturally cropped up in connection with
the carrying out of a comparatively new process. For example, it
was noted that a very large intermediate fraction A1 was obtained
and that this ran clear from the tail box after the percentage of
acetone was reduced to less than 1. This was found to be due to
presence of ethyl alcohol not previously mentioned to my know-
ledge, in connection with this process.

Laboratory, research and experimental plant work in connection
with the Methyl Ethyl Ketone plant has been previously reported on.

There has of course been much time spent in consultation with
Mr. Metcalfe Shaw in connection with method for carrying out not
only the fermentation process but conversion of butyl aleohol into
methyl ethyl ketone. In these discussions we have endezvored to
get at the root of matters before proceeding to construction though
necessarily some sections of construction work have been experi-
mental.

D. A. LEca.
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FLOW OF MATERIAL THROUGH PLANT.

(GENERAL—This section of the report deals with the capacity
of each section of the plant in relation to the amount of mnaterial
with which it has to deal. From such a point of view, and consider-
ing that an old factory has been adapted to new purposes, we now
have a fairly well balanced system for fermenting 87,600 pounds of
corn per day, in five batches.

So far it has been necessary to keep Sunday clear for alterations
and repairs; thus thirty batches per week is our standard.

The following is a table of weekly quantities:

Per 100 lbs. Per 1 Ib.
Per week corn as finished
used. acetone
Maize, lbs. sniisiries | DD 100 15.0
Mash, gals. .. v 150,000 143 21.3
1st distillate, gals. .............. 21,750 4.16 0.62
Acetone in ditto lbs. ... 87,300 71 1.06
Finished acetone, lbs. ... 85,100 6.7 1.00
OOl B o ssimnissasass: ' HONONY 171 26.6

ORIGINAL PLANT—In May, 1916, there was handed over to us
the complete plant of the General Distillery Company, designed for
making alcohol from molasses, and we were given the use of the
boilers, grinding mills and mash tubs in Gooderham & Worts’ dis-
tillery. The two distilleries, though then quite distinct, are built
on opposite sides of a common yard.

The General Distillery plant consisted in the main of six Bab-
cock and Wilcox boilers of 1,200 h.p., total capacity, and working
at 110 Ibs. pressure; nine open steel fermenting vessels, 18 ft. diam-
eter, 20 ft. high; four smaller vessels 12 ft. diameter, 12 ft. high;
four copper yeast tanks, 680 gals. capacity; five ditto 140 gals.; a
continuous beer still, 6 ft. diameter; two rectifiers to take a charge
of about 13,000 gals. each; various storage tanks; charcoal filters,

d a large evaporator.
The Gooderham & Worts plant has twelve tubular boilers of
1200 h.p. capacity, 60 lbs. working pressure; a mill capable of

inding 8,000 Ibs. of corn per hour to pass a 36 mesh sieve; and
our mash tubs for cooking mash with live steam, each of which
vill hold 5,000 gallons.
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ALTERATIONS MADE—AIIl that we had to do with the Gooder.

.Th
ham & Worts’ plant was to put in a centrifugal pump and 500 feet five mu
of piping to pump the mash across the yard to the General Dis for pr
tillery. One in

The conversion of the General Distillery plant into an acetone menter
factory was a more serious matter. Messrs Legg, Speakman :nd An
Hayward had had some experience of what was required, and what mented
was to be avoided, from experiments with a single 12,000 galloy No
fermenter at Poole, in which all the processes of mashing, cooking, or in th
cooling, fermenting and distilling were carried out. Mr, Shaw had the but
had experience of evaporation on a large scale in connection with In t
sugar making, and last, but not least, Colonel and Captain Goocer- 8 certain
ham had a thorough knowledge of corn milling and aleohol distilla- ing vess
tion. the finis

We agreed from the first that a prompt and large output was o being se
more importance, under present conditions, than low factory costs,
and the former consideration has always been given precedency SysTt
when it clashed with the latter. morning

The chief alterations made were as follows: allow of

The four 12 ft. vessels were enclosed and strengthened to withJil 4t f'o‘"' {
stand a working pressure of 15 Ibs., and used as cookers. MechaniJJl8 sterilisin,
cal stirrers were installed, but have been abandoned, and the stirjill 50 that e
ring is now done by steam jets. most max

The nine larger vessels were enclosed and used as fermenters; Five t
and three similar ones were added. It was the original intention fermente)
work these under 114 Ibs. pressure of gas when fermenting, or f?“ of th
steam when sterilizing. Dead weight safety valves were fitted, hufil§ Pipe durir

considerak
tion, and i
service tar

as the weights were often moved and sometimes altered by though
less workmen, these were replaced by spring loaded valves, whi
in their turn gave trouble by sticking or leaking. It was also i

tended at first to collect the gas generated and extract any acet The bex
it might contain, afterwards making use of it to drive gas engin hours each
This was abandoned on account of building and other restrictio One bat

in force in Toronto. AB. an ave

Now the idea of working the fermenters under more than a fe
ounces pressure has been given up. The gas escapes directly to
air, and safety valves are being replaced by a simple water seal li
that used successfully at Poole—a most important simplification.

A pump and a cooler, especially designed for the purpose we
installed between the cookers and fermenters.
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FLOW OF MATERIALS.

The four larger yeast tanks were adapted for seed tanks, and
five more of the same size were added, and also three copper kettles
for preparing inoculant, and a small mash tub for filling these.
One inoculator serves three seed tanks, and one seed tank one fer-
menter, though half a tank has been used successfully on occasion.

An extra pump and a service tank were fitted to pass the fer-
mented mash to the beer still at as fast a rate as possible.

No change, except alterations in piping, was made in the still
or in the first rectifier, which is used to separate the acetone from
the butyl alcohol.

In the second rectifier arrangements were made for flooding
certain plates in the column with a solution of soda, and four gaug-
ing vessels were added below the tail box, into each of which in turn
the finished acetone is run, and tested with permanganate Lefore
being sent forward for shipment.

SYSTEM OF WORKING—Mashing is started every week day
morning at 7 o’clock, and stopped for two hours in the afternoon to
allow of sterilising the cooler and cooled mash pipes. It is finished
at four or five a.m., allowing a second interval for cleaning and
sterilising. The advantage of working thus on a regular schedule
so that each operation is carried out at the same time each day is
most marked. It prevents mistakes, and checks needless delays.

Five tubs of mash go to four cookers, and four cookers to one
fermenter. This quantity fills a fermenter to within about five
feet of the top. If filled fuller the mash foams up through the gas
pipe during fermentation. As it is, foaming often occurs and gives
considerable trouble. It takes place towards the end of fermenta-
tion, and is stopped by pumping some of the mash to the beer still
service tank.

The beer still is worked as required, but is usually idle for a few
hours each afternoon, and always on Monday night.

One batch (25,000 gals.) yields 725 gals. of first distillate, called
AB. an average analysis of which is:

e MR 214%
Butyl Alcohol T e 474%
e PR L 31.2%

This is redistilled in Rectifier 1, along with the returns from the
ectifiers, called A1, and yields acetone, which is sent to Rectifier
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2 for final treatment, and butyl alcohol, called B1, and some returns
Al. On standing, a little water, with acetone, settles out of B1, and
this is returned to the beer still. The remaining butyl is being

stored for further drying. an be coq

From Rectifier 2 the pure acetone goes through the gauging
tanks to the shipping tanks, that which has to be returned is also CooLn
classed as Al. )

The average charge of Rectifier 1 is 12,750 gallons, consisting FERME
of 5,680 gallons of first distillate (AB) and 7,070 galllons of re- irly repi
turns (A1). Verage as

STEAM SUPPLY—Five of the six boilers of the General Distil-
lery are constantly under steam, and one is open for cleaning. Of Wiling and £
Gooderham & Worts’ boilers seven are always in use, one is open [¥aiting for
for cleaning, and four are permanently shut down. ptying

Records of the coal burnt per week show that the consumption :’;::’l’;
is roughly 20,000 lbs. per batch, plus 43,000 lbs. per day to cover b '“:e
radiation heating of buildings, ete. The latter item is of .iecessity
large, since for safety a thorough circulation of fresh air has to be
maintained in the fermenting and still rooms. In the wirter this
air comes in dry at a temperature of from 0° F. to 20° F., and goes One fern
out moist at 60° F. to 80" F. erage alloy

A two-inch diameter emergency connection has been put in he s mfi'
tween the two system of steam pipes, to provide heat in all the Ordinaril,
buildings in case of a breakdown in either boiler plant. A full siz and steri
connection properly safeguarded is under consideration. en contam;

in altern
From the
DETAILS OF WORK. h batch my

MILLING—The mills will grind the 87,500 Ibs. of corn required for clean
for five batches in eleven hours.

. ; " L : PREPARING

Since we grind only to pass a 24 mesh sieve, instead of the 3 Sookets
mesh for which the plant was designed, the working balance i su"i(‘ie’;:g

somewhat upset, the scalpers for separating the bran being hard
worked than the rest. An extra scalper has been ordered. When|
it arrives the hours can be reduced.

time.

MASHING—Three of the four mash tubs are in regular u
the fourth serves to store hot water for washing out the othe
Each tub is in actual use 15 hours per day.

. The ferm

42



ms
wnd
ing

ing
1so0

ing

re-

til-

en

FLOW OF MATERIALS.

Co0KING—Including filling, at least two hours’ cooking, and
mptying, each cooker is occupied 1814 hours.

At present this total is controlled by the rate at which the mash
an be cooled.

CooLING—The cooler is in use also 181% hours per day.

FERMENTING—During the week ending April 29th, which is

hirly representative, each fermenter has been occupied on the
verage as follows:

Hours per week

Hours per Hours per

7 days. batch gross. bateh net.
illing and fermenting 774 30.9 30.9
aiting for still 49 19 19
ptying ... 8.6 3.5 3.6
aning .. " 0.7 0.2 Sac
erilizing ... oo 33.7 13.5 12.0

bare time ... R ecierimios s 427 171

168.0 67.1 48.3

One fermenter only is cleaned per week; therefore the above
erage allowance for cleaning is one-twelfth of the time actually
upied.

Ordinarily, 12 hours is allowed between batches for steam wash-
g and sterilizing, but after opening a fermenter to clean it, or
hen contamination is found, an extra period of 60 hours is occu-
pd in alternate heating and cooling.

From the above table it appears that the time allowance for

batch must be at least 48.3 hours, or 50 hours including allow-
e for cleaning and other delays.

PREPARING INOCULANT—The seed tanks are filled directly from
cookers, and cooled by running water down the outside. There

sufficient of them to allow of one being laid off for repairs at
time.

The contents of any seed tank that is 1ot used for inocuiation
ent to the beer still, when completely fermented.

DISTILLATION—The first distillation is carried out in the beer
. The fermented mash is pumped first into a service tank of
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7,000 gallons capacity, and thence to the still by a second, gear
driven pump, the speed of which can be accurately controlled. Thi

arrangement allows of a constant rate of distillation, though t Maiz
first pump has to be slowed down when a fermenter is near Mash
empty, to avoid drawing air. The fastest regular rate of worl ;’; ;
ing obtained so far is one batch in 3 hours 50 minutes, or 30 batch Finis)
in 115 hours. Coal,
It is more economical to run slower when time allows. A
FIRST RECTIFICATION—In rectifier 1 it takes 86 2-3 hours ] A
distil an average charge of 5,689 gallons of first distillate (AB “enr Z:)'gh
mixed with 7,070 gallons of returns (Al); to empty, clean a s por e
refill takes at least 3 hours.
These figures imply that at standard output rectifier 1 is oo
pied 154 hours per week, leaving a balance of only 14 hours. Ile ROCESS
rectifier 1 is at present the hardest worked section of the plant.
SECOND RECTIFICATION—Rectifier 2 is at present worked wi

an average charge of 4,900 gallons run direct from rectifier 1,
about 160 gallons of returns from the shipping room.
The average run takes 24 hours; emptying and cleaning tal

2 hours; no separate time can be stated for filling, as this depe
on the working of rectifier 1. An intermediate tank could be u

and then filling would take one hour. On this basis rectifier 2 (a) An all
be considered as usefully occupied for 4014 hours per week. (b) It is i
time after (

FUTURE EXTENSONS—Four new fermenters are complete I
: t appears

ready for use. An additional cooler is erected, and has been t
but requires some alterations, Designs are being prepared f
small continuous still to do the final rectification of the acetone
80 leave both existing rectifiers free to deal with the first distil
The beer still in Gooderham & Worts’ distillery is available
needed.

With these additions, we estimate that the output of the
will be at least 89 batches per week, i.e., 6 and 7 a day alterna

Further, we intend to increase both the amount and stre
of each batch. We are making experiments in this di
already.

Assuming that we can increase the maize fermented per
10%, with a 5% increase in the amount of water used, our w
output will be as follows:
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FLOW OF MATERIALS.

Quantities Per Week.

Present. Future.

525,000 760,750

760,000 1,023,760

1 21,750 81,100

Acetone in do. lbs. 37,300 53,300
Finished acetone, lbs. 35,100 50,300
L —— 900,000 1,080,000

Assuming that the work will be divided evenly between the new
poler and the old one, and that the first rectification will be carried
t in both rectifiers, and making allowances for increased quanti-
es per batch, the weekly time-sheet will be:

Working hours Ditto Cleaning Idle

ROCESS Units in  per unit per week ete. hours

Use per batch per week  per unit

per week
hi 3 32 126 8 40
4 4 8.7 144 12 12
oling . 2 24 94 24 50
menting 16 30 a 117 5 46

tilling ........ 1 4.0 166 4 8 b
rst rectification ....... 2 29 116 52

(a) An allowance of twelve hours for sterilizing is included in this figure.
(b) It is intended to use Gooderham & Worts' still when needed to make
p time after delays.

It appears that in future the cookers will be the hardest worked
rt of the plant. It will, however, most likely be possible to reduce

e time of cooking slightly. Ten minutes on each cooker would
crease the idle hours to 25.

J. W. HAYWARD.
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SECTION 1.—GENERAL INTRODUCTION.

(GENERAL—In the spring of 1916, the Imperial Munitions Board
entered into certain arrangements with the General Distilleries,
imited, and Messrs. Gooderham & Worts, both of Toronto, Can-

lada, under which the British Acetones, Toronto, Ltd., was formed
for the purpose of converting the General Distilleries into a factory
or the manufacture of Acetone; certain parts of the Gooderham
and Worts Distillery being also placed at the disposal of the Com-
pany. Operations were begun in May, 1916, Colonel Gooderham
accepting the position as manager of the new Acetone Factory
with Capt. Gooderham as Assistant Manager. Mr. E. Metcalfe
IShaw accepted a position as expert in connection with the various
ethods and processes. Mr. J. W. Hayward, Construction En-
gineer, Mr. Allison Legg and Mr. H. B. Speakmann, Research and
Bacteriological Chemists, were sent out by the Imperial authorities
o take charge of the respective departments.

ProCESS—The process to be adopted was that in use at the
ime at the Royal Naval Cordite Factory at Poole, involving the
se of Dr. Weizmann's culture, but the information available re-
garding the process was admittedly very incomplete. Accompany-
ng this (see Appendix to this section) is a copy of a memorandum
by Mr. Arthur E. Hadley, the only information available before the
prrival of the experts from England, and the only written matter
eceived on the subject.

The process is simple provided certain fundamental conditions
re not violated and the culture under favourable conditions, works
apidly, but is unable to combat even small numbers of foreign
erms. Thoroughly sterile liquor or starch solution produced from
pither crushed maize or malted barley wort is inoculated with the

Iture and the resulting fermentation continues for from 18 to 48
ours, with a reasonable certainty of completion between 24 and 80
ours, depending on various conditions after which the beer 1s dis-
illed and fractionated or rectified in the usual way. The yield
pased on previous work elsewhere was stated to be about 8% of
cetone and 19% of butyl alcohol (both on a dry corn basis).

OurpPuT—Originally the plant at Toronto was expected to have
maximum output of 250 tons of Acetone per year. This maxi-
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Having decided on the mash as against the wort system an
inspection of the plant, placed at the disposal of the Imperial
Munitions Board showed that ample facilities existed for corn and
coal storage, steam production, corn grinding and mashing. It re-
mained to re-arrange, re-construct and add to the appliances avail-
able or deemed necessary for carrying on the whole of the process
{rom the mash stage to the shipped product.

CoNDITIONS—In doing this the following conditions had to be
fulfilled :

(1) Complete sterilization of mash.

(2) As complete solution of starch as reasonably possible.

(3) Absolute sterility of all pipes, valves and vessels in use.

The methods adopted at the outset to cecure the fulfiiment of
these conditions have been found satisfactory in principle. From
time to time improved means of carrying the methods into effect
have been devised until it would appear that for a partially continu-
ous plant such as this developed into, the existing arrangements as
now being perfected are capable of only such improvements as
would be possible in putting up an entirely new installation.

PRINCIPLES UNDERLYING METHODS ADOPTED.

In the beginning practically the only information available on
which to base the construction and operation of an acetone factory
working on this system, was that gathered from the operation of
the comparatively small acetone plant at the Royal Naval Cordite
Factory at Poole, England. This information was first received in
the memorandum from Mr. Arthur E. Hadley and later directly
from the Research and Bacteriological Chemists and Construction
Engineer sent out by the Imperial authorities, and who had the
benefit of having actually worked at Poole.

In the Toronto plant, however, there were principles underlying
the methods adopted to carry out the various processes which
differed from those used at Poole, these constitute one of the fac-
tors to which the Toronto Plant largely owes its success.

MAsH PREPARATION—The first change in principle from the
methods adopted at Poole, was the abandonment of the, in some
respects preferable and more easily handled system of using malted
barley or oats to produce wort for that of using a mash of crushed
maize. As will be observed from the section of the report dealing
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with the original plant, there were in the Gooderham & Worts Dis-

tillry, a completely equipped mill and mashing arrangement in- Po
cluding 4 wooden mashing tubs, formerly employed in the produc- the T
tion of the whiskey from malt, rye, oats and corn. This equipment the ple
was used for the grinding of the maize to meal of a fineness which sure al
has been successively varied from that which would pass through mentel
a 36 screen down to that passing through an 18 mesh, and the sub- definite
sequent mashing or mixing of the meal with water, in the mash sphere
tubs at the temperature of 120° F. and lir
This necessitated combining the preparation of the mash in the positivi
whiskey plant of the Gooderham & Worts Co. with the subsequent inside
fermentation in the plant of the General Distilling Co. originally germs,
producing industrial alcohol from molasses. he cont
DIGESTERS—A convenient and valuable device adopted was an a partis
arrangement for heating and partial-cooking the above mash on its sure to
way to the cookers proper by means of steam jets, near the deliv- sidered
ery and of the mash pipe which thus formed a “Digester’”’—sce The infl
special section describing this. This proved efficient and a satis- This
factory innovation taking care of a part of the cooking and deliver- various
ing the mash at the working temperature into the cooker, thus
materially reducing the load on the cooker, and rendeving the FERN
mash immediately sterile. large fe
SEPARATE COOKERS—Another departure in principle of an im- fully des
portant character was the cooking of the mash in steel tanks cn- ing plant
tirely separate from the tanks in which the fermenting part of commerc
the process is being carried on. The mash passes from the digest- specially
ers into the cookers, of which there are four. These are cylindrical tion on tk
steel 8,000 gal. tanks, in which the cooking is done under a pres- sterility ;
sure of 15 lbs. of steam for an outside period of 2 hrs. thoroughly section or
preparing the mash for bug food and rendering it absolutely sterile. charge).
CoOLING—Continuous cooling is an important element in the il #ntiseptic
process as carried on at Toronto. The cooling is done as the mash il 2s a safet;
is pumped from the cookers to the fermenters in specially built f§ s dischar,
coolers of the coil type, which are fully described in a separate sec mosphere,
tion of the report. There are two coolers both designed on the i duction th
same principle in so far as the mash circuit is concerned, but of The ab
different construction as regards the water circuit. These coolers @ other radi
have done well and are efficient, as regards space occupied, rapidity 8 medium in
of cooling and self-cleaning properties, and working together deal J choking ar
with about 10,000 galls. of mash per hour, with cooling water 8 trycocks or
entering at 40" F, the fermen
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POSITIVE SYSTEM—A principle to which much of the success of
the Toronto plant is due is that of securing continued sterility in
the plant by maintaining so far as possible, a positive steam pres-
sure at all times throughout the entire system (except in the fer-
menters, which under rigid precautions are compelled to have at
definite times an internal pressure slightly below that of the atmo-
sphere), and also in addition the frequent steaming of the units
and lines under high pressure. The general system is thus a
positive one by means of which the pressure is always from the
inside outward effectually preventing. the entrance of foreign
germs. In the case of the fermenters this positive pressure cannot
he continuously maintained because of the cooling which causes
a partial vacuum. A system of sterilised air supply under pres-
sure to overcome this objectionable lowering of pressure was con-
sidered but abandoned because of serious objections to its use.
The inflow of air occurs now through sterile cotton wool.

This positive system will be found illustrated and described in
various sections of the report.

FERMENTER PROTECTION—The problem of safeguarding the
large fermenting tanks made of thin steel sheeting which are
fully described in the section of the report dealing with the exist-
ing plant was a difficult one. It was finally solved by discarding
commercial types of vacuum, and safety valves, and installing a
specially designed and constructed style of vacuum valve (see sec-
tion on the Existing Plant which was sensitive and safe as regards
sterility ; together with a new and efficient safety device. (See
section on the Existing Plant and also the section on the Gas Dis-
charge). This latter consists of a water seal arrangement using
antiseptic water thus ensuring absolute sterility. The device acts
as a safety valve, a gas discharge measuring device and when gas
is discharging at a maximum rate affords a free outlet to the at-
mosphere. It has proved eminently satisfactory, as with its intro-
duction the long run of successful fermentations began.

The abandonment of gauge glasses on the fermenters was an-
other radical but necessary step because of the nature of the
medium in the tanks. The glasses proved quite unreliable due to
choking and were therefore abolished. At the present time the
trycocks only are used to determine the approximate contents of
the fermenter (within 200 to 300 gals.) The contents are prim-
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arily dependent on the quantity in each mash tub. Five of the
latter are divided equally among four cookers and four cookers are
used to fill a fermenter. A tank is known to be empty when the
pump emptying it commences racing.

EDWARD METCALFE SHAW. f course

then to be
It is impc
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Appendix—Communication from Arthur E. Hadley.
ACETONE—WEIZMANN PROCESS.

As this process is new and has not been tried on a large scale
for any length of time, I am unable to send exact details of what

alterations will be required at the Distillery. You will realize ! You wi
that lacking detailed drawings of the fermenting vats, ete., and not n "‘_" ferr
knowing whether the Distillery produces its Alcohol from grain heating an
or molasses, it is rather difficult to say exactly what should be done be passed
to make it suitable for producing Acetone. Perhaps the best way ‘_'h""ﬂ"{ 0
will be to give a general account of the Weizmann process as it is [@veing 4 in
at present at work in the Royal Naval Cordite Factory at Poole, Jtion of heai
and you will then be able to judge the local alterations that are {}"”'" that
necessary to the General Distillery Company’s plant at Toronto. liquor.
The process is simple provided absolute sterility is obtained be- After th
fore the liquor is inoculated. The culture works rapidly under enced, the
favorable conditions, but fails if foreign germs are present even e fermen
in small quantities. rtificial as

The liquor to be inoculated may be produced from crushed
maize or from malted barley wort. If crushed maize is used, the
spent grain or draff must be left in the liquor until fermentation
is completed ; clear wort is preferable as the spent grain after fer-
mentation gives rise to difficulties in handling it and cleaning the
fermenting tanks.

If wort is used, the clear liquor should be run off as a mixture
composed of about 1 part grain to 15 parts water by weight, the
grain being about 86-90% crushed maize to 14-15% malted barley.

relief valv
tmosphere,

It has been suggested that a mixture of malted barley and malted Dr. Weiz
oats would be better on account of cost, but this has not been tried. " starch givi
The wort prepared in this way has to be run into the fermenting The best
vat and well sterilised. The sterilisation is complete after the Jrials at Pool
liquor has been brought to a temperature of 90° C. for two hours. [ically all the
After sterilising, the liqguor must be cooled to about 87° C. and 10% of th
then inoculated. The inoculant is about 8% of the liquor to be in- Jnd Butyl A}
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oculated in the fermenting tank. If crushed maize only is used,
the fermenting vat can be filled about two-thirds full with water
and the crushed maize added. The liquor has then to be raised to
boiling point and boiled for about 6 hours to fully extract all starch.
0f course, the liquor will also be sterilised at the same time; it has
then to be cooled to about 87" C. and the inoculant added as before.
It is important that no contamination should take place, and it is,
therefore, necessary to admit only sterilised air into the tank after
the liquor has been sterilised. Air must, of course, be admitted
when the liquor is cooled, and the steam occupying the upper por-
tion of the tank begins to condense.

You will see that to enable the liquor to be sterilised and cooled
in the fermenter, it is necessary to have each fermenter fitted with

eating and cooling coils through which steam or cold water can
be passed. At Poole a tank of 16,000 gallon capacity (containing

charge of 12,000 gallons) had an iron coil fitted inside the pipe
heing 4 inches internal diameter and 382 ft. long. A larger por-
jon of heating and cooling surface would have been better as it was
found that too much time was taken up in heating and cooling the
liquor.

After the liquor has been inoculated and fermentation has com-
menced, the liquor must be kept at about 37" C. and if all goes well

e fermentation keeps at about this temperature without any
rtificial assistance.

After fermentation is complete, which takes from 24-48 hours,
depending on the virility of the germs and the temperature at which
ie tank is kept, the liquor contained 14 % Acetone, 1% Butyl Alco-
hol and 9814 % water.

The gases given off during fermentation are hydrogen and car-
bon dioxide. To prevent the entrance of unsterilised air at man-
hole joints, ete., it is advisable to allow the gases to escape through

relief valve which may be set at say 1 Ib. per square inch above
tmosphere.

Dr. Weizmann finds by experiment that 1 kilogramme of sugar
r starch gives off 150 litres of hydrogen and 150 litres of CO2,

The best distillation has not yet been evolved, but the latest
ials at Poole are encouraging, and it seems established that prac-
lically all the Acetone and Butyl Alcohol are given off by evaporat-
ng 10% of the fermented liquor. As the boiling points of Acetone
nd Butyl Alcohol are far apart, the fractionation should not be
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difficult. The Acetone, however, contains traces of aldehydes, and STAC

it may be advisable to mix a small quantity of sulphuric acid or The |

bisulphuric acid with the liquor before distillation. The |
The fermenting tanks we have at Poole and for experimental The
purposes are made of iron which has no injurious effect on (he The

liquor and no undue corrosion has occurred on the iron. beer,
Yours faithfully, Thes(
ARTHUR E. HADLEY sections

obtaining
SECTION 2—PRODUCTION OF ACETONE.

INocy
THE PRODUCTION OF ACETONE BY THE USE OF THI :'ho‘l;‘:’l]:couf]
< N < 'S8

WEIZMANN CULTURE. hie vessal
JENERAL—Dr. Weizmann's culture is one which operates in il ture be cc
connection with enzymes on starch, producing chiefly butyl alcohol Jil§ steam jacl
and acetone. During this process hydrogen carbonic acid and [l 100 gal. ir
slight traces of other gases are liberated. The bacilli seem to work charges of

best at temperatures of about 100 degrees Fahrenheit. They ar the final
extremely delicate organisms, and are destroyed by the ordinary h”"".sl'o‘
bacilli present in water and air to such an extent that it is abso [ d six 10(
lutely imperative that even in the smallest numbers such bacili [ "o he tw
should be kept away. plant prop
In the early days of the work at the Toronto plant, and even to It is ob
a small extent now, irregularities occurred, resulting in the time[l the growin,
of the fermentation varying between rather wide limits 28 to 4l other, and t
hours, with occasional complete spoiling of a 25,000 gall. charge ol is poured f

mash through contamination.

The bacteriological and chemistry experts have had great diff-
culty in deciding as to how far this irregularity was due to somefand subsequ
inherent property of the culture, contaminatory influences actingvalves and
during the period when the inoculent was being produced, or to there are an
other unknown causes, which might ultimately be found to dependfliviant where
on mechanical defects in the plant. The experience gained througifliereatly redu
a year's operation of this plant has led to a better understandi i
of the subject and one by one various defects, causing failures andf@without inte;
irregularities have been discovered. These defects, such as leaki
seed tank flanges, leaking valves with resultant contamination i
the pipe lines when rectified have resulted in much more unifo
and regular working.

where the 1
100 gal. ino
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STAGES OF PROCESS—There are four stages in the process.:

The first is that of producing sterile thoroughly cooked mash ;

The second the production of the seed;

The third of obtaining the fermentation;

The fourth, of separating the acetone and butyl alcohol from
beer.

These operations are dealt with more or less fully in other
sections of this report; the one great principle adopted was that of
obtaining as far as possible a positive continuous system.

INOCULENT AND SEED—It is of importance that the growth of
the inoculent during the early stages should be in a series of small
vessels of increasing size, thus reducing the time during which the
big vessel would be occupied, and the loss should the original cul-
ture be contaminated. Present practice is to inoculate a 5 gallon
steam jacketted pail charging this when properly developed into a
100 gal. inoculating vessel, then dividing this latter between three
charges of 500 galls. of mash in 600 gallon seed tanks, from which
the final quantity considered necessary is introduced into the
large 31,000 gal. fermentors. At present a battery of six 5 gal.
and six 100 gall. culture vessels is being installed. Thus there will
now he two stages in the laboratory followed by the four in the
plant proper.

It is obvious that a risk, however small, is incurred every time
the growing volume of inoculant is moved from one vessel to an-
other, and this must be true in the laboratory, where the inoculant
is poured from one vessel to another, as well as in the factory,
where the first portion is poured from the 5 gallon can, into the
100 gal. inoculator or from the flask into the 5 gal. culture vessel
aid subsequently passes through pipe systems with many cocks and
valves and joints. Even under the present system of working
there are an objectionable number of places throughout the whole
pant where leakages are possible, although the number has been
greatly reduced, and it is the constant endeavor of the whole staff
o eliminate those remaining as soon as discovered, or possible

ithout interfering with the normal operation of the plant.

CoNTINUITY—Dealing with the question of continuity, the
pplications of this method, which have been possible up to the
present are in digesting, cooking and cooling the mash. These are
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fully described under separate headings. The combined effect of
these is that a safe rapid and easily operated continuous system
is at work from the mash tubs to the fermenters.

PosSITIVE SYSTEM—With regard to the question of the positive
system, this takes the form of maintaining throughout the system
from the inlet to the cookers to the discharge from the fermenters
(with the exception of certain intervals in the fermenters them-
selves) a pressure in excess of that of the atmosphere, so that
whatever leakage of liquid or gas occurs is outwards sterilised gas
or liquid flowing from the system, whilst no ingress of unsterilised
gas, air or liquid can occur. One danger only remains which is the
possibility of bugs growing back into the system through a leak
filled with mash, which is overcome by the application of the same
positive principle in the form of the “steam lock.” See section of
report on pipe lines.

The failures through contamination have occurred from vari-
ous causes.

SUCCESSFUL RESULTS—Every effort has been and is still being
made by applying the positive system, to obtain absolute security.
The results of the last three months working shows that a remark-
able degree of safety has been obtained, the plant now has been
running to July 20th, during which time 516 fermenters have been
distilled continuously from April 4th without one failure.

EDWARD METCALFE SHAW.
SECTION 3—ENGINEERING DIFFICULTIES.

ENGINEERING DIFFICULTIES.

The difficulties of an engineering nature that have been en-
countered in the work at Toronto, have arisen from three funda
mental causes, the first being the inherent difficulties of the process,
the second the natural difficulties attending the manufacturing of
an explosive product, and the third due to the adapting of an exist-
ing plant to new requirements and methods.

DIFFICULTIES OF PROCESS—Amongst the difficulties to be de:
with, due to the nature of the process itself, were the maintenanc|
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bf sterility, handling of the large quantities of thick mash, rapid
booling of this mash, and exact control of the quantities of mash
but into or taken out of the tanks.

The sterility was largely maintained by using the so-called
ssitive system. The applications of this principle up to the pres-
ot has not been thorough due to the difficulties encountered

hrough the adoption of a lot of the plant and piping not quite

itable for the purpose. These latter, referred to later, were
painly due to leaking valves and fittings, awkward piping arrange-
pents and structurally weak tanks.

The handling of the thick mash in such large quantities has
een satisfactorily taken care of under the guidance of Col. A. E.
ooderham whose extensive experience in dealing with such prob-
pms proved invaluable.

The rapid cooling of the thick mash by some 150 degrees
ahrenheit was a difficulty solved by the invention of a new type

coil cooler of great efficiency and small bulk, with absolutely
aled joints which prevented by its construction, any possible
hoking of the tubes with the mash.

Because of the nature of the mash, the problem of indicating
e level in the different tanks is a difficult one. Gauge glasses
oved useless as ordinarily employed, but might prove more suc-
pssful if provision were made for blowing them out with either

or water, as is now done on some of the smaller vessels here.
t present, trycocks are largely depended on to show the level.

DIFFICULTIES DUE T0 EXPLOSIVE NATURE OF PRODUCT—The fact
at the product is explosive, and that hydrogen gas is generated
large quantities during the fermentation necessitated extreme
e as to its safe discharge from the building. The question of
disposition of this gas occupied a considerable amount of atten-
pn, attempts to utilize its heating or power value, were finally
jposed of by discharging the gas directly to the outer air.

DIFFICULTIES DUE TO USING AN EXISTING PLANT—Coming to
consideration of the difficulties due to the adopting of an exist-
plant to the requirements of a new, although somewhat similar,
In the first place the tanks were of large size, and built to with-
nd practically no pressure beyond that due to being filled with
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liquid so that when strengthened as much as possible the allowal
working pressures were extremely low. A higher allowable work

It will |

e en
ing pressure would have greatly speeded up the cooking, reduccil raughzlr:
the time occupied in sterilising both cookers and fermenters a rengthens
greatly assisted in emptying. The fact that the tank bottoms wenll 4 45 a re
all flat, while not only rendering the tank weak from the standpoiiciently ¢
of withstanding internal or external pressure, was a great hi
drance in emptying the tanks rapidly. This time of emptying
now greatly in excess of what it would be in vessels of similar si SE
with conical or hemispherical bottoms. Those difficulties have beg
partially overcome in the new tanks by sloping the bottoms as mud
as possible without interfering with existing piping arrangement

Accompg

and by rivetting the bottom to I beams.

Another prolific cause of trouble was in the valves and fitting
The valves which were in the plant, were in bad shape and
quired overhauling and both the old ones and the new ones, cithd
gate or globe, were extremely difficult to maintain tight whe
dealing with mash. In such a process it is not only a question
tightness in the ordinary way, but tightness from a bacteriologia
point of view. The positive system has been the saving eleme

The curve
the separa
een spent ar

here, whether the steam is applied to a whole line, to a short secti No aceou
between two valves or to a valve alone. In the former a whigteced a!; the
line or header is kept under steam pressure, high or low; in i *aminati
second an opening is “double valved”, that is two valves placed ;’5":’(:12 bu’}

few feet apart in the same line with a steam connection betwe
them forming a “steam lock”, and in the third a steam jet is play
on the valve disc. All of these have proved excellent in preventi
contaminations but depend to a large extent on the exercising
the utmost care by the staff in working the plant.

The use in the old plant of cast iron fittings was another serio
difficulty due to danger of fracture and the bad threads. This
being overcome as rapidly as possible by the substitution of mal
able fittings. For extra special work, genuine wrought iron pj
is used because of the better threads.

The labor problem was a serious one from the beginning.
attempt was made to utilize the existing workmen of the two d
tilleries as far as possible, but proved rather unsatisfactory,
cause of the new methods employed. Pipe fitters were a cause
much worry because of their failure to understand the impo
of tight joints and valves. The operating staff required to
trained on the job to secure good results.
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It will be understood that it has been difficult to get the requis-
o engineering staff, both with regard to superintendents,
raughtsmen and workmen. Recently the staff has been greatly

engthened by the appointment of a mechanical superintendent,
ad as a result the work in hand is being much more rapidly and
fiiciently carried out.

EDWARD METCALFE SHAW.

SECTION 4—ECONOMIC CONSIDERATIONS.
ECONOMIC*

Accompanying this are 4 sheets of curves and graphs, a sheet
iving the capacities in order of every separate part of the plant
nd another giving a summary of the monthly expenditures and
hanufactured acetone and Butyl alcohol passed into stock or
hipped.

The curves and graphs show at a glance not only the capacities
f the separate parts of the plant, but the rate at which money has
en spent and earned.

No account is taken of the value of the plant and premises

ced at the disposal of the British Acetones Toronto but from
p examination of the Municipal assessment figures and the prop-

y itself but it may be safely taken that this represents a sum of

150,000. The salaries of the four experts are not included.

Outside these items every expense has been taken into account.
is satisfactory to note that the expenditure and earning curves
e rapidly approaching and allowing for the increased inclination
the expenditure curve after this date when the corn paid for is
st used up and the new corn will have to be paid for it appears
t in the course of the next (1 to 2) months the curves will meet
id all capital expenditures to date would be paid off.
With the expenditure now being incurred for additions to plant
d with the increased rate of production the curves will jump up,
though this will delay the date at which the lines will intersect
dicating the paying off of all capital expenditure the cost per lb.
product will be reduced considerably below the present fig e.
The enlargement of the plant will not entail any appreciable
ease in the cost of labour and with the economies now being

ected there will be a considerable decrease in the cost of coal per
of product.
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It will be noticed that the consumption and production curve
jump considerably owing to the corn and coal purchases being
added at the date of payment. In future reports which will be for,
warded monthly the curves will be of a more regular form, thy
i | purchases of corn and coal going on to a stock curve and the many.

facturing being debited as the stock is used up.

The coal to corn curves show a large relative saving in col
This is partly due to the warmg]

during the last few months.

i{ weather but more on account of the efforts made to save steam. =
| With the completion in about 10 weeks of the additions noy 5.6 %
b l being made to the plant, bringing it up to a maximum output s88
! 12 fermenters daily the reasonable limit of expansion on they “ gﬁ

LY

[~

, I premises will have been reached. At the same time the arrang

! ments for steam and coal economy will be practically perfected.

{1 ' When this plant has reached this stage it will be a well b

anced, and economical installation producing Butyl Alcohol a

4 Acetone with certainty at a cost which could not be apprecial
reduced except through reduction in the cost of raw material.

EDWARD METCALFE SHAW.

QUANTITY PER HOUR

12 Fermenters
per day.

T
—i
Required for

Size.
L0 B oaas
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QUANTITY PER HOUR

Required for
12 Fermenters
3 Size. per day.
1. Grain Storage, 1,000,000 bu.
2. Coal Storage, 6,000 tons. '
3. Boilers, Gen. Dist., 1,200 H.P. 2,400 H.P.
G. & W, 1,200 H.P.
4. Milling, 4,000 bu. day 2,000 Ibs.
5. Sifting, 4,000 bu. day 2,000 Ibs.
6. Mashing, 4 tubs 2,000 Ibs.
2 7. Pumping, new 14 x 10% x 10 12,500 gals.
old 4 ins. cent. 12,500 gals.
8. Digesting ; 12,500 gals.
9. Cooking, 4 tanks 12,500 gals.
continuous 12,500 gals.
10. Pumping, 8 x 6 x 12 12,500 gals.
11. Cooling, No. 1 x No. 2 12,500 gals.
No. 1 x No. 2 12,500 gals.
No. 2 x No. 8 12,500 gals.

12. Culture Vessels, 3-5 gal.
6-5 gal.
13. Inoculating Vessels, 3-100 gal.
6-100 gal.

Available.

2,400 H.P.

10,000 Ibs.

6,000 to 10,000 Ibs.

12,000 Ibs.

25,000 gals.
20,000 gals.
12,500 gals.
8,000 gals.
12,500 gals.
12,500 gals.
12,500 gals.
7,200 gals.
14,600 gals.

)
ue
0}
el
AL

Remarks.

Depends on dryness of
corn.

At 1% hrs. ea.

Estimated.

Test

Designed from data.

Depends on pump.

Or more.

Estimated.

Clean and winter (30)

scaled & summer (50).

Estimated summer

conditions.

Trial

Estimated.

Trial

Estimated.
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QUANTITY PER HOUR

Required for
12 Fermenters

Size. per day. Available.
14. Seed Tanks, 9-600 gal.
16-600 gal.
15. Fermenting, 16-30,000 gal.
22-30,000 gal.
16. Beer Pumping, 7 x 5 x 12 7,200 gals.
Tx5x12and 10 x 4 x 12 20,000 gals.
two 10 x 4 x 12 gals. 25,000 gals.

17. Foaming Tanks, 3-50,000 gal.
18. Beer Pumping, 10 x 5 x 12 12,500 gals. 12,500 gals.
P 19. Beer Stills, 2,500 gals. 12,500 gals. 12,000 gals.
- 20. 1st Rectification, 2-13,000 gal. 375 gals. 425 gals.
21. 2nd Rectification, 14,000 1b. Barbet
22. Butyl Salting 230 gals. 600 gals.
23. Butyl, Rectifying, 2-7,000 gal. G. & W. 165 gals. 200 gals.
24. Acetone Storage, 2-1,000 gal. Ample
25. Butyl Sto.age, Crude, 1,250,000 gals.
Salted, 2-18,000 gal
Rectified, 16-2,100 gal. Ample

26. Acetone Shipping, 5 drums 1 hr.
27. Butyl Shipping, 5 drum 1 hr.
NoTE—(a) The above is based on a 24 hr. day.

e in the above modified methods of work 1 1 nc

No. of
Fermentations
per day
possible. Remarks.

 § Trial.

12 Estimated.

10 38 hr. period.

14 38 hr. period.

7 Existing Pump.

20 Plus new pump.

24 Two new pumps.

12

12

12 Maximum.

14 Estimated.

12 Designed by Badger.

30 Actual trial.

14 Trial.
New tanks.
Salting plant tanks.
G. & W. Spirit tanks.

42 Trial.

19 Estimated.

n

(b) Cooking and fermenting capacities depend largely on pumping rates, filling and emptying.

The ferment-

for cleaning tanks
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GENERAL REPORT
SECTION 3—ORIGINAL PLANT.
ORIGINAL PLANT.

General Description of the Portion of the Plant of the Gooder-
ham & Worts Company and of the Plant of the General Distillery
Company used by the British Acetones, Toronto, Limited, as they
existed prior to May, 1916.

The firm of Gooderham & Worts, Limited, Toronto, established
in 1832, carry on a general whiskey distilling business, manufac-
turing various grades of Canadian whiskey from grain. The plant
is in operation from October 15th, to June 15th, of each year,
manufacturing in the eight months 2,000,000 gallons of spirit, from
orn, rye, malt and oats. The numerous buildings making up this
plant were built at various times, dating from the original wind-
mill plant of 1832 to the present.

The more recently incorporated General Distillery Company
ianufactures industrial, non-potable alcohol by distillation from
rolasses. This plant was erected in 1902, and is of modern con-
struction throughout. The plant deals with about 100 tons of

olasses a day, from which 10,000 proof gallons of industrial
leohol result per day. The plant operates during the summer,
he length of time varying from six weeks upward, depending on
ie amount of molasses on hand. In 1912, during which the plant
vas in operation for ten weeks, 8,500 tons of molasses were used,
iving an output of 840,000 proof gallons of spirit. This was the
eatest period of operation of any year.

The plants of both distilleries are situated at the foot of Trinity

treet, on .the north shore of Toronto Bay, at a point where the
Don River at present empties into it.
As will be seen from the accompanying plan (see drawing 62),
e plant covers a considerable area, extending from the bay on the
outh to the Canadian Pacific Railway tracks on the north, and from
herry Street on the east to Parliament Street on the west. The
roperty is cut by the main line of the Grand Trunk Railway from
fontreal and by Mill Street running east and west, and by Trinity
reet running north and south.

There are numerous buildings of various types of construc-
on, making up the complete plant of both companies, of which the
ajority belong to the Gooderham & Worts Company.
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BRITISH ACETONES TORONTO, LIMITED

GOODERHAM & WORTS BUILDINGS—There are four of the Good-
crham & Worts buildings made use of by the British Acetones, viz:
the granary, coal shed, the main building and boiler house. 0f
these, the two former are located at the water’s edge south of the
Grand Trunk Railway, and the latter two and other buildings of
both distilleries lie north of the railway. There are ample siding
facilities on the Grand Trunk Railway, and the raw materials ar
brought in by rail, as there are no docks or marine unloading
equipment.

Since the above was written the following additional building
have been wholly or in part taken over and used : Rectifying Hous
containing three rectifiers, No. 2 Tank House with 16-9,100 gl
tanks, Malt House, Fermenting Cellar and Barrel Store House.

CoAL SHED—The coal shed is of corrugated iron and timber cor
struction, and is situated on the bay shore at the west side o
Trinity Street. The coal comes in by rail, is shovelled from the
cars on the siding into horse-drawn carts, and hauled up a ram
into the shed and dumped from elevated runways in the shed
piles on the ground below. The coal piles are ventilated with th
usual gas pipes. From these piles the coal is loaded into carty
again by hand, and carted to the various boiler rooms as require,

The storage capacity of the shed is about 6,000 tons, and i
addition coal may be stored in outside piles between the shed anf
the tracks.

Normally the coal used is slack, but the recent coal shortagei
Toronto has necessitated the use at present, of a mixture of sla
and lump. There is at this time (May 1st, 1917) about 3,700 to
of the latter in storage.

GRANARY—The granary or grain elevator is also of corrugat
iron and timber construction, and is situated on the bay front, w
of the coal shed. The railroad cars may be run on to a sidi
under the building, and the grain is then elevated to a horizon
conveyer, running the length of the building. The conveyer di
charges the grain into the various bins, from which it is drawn
at the bottom into specially constructed one horse grain carts, a
hauled to the mill. The grain is unloaded directly at the mill unl
the storage bins there are full, in which case the surplus is taken
at the elevator. There is at the granary a storage capacity of
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MAIN BUILDING—MILL—The mill is located in the south-east
corner of the substantially constructed masonry and timber main
building, built in 1859, on the west side of Trinity Street, just
north of the tracks. It contains a power house, mill, mashing
equipment, distilling apparatus, various tanks, and the slop drying

presses and ovens. The siding from the Grand Trunk railway runs
along the south wall.

oading

ildings
House
)0 gal
ase.

GRINDING—The grain may be received at the mill either directly
from cars on the railroad siding or from carts bringing the grain
fror the granary, and elevated, passing through a hopper weigh
scale to the storage bins in the mill, having a capacity of 18,000
bushels. This is sufficient to maintain a continuous running of the
mill night and day for a week.

From the bins the grain passes to the stones, of which there are
eight run, five generally in use, with three under repair, as operated
now. The meal from the stones is sifted in four gyrating sieves
and scalpers, the fine meal goes directly to the meal storage hop-
iper, and the coarse is passed through chilled steel rolls, of which

ere are ten sets, with only two or three in use.

A single sifter handles the meal from the rolls, separating the
bran, which is sacked and sold, and the meal, which passes into the
eal hopper. The sifters are equipped with No. 36 mesh wire

reens. (A No. 24 mesh wire screen is used in the sifters for
cetone work).

er cot
side df
ym the

The capacity of the mill is from 150 to 170 bushels of corn per
our, depending on the condition of the corn. At present (May,
917) it is damp, and only 150 bushels per hour is being ground.

is capacity is limited by the sifters, which cannot handle as much
s the stones are capable of dealing with.

From the meal storage hopper the meal drops into a hopper
eigh scale, mounted on a car on rails, in which the charge for
e mash tubs is weighed out (8,600 pounds per mash), and the
ris run along and emptied into either of four mash tubs.

MASHING—The mash tubs are located in the main building, west
the milling section on the second floor. They are of wooden
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¢ight hundred thousand to one million bushels, and at this time
(May 1st, 1917) there are about five thousand bushels in store
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BRITISH ACETONES TORONTO, LIMITED

construction, fifteen feet in diameter by six feet deep, and are fitted
with paddles, steam injecting pipes and a series of copper cooling
coils. The paddles are driven from below through bevel gears and
horizontal shafting, located on the “stone floor” or machinery floor,
For mashing for acetone cold city water (3,900 gallons or 39 inches
depth) is run into the tubs, and the whole heated by the steam
jets blown directly into the mixture through perforated pipes. The
bulk is increased to 4,750 gallons during the mashing.

After mashing for whiskey distillation the mash is run from
the mash tubs through 6” copper pipes to the fermenting room,
where it passes into open wooden troughs, leading to the various
wooden fermenters. For acetone work 5” wrought iron pipe was
coupled on to the original copper mash pipes close to the tubs, and
carried the mash to a steam engine driven reciprocating pump
(gear drive). The latter was found unsatisfactory, and was in
turn replaced by a steam engine belt driven four-inch single stage
centrifugal pump, discharging through a four-inch wrought iron
pipe leading to the General Distilleries Building.

Both the engine and pump were supplied and installed by the
British Acetones.

The changes mentioned here constitute the only alterations
made in the plant of the Gooderham & Worts distillery.

The centrifugal pump requires about thirty-five minutes t
empty a mash tub, 200 gallons of water being allowed for washing
down the tub.

On the machinery floor in the main building are also other
pumps, which are not in use by the British Acetones, and a stean
air compressor and receiver, supplying air for the construction
work, rivetters, etc., and also where required for the plant opera
tion. The remainder of the main building, excepting the powe|
plant, is occupied by the beer still, tanks, scales, with a slop filte
and drying apparatus necessary in the distillation of whiskey, and
the preparation of the waste solids for cattle food.

POWER PLANT—In the north-east corner of the main buildin
is the power plant, fitted with four 100 h.p. John Abell retun
tubular boilers, with Jones automatic stokers, which ordinaril
supply steam for the various operations in the manufacture
whiskey, and a 500 h.p. 28 in. by 60 in. single cylinder horizon
steam engine, with Brown valve gear, which drives through
intricate system of gearing, spur and bevel, both the mill and
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tubs, on the same floor as the latter.
use.

floor. BOILER HOUSE—Steam is at present supplied through a ten-
aches inch main from another Gooderham & Worts boiler room, located
team east of Trinity Street, on the south side of Mill Street. There are
The here, eight 100 h.p. return tubular boilers, working under 60 lbs.
pressure, and fitted with Jones underfeed stokers. These boilers, of
from which five are normally in use, also supply the steam to the shop
room, engine and the Gooderham & Worts bottling department.
rious
» was GENERAL DISTILLERY COMPANY PLANT—This plant is of com-
i, and paratively recent construction, and is located as shown on the
pump plan, comprising briefly the distillery building proper, filter room,
as in boiler room, store house, and three large outside storage tanks.
stage The buildings lie between Mill Street and the Grand Trunk
iron railway tracks, and extend from the west limit of the Gooderham
& Worts property to Parliament Street.
y the The buildings, with the exception of the store house, are of
rather light steel frame brick construction. The distillery proper
\tions B is five storeys (72 ft.) high, the fermenting portion two storeys
(30 and 36 ft.) and the filter and boiler rooms one storey (20 ft.)
es tof high only. These buildings are all adjacent to each other, forming
shing 8 one continuous building. The store house is a separate one storey
structure of brick and timber construction, with concrete floor.
other
steam MoLASSES—Both beet and cane sugar molasses is used, and is
iction @ received in railroad tank cars, which are run on the siding at the
ypers-J south side of the store room, (75 ft. by 80 ft.), and emptied by
Jower

means of a 8 x 10 x 12 in. steam pump in the south-west corner
of the store room. The pump is so connected that molasses may
be pumped through four-inch pipe into either of the outside stor-
age tanks, from one outside storage tank to another, or into the

idi two mixing tanks. The pump may also be used to return molasses
ol to tank cars on the siding from any of the tanks. These outside
narll tanks are of steel, roofed, and of the following sizes:

) The north tank is 48 ft. in diameter 35 feet high, capacity
\re
400,000 gallons.

The west tank is 40 feet in diameter, 30 feet high, capacity
225,000 gallons.

mash tubs. This engine is located between the mill and the mash
The boilers are not now in

A0 4o




BRITISH ACETONES TORONTO, LIMITED

The east tank is 95 feet in diameter, 30 feet high, capacity The s¢
1,250,000 gallons. pied by t
The west tank is also used for slop storage, and the two vavi. high, wit
eties of molasses are kept in separate tanks. tanks an ¢
The second molasses pump (8 x 10 x 12 in.) in the north-west battery o
corner of the store room draws the molasses from the largest out. screened-o
side tank through a five-inch line, and discharges it into either of 9,600 gall
two inside molasses boiling or mixing tanks of steel, 16 ft. in diam- There is a
eter, 15 ft. high, and 18,000 gallons capacity, located at the west from these
end of the store room. A third brass pump (6 x 5 x 8 in.), between tioned mol
the latter tanks, takes the hot mixture of molasses and acid fron ft. diamete
the mixing tanks, and pumps it through a battery of three vertical | 12 in. stea
molasses coolers, located outside the north wall of this building, | from the s
over to a second molasses mixing tank in the south-west corner of ¥ tank.
the distillery proper. In the latter tank the molasses mixture is On the y
diluted and run by gravity into molasses pits or sunken tanks in @ing pattery
the distillery. The molasses piping is mostly four-inch wrought @¢endent’s of
Ll On the
DISTILLERY BUILDING—The main building of the General Dis- [Btillery, whic
tilleries is 146 ft. 7 in. by 123 ft. 8 in., and is divided into two e east wa
principal parts, there being no dividing wall between the parts on x8x 12
the ground floor. The north part of this building, known as the Jcorner a sec
fermenting room, is 146 ft. 7 in. by 77 ft. 2 in.. two storeys. high isouth wall a
and has a wooden operating platform throughout, about 20 feet 4 ft. diame
above the ground, except at the west end. Along the north wal jharge. No;
stands a row of six and at the east end a parallel row of thre: 6 in. by 12 i,
steel fermenters, 18 ft. diameter by 20 ft. high, capacity 31,788 Jir compress
gallons. These are mounted on brick piers, and extend through Juplex steam
the platform. In the centre of the west end of the platform a row jintakes, and
of four steel yeast tanks, 12 ft. by 12 ft., 7,500 gallons capacity, ¥ in. mains,
standing on timber frames, extend through the platform. Thes Standing
are arranged parallel to the fermenters. South of these yeastJ “double-effe
tanks, on the platform, are four 635 gallon copper second yeast Jilill, working
tubs, and five 128 gallon copper first yeast tubs in a row. Along @rovision alsc
the west wall at the north are two sunken steel molasses storag fhrough a 214
tanks or “pits,” 15 ft. by 10 ft. by 7 ft., with a capacity of about Under the
7,000 gallons, and a 6 x 4 x 6 steam pump for elevating the molasses J80 in, steam g

into the nine fermenters. The building is fully equipped with
the necessary steam, slop, beer, air and water (bay and city) pipe
system.
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The south 30 feet of the north portion of the building is occu-
pied by three copper high wines tanks, 14 ft. diameter by 14 ft.
high, with 13,400 gallons capacity; located south of the yeast
tanks an elevated 1,400 gallon steel fusel oil tank; and at the east a
pattery of two elevated spirit receivers and a weigh tank, in a
screened-off Government weigh room. Each of these tanks has a
9,600 gallons capacity, and is 14 ft. in diameter by 10 ft. high.
There is 2 6 x 8 x 12 in. steam wine pump for handling the spirit
from these tanks. At the west and south of the previously men-
tioned molasses pits stand two wooden slop neutralization tubs 14
{t. diameter and 14 ft. high, 13,400 gallon capacity, with a 6 x 8 x
12 in. steam slop pump between them. These tubs receive slop
from the still and the pump elevates it to the evaporator supply
tank.

On the west wall behind these tubs is the tail box for the rectify-
ing battery. East of the Government weigh room is the superin-
tendent’s office.

On the ground floor of the south five storey section of the dis-
tillery, which is 83 ft. 10 in. by 46 ft. 6 in. (see drawing 59), at
e east wall, are two 13,400 gallon copper spirit tanks, with a
6x 8 x 12 in. steam spirit pump between, and in the north-east
orner a second 6 x 8 x 12 in. pump for the scale tanks. At the
south wall about the middle and opposite the doorway stand two
14 ft. diameter by 14 ft. high rectifiers, taking a 13,000 gallon
harge. North of the rectifiers is the gear driven (steam engine)
b in. by 12 in. duplex pump, supplying the still, a 10 x 12 x 12 in.
ir compressor, and two 12 x 14 x 18 in. 1,000 gallon per minute
fluplex steam pumps, drawing water from the bay through 12 in.
ntakes, and discharging into a reservoir on the roof through two
B in. mains.

Standing on special steel columns in the south-west corner is
“double-effet” evaporator for dealing with the slop from the beer
ill, working on exhaust steam, supplied through a 10 in. inlet,
rovision also being made for live steam supply if necessary
rough a 214 in. line,

Under the evaporators at the south wall is placed a 12 x 10 x
0 in. steam slop pump, which handles the slop from the evapor-
ors discharging it through a five-inch main to the west outside
nk. At the west wall is a 16 x 20 x 36 in. dry vacuum pump for
he evaporators, and in the corner is the seal well for the evapor-
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BRITISH ACETONES TORONTO, LIMITED

ator condenser above. Beneath the north evaporator is a smal ators tl
drip receiver (cast iron), and an 8 x 8 x 10 steam drip pump, als this we
for the evaporators. The steam and exhaust piping from the steel wi
boiler room comes through the west wall at about the north limit suppliec
of this section. below.
The 6 ft. diameter by 42 ft. long beer still, capable of handlin cooling
4,000 gallons of beer per hour in alcohol distillation, fitted with At tl
calandria, stands in the north-east corner of the building, anf menting
extends from the second floor through to about three feet above the 6 in. by
fifth floor. Its 30 in. diameter by 13 ft. long beer heater (6% containiy
gallons) stands just south of it on the fifth floor, extending throug
the roof, and south of the heater is the 60 in. by 24 ft. long con BOILE
denser (3,000 gallons), extending from the third floor to the fifth Limited,
floor. The tail box for this condenser is located on the third floo, @8 250 h.p,
which is the operating floor. North of the two rectifiers and co-@® with Jon,
nected to them through a 16 in. and a 6 in. pipe, and in about th 112 nounc
centre of the building, are two 60 in. spirit columns (1,438 gi.B® The exha
lons), 37 ft. long, running from the second to just below the fiftil@® about 1,00
floor, which connect through 14 in. headers with two goose tankill where the
(11 ft. 6 in. x 11 ft. x 9 ft. 7,200 gallons, steel), on the fifth flofl is heated.
at the middle of the south wall. Between the goose tanks and spir Northey d
columns, and connected to the former through a 12 in. pipe, a draft purg
two cooling columns, 42 in. diameter by 24 ft. long, (4,400 sure fans |
lons) which extend from the fifth floor down to the third, where tfl carried off
tail boxes are located. A four-inch copper pipe from the fusel the boiler |
traps under the fifth floor leads to the fusel oil cooler, 22 in. dia At the
eter by 14 ft. long, with its tail box also on the third. The codl riping pit,

extends from the third to midway between the fourth and fif
floors.

On the second floor of the north wall is a 100 cubic foot st
compressed air receiver, and west of the latter a 881 gallon o
steel evaporator supply tank. In the south-west corner of the thi
floor is the evaporator condenser, connected to the latter throu
an 18 in. pipe. At the south wall on the operating floor is an o
steel yeast tank, 1,000 gallon capacity, and in the south-east
ner is a second 12 ft. diameter by 10 ft. high, 7,100 gallon cop;
weighing tank in a Government weigh room. The operating fl
communicates over the roof of the intervening portion with
north or fermenting part of the distillery.

A large light and ventilation well extends from the eva
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ators through to the roof at the west side of the building. Over
this well at roof level is a 14 ft. diameter by 5% ft., 5,300 gallon
steel water reservoir, covered by a pent house on the roof, and
supplied with bay water by the previously mentioned duplex pumps
below. This supplies water for cooling purposes in condensers,
cooling columns, and, if necessary, for fire protection.

At the east side of the rectifying section and south of the fer-
menting room (Government weigh room) is small two-storey 46 ft.
6 in. by 32 ft. 6 in. building, forming part of the distillery proper,
containing drafting office, vaults, laboratory and storerooms.

BOILER HOUSE—The boiler house of the General Distilleries,
Limited, is 117 ft. 1 in. by 77 ft. 2 in., and contains a battery of two
250 h.p. and four 175 h.p. Babcock and Wilcox boilers, equipped
with Jones automatic stokers, and capable of supplying steam at
12 peunds pressure, through a 10 in. main to the distillery proper.
The exhaust returns are brought to a steel hot water drum of
about 1,000 gallons capacity at the east end of the boiler room,
where the feed water, either city or bay water, controlled by float,
is heated. The boiler feed pumps south of the drum are two
Northey duplex outside packed pumps 9 in. by 5 in. by 10 in. For
draft purposes there are two high speed steam engine driven pres-
sure fans located at the west end of the room. The flue gases are
carried off in a 4 ft. diameter by 125 ft. steel stack at the west of
the boiler house.

At the rear of the boilers, at the north side, is a large potash
riping pit, and in front of the boilers is ample storage space for
coal, which is delivered in horse-drawn coal carts through three
large doors to the piles, and shovelled from the piles into the stoker
hoppers by hand.

In the north-east corner of the boiler room is a bricked-off yeast
storage room, and an 800 gallon steel yeast boiler. At the east wall
between the latter and the hot water drum is an elevated 8 ft. x
8 ft. 2,600 gallon steel slop tank, designed to be used to supply a
special slop burner or potash furnace in the two large end boilers

from which the potash goes to the potash riping pits at the rear of
the boilers.

FILTER RooM—The filter room 123 ft. 8 in. by 29 ft. 7 in., occu-
pies the space between the distillery proper and the boiler house,
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BRITISH ACETONES TORONTO, LIMITED

and is a one-storey structure. At the north wall are two 14 ft, for power
diameter by 14 ft. high 13,400 gallon light copper spirit diluting MISCE
tanks. Just south of these is a battery of three high pressure steam maintain

rectifying pumps, 51% in. by 214 in. by 7 in., and next these a 495 shops, wh
gallon steel wash water tank for filter washing purposes. The body General D
of the filter room is occupied by a rectifying battery of 32 heavy LABORA
cast-iron charcoal filters. A light hand-power travelling crane run premises.

north and south over the filters. At the south of the filter room W Gooderhan
and separated from it by a brick wall is a second molasses mixing B jocated in ¢
tank (previously mentioned), of steel, rectangular, 1914 ft. by 15 These a
ft. by 10 ft., 18,000 gallons, arranged with baffles, where the B4 M) I
molasses from the store room is diluted and then run by gravity OFFICES
into the molasses “pits.” in the offiic

WATER SUPPLY—There are two sources of water supply: the .
municipal system, which supplies pure water at about 80 pounds "€ used 2

pressure per square inch, and the company’s private supply, which STAFF—'
draws impure water directly from the bay. The General Distil- Willeries Con
leries boiler house is arranged so that the supply may be taken ers and hel)
either from the city or from the bay. mith. The

The two 12 x 14 x 18 in. duplex steam pumps on the ground red about
floor of the distillery, which supply the tank on the roof, draw their [fter the mas
supply from the bay, and are capable of handling 1,000 gallons gan and a re
per minute at a pressure of 100 pounds per square inch. These J#Perating eng
are ordinarily used to supply cooling water for different purposes,
but are also connected to the fire protection system.

The Gooderham & Worts Company have a special fire protection
pump house, situated at the west side of Trinity Street, just north
of the tracks. This pump house is equipped with two 85 h.p. hand
fired Babcock and Wilcox boilers, and two duplex Northey 1,000
gallon per minute pumps, capable of maintaining a pressure of 100
pounds per square inch.

Steam is always up in one of these boilers, and the other has
the fire all ready laid, is cleaned, and full of water, and the flue
gases from the one under steam pass around the drum of the o
not in use, keeping the water warm.

TRANSPORY
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LIGHTING—The lighting is electric, by incandescent lights)
operating on 110 v. or 220 v. alternating current at 25 cycles, sy
plied by the Toronto Electric Light Company. The wiring is part
open, partly in conduit. There is besides 550 v. current availab

4




GENERAL REPORT

4 ft.
iting
eam
49
body
eavy
| run

for power purposes where required.
MISCELLANEOUS—SHOPS—The Gooderham & Worts Company
maintain well-equipped steamfitters’, carpenter and coppersmiths’
shops, which are used jointly by the Gooderham & Worts and
General Distilleries Companies.
LABORATORIES—There are two well-equipped laboratories on the
premises. One is the bacteriological laboratory, located over the

room Gooderham & Worts offices, and the other is a chemical laboratory,
xing located in the General Distilleries building.
y15 These are more fully described in the reports of Mr. Speakman
the and Mr. Legg respectively.
ity OFFICES—The office work of the General Distilleries is handled
in the offiices of Gooderham & Worts. There is a small drafting
. the PROOM in the same building with the laboratory, the remaining rooms
"m s eing used as store rooms only.
thich S1aAFF—The Gooderham & Worts Company and the General Dis-
istil- [tilleries Company maintain jointly a staff of about ten steamfit-
aken J@ers and helpers, about six carpenters and helpers, and a copper-
mith. The operating staff of the Gooderham & Worts mill num-
ound JBered about nine men, and there were four men required to look
their JBiter the mashing, with two still men, two rectifying men, a fore-

Jions Jan and a relief man. The General Distilleries Company use two

“hese JPerating engineers in charge of the engines, pumps and boilers,

oses, peether with about ten firemen and six men as attendants in the
rmenting room and rectifying department.

ction TRANSPORTATION—The transportation of raw material about

e plant and throughout the city for both the Gooderham & Worts
ompany and the General Distilling Company is taken care of by
he transport department of the Gooderham & Worts Co. The
gpartment  is under the direction of a foreman who has
harge of 8 carters, 8 horses, 8 coal carts, 6 grain trucks, 3 single
rries, 2 double lorries, 2 barrel waggons, an ice waggon, a water-
g cart, a lumber waggon and a 3 ton motor truck. The latter is
ed almost entirely for outside work. The transport department
at the disposal of the British Acetones as required.
The coal carts are the usual single horse back dumping two
heel carts with a capacity of rather more than a ton. The grain
s or trucks are also single horse two wheel with a special low
ng body carrying a maximum of 50 bushels of grain.

EDWARD METCALFE SHAW.
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SECTION 6. MAIN
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EXISTING PLANT. the repla

wire scre

APP. 1—INOCULATING ARRANGEMENTS. ally the s
“  2—DISTILLATION AND RECTIFICATION. the maize
“  3—BRAN DISPOSAL. Masu
pairs as v

PRESENT PLANT. For Insta)

condition

Description of the Plant of the British Acetones Toronto, Lin B"ashing (
ited as reconstructed from that of the General Distilling Compan; "M and ¥
with a note on the few alterations made in the Plant of the Goode. R e0uired o

ham & Worts Company, Limited. .'spd haye !

iron fitting

It should be understood that the plant, even after one year f 6x 1)2) 4

construction work, is still in a state of evolution. Knowledge :nfr{(f“ T'
rifuga

the operation and requirements in such a new process and plant »
being constantly acquired and results in the plant being constan igh speed
in a floating state: i.e., improvements, additions and excisions an IUSI‘\'('ly, al
being continually made as soon as possible and convenient witho The pun
interfering with the operation of the plant and the manufactured p“:m_"‘q un
as large an output as possible of acetone. here is alw;

Major alterations on vital parts of the plant and equipment a
generally carried out on Sundays when the mashing and cookiy
processes are out of operation, while minor changes and additio
on parts not affecting vital parts are done throughout the wed
This description, then, will describe the conditions of the plant fr
a mechanical point of view as it exists at the time of writing i
report—May 15th, 1917.

Masu L
arged fron
alve, into g
Ixceedingly ¢
nd construct
ately 400 ft
ends and ten
der cover i
e open air,
fash with st
ashed out by

GOODERHAM & WORTS BUILDINGS.
RAW MATERIALS, HANDLING, MILLING AND MASHING SECTIONS
BRITISH ACETONES, TORONTO, LTD.

COAL SHED AND GRANARY—No structural changes have b GI
made in either of these buildings, and they are operated just l**MENTATION
they were in the old days by the Gooderham and Worts Compiufas; LINE (
The granary is used only to a very limited extent. om the first e
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MAIN BUILDING—MILLING—The mill has undergone no struc-
tural alterations nor changes in equipment, with the exception of
the replacing of the No. 36 wire screens in the sieves by No. 24
wire screens for the acetone meal. The mill is operated in practic-
ally the same manner, but at a slower rate due to the dampness of
the maize being dealt with at this time.

MASHING—The mash tubs have received only such minor re-
pairs as were required to keep them in good operating condition.
For instance, the valve controlling the water was in rather bad
condition and has been repaired. The steam jets are used for
mashing (supplied at present with 60 lb. steam from the Gooder-
am and Worts boiler house) and the copper cooling coils are not
required or used. The original 6 in. copper mash pipes formerly
sed have been flange jointed to 5 in. wrought iron pipe (with cast
iron fittings) , leading through a by-pass system of piping either to
a 6 x 12 reciprocating pump, driven through spur gearing from
an 8 x 22 steam engine (Brown valve gear), or a 4 in. single stage
entrifugal pump, belt driven at 680 r.p.m., by a Leonard 8 x 10
igh speed steam engine (220 r.p.m.) The latter is now used ex-
lusively, and is provided with a 3 in. relief bypass.

The pump handles about 170 gals. a minute at present, and
pperates under 24 lbs. discharge pressure. It is so situated that
ere is always a static head of about 10 ft. on the suction.

(0, Lin:

MasH LINES (MAsH TuBs T0 CO0OKERS)—The mash is dis-
harged from the centrifugal pump through a 4 in. swing check
alve, into a 4 in. mash line leading to the distillery. This line is
xeeedingly crooked, due to structural difficulties, and its relocation
d construction is now under consideration. The line is approxi-
pately 400 ft. long, and in that distance there are ten right angled
ends and ten 45 degree elbows. It is asbestos lagged, and is mostly
nder cover in the different buildings, but about 100 ft. of it is in
e open air. The line is heated up before pumping through the
ash with steam from the digester nozzles and afterwards is

ashed out by pumping about 200 gallons of wash water through.

GENERAL DISTILLERIES BUILDING.

ERMENTATION SECTION—BRITISH ACETONES, TORONTO, LIMITED.
MAsH LINE (MASH TUBS T0 COOKERS) —DIGESTORS—About 50 ft.
om the first cooker in the mash line from the tubs, and just inside

K




BRITISH ACETONES TORONTO, LIMITED

the south distillery wall there are inserted eighteen 14 in. steam were pla;
jets, placed 18 in. apart on the average, along one side of the pipe and angl
and coupled up by a 2 in. pipe with steam supply at the centre, each subjected
half being under gate valve control. The nipples forming the noz. A special
zles are bevelled off at 60 degrees against the mash flow, permit- B riveted in
ting of better steam injection. The 2 in. pipe connecting up the 103, in. a
jets of this “digester” is supplied from a 3 in. steam main, in which vertical pi
the steam is controlled by a 3 in. gate valve located on the operating against co
platform some fifty feet away from the nozzles and operated by @ flange-join
an attendant, whose duty it is to keep the temperature constant by i system, co
regulating the steam injected through the nozzles. The me
It is proposed to place the control valve as close to the digester i 7). centra
as possible in the new line, (which is all prepared and awaits only 8 ¢ (. ke a3
a favorable opportunity to be installed) as the present construction Wiy pasket
is subject to serious defects from a temperature control viewpoint . 3 in. p
Just past the nozzles on a 4 x 4 x 3 tee is placed a 3 in. py through th;
safety valve set to blow at 40 lbs., and inserted in the tee immedi BB 1,55 helow
ately before reaching the first cooker is the bulb of a recording plug with
thermometer, the dial of which is opposite the digester steam con MBisting at ¢}
trol valve. Between the safety valve and the thermometer connec [ the cross
tion is a pressure gauge connection (fitted with a drain) leading ts Mtean jot st;
a pressure gauge placed above the thermometer dial. The mash horoughly 1
line runs along the south side of the row of cookers, and 4 in There ‘is
branches lead from tees in it through 4 in. swing check valves and bipe, but it ¢
4 in. gate valves, controlled from the upper platform, into the cook bperation, 1
ers, about 3 ft. from their bottoms. The flanges for these conne eport, '
tions were already on the cookers.

Between cookers 2 and 3 a 4 in. slip expansion joint is place ! 3;2,‘:"“?&"_
and at the end in the branch leading to No. 4 cooker is a 3 in. draiffl ;l;loc‘ti : f"*
line with a 3 in. gate valve in it, leading to the floor gutter. s hm:"‘]v' (

d or|

Co0KERS—The cookers consist of four 12 x 12 steel yeast tans
standing on 10 ft. timber stands. These tanks are of 5-16 in. st
plate with single riveted lap joints, and originally carried only e centra] pij
light flat cover. When taken over new domed 5-16 in. plate covenfJilv hand,

(19 in. dome) were riveted on them, fitted with 14 x 21 in. majl Each cooke
holes and special central gland; a special 3 in. cast iron flange fuflt 15 Ibs., the
the safety valve; a standard 2 in. flange for relief valves; and taJlain to preve,
ped for the pressure gauge. From the 2

The bottoms, which are flat, were strengthened by being rivéfposite branck

ted to six beams built up of two 12 in. channels at 2014 Ibs., whidiililve, acting ag

lounted on it
heel now has
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were placed on the timber stands, and fitted with vertical plates
and angles at the ends riveted to the tank sides. The tanks were
subjected to a static test of 2214 lbs. by the government inspector.
A special electric cast steel bowl outlet casting (see drawing 3) is
riveted in the centre of the bottom, having an upper diameter of
104, in. and a lower diameter of 4 in. and carrying a journal for a
vertical pin. This casting is fitted with 14 in. steam jet, to guard
against contamination by playing on the gate of a 4 in. gate valve,
flange-jointed to the casting below. The jet is on a 22 lbs. steam
system, controlled by a Locke regulator.

The manhole gaskets are of asbestos 114 x 14 standard stock.
The central gland (see drawing No. 1) on the tank roof is designed
to take a 3 in. rotating pipe, and is bolted by studs on a lead level-
ling gasket to an electric cast steel stud ring, riveted to the roof.
The 3 in. pipe, machined on the outside to 3 7-16 diameter, passes
through this gland and is fitted with 3 x 3 x 2 x 2 in. cast iron
cross below, in the bottom opening of which is screwed a bronze
plug with a 114 in. pin which rotates in the journal of the bowl
asting at the bottom (see drawing 4). Fitted in the two openings
of the cross are two 4 ft. lengths of 1 in. pipe, which are used as
steam jet stirrers, the steam discharging directly from the end and
horoughly mixing the mash.

There is also another cone type stirrer bolted on each central
pipe, but it does not act to any extent under the present system of
pperation. These stirrers are described in another section of the
eport.

The steam is supplied to the 314 in. central pipe from the 115
n. steam line on the 22 lb. steam system through a special gland
jonnection; (see drawing 5). The central pipe carries a 16 in.
st iron worm wheel, originally used for motor driving purposes,
pounted on it between the tank gland and the upper gland. This
heel now has a long handle fastened to it, which is used to rotate
e central pipe and steam jets through 180 degrees at intervals
y hand.

Each cooker is fitted with a 3 in. spring loaded safety valve, set
15 Ibs., the vertical exhaust pipe from which is fitted with a
ain to prevent liquid from settling back on the valve.

From the 2 in. flange a bent nipple leads to a cast iron tee, on
pposite branches of which are mounted a 2 in. brass swing check
Ive, acting as a vacuum valve; and a 2 in. gate valve, with verti-

gester
s only
uction
"point
1. pop
imedi-
yrding
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BRITISH ACETONES TORONTO, LIMITED

cal pipe leading to the atmosphere, which is also fitted with a drain,
There is also a 30 lbs. 6 in. dial pressure gauge mounted on the
tank roof. The cookers are fitted with 34 x 18 in. gauge glasses,
one at the top, which is above the platform, and the other at the
bottom. The latter is tapped into the bottom of the tank, and
comes away from a 34 in. cross, the downward opening of which
acts as a blow-off, controlled by a 34 in. gate valve. This gauge has
proved useless owing to choking with the thick mash at the tunk
bottom. There are three 1% in. try cocks; one 2 ft. and one & ft,
from the top, and the other at the bottom, which are used to check
the water gauge readings.

The tanks are asbestos lagged, the roof lagging being protected
by sheet metal cover.

side outle
side outle
through o
valve and
gal. steel)

STERILI

n the 2" be
" line lead

MAsH LINE (COOKER TO COOLER—HOT)—This mash line (see
drawings 63 and 71) is of a 4 in. wrought iron pipe and leads from
the bottom of the cookers (bowl casting) to the cooler pump. The
line from each tank runs from the outlet casting through a 1 in
flange gate valve and two flange elbows (to act as an offset), and
then north through a length of pipe a 4 x 4 x 214 tee, and a 1 in

globe valve located just beyond the edge of the tank, into the main The coole
mash line. These two valves are controlled by extension handls #umP and is
from a runway between the fermenters and the cookers. In oneg he piping by
the two elbows a 1% in. high pressure steam pipe is tapped, which Ji#foss connect;
keeps the pipe between the two valves always under high pressur[ischarged in

th the new

steam, affording an efficient steam lock against contamination.

From each of the tees just mentioned a connection runs intos . The
214 in. line for tilling the culture vessels (seed tanks). This smal "€ long ra
line at the dead end beyond cooker No. 4 is fitted with a 2 in. dian-J#oWn.
eter drain and a 2 in. blow-off valve to blow at 20 lbs. and at th# CoOLERS—"
west end turns south and then vertical leading to the seed tan ding, and y
where the sterilising steam supply is located. ,30A, 35 an

The mash line to the cooler has at the east end beyond No.
cooker a 1 in. high pressure steam sterilising inlet. At the w (CooLEr W,

84, are sup

end just beyond the connection from No. 1 cooker the line tu
and passes south under No. 1 cooker, then drops vertically to
4” Y, and through the side outlet of the latter to the cooler pum
The through outlet of the Y (vertically downward) leads in
a short length of pipe, capped and fitted with a 2” drain gate valw
forming a pocket which is expected to catch any nails, picces
wire, etc., which may come through with the mash. From

that either ¢
ler there is g
0 water cirey
4. The wat

tinations, F
ma 4” 4 und
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side outlet the 4” line passes to a gate valve and thence into the
side outlet of a second Y at the suction of the cooler pump. The
through opening of the latter Y is connected through a 4" gate
valve and pipe line to what was originally the fusel oil tank (1,400
gal. steel) now placed at the west wall south of fermenter No. 14.

STERILE WATER RESERVOIR—The tank acts as a sterile water
eservoir (90-100° C) and is used to supply water to flush out the
oler pump, cooler coils and fermenter mash line after pumping
hrough the mash. It is supplied with sterile water from two traps
n the 2” beer still calandria exhausts. The traps discharge into a
2" Jine leading to the feed water drum in the boiler room. From
3x 3 x 4 tee in the latter line the condensate runs under gravity
rough a 4” line to the above tank.

To insure sterility there is a 14” steam pipe tapped into the
ank through which live steam from the main steam line is being
ntinually discharged into the tank. In addition there is a 114"
shaust line from the main exhaust header running to the tank
pplying it with exhaust steam.

The cooler pump is a new 8 x 6 x 12 Fairbanks duplex steam
ump and is located on the ground floor south of No. 1 cooker.
he piping between it and the coolers is arranged with valves and
ss connections as shown in drawing 84 to enable the mash to be
ischarged into either No. 1 or No. 2 cooler or both simultaneously.
oth the new No. 2 cooler and the old No. 1 are now used acting in
arallel. The mash piping is laid out to give the least resistance by
fing long radius elbows, Y’s and offsets wherever possible, as
hown.

S

tected

» (see

CooLERS—The coolers are described in detail under a separate
ading, and will not be touched on here (see drawings 6, 7, 12,
), 30A, 35 and 41).

(CooLER WATER CIRCUITS) —The cooling water lines, see draw-
g 84, are supplied from the municipal system and are arranged
that either cooler or both together may be supplied. In No. 1
pler there is a single water circuit while in No. 2 cooler there are
0 water circuits, one acting in units 1 and 2, and the other in 3
d4. The water discharged from all three circuits is brought to-
her in a single header from which it may be directed to various
ftinations. From the west end of the header a 4” line passes
pm a 4” T, under fermenter 15 and along the west wall toa 8 x 8
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x 10 simplex pump (formerly evaporator drip pump) located south

dxdx!
of fermenter 14 and under the north evaporator. This pump draws B8 verticall
the water from the coolers thereby reducing the back pressure o @ in the m
them and delivers the hot water at about 110° F. and 10 Ibs. pres B 3~ gate v
sure through a 4” line to the mash tub reservoir in the main buili @ plugged ;
ing. Water from this reservoir besides supplying the mash tut @ gate valy
is used for all other possible purposes in the building. The othe @ west in t}
branch of the previously mention T leads through a 4” by-pas [ is tapped
around the latter pump into the mash tub supply line and from thi The 2
by-pass a 2" pipe leads to the feed water tank in the boiler roon 8o orosg
All boiler feed in the General Distilleries boiler house is supplie .ct it, di
from this line. The boiler feed is thus primarily heated in throm the (

coolers and afterwards in the feed water heater in the boiler roonBBpiow off

From a 4” T in the east end of the water header a 4” line passs@itted with
to an 8 x 10 x 12 simplex pump (formerly molasses pump) whid
discharges the warm water through a long 4” line across Trinij
St. to the Gooderham and Worts boiler house supplying all th
water required there for boiler feed purposes. The surplus wa
in excess of that required for all these various purposes esca
through the other outlet of the above T and a 4” line to the sewe
Thus all the water used throughout the plant with the exception
some for minor purposes, passes first through the coolers.

for getting accurate information on the cooler operations.
are also steam sterilising connections and drains for keeping
different sections of the system sterile. The cooler piping b iy 4
mash and water is, as is evident from the drawing No. 84, rath v install
confused and complicated. The reason for this lies in the fact
the plant has been constantly developing, necessitating additions
equipment and alterations in piping. In addition the process is
new one and the coolers themselves new so that their behavi
was unknown and provision had to be made for all possible even
alities, such as choking of coils, scaling, ete. Further the endeay
has been to make the system a thoroughly interchangeable
The very necessary provisions for sterilising added considerably
the complexity.

zle so plac
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MasH LINE (COOLER T0O FERMENTERS—COOLED) —The mash
lets from both coolers, see drawing 84, come together in a 4’
over the east end of No. 2 cooler and pass thence south throug
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4x4x 2T (inoculant entrance), through a long radius elbow and
vertically downward into the top opening of a 4” cross set vertically
in the main mash line. The lower opening of this cross carries a
3 gate valve for emergency drain purposes, but which is ordinarily

n buil ¥ plugged as an additional safeguard. On either side of the cross are
wsh tuty 8 gate valves in the mash line for directing the mash either east or
1e other

west in the mash line as required. A 14" high pressure steam inlet
is tapped into the side of the cross for sterilising or steam locking.
The 2” inoculating line from the seed tanks passes through a
9 cross set vertically, with a 2” gate valve placed immediately
next it, directly into the top of the 4 x 4 x 2” T in the mash line
from the coclers. The upper opening of the 2” cross carries a 2”
blow off valve set for 15 Ibs., and the lower opening acts as a drain
fitted with a 2” gate valve. The inoculating line is sterilised from
a steam connection at the seed tank end of it.
The mash line (see drawings 65, 71 and 77) proper forms a
rectangular closed circuit from which the fermenters are supplied
hrough 4” branches, with two dead end branches to supply fer-
enters 14 and 16. The branches enter the fermenters 5 from
eir bottoms, the flanges for these connections existing on the
priginal tanks. The flow of mash into each fermenter is controlled

by a 4”7 gate valve placed next the tank and operated through a
ong spindle from the upper platform.

There are three types of branches from the mash line to the
ermenters. The first is of the type shown in drawing 84 in the
onnection to fermenter No. 13. It is employed on the most re-
ently installed fermenters, 10, 11, 12 and 13 and consists of a
ppper expansion U bend extending from a T in the mash line to
et e valve at the fermenter. Brazed into this bend is a 14” steam
ozzle so placed and shaped that a high pressure jet of steam is
rected on the valve disc when closed to ensure sterility. The
ond type is that shown in the drawing for fermenter No. 15,
nd is applied to fermenters 1, 2, 3, 14, 15 and 16, it differs only
the curvature of the bend which is much less than in the first
e. The third is employed on fermenters 4 to 9 and is the same
the last except that the connections are taken off in pairs from
crosses placed in the mash line.

The mash line itself is provided with two copper expansion
nds, one between fermenters 2 and 8 and the other between 4
d5. Th line is also divided into three sections by gate valves
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placed one between fermenters 3 and 4 and the other betweey

five n
fermenters 7 and 10. On either side of the former valve is a 1"

spring
steam sterilising inlet which enables either half of the mash line vacuu!
to be sterilised or used independently of the other. In the mash from 1
line beyond fermenters 6 and 7 is connected the sterile air inlet {88 yhich

shown in drawing 77. This device carries a 114" steam inlet B,
a 114" drain T, a compound pressure-vacuum gauge and a 4” air
inlet “C” which is provided with a gate valve and wire screen,
covered with a sterile cotton wool filter. It provides an inlet for
sterile air should a vacuum ever occur in the mash line due to con.

air val
air line
througl
which a

On |

densation of the steam. gree F.
At the two previously mentioned dead ends at fermenters 188 ;i1 at
and 16 the steam seal arrangement shown on drawing 77 is used @8, .10y,
This arrangement is as follows: In the mash line beyond the cor The i
nection to the fermenter is placed a 4” T carrying a 2" blow of .,.v,],ef‘,
valve set for 10 1bs., next this is a pair of 4” gate valves with a] un\;: .
between them in which is a 14” steam connection and a 14" gy in f(')m
valved drain. This provides a steam lock and beyond this final 4 e
. o 3 nd safet
valve is a 4” line to the sewer. X
omes up

SEED TANKS (CULTURE VESSELS)—There is a battery of ninast in fr

culture vessels in a row on the operating platform south of ti@into the t.
four cookers. These tanks are of copper 4 ft. 6 in. in diameter fj
6 ft. 6 in. over all high, with dished bottom and a slightly dom
flanged cover, having a 635 gal. capacity. Of these tanks fo
originally existed as second stage yeast tubs, and five new ones,
a slightly improved type have been added by the British Aceton
replacing five original smaller yeast tubs. Very few alterati
were found necessary, however, in the existing tubs, which ar
the usual type of culture vessel. The most important change m
being the strengthening of the cover flange joints. The gene
arrangement of the tanks and the various fittings on the n
tanks are shown in drawing No. 66. The actual tanks differ i
few minor details from this drawing.

The vessels are of copper and are provided with various fittin
The cover carries an 11 x 16 double arched manhole at the ri
hand side, a 11/ in. spring safety valve, at the left a 3/ in. gas
nection at the right in front of the manhole from which the p
sure gauge connection comes off (in the old tanks a 30-Ib. press
gauge is used, in the new a 15-1b. pressure—vacuum gauge), at
back a 214 in. air valve (globe) with filter flange (this is on

the east

The %4 in.
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five new tanks only), and at the left back and front two 114 in.
spring vacuum valves. In the four old tanks there are no automatic
vacuum valves. Their place is taken by a vertical 1% in. branch
from the inoculating line entering the front just below the top,
which is fitted with a globe valve and acts as both vacuum valve and
air valve. This latter construction made it necessary to use the
air line as the inoculating line, as otherwise the inoculant escaped
through the air valve. In the centre of the cover is a gland through
which a 114 in. stirring shaft passes.

On the side of the tank at the left are two 30 to 240 de-
gree . thermometers, placed 6 in. and 48 in. from the bottom;

while at the right are three 14 in. sampling taps at 12, 30 and 48
T is used @iy above the bottom.

The inoculating line (green) from the small inoculating vessels
passes from the east to the west in front of the tanks, and branches
un from it through 114 in. gate valves into the front of the tanks
) in. from the top. This line at the west end is fitted with a drain
ind safety valve. A 2 in. filling line from the cookers (refer back)
omes up through the platform beside the west vessel and leads
past in front of the tanks, branches running through gate valves
nto the tanks 24 in. from the bottom.

From the centre of the bottom of each vessel a 2 in. fermenter
noculating line, fitted with 114 in. side drain, runs into the three
ray cock in the main 2 in. inoculating line, which passes along the
ront of the tanks just above the floor and down through the plat-
orm at the west tank where it is fitted with a gate valve, drain and
afety valve into the fermenter mash line at the previously men-
oned cross.

There are 114" steam sterilising connections (22 lbs. system)
the east end of both inoculating and filling lines. (The connec-
on in the former sterilises the mash line to the fermenters also.)
There are two 1 in. steam inlets into jets in the bottoms of the
w tanks, and a single inlet in the side of the old ones, supplied
om the Locke regulator 22 Ib. system, through an overhead 114
he righ. header. Each vessel is equipped just beneath the cover flange

ith a copper water cooling ring, supplied through a 34 in. pipe,
hd all tanks are set on timber blocks in a large sheet metal tray

the 14

pressiihich catches the drips, cooling water, ete., and carries them
»), at irough a galvanised drain to the sewer.
is on

The 34 in. gas outlets are arranged with globe valves, and stop
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cocks, 8o that the gas may be discharged either through an ordinary
gas meter (of which there are three, one for each battery of three
tanks) or into the atmosphere through the wall. The lines to the
meters pass through water cooled pipes to cool the gas and there isa
steam connection on the air lines also.

The stirrers are of the propeller type in the new tanks, and of
a special cone type in the old ones, and are mounted on 115 in,
shafts, carrying 9 in. pulleys, driven through a quarter turn helt
from 9 in. pulleys on the countershaft mounted on the wall. These
latter pulleys are driven through a lever controlled jaw clutch, and
the shaft rotates at about 75 r.p.m., driven from a 7% h.p. motor
through a system of countershafting.

The stirrers of the old tanks are driven one-half as fast as those
in the new.

There is in process of installation a set of galvanized iron venti.
lating caps over each air valve.

equipped
to trap 1.

rebuilt }
Nos, 10-13.
ng.

ORIGINA

INOCULATING VESSELS—A small laboratory has been erected late, 18 £t

over fermenters 8 and 9, and is fitted with a battery of three 100
gallon inoculating vessels, and a small 100 gal. mashing kettle (see
drawing 66). These vessels are hung on cast iron frames, and ar
equipped with stirrers (propeller type) driven from the main coun
tershafting. The covers are fitted with a gland for 1 in. shaft, 11§
in. air valve, a 60 to 260 degree F. thermometer, a pressure vacuun
gauge, and 4 in. filling or charging hole with screw cover. The
vessels have a steam jacket around the hemispherical bottoms, sup
plied with steam (22 Ib. system) through a 34 in. pipe. The jacket
may also be supplied through 1 in. bottom connection with water
for cooling purposes. This latter connection is further arranged
to drain either to the sewer or through a check valve to a stean
trap. The jacket has a % in. air outlet cock at the top over th
sleam inlet and at the top opposite the steam inlet pipe a ¥’
water overflow line. The vessels are equipped with a gauge glas,
and sampling tap, and empty through a 2 in. inoculating line rur
ning to the large seed tanks, each branch being fitted with a gate
valve, 1 in. drain and connection for the gauge glass (see drawing
38). This latter inoculating line has a 14" steam sterilising con
nection at the east end.

A new co)

On the sid
dy was rive
trance. Th¢

MASHING KETTLE—The mashing kettle is open at the top, 401 Qer conneetic
in diameter and 30 in. deep, with a hemispherical bottom. It is als
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dinary
[ three
to the
we isa

equipped with a steam jacket (114 in. 22 Ib. steam and 34 in. drain
to trap line) and two sets of special mixing paddles, running in op-
posite directions, and scrapers driven through bevel gearing from
the counter shafting. There is a 34" water inlet at the top. The
mash passes from the bottom through a 2 in. line to a headey
pranching into the three inoculating vessels at the sides through
gate valves and fitted at the east end with a steam sterilising con-
nection. At the east end of this inoculation laboratory is a small
office and testing room.

and of
14 in.
m belt
These
h, and
motor

FERMENTERS—The fermenters, 16 in number, are of three types,
viz.: those constructed from the original fermenters Nos. 2-9; new
fermenters installed in the fall of 1916, Nos. 14-16, together with
a rebuilt No. 1; and new fermenters built in the spring of 1917,
0s. 10-13. These are more fully described under a separate head-
ng.

3 those
venti-

ORIGINAL TYPE—The original fermenters were of 5-16 in.
plate, 18 ft. in diameter by 20 ft. high, with a slightly dished bottom
about 6 in.) and no cover. The tanks had single riveted lap joints,
d simply rested on brick piers giving great difficulty under slight
acuums due to the drawing up of the bottoms. In the centre of
he bottom was a 4 in. outlet, originally controlled by a plug valve
ft, 1% With a long handle reaching to the top of the tank, but now leading
p the front of the fermenter through a nipple and elbow where
he valves are located.
A new conical roof of 14 and 5-16 in. plate, with an 18 in. rise,
now on the tanks. This roof is fitted with a 6 in. flange at the
pex; a 12 x 16 manhole; two special 8 in. flanges side by side for
he safety valves; a flange for the 4 in. air valves; and a 6 in.
ge for a vacuum valve. The cover is also tapped for a 1 in.
ermometer gland, and a 114 in. steam supply.
On the side, 4 ft. 6 in. from the bottom at the front, there al-
ady was riveted a 4 in. flange, which was used for the mash line
trance. There are three holes tapped for % in. pipe arranged
wn the side for the sampling cocks, one two feet from the top,
e midway between top and bottom, and the third 1 ft. from
ttom, and a second 114 in. steam inlet tapped in 1 ft. from the
tom. At the front, just beJow the top is tapped in a 1% in. mano-
g These improved old tanks were subjected to a

rected
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FERMENTERS 14, 15, 16 AND REBUILT NO. 1—The new ferment.

ers No. 14, 15 and 16 and reconstructed No. 1 differ from the olg ext‘rem<
ones in that they are built of 14 in. plate and are 17 ft. in diameter, teriolog
and 22 ft. 4 in. high at the back, 22 ft. 8 in. at the front, while No,1 JJ§ fanks 0
as reconstructed has a diameter of 18 ft. and a height of 20 fi, mercial
2 in. and 20 ft. 8 in. at the back and front respectively. The seams such n.ax
are single riveted lap joints with 14 in. cold driven rivets. The bacteriol
roof is strengthened with ten 814 x 3% x 5-16 in. angle raiter AR}
and the bottoms are flat with a 4 in. slope toward the front. Th nected t}
tank bottoms are riveted to six 12 in. I beams at 3174 Ibs., running @ fitted ah,
with the slope, which are in turn set on concrete pedestals. The
fittings are the same as just described for the old fermenters, and SAFET
the locations are shown on drawings Nos. 18-36 appended. T [ s the tw
water gauge holes shown on these have since been plugged. Th replaced b
4 in. beer outlet flange at the bottom instead of being at the centr P
is at the front of the bottom, 8 in. from the side. Also the upp f ERME
central flange at the top of the cone is 4 in. instead of 6 in, o ange at t}
tanks 14, 15 and 16. These tanks were tested at 3 lbs. stati :nd ﬁz‘mge,
pressure, ack for cl
ing the 4 j
FERMENTERS 10-13—Tanks Nos. 10-13 are of the same size aiflj "¢ UPPer
type as the new ones just described. There are, however, tw flange, and
points of difference, the first the beer outlet at the bottom, whid run throug
is in the form of a special cone elbow casting, with a 16 in. dianj The 4 in
eter where riveted to the tank, and a 4 in. flange outlet at right ial ferment,
angles to the floor; and the second in the placing of a second 121 Il the ferm

16 in. manhole in the side 1 ft. from the bottom. A static te
pressure of 3 Ibs. was imposed on these.

Wo months, )
The devie,
s will be see
4l using an,

MANHOLES—The manholes used are of the usual type with tw
arches; a special 14 in. square rubber core gasket was used to oves
come the unavoidable inequalities in the faces of the cover a

ring; 114 x 1, plain ashestos gaskets having proved unsatisfactoiitessure, By,
easures the

VAcuUM VALVES—The vacuum valves are of special design iillifice, anq by‘
construction, which will be evident from drawing No. 67, and ined through
set to draw at about 4 in. of water. They are of brass with iription of the
inner diameter of 414 inches, fitted with an air filter funnel (vi When foamj

detachable screen), and screwed into a 6 in. flange riveted to
tank roof near the side. The valves are sensitive, readily accessi
for cleaning, proof against contamination and have been fou

harges diye
tp, safe, eg
tators, and e
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srment- extremely satisfactory, both from a mechanical and from a bac-
the old teriological point of view, eliminating all danger of damaging the
ameter, tanks or of contamination through drawing in outside air. Com-
le No.1 mercial vacuum valves proved decidedly unsatisfactory, working on
t 20 ft, such narrow limits and also due to the difficulty of making the valve
2 ‘“"‘"\f‘}"]‘ pbacteriologically tight.
3 &
raiters, AIR VALVES—The air valves are standard 4 in. gate valves, con-
t. The nected through a 4 in. close nipple with the tank flange, and are
unning fitted above with an air wool filter funnel of galvanised iron.
’l‘\ T:’; SAFETY VALVES—The safely valve flanges are not now in use,
l”Thé l as the two 3 in, pop safety valves previously employed have been
1 The replaced by the device described in the following paragraph.
centre FERMENTER SAFETY DEVICE—In the central 6 in. or 4 in.
> UDM flange at the top of the cone is screwed or attached through a nipple
., /e and flange a special cast iron cross, having hinged flanges at top and
stalcil hack for cleaning purposes and a front flange set at an angle giv-
ing the 4 in. pipe bolted to it an upward slope of 1 ft. in 10 ft.
The upper flange permits of the thorough cleaning of the tank

flange, and the cross itself; and the back one allows a swab to be
wun through the 4 in. pipe for cleaning it.
The 4 in. pipe is screwed into the 4 in. brass flange on the spe-
ial fermenter safety device. This device is now being installed on
gl the fermenters, and has proved decidedly satisfactory to date,
here being no failures on record for any tank on which it has been
sed. (The one on tank No. 7 has now been in continuous use for
wo months.)
th twll® The device is constructed of No. 20 gauge galvanized iron, and
s will be seen from drawing No. 60, is simply an adjustable water
¢al using antiseptic water. The device relieves at 10 in. water
ressure. By adjusting the gate and the outer can the device
easures the gas generated by its flow through a 1% in. circular
ifice, and by again adjusting the gate the flow of the gas is ob-
ined through the equivalent of a 4 in. pipe. (For detailed de-
ription of the device see section on “Gas System.”)
When foaming the outer can is removed completely and the foam
scharges directly into the large funnel below. The device is
eap, safe, easily manipulated, readily understood by unskilled
erators, and eminently satisfactory from a bacteriological or me-
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chanical point of view. It is the result of a long series of experi-
ments on this subject, and has eliminated an enormous amount of
trouble and waste of mash.

ber tubin,
manomete

This a
encountery

THERMOMETERS—There are two methods of registering the tem-
perature of the tanks. The first by means of a continuous record-
ing thermometer, sample charts of which accompany this report.
These thermometers are manufactured by the Taylor Instrument
Company, read from 60 to 220 degrees Fahrenheit, and are of
the well known type by means of which a mercury pressure is ob-
tained through a long pipe of very small bore, with a wire in the
mercury space. This long capillary tube passes through a special
gland (1 in. pipe thread), tapped into the tank roof at a radius of
4 ft. 3 in. from the centre, and suspends the thermometer bulb at
a depth of ten feet from the top. This arrangement gives a fairly
accurate average record of the temperature changes in the fer
menter.

These records are useful but at the same time temperature
records may be taken by means of the bib cocks situated near the
top level of the fermenting liquor, half way down the tank, and at
the bottom, the liquid withdrawn being tested by ordinary ther
mometers. Temperatures are taken at intervals of samples drawn
from the lowest tap and show a variation of from 2 to 3 degree
higher or lower than the recording thermometer. This results from
the fact that the samples are taken from near the side of the tank
where radiation, proximity of other hot fermenters, ete., seriously
affect the temperature of the sample. The temperature variation
from top to bottom of tank as shown by samples taken at the diffe-
ent taps, is extremely small.

k, and intg

MANOMETER—The manometer connection is arranged
follows:

A short 14 in. nipple is tapped into the tank and carries a bras for steam
lever handled stop cock into which a second nipple is screwed cany trolled from
ing a 14 in. cast iron cross set vertically. The lower outlet of the SAMPLING 1T
cross carries another nipple and a second lever handled stop cotiMin, Jevey b AR
The opening opposite that leading to the tank is plugged and tiks and aye B

fourth opening, that at the top, has a length of 1% in. pipe about
in. long screwed into it, carrying a tee (or elbow), of which th
upper opening is plugged, and the side outlet has screwed intof
a plug into which a short 14 in. copper tube is threaded. The 1

Originally th
ses reaching
Was tapped
¢ of difficult
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kperi per tubing is slipped over this copper tubing, and connects to the
mt of manometer which is quite close to the end of the copper tube.

This arrangement was found advisable because of the difficulty

encountered through the connections choking with mash. The con-

? tem struction as described allows the connections to be readily swabbed

ecord or blown out when possible, without contamination.

eport The manometer is simply a 14 in. glass U tube, with legs about

iment W5 in Jong and 8 in. apart, filled with coloured water, with a scale

wre of arked on cross section paper, reading to one-tenths of an inch.

is ob- th the thermometer and the manometer are mounted on a 12 x

in the W14 in, pine board, set vertically next the tank at the front on the

pecid ting platform, the boards of all the tanks being arranged in

ius of allel rows. The thermometer is placed above the manometer

“}“ 4 Whout 5 ft. above the floor, and above the thermometer is the slide

faivly @B nolder for the operating tickets of each tank, while below the

e fer- BB nometer is the hook on which is hung the file carrying the oper-

ting record of the fermenter.

i STEAM CONNECTIONS—The two 114 in. steam inlets (high pres-

ar e re), previously mentioned are for different purposes, the upper

wnd e in the tank roof at the side passing through and into a tee in

hich each branch has a nipple screwed into it and a 45 degree
how set to throw horizontal jets of steam across the tank top to
k up the foam. The action has not been found very satisfac-
ry in this respect. The lower inlet passes to the centre of the
k, and into the back of a side outlet cross (a five way fitting),
e other four outlets carrying 1 in. pipes reaching nearly to the
lis of the tank and drilled with 1-82 in. holes 1 in. apart. The
les are inclined at an angle of 45 degrees to the horizontal, and
ing a swirling action tending to move the heavy sludge collect-
at the bottom when emptying the tank toward the centre.
is action has been found effective. The lower steam inlet is also
for steaming when sterilising a fermenter. Both lines are
trolled from the operating floor.

SAMPLING TAPS—The try cocks or sampling taps are simply
in. lever handle plug taps, screwed directly into the side of the
ks, and are used for taking test samples of the mash.

Originally the tanks were fitted with continuous 14 in. gauge
ses reaching from the bottom to the top. The bottom connec-
was tapped into the tank bottom and for this reason and be-
e of difficulty of effectively washing out, the glasses rapidly
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chocked and were unreliable and they were therefore abandone 8,9, 10, 1
and the try cocks used when necessary. 7,8 and ¢
| COOLING RING—For cooling purposes in preventing incipient ::;,5;:? (:
i 11 foaming there are now available two cooling rings of 1 in. coppe the two g1
! pipe drilled with 14 in. holes 214 in. apart, and supplied through into the 8o
1% in. hose from the water mains. This ring is placed around the a4 dri
centre flange of the roof and directs streams of water over the oy '|\n J 86 in
and sides of the tanks. These are to be permanently installed o ;0 as.\‘i%t il
all the fermenters as they have been found fairly effective in pr ] ;‘;ld
{ venting foaming if applied in time. ronr;n'<'tiongg

PROTECTIVE COATING—The tanks are painted on the outside with
red lead, and the question of a protective coating for the interiy
has received considerable attention, but no definite conclusions iy
this regard have been arrived at up to the present.

end at ferr
made for st

PIPE Li»
tillery, exce

BEER LINE (FERMENTER TO PUMP) —The beer line from the fer @cast iron fit
menter bottom, either the centre or the front, is fitted with a 4 ineven on the

gate valve which is just outside the edge of the fermenter. Beyonilpresent time
1 the valve is a close nipple and cast iron Y, with the branch poinJluse of cast
4 ing in the direction of flow to the beer pump. The through ope:Jmore readily
ing of the Y is fitted with a close nipple, and a second 4 in. gi:J® Ib. hamme)
valve, which is used for running off sour beer when a ferment:fliron fitting),

goes “bad,” The branch of the Y carries a length of 4 in. pixJln all steam

in which is placed a third 4 in. gate valve, this branch being sufilis possible,
{ ciently long so that the main beer line into which it connetf® The pipe |
through another Y clears the run off valve with a fair margin. Jines and wat
Into the Y next the fermenter is tapped a 14 in. steam pipsllre painted 1
| leading from a header supplied from the Locke regulator stemflack, inocula
! system (14 lbs.) which keeps the pipe in between the three valvslr copper, blu¢

: always under steam and effectively seals a fermenter against c Ru

tamination working in from the beer line or the outside air. Th lthk‘ NWAY~
arrangement which has been placed on all the new fermenters a a timber

A 2 i A . atform
is in course of application to the older ones is shown on dravi 'm, extel

No. 63, as well as a previous arrangement which it has replaced
| The 4 in. beer line runs by way of several branch lines sho
‘ diagrammatically on drawing No. 81 from the different fermen
'1 groups to the suction of a 6 x 4 x 10 inch steam duplex beer pu
i located just south of cooker No. 4. These groups are as follows:
i i Group 1—Fermenters 14, 15, 16, 1, 2 and 3 (with 16 on a d
end) ; Group 2—Fermenters 4, 5 and 6; Group 3—Fermenters

enters Nos, 1
used in mani

FLOORS—Th,
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ndoned

89, 10, 11, and group 4—fermenters 12 and 13. At present No.
7,8 and 9 are in the 4, 5 and 6 group 2, but are being altered at
the present time to the above grouping. Each group passes
through a 4 in. gate valve into the two suctions of the beer pump
the two groups 1 and 2 into the north suction and groups 8 and 4
into the south. In the latter just before the pump is reached there
isa 4" drain. The lines are about 12 in. above the concrete floor,
and use is made of Y’s and long radius fittings wherever possible
to assist the flow of beer. The ends of groups 3 and 4, at the east
wall, and group 1 at fermenter 14 are provided with 2” city water
connections for washing out and there is a 2" drain at the dead
«d at fermenter 16 and at the end of No. 13. No provision is
made for steaming the beer line as a whole.

cipient
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PiPE LINES—The pipes in this and other buildings of the dis-
tilery, except those carrying spirit, were all wrought iron, and
ast iron fittings were exclusively used in the old distillery days,
ven on the steam lines, and the practice was continued to the
resent time with the British Acetones; the reason given for the
pointluse of cast iron fittings formerly being the fact that they are
ore readily taken down than wrought iron (a few taps with a
Ib. hammer generally sufficing to remove the most obstinate cast
ron fitting). At present malleable fittings are being substituted
n. pipJien all steam lines, and to a large extent the other lines, as rapidly
s possible.
The pipe lines are all painted distinctive colours, and the steam
fnes and water lines are asbestos lagged. The slop and beer lines
¢ painted red, water lines white, steam, both live and exhaust,
ack, inoculant green, air and gas yellow and spirit, either iron
r copper, blue. The majority of the lines are 4 in. in diameter.

he fer
adn
Beyond

RUNWAY—The fermenter section of the building has been fitted
ith a timber runway midway between the floor and the operating
atform, extending the length of the building between the north
w of fermenters and the cookers, and also north of the new fer-
enters Nos. 10-13 and a small one between Nos. 14 and 15. This
used in manipulating the valves of the cookers, getting samples
m the fermenters, etc. The upper platform has also been ex-
nded around all the new fermenters and several new flights of
irs built to render the plant more convenient of operation.

FLoors—The fermenting section of the building had a concrete
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floor arranged with a system of gutters in the concrete leading t;
drains to the sewers. These gutters are roughly situated below the
beer lines, as they now exist, and afford a convenient means of get

a2in«
gate va
for wasl

ting rid of sour beer, drippings from pipe drains, etc. The floor is This
frequently washed down with hose. Small movable plank platforms and inel
or walks are now being put down for the convenience and comfor obtained
of the operators and the question has been considered of placing; pump on
runway over all the beer lines. eous also
SIGNALS AND COMMUNICATION—There is a complete system i o base
gong and light signals between the mash floor and mash pump iy . BEER
the main building and the operating floor of the fermenting sec. ¥ by 15 fee
tion by means of which the pumping of the mash is controlled B tubes 14 ;
The fermenting floor is also provided with a telephone for com J top, and t
munication with the laboratory (bacteriological) or the city systen [ domed, ar
and there are speaking tube communications where required. acting as
The bo

DISTILLATION AND RECTIFICATION SECTION OF THE [ beer passe
BRITISH ACETONES, TORONTO, LIMITED. the heated

through a

See Drawing 59A. just below

The vay

BEER LINE (PUMP TO BEER STILL) —The beer line from the 6x@8enters the
4 x 10 duplex beer pump south of No. 4 cooker passes upward {@8heater fron
an angle through the operating platform and south over No. I ve the |
fermenter through the north wall of the distillery five-storey po
tion of the building, passing just west of the beer still, and thallfrom the he
runs vertically upward through the third and fourth floors an
discharges over the side of the 7,100 gallon copper beer still s
vice tank (formerly a scale tank) located on the third floor. Thi
line has as easy a run as possible, right angle bends being repla
by 45 degree elbows wherever possible, and at the bottom it ¥Mange and ¢
fitted with a 2 in. bypass to the suction. The line just before di
charging into the tank is fitted with a 114 in. riser extending
just below the roof.

From the service tank a 6 x 12 duplex pump, gear driven f

a 6 x 10 single cylinder steam engine, draws the beer through Inrzhe up)
4 in. suction line, discharging it at a rate subject to close re rough whic
tion by means of this type of drive, through a 3 in. line to e hot vapou
bottom of the beer heater just below the fifth floor. The pump@trance, anq
fitted with a 2 in. blow-off bypass, and the line to the heater villcuum vajye
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from the top on the side. The lower 6 ft. of the still is oceupied Iy
a calandria containing 404-2 x 42 in. tubes, the steam surrounding
them entering through a 3 in. pipe (controlled by a globe valve fron
the operating floor) which divides into 4-11% in. branches and ep.
ters the calandria at the top at four points of the circumference,
There are two 2 in. exhaust outlets at the bottom, running to twe
steam traps. In addition, there are two auxiliary steam inlets, one
a 5 ft. coil of perforated 114 in. pipe at the bottom below the calan.
dria, and the other a straight piece of 11% in. pipe above the culan.
dria. Both of these are now used in operating the still.

The calandria is equipped with two 2 in. blow-off valves, set for
12 lbs., a 1 x 18 in. water gauge, and a pressure gauge located o
the third floor. The 6 in. slop outlet is arranged with a syphon g
that the calandria is always covered, and a float controlled valve
which maintains the level at the proper point. From the sypha
the slop is carried by a 5 in. W. 1. pipe line direct to the sewer.

The still proper has a 3 in. drain, and is fitted with 12 x 2
manholes between each plate, at the top and at the bottom. The
pressure on the still itself at the operating floor (between the
second and third plate above the calandria) is registered on a water
column device on this floor, which proves very sensitive and ac-
curate, more so than a dial gauge. There is generally 2 Ibs. pres
sure at this point on the still.

BEER CONDENSER—The beer condenser is of copper 60 in. in
diameter by 24 ft. long, standing on wooden base on the third floor.
The vapours come from the beer still and heater through a 9 in.
copper pipe, and enter the tube header (containing a spray plate),
which is 42 in. in diameter and is fitted with 148-11% in. x 20 ft
Oin. long tubes, spaced 3" centre to centre. The condenser is coold
with bay water through a 3 in. pipe from the reservoir (therei
also a 2 in. auxiliary cooling line and 2 in. drain at the bottom) ani]
overflows through a 4 in. W.I. pipe. It is provided with a 4 i)
vacuum valve on the upper tube header.

The spirit leaves the condenser through a 3 in. copper pi¥
passing to the tail box, from which it passes through a three wa
cock, the side outlet of which is plugged into a 8 in. copper lin
which is flange jointed to a 2 in. W.I. pipe line below the floor, a
leads to the top of a 14,300 gallon copper tank AB, formerly o
of the three wine tanks. From tank AB the spirit is drawn throug
a short 4 in. copper pipe into a 6 x 8 x 12 simplex steam spir
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pump, and is discharged through a 4 in. copper line .to the kettle of
rectifier No. 1. This pump is arranged with a suction from a sec-
ond spirit tank Al, also, which is immediately south of AB. Thel:e
is however, only one discharge, as the charge for rectifier No. 1 is
nade up of spirit drawn from both tanks. The discharge line
sses through a 4 in. gate valve into a 6 in. returns line from the
pirit column to the kettle just above the latter.

RECTIFYING KETTLE—The rectifying kettle, taking a 13,000 gal-
on charge, is of copper, 14 ft. in diameter by 14 ft. high. It is
uipped with a steam heating coil of 2 in. copper tube, having 4
oils around the side just above the bottom and the remainder con-
isting of a spiral (17 coils), lying on the bottom of the kettle. This
oil is supplied through a 214 in. steam pipe at its outer circum-
erence, the exhaust coming from the inner coil through a 2 in.
ipe and passing to a trap or drain.

set for
ited on
hon s
1 valve
syphon
ver,

9 x 9 The steam valve located where the line passes into the kettle
"y i controlled from the operating floor through a long handle, and
en the e Pressure on the boiler side of the valve, usually 90-95 lbs. is

, water
nd ae-
|, pres

dicated on a gauge at the third floor between the two coolers.

The vapours from the kettle pass through a 16 in. copper pipe
om a 4 ft. dome on top of the kettle to the spirit column entering
e latter 27 in. from its base, and turning down to within a few
ches of the bottom inside.

The rectifier is equipped with a 3 in. weighted safety valve,
tat 5 1bs., a 4 in. spring loaded vacuum valve, drawing at a very
ight vacuum, and a 1% in. gauge glass extending the full depth
the kettle. The 6 in. returns leaving the spirit column below
e vapour line entering, runs into the kettle at the top near the
e, and passes down inside to within 6 in. of the bottom. The
itles have a slightly dished bottom, leading to a 4 in. copper
in, and are mounted on brick piers about 24 in. above the floor.
ere is a 12 x 16 manhole in the side near the bottom.

RECTIFIER SPIRIT COLUMN—This is of copper, 60 in. in diam-
r by 37 feet high, and stands on the second floor, reaching to
tbelow the fifth. It contains 24 plates, 15 in. apart, each fitted
th three 6 in. overflows or down pipes and seven 7 in. capped
pour pipes or bonnets. The first plate is about 3 ft. from the
om, and the top one 2 ft. from the top. Under the first plate
412 x 16 manhole. There are 1 in. copper draining bypasses
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around each plate, and a 1% in. sampling tap for each. The colum

is composed of ten 3114 in. sections flanged together, with a 5 it ”::::L:,;I
bottom section and a 4 ft. 6 in. top. ﬁmr 1
The pressure gauge on the operating floor indicates the pres dhifonah
sure in the 16 in. header between the kettle and the column, an Theregis
usually indicates 3 lbs. There is a 3 in. copper line running frey bottom
what was formerly the fusel oil trap in the 6 in. copper returs ke o
line from the goose to the spirit column, which enters the columy tl.w south
through 3 in. iron body gate valves between the ninth and teny chanl‘gcs i
and between the nineteenth and twentieth plates from the botton used to ol
This was expected to speed up the action of the rectifier, but provei Formg
disappointing in practice and is not now used. It was applied t line is tak
No. 1 column only. ) 6 in. retu
From the slightly domed top a 14 in. copper vapour pipe passs [l w.tor fro
through the fifth floor and south near the roof to the goose. Thefl . 1.\ ‘
6 in. copper returns line from the bottom of the goose, containiy
the fusel oil trap, enters the top of the column near the side. Ther SPIRIT
is a 4 in. vacuum valve also on the domed top of the column. the operati
GO0OSE TANKS—The rectangular goose tanks are of steel plat ::::,i th’l;h;
12 ft. 6 in. by 11 ft. by 8 ft. 6 in., 7,283 gals. capacity, placed witiillo ¢ below
their bottoms 12 in. below the fifth floor, and are re-inforced witiilj..4 ¢, the

angles and tie rods. The vapour from the spirit column enters thy
middle of the top of a 14 in. header, 5 ft. 3 in. long, from whid
seven 6 in. outlets open downward, connecting to seven parald
sets of 434 in. pipe loops, consisting of 6 complete loops, each 6
long, vertically, and ending in a 14 in. by 9 ft. 9 in. header at
east end. The seven loops enter the south half of this header
the bottom, and from the north half six similar sets lead parall

plate and 4

From the
to the former sets to a third short 12 in. by 4 ft. 6 in. header, villlshich three
its axis in line with the first. ipes and tan

The vapour passes out from the north end of the latter hea The first
down through a 12 in. copper pipe into the spirit cooler. Each pper pipe 1
of loops drains into a header at the bottom, which in turn leads infide the tank
a connecting header, passing out through a flange in the tank sii@utiet into 5

a 6 in. copper returns line and what were formerly fusel oil try
into the spirit column. ‘

A 2 in. city water line for washing down or filling up the colu
runs into this returns line just outside the tank (see note re
later).

The goose tanks are filled with bay water for cooling wh
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column
abft

nlers from the water reservoir through a 4 in. pipe in which is a
gate valve controlled through a long spindle from the operating
floor. The water is distributed in the tanks from the inlet pipe
through five long 2 in. perforated pipes between the different loops.
There is a 6 in. overflow 6 in. from the top, and a 3 in. drain in the
pottom. A 84 in. W.1. water sampling pipe from the goose tank
taken from a 2 in. flange in the side near the bottom, passes down
the south wall of the building to a tap at the third floor, which dis-
charges into a sampling pail fitted with an overflow. The pail is
used to obtain the temperature of the water in the goose tank.

Formerly the 2 in, flange connection from which the sampling
line is taken connected through a 2 in. plug cock directly into the
6 in. returns line, into which the city water is now supplied. Bay
water from the goose tank was then used to wash and fill the
column.

€ pres-
n, and
g from
returns
columa
d tenth
bottom,

proved
olied to

SPIRIT COOLERS—The spirit coolers stand on wooden bases on
the operating floor, and are of copper 42 in. in diameter and 24 ft.
long. They are made up of 60 in. sections. The 12 in. inlet pipe
from the goose enters a 29 in. diameter tube header (situated about
2 ft. below the open top), from which 151-1 1-8 tubes 20’ 0" long
lead to the lower header. The upper header is fitted with a spray
plate and 4 in. vacuum valve. The spirit leaves through a 3 in.
copper pipe leading to the tail box.

Bay water is the cooling agent, and is supplied through a 2 in.
pipe, 6 in. from the base (from which a 2 in. drain also leads), and
pverflows through a 4 in. W.I. pipe, 6 in. from the top. There is
12 x 16 manhole in the side at the bottom.

From the tail box the spirit is directed into a 4 in. header, from
shich three 2 in. outlets lead through stop cocks to the different
pipes and tanks.

The first runnings pass through the north outlet into a 2 in.
opper pipe leading to the 14,300 gal. spirit tank A1, located be-
ide the tank AB. The second runnings flow through the south
tlet into a three way cock, and out of the side opening of the
tter into a second 2 in. three way cock, passing out through the
tlet of the latter into a 2 in. W.I. pipe leading to the returns line
p the kettle of rectifier No. 2.

The next runnings are directed into Al, and are followed by
mings (butyl) which pass out through the outlet of the first
ree way cock through a 2 in. W.L line to the reservoir B1, form-
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erly a 13,400 gal. wine tank. wall (n
The “last runnings” come out through the south outlet and the except |
side outlet of the second three way cock into a 2 in. iron line known has bee
as LR. and flow to a small 881 gal. tank on the second floor, form- to the s
erly the evaporator supply tank. The middle outlet from the ) Fror
header leads through a 114 in. “tails” line (copper) to the two B2 abou
spirit diluting tanks, 13,400 gallon capacity, in the filter room, the leads to
tails being directed to the west tank. A branch of this line als erly slog
runs to the top of BI, but is not used. The tails line is used for to the nq
emergencies, bad stuff, etc. Anot
scribed ¢
RECTIFIER NO. 2—The second rectifier, spirit column, goose and pump be!
cooler are identical with the first, but the charge is made up of the W.L line
spirit R2 from rectifier No. 1, soda and water, and the running The L
from the tail box of rectifier No. 2 pass into the header as in No, |, by the o1
from which in turn it passes through the three plugged stop cocks beer still
and 1% in. pipe to three possible destinations. beer still
The first runnings pass through the north outlet and a 115 in, GAGH
copper pipe into the previously mentioned line to tank AL The the opera;
second runnings (acetone) pass out of the south outlet through s . in digg
short 114 in. W.I. pipe to a battery of gauging vessels on the third w'm tarm
floor. After the acetone there is another run of Al, and the Jast a9 ;«“ ‘di
runnings, the “oils”, pass through the 1'% in. copper pipe previ shown. ina
ously mentioned to the east tank of the two in the filter room. el
connection
SopA TANK—The former 1,000 gallon yeast tank on the thir ’ ‘These v
floor is now used as a soda mixing tank, and is supplied with city Vhile the s
water through a 8/ in. line and tap. The soda from this tank passe oAl for n
through a 1 in. W.I. pipe line to the tops of the kettles of the tw the test. 17
rectifiers, and also through 14 in. pipes to plates 2, 4 and 6 (fron s.u;,‘ply fro
the base) of spirit column No. 2, entering through the sampling ,:eswls thr
tap holes. and branc|
line to A1, ¢
SPIRIT TANKS—The location of the three former wine tanks hai _cock the ace
been altered. Two of them viz.: AB and Al, are now side by sid ng. ‘The \L
between fermenters 13 and 14, and just east of the main stainl *™¢ Just a
leading to the platform. The third, BI, stands practically due norf| the floor lev
of rectifier No. 2, between two brick pier carrying the north wi and the sam
of the building, and south of and midway between fermenters I
and 13. ACETONE
The two 13,400 gallon spirit tanks formerly located at the el "™ng down
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wall (now B2 and A3) east of the rectifiers have not been moved,
except that the south one, A3, used now as an acetone storage tank,

1d the has been raised some 3 feet to provide sufficient head to cause flow
mown to the shipping room.
form- From a point 2 ft. from the top of Bl a 2 in. W.L line leads into
n the B2 about 30 in. from the bottom, and from B2 a 4 in. W.L. line
e two leads to the 12 x 10 x 20 steam pump under the evaporators (form-
m, the erly slop pump) from which a 4 in. overhead pipe carries the butyl
e “’f" to the north 400,000 gal. outside storage tank.
ed for Another connection may be substituted for the one just de-
seribed on B2, the drain from the tank passing to a 6 x 8 x 12 spirit
s and pump between the two east tanks, which discharges through a 2 in.
of the W.I line back to rectifier No. 1 through the safety valve opening.
\nings The bottom layer of Bl is drawn off through a 4 in. W.1. pipe
No. 1, by the one-time scale tank spirit pump (6 x 8 x 12) beneath the
a0k beer still, and discharged through a 3 in. copper line up to the
beer still service tank.
{Va in. (GAUGING VESSELS—These vessels, four in number, located on
The the operating floor, are of galvanized iron, 100 gals. in capacity, 4
ugh a ft. in diameter with a 15 in. cylindrical part, a 6 in. conical bot-
> third B {om, terminating in a 114 in. pipe flange. The lids are fitted with
10 last B 4 9 in. diameter sampling opening with a hinged cover. They are
previ- BB shown in drawing No. 22, attached herewith, together with their
connections.
) These vessels are used to hold the runnings from rectifier No. 2,
: 'h‘Td while the sample is being tested, after which it may be directed back
th cit W ) A1 for re-rectification or to the acetone storage, as determined by
DAssS N the test. The inter-connections are 11% in. genuine W.I. pipe. The
he t5 0 ¢y ply from the tail box of No. 2 rectifier enters the tops of the
(“f’"' vessels through globe valves and leaves at the bottom; the left-
nplitt B8 hand branch of the drain controlled by globe valve being the return
line to A1, and the right-hand controlled by lever handled plug stop
ks b cock the acetone line which passes down the south wall of the build-
ol " ing. The vessels are placed so that the handles of the lower valves
))'tjxl' are just above the floor, all the underpiping being below
:mll*t! the floor level. The vessels are numbered 1-4 from south to north
v and the samples are taken from them by means of a copper dipper.
i ACETONE LINE—The acetone line from the gauging vessels
- coming down the south wall of the building branches just below the
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second floor, one branch running horizontally and fitted with a
valve, controlled from the operating floor, into the raised tank A3
in the south-east corner of the building. The other branch passes
down through a globe valve about 6 ft. above the ground floor, and
into a tee in a line from the bottom of the raised tank, there being
a valve in the latter line at the tank. A single line passes from the
tee through the wall and along the south side of the building on
the ground for about 75 ft. to a small concrete drip box, where it
turns down and run southwest for 25 ft. underground through a
3 in. protecting pipe to about 3 ft. from the north-east corner of
the store room building (now used as a shipping room), and under
the south-east corner of a new elevated acetone storage house. The
protecting pipe has a slope back to the concrete box and serves to
indicate any leaks in the acetone line.

ACETONE STORAGE HOUSE—Just outside the wall of the ship-
ping room is a tee in the acetone line, one branch running west and
then vertically upwards through the concrete floor to the acetone
storage house near the roof, where it again divides, one branch
with gate valve control going over the edge and through a 3 in.
flange into each of two 3,000 gallon 9 ft. diameter by 7 ft. 4 in,
average height, No. 12 gauge galvanized iron tanks.

The tanks are covered, the covers having a 12 x 16 in. manhole,
and a flat sloping bottom (4 in. slope) draining to the front, where
a 2 in. drain flange is riveted. The tanks are placed in a small

_ steel and galvanized iron elevated structure, shown in drawing No.
20. The tanks now used are larger than those indicated on the
drawing, which were recently replaced by the larger ones in order
to secure storage for a carload of acetone with a sufficient margin
for eventualities.

The structure has a sloping, reinforced concrete floor, and was
erected by the British Acetones. The 2 in. drain lines providel
with 2 in. gate valves pass through the concrete floor and come te-
gether below, a single line passing into the shipping room.

SHIPPING EQUIPMENT—The store room of the General Distik
leries is used as a shipping room for the British Acetones. The
114 in. line from A3 and 2 in. line from the elevated storage tank
run along the east wall to the centre, where they turn outward at
right angles and terminate in downward directed pipes fitted with
plug cocks over the platform of a 1,200 Ib. platform scale, on which
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the drum is rolled for filling. A short length of pipe is inserted in
the bunghole of the drum, and is then screwed on the end of the plug
cock nipples for filling. Midway between the north wall and the

No. 21, from which the dimensions may be obtained. There are
two rotateable wash nozzles which may be supplied with either
steam or water.

The drum is rolled up a skid on the north end over the trough,

ngha BB 44 nozzle inserted in the bunghole. After washing it is rolled
ner of W o the skid at the south end rinsed out with acetone and up an-
under ther directly to the 42 in. by 42 in. platform of the scale, where it
. The isfilled. From the 2 in. acetone line previously mentioned, a branch
ves 10 M s to a flange in the side of the trough, by which means any
cetone of poor quality may be run into the trough and drawn by
ship- small pump (214 x 2 x 4) in the north-eas.t corner through a 11%
ot and BB pipe from t_he drain of the trough, and discharged through a 34
cetone IR pipe onlar‘gl.ng to 114 in. back to rectifier No. 2. The drum wa§h-
yranch Js are redistilled in this rectifier. The 114 in. acetone supply l}ne
3 in, S0 has a branch for the same purpose, which instead of enten.ng
| 4 e flange provided on the trough comes into the pump suction
irect through a tee. Besides the drain line from the trough to
nhole, e pump there is a second 1% in. drain running directly to the
where JEVer:
small North of the scales on the wall are the stencil racks and the
1 No. Jiiale testing weights, while south of them is the desk, sample cup-
in the [iloards and storage shelves. A 9 ft. by 9 ft. door in the middle of
order e south wall opens directly on the railroad siding, and in this
\argin r was erected a 5 x 10 ft. timber loading platform, at a slightly
eater height than the floor of the railroad cars.
d was 8 The filled drums are hoisted to this platform by means of a
ywided Jied radius (9 ft.) steel jib crane, equipped with a 1 ton Morris
ne to

tric hoisting block, installed by the British Acetones; and the

ms are then rolled on a skid to the car,

Empty drums received from the cars are simply rolled down a

id from the hoisting platform to the floor of the shipping room,
ich is about 3 ft. below the yard level.

The remainder of this building, with the exception of that

upied by the original molasses mixing tanks and pumps, and the

tyl salting plant in the north-west corner, is used for drum stor-
purposes, there being kept here generally about 100 empty
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cleaned and uncleaned drums. There may in addition occasionally

be 15 to 20 filled drums here left over from a previous shipment, f ulnl);())(.;s
The acetone is shipped in carloads, with 42 drums to a carlog to eithe
generally. The drums are standard pressed steel 28 x 42 in. aceton valves, {
drum, with a 2 in. pipe tap plug. The drums have a tare weight ¢ vided w,
about 170 lbs., and are now shipped with 700 lbs. of acetone j only one
them. The plugs are screwed home with a heavy 24 in. T ply B8 from th
wrench. down in
The rate of filling with this equipment is six drums an hou, & were put
and a car can be loaded in about one hour with a gang of nine me. @8 complete]
OUTSIDE STORAGE TANKS—Of the three original outside st "V f”trhb'
age (molasses) tanks, the west 250,000 gal. one has been broky r';a!', ",' g
up and sold and the north 400,000 gal. tank, now holding buty| hy e lie
been sold and is about to be broken up. The south 1,250,000 g, The h¢
tank will be retained. It is at the present time unused but v Plied to it
likely be used for butyl storage or slop settling in the future. ﬂtt‘tl'fl.\' st
system or

POWER PLANT AND STEAM SUPPLY—The boiler house of tifil pipe. A 3
General Distilling Company supplies the steam required for all tifl that forme

operations with the exception of the milling and mashing.

The equipment consists of a battery of six Babcock and Wil
boilers arranged in pairs, the two end ones being 250 h.p. and
four middle ones 175 h.p. The boilers are equipped with Jo
Underfeed stockers, hoppers hand filled, 314 in. spring loaded safe
valves, set for 125 1bs., and carry normally 120 lbs. of steam.

traps were
nected wit
header, leaq
to the heat
to the air,

higher power boilers have two drums, the others one only. ‘i“(”:':'l(hi’:':
steam comes off through a 6 in. valve and pipe into the top of head(‘xr and
steam header which increases from 6 in. diameter over the w densa[('- pass
boiler to 10 in. where it passes through to the distillery. At

west end a 4 in. valve controls a line leading to the shipping r The flue

and butyl plant, with a 2 in. branch parallelling the main hea uare iron |
running to the east end and supply the boiler feed pumps. rete base, o)
2 in. line from the safety valve connection on the second bo
from the west end is connected into the latter line also. At
cast end just past the last boiler is a 10 in, gate valve from whi
the 10 in. steam main leads through the east wall, through the sh
(formerly filter room) and into the distillery proper.

The boiler feed pumps, are two 9 x 5 x 10 outside packed du;
pumps, which draw the feed through 4 in. pipes from a 6 x 6
water drum, (there is a 2 in. city water connection into the

There are
30h.p.) by a
generally
ressure up y
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pump section) and discharge it through a 4 in. pipe either through
2 1,200 h.p. Alberger exhaust steam feed water heater, or directly
to either of two 4 in. feed water lines, equipped with swing check
valves, to the boilers. The discharge lines from the heater are pro-
vided with a large air chamber. Up to the present there has been
only one feed line passing in front of the boilers supplying them
from the 2 in. branch. This was extremely bad, as with a break
down in the line at the east end all the boilers west of the break
were put out of commission. There is now, however, a practically
completely installed second 4 in. line parallelling the first, and linked
up with it at the west end. The first will be broken between each
pair of boilers, and 4 in. valves inserted, effectively safeguarding
the boilers against feed line breakages.

\n hour,

The hot water drum is so connected that the water may be sup-
plied to it through a 2 in. float valve from either a special separ-
ate city supply, the ordinary distillery city supply, the bay water
system or a hot water line from the mash coolers, all through 2 in.
pipe. A 3 in. and four 2 in. exhaust steam lines from various traps,
v all i that formerly entered the drum direct, causing difficulties when the
traps were out of order through steam surging in, are now con-
nected with tees and branches collecting in an overhead 4 in.
header, leading the steam either into the main 8 in. exhaust header
to the heater, or if sufficient exhaust is already available directly
to the air.

The exhausts from the different pumps and engines in the dis-
tilery have recently been collected into a single 8 in. exhaust
header, and returned to the Alberger heater from which the con-

he veSlldensate passes through a 2 in. pipe to the hot well.

The flue gasses from the boilers pass off through a 6 ft. 6 in.
uare iron breeching to the 4 x 125 ft. steel stack, set on a con-
rete base, outside the west end of the boiler room. A continuous
ue gas recorder and a flue gas thermometer have been inserted in
he smoke flue just beyond the last boiler.

There are two pressure fans for forced draft, one motor driven
30h.p.) by a belt at 750 r.p.m., with a 5 ft. x 24 in. impeller which
s generally used, although not continuously, merely to keep the
ressure up under heavy loads. This also drives the stoker feed
echanism. The other fan has a 4 ft. x 21 in. impeller, and is belt
riven from a high speed steam engine.
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STEAM PIPING SYSTEM—The main steam header enters the dis.
tillery through the west wall, where a recording and indicating
pressure gauge is tapped in just as it passes through the wall, and
beyond it is a tee from which a 6 in. branch passes verlically
through a valve and again divides, another 6 in. branch going south
to supply the evaporators and pumps in the south-west corner, and
a 4 in. branch going north to supply the fermenting section.
ward and divides into two 6 in. valve controlled branches, one sup.
plying the rectifying kettles and beer still, and the other the twy
From the first tee, the second or through 8 in. line runs east.
main water pumps, various small pumps, besides the Locke regy.
lator controlling a 2 in. 15 Ib. heating line for the girls’ mess room
and offices. The 4 in. fermenting section steam supply divides info
two 4 in. lines, one of the latter further dividing into a 3 in. under
control of an attendant supplying the mash line digester nozzles,
and another 3 in. feeding the cooler pump, beer pump and fer
menter mash line valve jets. The other 4 in. branch itself divides
into a 3” branch and two smaller branches as follows: a 2 in. Locke
regulator 22 lb. line for the cookers, inoculating vessels and ster
ilisation of lines and a 2 in. line for fermenters 10-13. The 3 inch
branch supplies a 2” fermenter header over the remainder of the
fermenters which loops up with the 2 in. over fermenters 10-13 at
the east end and also supplies a 1'% in. high pressure sterilising
line under the runway. The latter supplies the steam for the jets
cn the valves in the mash line to the fermenters. There is a 2in,

ection and
ermenting
kers and

cross-connection to supply the fermenting section with steam from r“,:f;l};;t:f
the line feeding the office Locke regulator, and also from a 2 in fer reservo
line from the Gooderham & Worts boiler house. The latter line is ries of lin
further connected up to supply the Locke regulator on the officc i s in., and ;
heating system. ich divides
At present five of the six boilers in the General Distilling boiler @i, cooling
house are always in use, but the boilers have been found to be inl: 4nq thn foi
bad shape, and are now being thoroughly cleaned. It is expecte nnning nc
that three boilers will in future do the work now being done bylbken 4,4 the

the five, so that five will be able, in addition, to supply all the stean
necessary for milling and mashing, thus eliminating the Gooder
ham & Worts boiler house now used.

In the latter there are eight 100 h.p. return tubular boilers, d
which six are now in use, supplying steam for mashing and millin
the Gooderham & Worts fitters’ and carpenter shops and bottlin

the main r,
south wall of
. There is g
in lines,

The fourth w;
system there
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he dis- department.
cating WATER SUPPLY SYSTEM—There are four main sources of water
U, and S olv for the British Acetones.
‘Lically The first is a 4 in. line from the municipal system entering the
psouth W oo at the north wall between fermenters 1 and 16, which
w, and jivides into a 4 in. branch which runs around fermenter 16 and
branches, a 4 in. branch running east under the runway to supply
e sup- o coolers the floor hosing system and the beer line washing con-
1e LWo B tion and a 3 in. branch running east and vertically to supply the
5 easl- W.rmenting floor and from which a 2 in. header runs east above the
regu- owokers and fermenters besides a branch over the seed tanks both
» room St which supply the cooling rings of the different tanks. A 3 in.
s inio Wbnch from the original supply passes under the platform and
under rough the west wall into. the filter room, where lines run to the
ozzles, it diluting tanks, the wash water tank, the molasses mixing
d fer- Wk south of the filter room, the shipping room and from which
livides Wl 2 in. branches pass into the boiler room, one to the yeast kettle
Locke Wl d the other to the feed water drum.
1 ster- The second source is also the municipal system, and is a 2 in.
3 inch Wb for boiler feed purposes only, coming in through the boiler
of the B ce wall and a separate meter to the feed mater system direct.
-13 at M The third is a bay water supply which is drawn by two 12 x 14
ilising S8 in. duplex steam pumps in the distillery through 12 in. suction
1e Jets Mlos from a well at the bay front, and discharged through two 8
L 2in,

lines to the reservoir on the roof. The pumps handle 1,000 gals.
r minute at 100 lbs. per square inch. From the 5,300 gal. bay
ter reservoir on the roof, which is fitted with a 10 in. overflow,
geries of lines are taken. The first is a 4 in. line which reduces
3 in., and supplies the beer still condenser; the second a 6 in.
ich divides into a 5 in. to the goose tanks and a 3 in. to the
ifier cooling columns ; the third a 4 in. to the evaporator conden-
;and the fourth a 6 in. which divides into two 4 in. branches,
e running north toward the fermenter section, which is now
pken, and the other west to the evaporators. A 10 in. overflow
the main reservoir runs into an 8 in. drain pipe passing down
south wall of the building, into which various other drains are
. There is a second 6 in. drain at the east wall connecting other
in lines.
The fourth water supply system is a fire protection service. On
system there is a 4 in. line, reducing as it passes upward, run-
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ning up the south wall of the five-storey section of the building
fitted with hose connections at each floor and at the roof. Frop
the first of these connections a length of hose is already laid nor
of the fermenting section. This was deemed advisable rather thy
a fixed iron pipe line, due to its flexibility in case of an explosiy
On the fire system there are also a number of hydrants in the yay

at convenient points.
» acks, dra

he south |
jices, a 4
press, and

ELECTRIC SYSTEM—The electrical power is supplied by the Tp
ronto Electric Light Company, and is 550 v. 25 cycle three phag
alternating current. It is stepped down in the different transfom,
ers to 220-110 v. as required. The electric wiring, both power ay
light, has all been put in conduit, with the switches, switchboar
and fuse boards placed in small outside galvanized iron switd
houses. There is one of the latter outside the main distillery doy
receiving current from a transformer on the wall above, throu
which the lines to the distillery section are controlled.

There is a second house on the roof of the fermenting sectis
at the west end. It receives current from the previously mentiog GIRLS’ G
transformer, and contains the controls for the fermenting sectifiiiéction of th
lines and the motor for the seed tank drives. The shipping rof now fitted
switches, light and motor for butyl plant, are in a galvanized ing@ilet, etc.
box outside the shipping room door. The transformer for )
boiler house is on the south wall outside, with a switchboard j
inside the west door. The fan motor runs directly on 550 v.
shop motor, fuse box and switches are just inside the new doorwg
The yard is now lighted with high power lamps equipped with
flectors, and the offices, drafting rooms and laboratories are b
liantly lighted with special semi-indirect fixtures. The motors
are all of the induction type, with special oil bath non-sparki
starting boxes.

SUPERINT
parate supe
ITowest po
is building
ekeeper a

COMPRESSED AIR SYSTEM—The compressed air is supplied fn
the compressor on the stone floor of the Gooderham & Worts m
building. A 2 in. overhead line runs to the distillery, from whi
various connections are taken off to supply the air drills and rix
ers used on construction work.

SHOPs—The shops of the Gooderham & Worts Company s distilling ]
until the present time, used exclusively for doing the work requiflicc anq ¢}, i
by the British Acetones. This resulted in much loss of time ol board yoom,
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building o the distance away and the frequent travelling back and forth.
f-, Fron Recently, however, the filters were removed from the filter room
aid norit @+ the room fitted up as a steamfitters’ shop. The door into the
ther tha

xplosion,

jistillery was bricked up, and a new doorway at the south end
the yar

ppening into the yard put in, the walls cleaned and the lighting
proved. The north half is equipped as a stockroom, with various
cks, drawers and a counter dividing it from the south half. In
e south half are placed the different benches, with machines and
ices, a 4 in. pipe cutting and threading machine, a small drill
ress, and two-wheel emery grinder, and acetylene welding outfit.
¢ power is supplied from a 714 h.p. motor, and there is a small
artable forge outside in the yard. At the south wall opposite the
oor is the pipe rack.
The carpenter and coppersmith shops of the Gooderham &
Jorts Company are still used, as the time lost due to their distance

way is not great, the trips back and forth not being so frequent in
his work.
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GIRLS’ QUARTERS—The south-east corner of the fermenting
ietion of the distillery, formerly used as a superintendent’s office,
now fitted up as the girls’ quarters, comprising girls’ messroom,

ized ingilet, etc.

* for 48 SUPERINTENDENT'S OFFICE—There has just been built a small
oard j

)v.

parate superintendent’s and time office, located in the yard at its
rrowest point before reaching the General Distillery property.

is building is equipped with an office for the superintendent,
with ckeeper and stock clerk. There is also provided an entrance
are il the workmen fitted with a time clock. There will also be in-
tors “klled here a watchman to prevent the entrance of anyone to the
Sparks

ant without the proper authority, and also to relieve the men of
atches or other dangerous materials.

doorw

The watchman is now
pated in the only entrance to the distillery building proper, other

n the girls’ entrance, which is through the girls’ quarters, and
events the carrying in of matches, ete., there.

lied f
rts
m Wi

nd rig@ OFFICES—The two-storey section of the distillery building in the

th-cast corner has been remodelled and fitted up as the offices
the British Acetones. The lower floor contains the business office
d distilling laboratory, and on the upper floor is the drafting
e and the office of the general manager, which is also used as

ny
requ

ne OV hoard room.
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STAFF —LABOUR STAFF—The construction staff at present en. laborato
ployed has recently been considerably improved through the acquir. are bein
ing of a competent and experienced superintendent, who has beg
able to put his entire time and attention on the actual constructipy CuLt
work, resulting in much smoother working and better and fasty oculating
work. The mechanical superintendent has charge of the constry. il hemisphe
tion work, and has under him the steamfitting force, consisting of il cover bes
a foreman and eight steamfitters and helpers; the carpenter fore i 14" gaug
also under a foreman, consisting of about three skilled carpenter Jilf one for t
and three men for the rougher work, who also handle the concre; Jil8 gland for
work; and the coppersmith force, comprising the smith and by fitted wit
helper. There is also an unskilled force under a foreman of abog In the sid
nine men, who handle the cleaning of the acetone drums, the heay il provided
hoisting work, the cleaning of the different parts of the plant, af
the loading of the railroad cars. inlet and s

OPERATING STAFF—The operating staff consists of the boilufopening of
room section, composed of three shifts of three firemen each; tifinto the in

operating engineer force, of three shifts of three men each; pening of
milling staff, of one shift of six men; and two mash floor atte ther for a
dants. d i, . -1 The ves
The fermenting section is also worked in three shifts in cha nsisting ¢

of the fermenting foreman, who has under him four girl operato hape, to ki
The distilling section is also in three shifts, composed of two lades set a
attendants under the direction of an experienced still man. The cult;
drum filling is taken care of as required by an experienced to one of
from the Gocderham & Worts Company. nto a 100 g
ENGINEERING TECHNICAL STAFF—This department is under ill be run
direction of Mr. E. M. Shaw, of the Imperial Munitions Board, a sh) and
consists of three draftsmen. enter of 2¢
There wi

BuUsINESS STAFF —The business staff consists of a skilled s ree, which

ographer and assistant, under the supervision of an accoun

from the Gooderham & Worts Offices. NEW Loca

nder conside
er to the th
easing the n
and culty
e output of
m the mas|
in charge o

EDWARD METCALFE SHAW.

APPENDIX I—INOUCTTLATING ARRANGEMENTS.

To reduce the possibilities of contamination that are alw
present when inoculant is transferred from one vessel to anoth
the 5 gallon pails now in use to transfer the inoculant from
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is also proposed to be placed on the floor above.

FORCED INOCULATION—Another important change in the inocy.
lating arrangements recently installed and now successfully at
work, is the installing of a small 2” rotary belt driven pump with
a capacity of some 2,500 gals. an hour at the proper speed, but noy
operated so that it empties a seed tank in 20 minutes or at a rate
of 25 gals. per minute. It is located at the east end of the battery
of 600 gal. seed tanks, since the seed tank emptying line or fer
menter inoculating line has been altered so that it now runs fron
west to east and drops vertically from the east end to the mash line,
The pump is completely submerged in a tank of antiseptic liquid
and is belt driven from the main seed tank drive. It draws the in.
oculant from the seed tanks and discharges it under pressure
through 2” line into the top of a T placed in the mash line frop
the coolers (see drawing 84). There is also a 2” by-pass around
the pump. The inoculating line just before the T is reached i
provided with a 2” blow off valve and a 2” drain on the branche
of a 2” cross and between the cross and T is a 2” gate valve. Thi
arrangement renders the inoculating of the large fermenters mor
positive without introducing any further danger of contamination,
The low pressure steam now admitted through a 1" pipe at the wes
end of the inoculating line beyond No. 9 seed tank thus sterilisa

the whole line through to the gate valve just mentioned and blowf? The ney
off through the blow off valve. perforated

HEAD MIXER—Another scheme being worked on here and abo
to be installed as an experiment in one seed tank is an arrangemen
of blades and baffles, for carrying the head down into the liqu
and thoroughly mixing the two. In the seed tank are riveted
vertical copper baffles 12" wide extending across the tank, one j
above the propeller and the other about 9” above the first. B
tween the two baffles and above the top baffle fixed to the rotatin
shaft are two paddles 8” wide, set at an angle to beat down th
head. The baffles are provided to prevent the whole mass of lig es
rotating as a whole and the paddles and propellor are to beat donjill section impm,
and draw down the head and liquor, mixing the two and insurifgiorder to pro'
that the whole of the inoculant gets to the inoculating pump suffll
tion. Fuller details and results will be available after trial.

EDWARD METCALFE SHAW,
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APPENDIX 2—DISTILLING AND RECTIFICATION.
inocu
Ay at
p with
ut now
a rate
pattery
or fer
s from
sh line,

In order to increase the output of the plant, the capacity of
the stills and rectifiers has had to be increased. The question has
peen considered carefully and a course of action decided upon. The
contracts have been let and work on them is now proceeding. It is
expected the alterations and additions will be completed in about
three weeks or a month. The changes are as follows:

DISTILLING—The capacity of the original 6 ft. dia. beer still on

" otone work is from 6,000 to 7,000 gals. per hour. The still is of
' ““““d opper built up of a 6-54" sections, each containing 3 plates, a 7'-4”
the it op section containing one plate and two 5” spiral beer heating
““*‘;‘“'; oils and a 6’-614" lower section containing calandria, etc. Three
e 1rol

pf the middle sections of this still are to be removed and used in
avound Bl construction of a second still. The top section and that next it
"'-"“h" jontaining the beer entrance are to be lowered, the vapour and
ranches

eer pipes lengthened and the remaining equipment of the old still
- st o5 at present.
'S mon

nation
1e west

New BEER STILL—The new second still will be constructed of
erilisafpe three sections of the old still, together with a new bottom and
1 blon P> The new bottom will be comparatively shallow and contain a
perforated copper steam soil with a brass fitting for connection
3" steam line and be fitted with a brass washout plug, and an
1 abod tomatic valve with copper bend and float for controlling the slop
"‘m et. The section is also equipped with gauge glass and pres-
Hli e gauge. No calandria is being fitted in the new still because of
ke dqt difficulty of pbtaining the necessary tubing and the compara-
ne 8 ely small saving effected by using the calandria as compared

. using live steam direct. If desired, a calandria can be added
otatin

wn
T Tiqui
t do
asuri
ap S

The top of the new still will be 7'-10” high and contain two
s, one new and the other an old one moved from the top of the
section immediately below the present top section. This is done
order to provide room for the beer line entrance between the
i and 3rd plates down which necessitates the increasing of the
ing of these plates from 18 to 24 inches. The top section will
\ fitted with a flanged cover in order to be able to put in the
AV Wl beer heating coils at a later date if found necessary.

13
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NEW BEER HEATER—The large molasses cooler (formerly,
steam condenser), see section on Original Plant, is to b
used as a beer heater for the new still. This cooler is contained iy

Valve e
The stea
rectifyin

u 14" boiler plate shell 42" diameter by 20’ 3" long and contain il o} o
€3-2” outside dia. x 18’ long 18 gauge copper tubes fitted into cat W (410 <o
iron headers by means of glands. This cooler is being thoroughly through |
overhauled, cleaned, and the necessary new openings put in it. Operating

This “heater” will be connected to the new still with 10" pip plates of
and to the condenser with an 8” pipe; the beer line between heater il 4114 floo1
and still is of 5” copper tubing. 14" dia, |

The present beer condenser is to be used for both stills by mak
ing slight alterations. The vapour head is to be removed, the pres.
ent 10” opening closed, a division plate inserted between the centry bipe and i
of the tube plate and the inside of the top of the dome and an §" ;
opening provided in each compartment. An 8” vapour line frog
each still and heater will pass through an 8" gate valve into e
of these two 8” openings. The existing arrangement of the tail bujiili bottom
will be retained. rom the bo

RECTIFICATION—In the rectification section the present two
tifiers taking charges of 13,000 gals, as described previously
the section on the Existing Plant, and now used, one for prelim
ary and the other for secondary rectification, are to be both usedi
future for preliminary rectification, which will necessitate o
slight alterations in the piping.

NEW CONTINUOUS ACETONE STILL—For the secondary recti rth floor,
tion a new Modified Barbet Continuous Still is being built by a 13" cool
E. B. Badger & Sons Co. of Boston, Mass., capable of dealing w the latter «
14,000 1bs. of acetone per 24 hours. The elevations and plans sh th one of ¢
ing the general arrangement accompany this report. Briefly, the Auxilia

top or bel

arrangement of the still is as follows:
Th(' “(IUOI‘

The acetone to be purified or rectified is elevated througha

supply pipe to a 3’ x 8’ constant level reservoir just below the 'lat_ing bot
The level in this tank is controlled by a float acting through a d ifying colu
on a Mason Regulating Valve on the feed pump. From the r the north T
voir a 114" line drops vertically to the operating floor, where 88 Burpiyg R
control valve is located, and then rises and enters the bottom offkter 416 bein‘
18" heater on the top floor. From the top of the heater a 2" i old sti) anc:
drops to the top of a 54" Exhausting Column which is supplied Nt units jn

steam at the bottom through a 2” pipe from a 2” Mason Regulatifille ney, continy
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the third panel from the east wall, and therefore just west of the

o STIRE
new beer still. To carry these additional weights the bul!d‘ng n during t1
being strengthened by means of steel columns and beam reinforce. rer (see
ments extending from the top floor right through to concrete fogt. deep 36 i
ings, so that the old steel work carries practically no additiong shown in
load. stirrer wg

EDWARD METCALFE SHAW, pipe, 20 i
used in th
APPENDIX 3.—BRAN DISPOSAL. ning at ab

The bran as it drops from the scalpers is now picked up at the
ground floor level by the suction of a 35” Sheldon Suction Fan an
discharged through a long 12” galvanized iron pipe, vertically and
over the court and intervening buildings to an 82" Cyclone Separ
ator on the roof of the Gooderham and Worts malt house. Thi
latter building is now not in use.

From the separator the bran drops vertically and is deflects
by valves into either of three chutes which carry it to either ¢
three wooden hoppers placed in the fourth floor of the malt hous

The bran is drawn from these hoppers, sacked and sold to fam.
ers and others for cattle food.

EDWARD METCALFE SHAW,

SECTION 7—IMPORTANT DETAILS.

SECTION 7(a) —COOKER STIRRING.

PRESENT §
rience gain
nal experin
rface of the

COOKER STIRRING.

STERILISERS—ALt the beginning in the reconstruction of
yeast tanks to form cookers, it was considered necessary from

perience gained in England to sterilise the inside surface of ' as far ag
tanks, and to this end the steam steriliser shown in drawing No i SMply bloy
was devised. The device consisted of two bent 2 inch pipes, screvell® e throug
into the 314" cross on the bottom of the central rotating 3ifl* ntral 3”
wrought iron pipe. Each pipe was bent to rotate within 1 inchlf * 'esult the
the bottom and side of the tank and had a slit sawed in it whidl " Simple hg
was afterwards brought together. The slit under the steam prefll One of the

sure (14 Ib. Locke Regulator System) inside the pipe opened I stirring g

slightly allowing a sheet of steam to play on all the tank surf
reached by the mash, during the rotation of the central pipe.
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STIRRERS—The stirring of the mash was also deemed advisable,
during the cooking period and was done by means of the cone stir-
rer (see drawing 9) consisting of the frustrum of a cone 26 in.
deep 36 in. diameter top and 66 ins. diameter bottom, built up as
shown in order to permit of its passage through the manhole. The
stirrer was assembled inside the cooker and mounted on the central
pipe, 20 in. from the tank bottom. Similar smaller stirrers were
used in the four original large seed tanks and are still in use, run-
ning at about 40 r.p.m.

HAW,

DrIVE—The drive employed was electric, from two 714 h.p. in-
duction motors, one to each pair of cookers, hung on the wall, con-
trolled by oil starting boxes, and driving through 3 in. Balata belt-
ing and countershafts, a shaft rotating in bearings carried on a
pecial pedestal on each cooker roof, carrying a pulley (driven from
ast and loose pulley above) and a mild steel 115 C.P. single thread
orm meshing with a 14.32 P.D. 30 tooth cast iron worm wheel set
rewed to the central rotating pipe. The latter rotated at 20 r.p.m.

DiFFICULTIES—This arrangement was used for some time but
ue to the great inertia of the wide spreading parts and the mash
istance the starting and operating torque was excessive, lubrica-
ion exceedingly difficult and wear on belt and worm wheel excead-

gly rapid, resulting in the teeth of the latter wearing practically
rough.

PRESENT STIRRERS—In the meantime as a result of further ex-
rience gained in the actual operation of the plant and of addi-
nal experiments it was found that the sterilising of the inside
rface of the cookers was unnecessary and that results sufficiently

as far as cooking and stirring were concerned were obtained
simply blowing directly into the mash steam from the 14 Ib.
tem, through the ends of 4 ft. lengths of 1 in. pipe, carried by
central 3" rotatable steam pipe rotated occasionally by hand.
a result the other arrangement was abandoned in favor of the
r simple hand operated arrangement.

One of the motors is now used for the seed tank and culture
| stirring and the other for the steamfitters’ shop drive.

EDWARD METCALFE SHAW.
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SECTION 7 (b)
NEW MASH LINE AND CONTINUOUS COOKING.

6 nozzles
each cont

APP. 1—EXPERIMENTS ON RAPID STERILISATION AND These
STARCH SOLUTION. and borec
5" pipe al

NEW MASH LINE AND CONTINUOUS COOKING. off centre

the m
A complete new arrangement of the portion of the plant be ::)ntro sz:
tween the mash tubs and the cooler is now under construction (se The je!
drawing No. 83). This includes relocation, re-arrangement, re the three ¢

design and reconstruction of practically all the units between, in.
cluding pump, mash line, digesters and cookers.

The location of the present mash line was subject to graw
defects, not the least of which lay in the fact that it was exceed
ingly tortuous, containing some 10 right-angled bends and 104
degree elbows in its 400 ft. of length. The centrifugal pump wa
also deemed insufficient in capacity to handle the mash required for
the proposed increased output.

MasH PumMP AND CONTROL—The new line commences in a 5"
cross placed in the 5” mash tub emptying main (the other tw
branches of the cross leading to the centrifugal pump and a prev
ously used steam engine driven plunger pump respectively) fron
which a 5” suction line passes under the tubs to a 14 x 101, x Il
duplex steam pump, that was already in place on the stone o]
machinery floor of the main building. This pump was employd
in the Distillery days for pumping bay water.

The pump is fitted with a Mason standard pump pressure con
trol on the steam, and a 4" blow-off by-pass on the water end
tween the discharge and suction discharges into a vertical 5" li
passing up through the mash operating floor to the floor aboy
The pump which is directly below the mash tubs is to be controlk
from the mash operating floor, thus eliminating one intermed
control element between mashing and cooking. It will be no
that the mash line has been increased in size from 4 to 5 inches.

f the line v
gged to fop
1 The syste

DIGESTERS—On the second floor the mash line leads to two ho
zontal U’s of 5” pipe, placed on the floor. These U’s have strai
legs 12 ft. long, except the first leg of the first U, which is 21
These U’s form the heat receiving part of the Digester, the long ting arran
containing two sets of 14” digester nozzles, the first consisting giiling capacity
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¢ nozzles and the second of 5, while the remaining legs of the U’s
each contain a set of 5 nozzles.

These steam nozzles are of 14" pipe bent to point downstream
and bored out to 34" diameter at the tip. They are welded into the
5" pipe at intervals of 20", alternately on the off centre. The one
off centre is so shaped that the steam jet imparts a swirling motion

to the mash, while the one on the centre blows directly down the
centre of the pipe.

-

ant be

on (see The jets are supplied through 3 separate 114" steam lines with
nt, re WBhe three control valves located at the centre of the mash operating
sen, in- Moor,
The mash line proceeding from the digester passes through 2
elbows into the mash line proper leading to the cookers. In the
econd elbow are tapped connections for a dial thermometer and
pressure gauge which are located near the ceiling of the operating
or, together with a second pressure gauge indicating the steam
pressure in the line supplying the nozzles. There is also a ther-
mometer pocket in the mash line for the insertion of an ordinary
ermometer for checking up the dial thermometer.
: The mash foreman is thus in full control of the mashing, pump-
er ng and digesting arrangements, simplifying the operation of this
part of the plant, besides making the control more positive. An-
er important reason for placing the Digester at the mashing end
f the line was in order to use the long length of pipe efficiently
gged to form part of the digester.

The system provides that whilst the steam pressure on the
) igester will be from 50-60 Ibs. the pressure in the mash line will
re (Nt say 45 lbs. at the cooker end. At the rate of 12 fermenters a
ay (25,000 gals. each) or 200 gal. a minute of mash the velocity
i the 5" pipe will be 230 ft./min. The new line from the digester
p the cookers is about 400 ft. long, so that this arrangement gives
he mash about 1% minutes of cooking under a pressure which is
adually falling to the cooker end to 45 Ibs. with a temperature of
02 deg. F. By this means the mash is not only treated at a high
mperature, but is churned up and thoroughly agitated. This
ion is expected to do a considerable amount of the cooking, and
om experimental results obtained will probably complete the ster-

tion, even though the ground corn used may as a result of this
esting arrangement be considerably coarser, thus increasing the
lling capacity at the same time as mash quantities are increased.

| grave
exceed:
1 104
np wa
red for
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MasH LINE—The mash line part of the digester passes through
the 180 deg. bend fitted with the gauge connections, and thene
north over the court, over the roof of the barrel store-house ang
enters the east wall of the fermenter house, just below the roof, ang
over fermenter No. 7. The line then passes west over fermenters
7, 8 and 9 to what is now No. 4 cooker, but which will be No. 1

period of
ing down
the stare
absolutely
lineand tl

the new arrangement. All pipes are efficiently lagged, anda the " iinptrl:)e
bends between digester and cooker are of bent pipe. There isy pected thi
uniform fall totalling 8’-6” from the digester nozzles to the cook. the experis

ers, so that the line drains to the cookers. The new line thus passa
by entirely different route from that of the old line, is much leg
tortuous and is altogether more efficiently designed and constructed,

CONTINUOUS COOKING—For continuous cooking the present
cookers are being used with only minor alterations or more prop.
erly additions (see drawing 80). These additions are such as not
to render the cookers useless for operating as at present on the
batch system, and as the old mash line is to be left in place ther
will be the present arrangement to fall back on in case any defed
in the system is discovered.

At the end of the 5 inch mash line is placed a pressure gaug il shing ang
and recording thermometer for the fermenter foreman’s use in
keeping account of the condition of the mash coming over. The .‘f“ three or
5 in. line runs into a special 4” angle valve through which the mas Ji#les which w
passes and vertically downward through a 4” pipe, through the rof
of cooker No. 1 (formerly No. 4) 114 ft. from the side and o
through. a special spraying nozzle 10’-6” from the bottom, or at th
level of the mash, distributing the incoming mash fairly uniformi
over the top surface of the mash in the vicinity of the spraying
nozzle. The location of the outlet at the bottom on The opposits
side, together with the fact that the access of heat, except at half
hour intervals when for one minute the steam stirrer is operate
is only with the incoming mash at the top, prevents the mash sho
circuiting directly from the inlet to the outlet at the bottom witho .
remaining its full time in the cooker. ter piston, m

re of this g
As will b
which s

eans, a spri

pring is “flog
essure rises
usually done

EXPLODING VALVE—The exploding valve shown in drawing Neorking a preg,
79 is of special design and construction, combining an explodingiste
valve and relief valve in one. The whole of the above arrangemen
are based on the results of experiments carried out here. (Sl piston is gy
appendix to this section of report). It was found that after @ a presgype
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period of cooking under steam pressure and then suddenly explod-
ing down to a lower pressure the large lumps of maize and even
the starch cells were largely broken up and the mash rendered
absolutely sterile. The period of cooking is provided in the mash
line and the exploding valve takes care of the explosion of the mash.

In the experiments none of the friction and agitation occurred
s is proposed in the system being described. It is therefore ex-

pected that the cooking will be carried to a further stage than in
the experiments.

Some tests were made subsequently on the existing installation
of digesters, mash line and cookers at various times, and showed
conclusively that using steam to bring up the steam pressure in
the pipe to 14 lbs. by means of the 18 nozzles of the digester, and

with only 50 feet between the last nozzle and the cooker the mash
| 9O tering the cooker was always steril
s Al ring as alway e.
on the

This led to the conclusion that 114 minutes of digesting at 45 lbs.
ith the agitation and turmoil consequent on its rapid motion
rough the long mash line would be quite sufficient to render the
ash sterile and quite likely also to do a considerable amount of
mashing and cooking. It is therefore conceivable that the cook-
ng period in the cookers proper may be reduced to such an extent
at three or even two cookers will suffice for the increased quan-
ities which will be dealt with in the future.

In starting operations in the digester line it is necessary to safe-
ard the line against water hammer action, the special valve takes
re of this also.

As will be seen, the valve is a 4" angle valve, the disk
which is pressed against its removable seat by three
eans, a spring, a hydraulic piston and a dead weight. The
pring is “floating” and when a surge comes along the line the
essure rises to a pressure above that from which the exploding
usually done and therefore compresses the spring, which due to
e suddenness of the action and the small passage leading to the
ter piston, may be considered as having its outer end fixed. This
ows the valve to open and relieve the pressure. For ordinary
prking a pressure of water is maintained .in the cylinder on the
er end of the valve spindle equal to 22 lbs. due to the head of
er in the distillery reservoir at the roof. This pressure on the
piston is sufficient to allow such a valve opening as will main-
na pressure of 40 lbs. in the mash line, with a cooker pressure
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in No. 1 of 15 Ibs. whilst allowing the valve to discharge an amount
of mash continuously through it equal to that delivered by the
pump. In order to allow of varying the mash line pressure from
10 to 15 Ibs. the dead weight device is provided. The latter by
varying the dead weight which acts through levers as shown pro-
vides the variable factor.

CONTINUOUS COOKERS—The mash entering the first cooker from
the exploding valve is sprayed over the surface of the mash by the
distributing nozzle, the velocity of the liquid being acquired by the
explosion, and the vertical drop. Between each pair of cookers
about one foot from their tops is an 8” pipe connection, fitted with
an 8” gate valve in each. In No. 1 and 2 cookers an iron plate
shield extends from within 6” of the cooker bottom to close to the
roof in front of the 8” opening, so that the mash passing through
this 8” pipe from No. 1 to No. 2 and from No. 2 to No. 3 cooker
comes from the bottom of the cooker in each case. At the outld
end of these 8” pipes in' No. 2 and No. 3 cookers is arrangeda
deflector constructed of welded plate, so designed that the mash is
deflected to right and left in the cooker.

The mash entering each cooker is thus fairly uniformly dis
tributed and the outlet is as far as possible from the inlet, thu
preventing short circuiting of the mash.

Any settlement of sludge is prevented by stirring with the
existing rotatable steam jet arrangements which are to be retainef
and worked in sequence, No. 3 cooker first, then No. 2 and No. L
The reason for this is that any possible short circuiting that may

result from the stirring is limited to the effect in one cooker onlji pe inser(

thus preventing any mash passing through without at least 66 pefilkator 4nq o
cent. of the full period of cooking. This action may result in sligilh 8" jine wiy)
cecasional and partial undercooking to the extent only of one pelille the atter
cent., but cannot jeopardise the safety through non-sterilisation. B the Jine at |

No. 3 cooker is to be the final cooker, and in this cooker t
mash level is to be maintained at 9 ft. above the bottom instead
10’ 6” as in Nos. 1 and 2. The mash outflow from this cooker i
through a 5” pipe which passes through the tank bottom at
opposite side to the mash entrance and extends surrounded by
second 10” pipe which reaches from within 6” of the bottom
close to the roof. This arrangement of outflow is for the purp
of preventing the pump lowering the mash level below the 9' le
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amount whilst at the same time drawing the mash from the bottom of the
by the [ oker.
‘e from The steam from the first three cookers passes from No. 3 into
tter by No. 4 tank, through the 8” connecting pipe fitted with an adjustable
n pro- hack pressure valve for maintaining the pressure at any desired
value in the No. 8 cooker. This pipe is also provided in No. 3
soker with an elbow and short nipple in order to draw the steam
ar from JB¢rom as high a point as possible, besides eliminating the possibility
by the Jf mash splashing over. No. 4 cooker is to be used as a low pres-
by the Jllcre exhaust steam reservoir.
ookers The mash level in No. 3 cooker is automatically controlled by
ad with Sbeans of a Fisher Tank Control. The float of this device is of
n plate Wheavy copper and large size and operates through a lever and spin-
» to the Jlle extending through a gland in the tank side. On the outer end
hrough [ the spindle is a second lever, one end of which operates through
cooker [ chain or rod, a pump regulating valve in the cooler pump steam
2 outlet Wline and the other end of the lever carries a compensating weight.
mged 2 Slhe cooler pump thus draws the mash from the final cooker at the
nash is lBame rate that the mash pump, under the mash tubs, pumps it into

¢ first cooker through the exploding valve.

EXHAUST STEAM RESERVOIR—From tank No. 4 which is to be
sed as an exhaust steam reservoir at 5 lbs. pressure a 9" steam
ne will be run to the two beer stills (one under construction). This
ne will be connected through a 4" pressure reducing valve to the
ve steam, so that should the pressure in the line drop below 5 lbs.
e steam will be admitted. In addition, provision will be made
at mayir admitting exhaust steam from the pumps to the 9” line. A T
ill be inserted in the exhaust main leading to the feed water
pater and on the heater side of the T a gate valve. From the T
8" line will run to the 9” line and will be fitted just before reach-
g the latter with a back pressure valve to maintain the pressure
\tion. 8 the line at 5 lbs., and this back pressure valve will be by-passed
ker 1 permit the flow of exhaust steam from the pumps into the 9”
itead (e from the exhaust main.

W The low pressure steam will be admitted to each still above the
sh level and below the first plate. The quantity admitted will be
der direct control of the still attendants, and should the beer in
bottom of the still at any time contain butyl it will still be pos-
to admit live steam through the existing steam coil arrange-
it and boil it out.
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To heat the boiler feed water it is proposed to force the water
from the coolers through the tubes of the two evaporators (form.
erly used for slop evaporation), and pass the slop from the stily
around the tubes. These evaporators are such that the feed wate
will be 6 min. in the 5" bore brass tubes in each one thus securing
a good heat transfer and high temperature of feed water. 7}
boiler feed pump drawing from the evaporators will have a static
head of some 10 ft. of water on the suction side.

COOKING OPERATIONS (STARTING)—The action of the system i
as follows: In commencing operations the mash foreman turns o
tome of the steam jets of the Digester and the steam gradually
works along the mash line, warming it up, and finally building y
a pressure forcing open the exploding valve and passing thiough
the first and second cookers to the third. The steam builds up iy
the three cookers a pressure dependent on the adjustment of the
exploding valve which at the beginning may be set to explode toy
lower pressure than when operating normally. The valve betwes
No. 3 cooker and the exhaust steam reservoir is a back pressun
valve set to maintain the same, or slightly smaller, pressure as the
exploding valve, say 12 Ibs. The system is thus completely warme|
through and on the mash foreman getting the signal from the fer
menter foreman to send over the mash he starts the mash puny
and the mash enters a hot system. The mash foreman then reg
lates his steam jets to get the right temperature of the mash at
Digester end, and it is his business to see that this does not van;

By the time the mash reaches the cooker end of the mash li
thoroughly digested and sterile, the fermenter foreman can td
from the recording thermometer and pressure gauge its conditio
and instructs the mash foreman if any variation is required. Th
mash explodes through the valve from its pressure of say 45 I
down to 12 lbs. in No. 1 cooker, the initial pressure being dete
mined by the adjustment of the exploding valve and maintained i
the cookers by the back pressure valve between cooker No. 3 t just deser
the exhaust reservoir, des i

Cooker No. 1 gradually fills up until the 10’-6” level is reache
when the mash flows over into No. 2 cooker, filling it in turn. A
the cookers were originally under 12 Ibs. pressure, but the
passing over will probably restrict the passage so that a slight d
in pressure will occur, which will necessitate an increase of
1 1b. in pressure in cooker No. 1, and because of the adjustment

fhaust main ¢

CooKING OF
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the exploding valve a corresponding slight increase in pressure in
the mash line. The steam passing through the 8" connecting pipe
assists the mash over, and together with the deflectors thoroughly
agitates the mash. No. 2 having been filled to a 10’-6” level, the
mash and steam escape through the 8" pipe into cooker No. 3, and
again there is a slight drop in pressure caused, and a consequent
rise of pressure in cookers 2 and 1 and the mash line. The pres-
sure in cooker No. 3 is finally 12 lbs. (governed by the regulating
valve between No. 8 and the reservoir), in No. 2 say 13 lbs., in
No. 1 14 lbs., and probably in the mash line 47 lbs. From No. 3
1TNS 00 Sl ker the mash is drawn by the cooler pump at the same rate
ndually Sy ¢ it enters the system (through the float control), and discharged
ling Wk e cooler. The lower the pressure in No. 8 cooker, the less will
B the cooling that the cooler will have to do per gallon of mash.
When commencing mashing and cooking operations on Monday
he stills will probably be stopped and therefore no low pressure
detoalm will be required. The steam from the cookers will then
cape through the back pressure valve into the exhaust steam
gervoir and build up a pressure there and in the 9” line of say
Ibs., which is maintained by a back pressure valve in the 8” pipe
ading from the 9” line to the existing 8" exhaust main to the feed
ater heater in the boiler room. The pump exhausts, when the
tills are not working, pass directly to the feed water heater,
hile the reducing valve governing the admission of live steam to
e low pressure line from the reservoir to the stills simply main-
ins a pressure of 5 lbs. in the line and the reservoir. The steam
perated from the explosion and cooking thus escapes from the
Ibs. pressure in No. 3 cooker to a 5 Ib. pressure in the reservoir,
d thence through the 9” line and 8” back pressure valve to the

stem is

CooKING OPERATIONS (NORMAL)—The ordinary normal opera-
n of the continuous cooking system is of a similar nature to
t just described for commencing operations. The mash ex-
pdes into No. 1 cooker, passes over into No. 2 and then into No. 3,
50 to the cooler pump. The time during which the mash would
oretically, assuming no short circuiting, be in the three cookers
ild be, assuming a rate of 200 gals. a minute, and the capacity
the tanks 700 gals. per foot of depth, 105 minutes or 134 hours
the three cookers in series, an average of 35 minutes per cooker.
About 36 hours after cooking begins, when the stills commence

1256
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operating, the valve will be closed in the exhaust main cutting of e
the exhaust feed water heater, and at the same time the by-pass e the ¢
around the back pressure valve maintaining the pressure of 5 Ibs

in the 9” line and exhaust reservoir will be opened, allowing th

exhaust to pass into this line and reservoir instead to the heater APPENT
This exhaust, plus the cooker exhaust, aided when necessary by
live steam admitted through the 4” reducing valve, will maintaiy
a pressure of 5 Ibs. in the reservoir and 9” line and supply the stilly
with the greater part of the steam they require. It has been cl
culated that the steam liberated from the cookers alone will b
sufficient to operate one still. When the exhaust steam is cut of There
from the feed water heater the feed water will pe heated by the " the sub,
slop coming from the beer stills, as both the slop and feed water the whole |
will be passed through the evaporators.

EXPERII

COOKING OPERATIONS (FINISHING)—ALt the end of a run wha for the doul
the mash stops coming over the cooler pump will cease drawiny pid steril
because of the lowering of the level, and the present outlet lin
will then be used to empty first No. 8, then No. 2 and No. 1, as Aﬂ'ARM
present in the ordinary batch system. Whilst doing this in orde piece of {
to secure proper cooking the present 15 lbs. steam system canb
turned on, thus cooking as ordinarily.

This arrangement incidentally enables a difficulty at pr
existing to be overcome. Owing to the flat bottoms of the cooke
it is difficult and slow work to empty them. In the new arrang
ment as soon as No. 3 fails to keep the pump full No. 2 is opend
There is no objection to some mash from No. 2 flowing into No.
as will certainly occur. When the drainage of No. 2 and No. 3
short, No. 1 is opened, and so at the end it will be found that t
pump and cooler will have been kept at full normal speed of wo
ing, and the final drawings of three cookers will keep the supply d
cooked mash up till they are quite empty.

The stills will be in operation for some time after cookingh
ceased, and to supply them with steam the pump exhausts will d
charge into the 9” line and reservoir, and any steam lacking
be made up through the 4” reducing valve from the live ste
main, sure and

. ; : , a

When the stills stop running the valve in the exhaust main vigightly disco]o,
be opened, permitting the exhaust to pass to the feed water heitdibme high [,
and the by-pass around the back pressure valve in the line betweiatment,

the top of {
%, the amoy
¢ full tempey
. Steam p

ResuLTs—]
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the exhaust main and 9” low pressure line will be closed, prevent-
ing the exhaust passing into the reservoir and low pressure line.

th
EDWARD METCALFE SHAW. :

APPENDIX TO SECTION OF REPORT ON NEW MASH LINE
AND CONTINUOUS COOKERS.

‘:‘“"‘.‘“‘l EXPERIMENTS ON RAPID STERILISATION AND STARCH ??“
ef:; SOLUTION. ‘

There were two series of experiments carried out at Toronto
on the subject of rapid sterilisation and starch solution; in the first
the whole maize was treated, and in the second the ground maize,
freed from bran.

FIRST SERIES—OBJECT—The first set of experiments were made

for the double purpose of eliminating the grinding and securing the
pid sterilisation of the starch solution.

APPARATUS—The apparatus used was of a very simple type.
) A piece of two-inch pipe, twelve inches long, was fixed in connec-
N OTT o with a steam system carrying 120 pounds pressure. The pipe
as fixed vertically, with a tee at the bottom end, carrying in a
orizontal direction a half-inch steam connection, and vertically a

and-a-half inch cock fixed into the tee. A steam vent was pro-
ided at the top.

Tests—This tube could be charged with whole maize, some fifty
sixty grains being used in these experiments. The grains were
eated direct by means of the steam only, and also with a small
jantity of water added. They were subjected to the full heating
fiect of the steam which flowed out through them, with an escape
the top of the tube, for periods ranging from one to three min-
&5, the amount of escaping steam being just sufficient to ensure
full temperature in the tube corresponding with the steam pres-
e. Steam pressures from fifty to ninety-five pounds were used.

ResuLTs—It was found that with ninety-five pounds steam
wsure and a three-minute period of treatment the grains were
htly discoloured. The experiments were made from these ex-

me high limits down to fifty pounds pressure with one minute
tment,
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lime & sn

The idea was to cause water at the full temperature to pene e

trate every part of the grain. When the period of treatment deter.

mined upon had elapsed, the steam supply and vent were bt " O™
closed, and the stopcock was struck open by a rapid blow, so ast , ing
give as nearly as possible an instantaneous release of pressure. The —
sudden release of pressure causing perhaps ten per cent. of the TESTS-
water in the grain to turn into steam, blew the grain to pieces, f pressur
This effect was perfectly obtained at the higher pressures, and ical an
very imperfectly obtained under the lowest conditions of pressur Jithe vertica
and time, o eighty-fl
It was found, however, that the pressure of eighty pounds i jiilellowed to

steam, with a two-minute period of treatment, gave the best al. Jipounds.

round results. The solid and liquid matter was collected insides This ga
tin can sixteen inches in diameter and three feet deep, when the Jihe tWo ves
explosion was caused to drive tangentially against the inside of the RESULTS
can near the top. The non-gaseous particles were found to consig i
of four groups: the husk,; complete except for being split ; the gem,
complete but soft; a considerable amount of starch in solutio;
and the remainder in an extremely fine form, showing under thy

microscope perhaps thirty to forty per cent. of complete stard T'l't P
cells,
No tests were made of sterility in this series, as the main objed :
had been accomplished, viz.: to prove the possibility of very ¢
idly reducing whole maize grains to a state in which the starch a 5 ‘
proteins would be separated from the husk in a condition ready f 6 |
cooking. Sterility if not complete at this stage would certainly b 1 !
rapidly completed under any form of cooking which would put th )
whole of the starch in solution. It will be 5
boratory teg
SECOND SERIES—OBJECT—The second series of tests was for Several sq,
purpose of determining the least time necuvssary fo secure steriligisults of the

and solution of the starch through treating ground maize with h The questi,
steam pressures for short periods and then exploding. The apilieived much
ratus used in these experiments is shown on drawing No. 10 ts that the

. : . N 8pores e;
APPARATUS—Referring to this drawing, both the vertical ve condition

the sloping vessels were ordinary hot water boilers, capable that the g
working at 100 Ibs. gauge pressure, such as are used in connecti .

- presen
with house hot water systems. The vertical vessel was cha fircum(;ef:f
with 10 gallons of mash from the mash tun, steam was admitted @i ting eﬂe;

the bottom through a pipe which gave a swirl, and at the s
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ime a small amount of steam was allowed to escape from the top
to pene- S ¢ tho vessel. By this means the mash was heated up to tempera-
1t deter- ures corresponding to the pressures which are shown in an accom-
re both nying table, which gives the results of one typical set of the
80 as i

re. The ’

. of the
yeces,
res, and
pressure

TesTs—This treatment was carried on under varying conditions
pressure and time, at the end of which the cock connecting the
atical and sloping vessels was quickly opened, and the contents of
he vertical vessel were exploded by pressures ranging from fifty
) eighty-five pounds into the sloping vessel, whence steam was

— lowed to escape at pressures varying from ten to twenty-five
ounds.

best alk
insidea
then the
le of the
) consigt

This gave definite temperature and explosive difference between
he two vessels.

ResuLTS—The following are the results of one of the tests made
n October 26th, 1916, in brief form:

10 gem,

jolution; Time at  Exploded

ader the Intial Initial to Incubated

o stad Tt Press. Press. Pressure. for. Result.

- 1 50 5 min. 10 24 hrs. sterile.

2 97 " 18 “ “

in objed) 3 80 “ 25 “ “
ery ‘ % L 15 “ “
{rch s “ “ lb “ “
adv 6 56 " 15 “ “
\‘.\d) f 1 50 ot 10 .

ainly

| DUt 1t will be seen from the table that in all cases a twenty-four hour
boratory test indicated sterility.

Several samples of this exploded mash were inoculated, but the
ults of the fermentation indicated imperfect starch solution.
The question as to the reduction in the size of the particles has
eived much consideration. It is considered by the bacteriolo-
ts that the difficulty in obtaining complete sterility is increased
en spores exist in the middle of the larger particles, and under
ical ne conditions may even be protected by a water-resisting layer,
mbk‘ that the destructive effect of the temperature combined with
nnectige presence of water is not so readily obtained ; and, further, under
chal

drcumstances. such spores are not subject to desirable disin-
nitted @ting effects through movement.
he

s ford
sterili
rith hi
he ap
10
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These considerations have led to efforts being made, as in th

accom
new mash digesting line, to soften and break up all the larger par e

ticles, so that as far as possible sterilisation and cooking can b ft:yt::;:
perfectly performed continuously under the most favourable co

ditions. RESUI

EDWARD METCALFE SHAW, rise in te

a rate of

SECTION VII (c¢). was only

RAPID COOLING SYSTEM.
RAPID COOLING SYSTEM.

Refer to drawing 6, 7, 8, 12, 30, 30A, 35, 41 and 84, also var.
ous photographs.

DESIGNED CONDITIONS—The coolers in use at Toronto have
designed to meet the special conditions of this work.

(1) Absolute tightness of joints and connections.

(2) Self-cleansing.

(3) Rapid continuous cooling.

(4) High efficiency of the cooling surface.

(5) Economy of water.

The first and more compact cooler was perfectly satisfactory
far as the mash conditions were concerned but required water
the extent of 5 to 6 times the quantity of mash cooled.

The second was equally satisfactory on the mash side and
duced the water required when worked for extreme economy to |
of that required by the first cooler and by more than 50% as
present worked. This was of further value because of the hi
temperature of the water, resulting in a considerable fuel econ
On a separate page the working results of both coolers are
lated.

OPERATION—The first cooler was able to deal with the fullq
tity of maize for which it was designed, viz.: 5,000 gallons per h
reducing the temperature from 240 degrees to 96 to 100 degrees,
required.

The heat transmission was unsatisfactory on account of the
culating water not interfering sufficiently with the hot film of wi
on the outside of the pipe.

From an inspection of the drawings and also of the photogryj

The resu
owever, sh

D the inside
CooLing W
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accompanying this, it may appear strange, because it looks as if
the turmoil created in the water would be such as to bring about a
very rapid exchange of heat between the copper pipe and the water.

ResuLTS—From the records attached it will be seen that the
rise in temperature of the water when the cooler was working at
a rate of about 6,250 gallons (4 hours per fermenter) per hour,
was only 26 degrees, leaving a temperature difference of 60 de-
grees between the cooled mash and the cold water, while at the same
time there was a temperature difference of 174 degrees between the
temperatures of the heated water and the hot mash.

GENERAL NOTES ON THE WORKING OF THE NoO. 1 COOLER—It was
ot known whether the nature of the mash was such that from
time to time one or other of the tubes of 73 bore, 1 inch outside
diameter, by 120 feet long, would become choked, and therefore an
daborate arrangement of cocks was attached, see drawing 12, so
that any one tube could be separately cut out of the circuit and
leaned under high pressure.

The results obtained during the eight months of actual working,
however, show that there is no such danger. The high pressure at
hich the liquid ie forced through the pipe, aided probably by a
in jolting of the pressure, keeps the pipes reasonably clear
ing a run. At intervals of 9 to 12 hours the pipes are scoured
ut with clean sterile hot water a 15 minute operation; otherwise
cleaning is necessary.

W tok It is noticed, however, that when the cooler is first put into
ion is has a slightly greater efficiency than it has when 25,000
allons have been passed through. This is undoubtedly due to
ome slight deposit on the surface which ceases to increase beyond
certain point.

ave be

CLEANING—Another method of cleaning the inside of the pipe,
by closing the outlet, keeping the water round the pipe, and
ning high steam pressure into the mash supply pipe. This leads
a condensation of steam throughout the whole pipe, loosening the
sit after which the pipes are blown through and the process
repeated, with a final blowing out before starting again to cool.
It has been found unnecessary to do anything more in order to
bep the inside of the pipes in good working condition.

CooLING WATER—The water used for cooling has been city
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water, the analysis of which is as given at the end of this section,
This analysis was made by the Toronto Department of Public
Health about one year ago—summer of 1916.

This water is obtained from Lake Ontario, and is drawn frop
the lake at a distance of 3,200 ft. from the shore of Toronto Island
at a depth of 79 feet. It is filtered and treated by chlorine for any
possible bacteriological contamination. The temperature at which
this water reaches the distillery ranges from 35 degrees in winter
to 58" F. in summer.

SCALING—Once since the cooler was started the cover was take
off for the purpose of observing any encrustation effects on the out.
side of the pipes, and it was found that a slight deposit, some 1/20
of an inch in thickncss, was apparent on the first set of convoly.
tions out of the eight comprising the length of the cooler. Beyond
this no deposit was found. It will be noticed that no deposit was
occurring at the point of the highest temperatures.

Under the conditions under which the cooler was fixed, consid-
erable inconvenience was found in watching and controlling the
vise and flow of the temperatures, so that the man in charge wa
kept quite busy the whole time. This can be improved.

COOLING SURFACE—It will be noted that there are six copper
pipes, the total cooling surface in contact with the hot mash being
6 x 24=144 square feet, the heat transmission amounting to a tota
of 9,375,000 B.T.U.s per 144 sq. ft. or 65,100 per sq. ft. and divided
by the average temperature difference of 125=511 B.T.U.s pe
square foot per hour per degree temperature difference Fahrenheit

This compares with the normal transmission of 250 BTU's par
square foot per hour per degree temperature difference as obtaind
in standard evaporators, where heat transmission is much mon|
easily obtained.

GENERAL NOTES ON MAKING OF No. 2 COOLER—This cooler w
designed not only to deal with a larger quantity of mash per hou,
but to ensure a higher efficiency per square foot of surface,

It will be noticed that cooler No. 1 required five to six times
much water as the quantity of mash to be cooled, as against 12
3 times required by the new cooler, according to the working

ditions.
Plans of this cooler are attached, and it will be seen that wh
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ection,

Publ the conditions under which the mash flows through the pipe are
ublic

the same as in cooler No. 1. An effective means of compelling
scouring action on the outside of the pipe has been provided, the
action being now similar to what occurs with mash inside the
pipes. And, in addition to this, it will be seen that the sloping
baffles cast in the water passageway not merely cause a continual
cross-flow of the water over the pipe, but at the same time cause
the whole body of water to circulate at right angles to the direction
of its general movement in the water passageway.

This cooler is constructed in four sections, in such a way that
any one section can be opened by taking off the cover, while the
copper pipe connections are made on the same plan as those in con-
nection with Diesel engines, affording an absolute security and
tightness.

The coils can be readily moved, and by taking off the outside
wpper connectors any section of pipe which may get choked can be
dealt with independently. The small rectangular passage, planed
lengthwise, at the top and bottom of the water passage allows of
drainage of the box on the one hand, and of the scouring out of the
air on the other.

It will be noticed from the photographs that the four thermome-
ters with steam and water and mash controls are now all at one
ed, and can be observed and manipulated without the operator
moving.

This cooler was designed at a time when it was thought that
it might be necessary at intervals of, say a few months to open
up the boxes for the purpose of cleaning the outsides of the copper
pipes, or of removing these pipes; but it would appear from the
ontinued use of No. 1 cooler that such a contingency is remote,
nd in building another cooler of the same general size and
apacity it seems quite safe to dispense with the four covers, bolt-
g the boxes together in pairs, with double jointing and wrought
on plate between.

By this means a much more compact arrangement could be ob-
ined at reduced cost, while the objection to the height of the
pooler, which is now excessive, would be removed.

DETAILED DESCRIPTION OF NO. 1 COOLER—The first cooler built
o the spring of 1916 consists essentially of a series of copper coils,
ontained in a cast iron box. The mash is forced through the coils
one end of the box to the other, while the water passes around

1 from
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the outside of the coils in the reverse direction. bt fron
The coils, (see photographs and drawings), are of copper tub. project ar
ing, 1” outside diameter 7" bore No. 16 gauge. There are six

separate coil circuits in parallel each made up of eight unit coils Th.e i
in series. Each unit coil consists of a length of 15 ft. of tubing JE® plicate
coiled to form 514 figure 8 coils one above the other. Each logp laced abo
of the eight was formed by bending around a 4” diameter former o:;dhir;;

so that the outer diameter of the coil was finally 614" and the
overall length of the two loops 12” while the depth of the 51, coils
between planes perpendicular to their axis was 1214”. The begin
ning of each coil is at the top at one end to which is braced a spe
cial brazing metal coil connection, see drawing 7, which bring the
coil through the lid, while the end of the unit coil is at the botton

nd blow
s been f
here are r
ections.

and opposite end and is brazed to the corresponding end of the DETAILE
next unit coil. The other end of the second unit coil is at the top Juilt in the
and is brazed to the corresponding end of the third coil and so oo jilfegards the

until the 8 unit coils are brazed together in series, the eighth coil jirangemen

passing through the lid with a coil connection as at the beginning jilogether so
Each coil thus contains 120 feet of tube and the six parallel sets Jiibe water dis
720 feet. The area or surface in contact with the water is 31.4 s JJo series. T
ft. per set and a total of 188.4 sq. ft. y

The six parallel sets of 8 coils in series are placed together sik 8 The coils
by side and mesh together, sliding into one another sideways so that ' outside %
the overall width of the six coils is 24”. (It was found that thre il was ajtey
unit coils could be compressed into a volume 12 x 12" x 13" deep) B¢ the same |

Lengths of 14, 34 and 14” galvanized wrought iron pipe ufli#med. Each
shown in the photograph were placed in the free spaces between theflit wriggle,
coil convolutions for the purpose of reducing the free water flow " radius lo
such a manner as to more efficiently wipe the hot film off the pipejets of two 15

To prevent short circuiting of the water through the comparativelJil# loops of a ¢
free passage down each side of the box, cast iron baffles, see dravjillli in each bo
ing 8, representing one-half a coil were slipped into the cast irafiiee walls, E;
box.and the lid bolted on. ace of 62,8

The cast iron box (see drawing No. 6) is of 54" average thick§l™® are 960 f
ness 100” x 24" x 121%4" inside and provided with strengtheniiglll The coilg lie
ribs as shown. The overall outside dimensions are 9 (¥ coupled thr

x 2014 x 1734”. ‘The water inlet and outlet are 5" cils in ano
diameter, bell mouthed and fitted with thermometer pockets. Tiglts are of st
5" size was provided but found unnecessary, 4” pipe now convejithe flange for
ing the water to and from the box under the city pressurec. irating the p
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st iron box has a ribbed lid through which the coil connections
ier tub- WBoroject and are locked tight with lock nuts and washers.
are six

. The six coil connections at each end are connected up with the
it colls o plicated system of piping shown in drawing 12 to a 4” header
tubing S o] above the lid of each end. This arrangement was provided
ch loop B der to make it possible to cut out any coil at will (as it was
fn;m‘;r hought possible that coils might choke up with the thick mash)
e e

. xd blow steam, air, acid or alkali through to clear it out. This
Y colls s been found unnecessary under actual operating conditions and
‘ll"’g‘“” here are now simply copper tubes between header and coil con-
& SpH jons.
ing the

bottom
of the

DETAILED DESCRIPTION OF NO. 2 COOLER—The second cooler was
the top

ilt in the fall of 1916 and is of somewhat similar construction as
d so sards the coils, but differs considerably in the water circuit
\th il Jirangements. It is composed of four separate units connected
inning Jpecther so that the mash passes in series through all four while
lel sets water divides into two circuits each passing through two boxes
3148 series. The four units are arranged one above the other vertic-

\er side 8 The coils are of the same size tubing as in No. 1 cooler, namely

so that JF' outside 73" bore and No. 16 gauge copper. The shape of the
t threeJil was altered to make construction simpler, while still obtain-
deep)

the same results, so far as the mash flow inside the pipe is con-
med. Each coil (see photographs and drawings 30 and 304) isa
wriggle, formed by bending the tube with a special device to a

pipe
een

flow infil” radius loop first one way and then the other. Each coil con-
 pipesJji#ts of two 15 ft. lengths brazed together after bending and forms
ativerlil® loops of a total length of 30 ft. There are eight of these 30 ft.
+ dra

§in each box, 14" clearance between two adjacent coils and pas-

walls. Each box, therefore, contains 240 ft. of tubing, a total
ace of 62.8 sq. ft. In the four boxes or the complete cooler
pre are 960 ft. of tubing with a surface of 251.2 sq. feet.

st ino

» thid

heningll The coils lie in 114" x 10” deep passages, cast in the boxes and
' (g coupled through the ends of the box by Diesel joints either to

coils in another box or to the mash inlet or discharge. These

its are of steel, the flat steel ring being pressed by the nut on

he flange formed on the copper tube securing tightness by con-

irating the pressure forcing the copper against the steel,
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The boxes are of cast iron 9'-11” overall long by 14 7/16" the COMP/
inside dimensions being approximately 9’ 6” x 1014” x 10", Th OL
coil passages are cast with baffles on the sides, sloping in differey
directions on either side of the passage their function being to driw
the water backwards and forwards across the passage, wiping the
hot film off the tube surface, and also to circulate the water iny ;::::
direction at right angles to this chief movement and thus to tho Fall in T
oughly mix hot and cold streams of water. The lids or covers unjill Temperat
on the side of the box in order that the coils might if necessary, by Temperat)
easily removed should they choke up. It will be noted that the b m;’:;:
is extremely strong structurally, allowing a heavy internal wa Quantity ¢
pressure. The boxes are coupled by alternate feet and water
sages at alternating ends, thus also providing for the flow of wa Gals. of w
from box to box. As arranged now the hot mash coming thro
a 4" pipe enters a cast iron connection (drawing No. 35) f APPEND
which 8 copper tubes lead through Diesel joints and connect to
5 Diesel joints at the west end of the bottom box. From the east 3:::‘""“
of this box copper tubes lead from the Diesel joints to the joints
the corresponding tubes at the east end of the second box Reaction to
are similar tube connections between boxes 2 and 3 at the O
end and between 3 and 4 at the east, and from the west end Nll::z ':: "
niash passes through a second cast iron coil connection to the Nitrogen as
pipe (see drawing 84). Oxygen Con

The water enters the top box at the west end through a sped
elbow and the oval opening on top of the box and flows in
reverse direction to the mash flow, around the outside of the t
in the cast passage to the east end where it passes down
through the oval outlet into the second box. The oval outlets
provided with a baffle to throw the water away from the
and prevent short circuiting. The water passes through the
box and out through a standard 4” flange opening at the back of
box at the west end. The oval opening between box 2 and 3 at
west end has been blocked by a plate.

The water for the second pair of boxes enters the third
down through a flanged opening at the back and passes th
boxes 3 and 4 as in the former two and leaves the bottom bos
the west end through the oval outlet and a special elbow
casting to the 4” pipe (see drawing 84).

Siliceous Matt
Iron Oxides, A
Lime (Ca0)

Magnesia (Mg
phates (SO
ree Carbon I
Numerical ;
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'/16" the COMPARISON OF AVERAGE RUNNING CONDITIONS OF
0", The OLD AND NEW TYPES OF COOLERS AT THE BRIT-
different ISH ACETONES, TORONTO, LIMITED.
e d':: New Cooler. Ol Cooler.
lpm(l Temperature of Inlet Mash 246°F. 243
ater inal Temperature of Outlet Mash 98.5°F. 99
i to thon Fall in Temperature of Mash 147.5°F. 144
yvers an Temperature of Inlet Cooling Water 41.2°F. 43.6
. Temperature of Outlet Cooling Water 1184°F. 81.6F 67

ssary, Wi pice'in Temperature of Water 728°F. 23.6
t the bo Quantity of Mash, gals. per hr. 9,090.9 gals. 5,200 gals.
@l wate Quantity of Water, gals. per hr. 11,410 gals.@113.4°F.

toe il 12870 gals.@ 815°F.
5 24,280 gals. Total 31,750 gals.
of watltlB Gals. of water per gal. of mash 2671 6.11 gals.

throu

5) fro

APPENDIX 1.—CHEMICAL ANALYSIS OF LAKE ONTARIO WATER.

set toll Appearance Cloudy
1 east @ Odor Cold il
joints Hot Nut
. Thedlill Reaction to Litmus Cold Nil
the Hot Alkaline
Chlorides 9.0
;endd Nitrogen as free Ammonia 004
10 the (il Nitrogen as Albuminoid 05
Oxygen Consumed 51
B Total Solids 120.0
a SPeSS Solids in Solution 108.
rs in 4 Suspended Solids 12.
the tudill Loss on Ignition (Total Solids) 60.
) Loss on Ignition 65.
[ Alkaling y (L id) Bicarb + 108
itlets Carbonates Baaced 105.
' p Alkalinity (Phenolphthalein) L
\e secfili Permanent Hardness 325
X Total Hardness . 132.5
K 0" ron (colorimetric) 1
| 3 at " siliceous Matter 3.84
Iron Oxides, Albumins and Phosphates A7
ird Lime (Ca0) 43.4
hi Magnesia (MgO) 122
h | tes (S04) 10.5
m botf@lFree Carbon Dioxide 1
ned Numerical results expressed in parts per million.

EDWARD METCALFE SHAW.
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SECTION 7 (d)—FERMENTATION TANKS. ADl

‘ ' FERMENTATION TANKS, WITH NOTES ON FOAMING AND . .ativ
l METHOD OF INCREASING YIELD.

DEFECTS OF FERMENTERS—These tanks were formerly used for
the fermentation of molasses, and the dimensions are given in an. gl
other portion of the report (Refer to Existing. Plant). The old f th
{1 pipe arrangements for the introduction of new liquor and for the & . '
drawing off of the beer are generally speaking retained. Very ther

f | serious trouble in working the plant is experienced, owing to the o I
I difficulty in clearing the flat bottom of the tanks of the head which il The
| settles down at the end of the fermentation, and up to the present Jih tu

the very slow and unsatisfacory method of partially removing this " the
has been by the condensation of steam inside the tank, together " f t
el

with swirling steam jets. !
It will be seen at once that these tanks are extremely difficult s was
to manipulate, especially in view of the fact that the bottoms of the jietion, w

“ original tanks rest simply on brickwork, and that an internal pres- Ji beer
sure of under half-a-pound to the square inch is sufficient to float e press
i the top and sides of the shell, so that at anything above this pres Jiften the
s sure the bottom of the tank bellies and the sides and top of the @ Every
tank rise. perienc

They are even more difficult to handle when the pressure inside jilfing the
is less than that of the atmosphere, and as it has been dcemel @thing |
necessary to steam the tanks between each fermentation, it is onlyjervisio
by the exercise of the greatest possible care that accidents can bejiives for
| avoided. Prior to the provision a few months back of the. specialfiile case i
1 vacuum relief valves (see drawing 67) on two or three occasionsfiere it h;

the bottoms of tanks were lifted and the pipe connections brokei. g steam

The operation of steaming out the tanks with pressures belovl® make
half-a-pound to the square inch means a long period of sterilisationf@rilise ey
‘ The total capacity of the tanks up to the top of the sides ig@np bein
' 31,800 gallons, and the volume of mash dealt with is 25,000 gifvided, e
' lons. This headroom is not sufficient when a brisk foaming takegll In conn,
place, and there has been up to the present a loss when this occursgly caused

OB ———

—

although it has been customary immediately to put on the befroughly

§ pump, which empties the tank at the rate of about 8,000 gallons ifiktion, an

i i" hour. This evil will probably be entirely removed under the ) itions ¢
1 tem now being introduced (see Separate Finishing and Foaming@erated jy
| ij‘ Tubs). s took pl
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ADDITIONAL FERMENTERS—In the new fermenters (see draw-
ings 18 and 36) it will be observed that the tanks still have com-
aratively level bottoms, but strengthened by being riveted to I
beams, although there would be great advantage in having conical
wttoms with a sufficient slope to make drainage easy of the heavy
matter in the beer to the outlet. It was, however, impossible to do

G AND

1sed for

10 At e without interfering seriously with the general arrangement
The od e o existing fermenting tanks, cookers, piping, ete. It would
for '““ urther have involved alterations to the building owing to the head-
Very B not being sufficient.

ttote M me arrangement of the fermenting tanks in relation to the
d ‘fhmh ush tuns, cookers, pumps and beer still is anything but satisfac-
'I“"‘Sx‘:"t ory, the system of piping being complex and the resistance of the
f;&h: ow of the mash and the beer being unnecessarily great.

The mash and beer lines are four inches in diameter. While
his was quite satisfactory for the operations in molasses fermen-
s of the tion, with only nine tanks it is rather small for moving the mash
ud beer at the present output from 16 fermenters, especially when
epressure is small, such as at the end of the fermenting process
hen the fermenter is nearly empty.
Every care has been taken to rearrange from time to time as
perience has shown to be best the relations and methods of oper-
ling the different valves, but it has been found impossible to get
jthing that is reasonably fool-proof or even safe, unless constant
t is onlyj@ervision and thought and care are exercised in adjusting the
ves for the mash, beer and steam circuits. This is particularly
case in connection with the sterilisation of the mash lines,
ere it has been found necessary to arrange the flow of the mash,
steam circuit, drain-pipes and safety-valves in such a manner
tomake it possible to clear the mash out of the pipes, thoroughly
lise every connection, provide for safety in case of the mash
mp being started without a discharge into a fermenter being
pvided, ete.
In connection with the beer line, contamination was unquestion-
@y caused on more than one occasion owing to the beer not being
roughly cleared out of the pipes, which are not treated for ster-
tion, and the final discharge valve being closed. Under these
itions considerable gas pressure, giving an unpleasant odour,
erated in the pipe system, and leakages with contaminating
s took place back into the fermenters. The valves, which are
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of the gate type, have been found very difficult to keep tight. owing
to heating and cooling action, and further owing to mash preven.
ing the valve gates from being driven thoroughly home. Ti
double valve system, with steam connections between, described il
ready in the section on the Existing Plant, has therefore been i
stalled on the beer line, so that when the valves are not being usg
the steam will keep the space between the valves sterilised and ay
leakage which takes place will be of sterilised matter.

Another difficulty has been in connection with the steaming
the fermenters, causing high temperature in the building, both i
radiation and conduction. It is not convenient to lag these tank
since under certain conditions it is desired to cool the outside df
the tanks with water. After considering various propositions
has been decided that the best means of protecting the staff ope
ating the system from excessive heat would be by building up fr
the working platforms partitions following the curvature of
tank and four inches away from it to a height of four feet, a
bringing cold air conduits from outside the building to the leveld
the platform, and at the same time putting ventilators in the hig

er part of the roof. The working platform would thus be prote@ d?e;n
ed as far as possible from radiated heat, and will also be kept u * ds; A
by the flow of cold air, which will be to a large extent trapped uf t;le tas
it is drawn up by the hot air rising between the partition and f uid op
tank towards the discharge in the roof. Th' id
Any attempt to keep the building cool simply by discharg e 10
large quantities of air from the top would defeat itself, since ol:_p th;
heating capacity of the tanks is so great that little would res ‘ra"
in the way of cooling, and at the same time a great amount of b4 om
would unnecessarily be discharged from the building. STEAM
FOAMING. erthbac}

POSSIBLE EXPLANATION OF PHENOMENON—The phenome = :nc‘

of foaming is not understood. There is no known re s 'g
for the action of the fermenting mass, although it g oild‘es
reasonably be assumed that it is due partly to the sudden reg@ 5 thr \
of occluded gases in conjunction with a certain phase of the ti: .
mentation which sometimes occurs, the liquor assuming the & em
loidal state, and thus opposing the release of the gas. STEAM J
Under such conditions it is probable that the gas generatiflirge stean
minute volumes at an infinite number of points is not able to@id, or stj
lect in a large enough volume to rise until a certain stage has g been £,
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ht, owing lwached. At this stage the surface tension of the liquid on the

atside of the minute volumes of gas, having been sufficient to hold
he gas at a pressure above that due to internal pressure, is upset
od the imprisoned gas expands freely, collecting into larger bub-
bes,. When this occurs at one point it instigates similar action
hroughout the whole of the mass. Under such conditions the
dume of the liquor will increase, tending finally to fill the whole
hnk, from which it is finally discharged at considerable pressure.

This explanation seems more probable than that there should
¢ any sudden increase in the actual generation of gas, although
aview of the obscurity attached to the action of the enzymes it is

asible that there may be increased rate of starch decomposition
gurring.

» been in

g up fre METHODS OF ELIMINATING OR COUNTERACTING—Various meth-
s have been suggested, and some have been tried, for dealing with
is trouble. Amongst them are the following:

CIRCULATING THE BEER—A pipe system four inches in diameter
s been arranged in connection with a centrifugal pump capable
discharging fifteen to twenty thousand gallons per hour, and
fuid has been drawn from the bottom of the tank and discharged
the top of the tank above the level of the free surface of the
id,

The idea was that such a circulation might do two things, viz.:
up the head which at about this time collects on the top of the
wr, and also give a discharge of the gas, which would then be
bed from the liquid. This was tried, but without good results.

STEAM INJECTED INTO THE BEER—Another system is in use
fer back) having four 1 inch diameter steam pipes, radiating
Im the centre, at the bottom of the tank, perforated with holes
an angle to the tank bottom), through which discharge of

gives a circulation of the mass of the liquid. This does not
egood results in prevention of foaming, but was useful in stir-

g up the semi-solid liqguid when the tank is nearly empty, thus
sting emptying.

STEAM JETS INTO THE “HEAD”—Another means was to dis-
ge steam at high pressure slightly above the top level of the
id, or still higher, near the top of the tank (refer back). It
been found that this is partially successful, as in passing
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through the “head” or mass of foam it evidently causes the libe. T
ation of a considerable amount of gas. draw
: : has |

WATER CoOLING—The use of water cooling rings describy st |

previously have also proved partially effective if applied in timeij
arresting the foaming.

STEAM JETS AND WATER COOLING—A combination of the stean
jets and cooling ring is now used when indications point to a ca
of foaming in order to gain time to put the beer pump into open.
tion. The steam jets blow the foam against the cold surface g
the tank, partially checking the foaming and gaining valuable tim /W4
to enable the beer pump to start drawing beer from the fermente,
thus lowering the level and giving more room for the foam.

THE USE OF OILS, ETc.—Experiments have been made for
purpose of determining whether the use of oils, acetone or ethy
would have the effect of liberating the gas from the top surface
the fermenting mass. Any of these is found to be good in conng
tion with what is termed frothing, i.e., formation of large gas hib
bles, which sometimes occurs at an early stage of the ferment
tion; but the results are not good when tried on the real fou
which is characterized by the presence of as much as fifty per ca
of the volume of the liquid in very minute gas bubbles.

The following method has been devised and is now in cou
of application to the fermenters for the prevention of foaming,
also to increase the yield of acetone from the fermenters.

SEPARATE FINISHING AND FOAMING TuBsS—The yield of acet
has been found to be over ninety-five per cent at from eighty
eighty-five per cent of the time occupied until the yield ceas
Further, there is reason to believe that the condition of the fd
menting liquor is such that no foreign bugs can successfully
pete with the B. Y. bacillus at this stage, hence it becomes poss
systematically to withdraw the fermenting liquor from the
menting tank at a point before complete yield of acetone isé
tained, and at about the time when foaming would occur, in o
to increase the duty of the tanks and prevent loss by foani
This plan is now about to be put into operation.

The arrangement which is now being installed for this purp
(July 16th) is as follows:
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the liber The 4” line connecting the two east and west beer lines (see
drawing 81, from which the beer pump suction is taken off
has been replaced by a 6” cross header connecting into the
st and west beer lines through 4 x 4 x 6 te:s with a 4” valve
on each side. From about the middle of this 6 cross header a 6”
pranch leads from a 6” tee to a 6 x 4 x 6 tee. On the 4” branch

describd
n timein

of the latter tee the suction of the existing 7 x 5 x 12 beer pump,
the stean 8l ¢ 000 gals. per hour at 80 strokes per minute, is connected, and on
to a caxl 4o 6" branch a new 10 x 6 x 12 duplex steam pump will be con-
1to oper-S vooted, capable of handling 11,700 gals. per hour at 75 strokes
urface i minute.

Both the new pump and the existing pump will discharge

through a 5” pipe which will rise vertically to below the oper-

ting platform and thence south under the floor and over the court

- o the fermenting cellar of the Gooderham & Worts Co., where it

le for ) discharge into either of three 50,000 gal. tubs.
ept as clear as possible by using long radius fittings.

These fermenting tubs are of wood, with copper bottoms, and
e 25 ft. in diameter, 16 ft. high, with a capacity of 49,395 gals.
Mhey were formerly used for whiskey fermentation. The three
uns to be used have been roofed with a conical sheet iron cover
24" rise), culminating in an 18 inch ventilator and fitted with a
5x 20 manhole. They are thus provided with means for discharg-
g the hydrogen gas outside the building and are kept reasonably
fear of air, but otherwise have no protection against contamina-

The line is

on,

The beer and foam from these tubs is drawn off through two
ctions, one drawing beer from the bottom and the other with

special float controlled arrangement drawing at the same time
me of the head floating on the beer.

| By this means both foam and beer are drawn off simultane-
sly and thoroughly mixed during the subsequent pumping, so
t the beer still receives a homogeneous liquor.

Anew 10 x 6 x 12 duplex steam pump, placed at the north wall
the building containing the tuns, draws beer and foam from the
0 suctions through a 5" pipe, and discharges it through a 4”

e over to the two beer stills (one in course of construction).

is pump is fitted with an automatic relief by-pass and an auto-

lic pressure control, so that it always maintains a pressure
ficient to deliver the beer to the top of the stills.

one is ¢
r, in 0
r foamil

is purp

Under the
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new arrangement the beer still service pump and tank on the third
floor will be dispensed with. Each branch of the beer line leading
to either still will be fitted with a valve at the operating floor which
the attendant will regulate to suit the still operation, and the
automatic control on the pump will regulate the pump operatin
to suit.

This system then with its two beer pumps of large combine
capacity permits of the rapid emptying of any fermenter on the
first indication of incipient foaming, and the discharging of the
beer across into the large tuns where there is ample capacity t
allow for foaming without loss. Even if more than one fermenter
starts foaming at the same time the arrangement of the beer iine
and large cross header permits of the emptying of the tanks at a
equal or greater rate to that at which the foam rises.

The suction arrangement in the tuns as previously stated thor
oughly mixes the foam and beer into a homogeneous liquor, which
is delivered continuously and at a constant rate, under easy and i or
direct control of the still' attendant, to the beer still. The still may i of |
thus be operated more efficiently because of the continuity through il equ
not having to wait for a fermenter, and also because of the home Butyl Al
geneous beer dealt with, foam itself having a bad effect on thy
still operation.

It is expected that this system will increase the possible yield
and duty of the fermenter tanks appreciably, since not only i
they be emptied more rapidly but it is hoped that they will now o
be in operation during the period when contamination is a sour
of danger, and that is during approximately eighty per cent of
whole period of fermentation. This latter advantage will onlyb
obtained if the disturbance of the fermenting liquor is found m
to interfere with the bugs completing the fermentation. It w
probably be put in operation when at least 95 per cent of the to

yield of acetone has been obtained.
EDWARD METCALFE SHAW.

SECTION VII (e)—GAS DISCHARGE FROM FERMENTEN

GAS DISCHARGE FROM THE FERMENTERS.

QUANTITY, RATE AND CoMPOSITION—The total amount of il thr o
discharged from a fermenter of 25,000 gallons, is approximatg Measur
90,000 cubic feet=5 c.f. per lb. of maize. The maximum rate long an
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he third discharge is about six to eight thousand cubic feet per hour.
leading The approximate analysis of the gas and vapour discharged is,
w which 8 arhonic acid gas, 50%, hydrogen 50%, with small quantities of
and the

aetone, water vapour and hydrogen sulphide and possibly traces
peration

of ammonia.

The carbonic acid gas is below 50% at the beginning of the fer-
ombined Sl entation, increases to 50% about the middle and becomes greater
¢ on the Wlian 50% towards the end, but the average percentage during the
g of the Wlhole fermentation is 50.
racity

armenter
yeer iine

UTILISATION OF THE GAS—Considerable attention has been
ks at an

given to the possibility of utilising these gases, particularly with
oference to the hydrogen and acetone.

GASES AS A FUEL—One suggestion was to burn the gases, using
fhe heat to save coal. Without considering the cost of an installa-
on for this purpose, the heat available would save the consump-
on of 1.25 tons of coal per fermenter. At $6.00 per ton for coal
his equals .22 cents per pound of total weight of Acetone and
Butyl Alcohol obtained per fermenter.

One grave objection, however, to the burning of the gases is the
anger involved through enclosing the gases in pipes, and of hav-
ng explosions either in connection with the conduits or with the
hses when they were consumed, and it does not appear wise to
un a serious risk to the plant and incur considerable expense to

duce the cost of the product by .22 cents on say 22 cents or only
pe per cent.

sle yield
only wil

ACETONE RECOVERY—Another suggestion was to recover the
etone and plans were prepared and parts of the plant purchased
doing this by means of compressing the gases and cooling them

der conditions where probably seventy-five per cent of the
etone could be recovered.

GAs CoLLECTION—This plan for dealing with the gas was as fol-
is: The gas was brought from the top of the fermenter
ough an elbow and short length of 4” pipe, in which was placed
T carrying a 8" weighted safety valve, to the front where it
sed through a second elbow, a gate valve and into one end of a
f measuring box, as shown in drawing 26-24” diameter and 4
long and fitted with dividing plate with an 114" orifice in it.
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The original 8 tanks were bolted together, the final 4 welded, 5
manometer was connected across the orifice plate, measuring th
drop in pressure and thus giving a measure of the gas discharge
In some respects this answered well, but there was constant Jeg.
age, and it was found impossible to prevent a tank when foamiy
from filling up these vessels with fermented liquor.

The 4” discharge pipes from the drum were collected in an "
W. 1. header leading to what is now No. 9 fermenter, which wy
fitted up as a gas receiver. . The gas receiver carried a battery (f
three 3 in. safety valves and from it the gas was drawn through
4” and a 5” line to the compressing and extraction plant.

PROPOSED COMPRESSION PLANT No. 1—The first compressing
plant was laid out and partially erected to recover from the g
any acetone contained by freezing it out. Thus the 4” line me
tioned above led to a gas drum from which the existing 12 x|
compressor north, of the rectifiers and an 11 x 11 x 12 Westinghou
compressor draw and discharged into a compressed gas header,

Through the 5” line gas passed to two belt driven Rand 4
Compressors, one an 6” x 8”—54 cu. ft. per minute, and the othd
a 10” x 8”"—179 cu. fi. per minute which discharged the cm
pressed gas at 60 lbs. gauge into the compressed gas header. The
compressors were belt driven at 250 r.p.m. by two steam enging
acting as air engines.

From the header the gas passed through two 100 h.p. exha
feed water heaters used as coolers, one employing water and i
other cold gas as the cooling agent and through a steam separa
to pick out the acetone and into the steam engines used as i
engines one a 12 x 16 and the other 8 x 10” high speed.
exhaust (expanded cold gas) from these engines passed through
second separator to pick out any further condensed acetone ai
through one cooler (feed water heater) and out to the atmosphe

PROPOSED COMPRESSION PLANT No. 2—As a result of furt
consideration and experience together with the installation of
new fermenters, the design of the plant was altered.

In the 4” line leading to the gas boxes from the fermentd
between the gate valve and the box a 4” gate controlled side ou
for air was fitted. No. 9 fermenter was refitted as a fermenl
and a gasometer designed using one of the scale tanks as a g
meter, fitted with a new bell. This gasometer took the surp
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from the gas header and the main 8" header passed along to the
redesigned gas plant. This header fed the two Rand Compressors
and the Westinghouse placed together. The large engine was re-
tained as the gas expansion engine and the high speed engine was
ued as a steam engine. One of the “feed water heater” coolers
was retained, the other being replaced by a cooler made up ot
pipes.

The construction of this plant was stopped because of an ex-
plosion which occurred on Nov. 10, 1916, at 11 a.m., which showed
the danger to the whole plant if the gases were retained in the

huilding, a faulty connection in the electric light circuit having
used the explosion.

yattery of
through

npressi
a the
line men
r 12 x 1
tinghou
header.

PROPOSED COMPRESSION PLANT No. 3—It was deemed advisable
erefore, to place the compressing and acetone recovery plant else-
shere than just south of cookers 3 and 4, where it was being
reted. Consequently the design of another plant and building
asstarted. The building was to be erected on another part of the
roperty and the plant fitted up with gas engines working on the
the ot ld fermenter gas from which the acetone had been extracted as
the other plant. The use of gas engines was impossible in the
menting room due to risks of explosion. Due to further diffi-
lties the whole scheme of acetone recovery from the gas was

ndoned and the following system of piping laid out and its con-
ction proceeded with.

d s GAS DISPOSAL ARRANGEMENT NoO. 1—The arrangement then ap-
| ied was as follows (see drawing 63) : From the upper central
nge of the fermenter the gas passed through a short 4” nipple,
w and a second nipple, through a 4 in. gate valve to the side
tlet of a 4” tee. From the upper outlet of the tee a 4” gas pipe
through the roof and was fitted at the top with flange carrying
115" orifice plate which was arranged so that it could be en-
ly removed when the gas discharge became high. The gas
harged directly into the air. The lower outlet of the T was
ed with a drain so that no contaminating liquid could fall back
the gate valve disc. In addition a steam jet was arranged
ugh the T discharging on the disc of the valve. This jet was
ays in operation when the valve was closed but introduced a
ious possibility of contaminating through negligent operators.
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FROTHING SYSTEM—In conjunction with the above a frothin
system was laid out and partially installed. On the side of ey
fermenter 12” from the top a 3” flange was riveted to which 4 )
gate valve was bolted. From the latter a 3” line passed dow
through the floor and through the branch of a Y into a 3" frothiy
header. This header received the froth from each fermenter gy
carried it to two of the scale tanks from which it was to be dray
by the beer pump and sent to the still. Th . line was fitted wit
water flushing connections and all the bends were through Y's ay
45° elbows to give as free a run as possible. It was, howeve
finally considered inadvisable to try and control or make use o
the foam and the scheme was abandoned retaining only the g
outlet arrangement at the top which permitted the foam, by |
moving the orifice plate, to discharge on the roof.

This arrangement of gas discharge was continued in use f
about two months and was finally displaced by the system ny
being followed of discharging the gas by means of the most dir
route to the outside of the building.

PRESENT GAS DISPOSAL SY TEM—The arrangements adopted f;
this purpose are indicated o1 drawing No. 60, which shows a devi
which has been found to b entirely satisfactory in practice and
perfectly safe means of harging gas. This provides an acu
ate and safe means of ;ulating the gas and steam pressure a
of the steam discharge when sterilising the tanks, at the sameti
giving effective safety against collapse through a vacuum fornmi
in the tanks, certainly preventing any serious damage should eve
other precaution fail. The first of these was installed in No
fermenter about March 24, 1917.

This device consists principally of a cast iron cross and a
vanized iron box. The cross is a special casting arranged to ei
screw into the 6” flange of the original fermenter or to bolt to
flange and close nipple screwed into the 4” flange of the new f
menters (the latter construction was used in order to keep afl
4” diameter outlet). The front flange of the cross is set at
angle so that the gas pipe bolted to it has an upward slant of |
10, in order that any liquid carried out in the gas may drain
into the fermenter. The other two openings of the cross are cl
ing openings, provided with hinged bolted flanges, the upper
for cleaning the cross itself and the fermenter top in the imm
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froth ste neighborhood of the outlet, and the back one to permit of the
y trothing

- swabbing out of the gas pipe with a long swab.

le of ) FERMENTER SAFETY DEVICE—The device proper is in the form
hich a 7" (0 6 square galvanized iron box about 46” long becoming circu-
‘scf‘ dows lar at the top where it is flange jointed (millboard gasket) to the 6”
) “‘"':h"“‘; exhaust galvanized iron pipe and with an open bottom. There is a
enter an

dividing plate arranged as shown which is shaped to eliminate all
\tted il pckets and crevices around the flange for the gas pipe, which
ed witl

s might possibly afford a hiding place for bugs or make cleaning
h Y's and ifficult.

: The dividing plate has cut in it a rectangular orifice
h”“"""‘r with a notched upper edge permitting the easier discharge of gas
k"”““" "Bnd eliminating the sudden release of a large quantity that would
y the g

cur under a flat edge with the consequent surging. This orifice
m, by - uivalent in area to a 4” pipe, and the lower edge of the divid-
ng plate is also notched. There is a gate controlled by a lever
hich may be slipped in front of the orifice in the dividing
laste which carries an 114 in. circular orifice. The operating
ver of this gate is bent as indicated and moves in a closed sector
with thumb screw fastener) to catch any drip and keep the handle
ry. Around the box a few inches below the water level is riveted
jopted g perforated ring to dampen out surges and prevent liquid slopping
s a devicbver,
tice and

jost dired

This box is arranged inside a 10” x 30” can into which the anti-
ptic water is poured from a pail or other container, through the
rger lip, and overflows through the hooded overflow which pre-
ts the liquid level exceeding the proper value. The can is also
vided with a second lip and bailing handle for emptying and
th a pair of roller handles. This can is suspended on sash cord
rried over pulleys on the pipe frame and counterbalanced by a
t weight. There are movable brackets on which the can is hung
different levels and the frame work is arranged with horizontal

ssure 4
same I

| to el on which the can may be rolled out of the way.

yolt to A large funnel underneath catches the overflow or froth and
new ff ries it through a 6” pipe to the drains in the flow below.

eep &

set at

ACTION OF DEVICE—The action is as follows:

Steaming, Cooling and Filling a Fermenter—The can is at its
per level and the gate open, the device then acts as a safety
ve relieving at 10” of water through a 4” pipe.

Fermenting—1st stage. The can is at the lower level and
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the gate closed, giving free gas discharge through an 114" orifi
the pressure on which is measured by the manometer on the fe.
menter.

Fermenting—2nd state. The can as in 1st state gate ope,
giving free discharge of the greater volume of gas now generate
through a 4” pipe. The gate is opened after the pressure on the
manometer shows 5 or 6 inches on the 114" orifice.

Foaming—The can is further lowered until just sealing the eng
of the square box and the foam overflows the can and drips into the
funnel. After foaming the can is cleaned out and replaced.

EDWARD METCALFE SHAW,

SECTION VIII.—AUXILIARIES.
SECTION VIIL (a).
BUTYL SALTING PLANT.
APP. 1—ALTERATIONS.
APP. 2—BUTYL RECTIFICATION.

BUTYL SALTING PLANT AND SALT RECOVERY SYSTE)

The Butyl Salting Plant at Toronto, is a dual continuous s
composed of two distinct units; the salting plant proper, and m
auxiliary salt recovery plant, either of which may be operated in-
dependently of the other, and both of which operate continuousl,
differing therein from plants operating on the batch system.

The plant was designed to operate under the following condi
tions:

The crude butyl as it comes from the rectifier at Toronto, i
run into a tank B, where an aqueous layer of about one-third th
depth settles out. This aqueous layer contains approximately 8%
butyl, and is pumped back and redistilled. The butyl overflow
from B into a second similar tank B2. The butyl passing into B
from B is about 75% dry, but this may possibly run down to
low as 7T0%. A pump draws the butyl from B2 and di rges i
into either a large outside storage tank, from which it is drawn
required for salting, or directly into the salting plant reservii
The salting plant was designed to deal with butyl 30% wet. Fro
each fermenter of 25,000 gallons, are obtained 400 gallons of w
butyl, and at a rate of 6 fermenters a day, there would be 24
gallons of butyl to be salted per day, or 100 gallons per hou
Allowing for a possible doubling of this rate or 12 fermenters
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%" orificc [y, and still further, a margin for other contingencies, the plant
1 the for. Blwis designed to handle 240 gallons of wet butyl per hour.

Tests at Toronto have shown that after one minute of vigorous
ate open,

wdy shaking, in a graduated cylinder, and three minutes of set-
ng, the depth of liquid being 10 inches, the resulting butyl is 92%
v. In 240 gallons of wet butyl, 70% dry, there are 72 gallons of
ater, of which say 55 gallons will be salted out to bring the butyl
pto 93% dryness. It is expected that the average will be 93%

yess. This water will take up about one-third its weight of salt
hen saturated, or 183 lbs. (26% of brine by weight is salt at sat-
ration), which will increase the bulk about 15% or say 814 gal-
ns. Therefore on this basis, there will be 55x814—631/4 gallons
saturated salt water separated out per hour. The total quantity
fbutyl, water and salt water to be dealt with by the plant is thus
814 gallons per hour. In the drum, the time allowed for salting
a8 set at five minutes, and the total quantity of liquid being 2481/,
llons per hour, the salting drum was required to hold 5/60 x

7say 2014 gallons of the mixture. As the drum would norm-

Iy be about one-third full, the total capacity was fixed at 70 gal-

ns. The drum speed was provisionally set at 60 r.p.m. until

perimentation allows a proper speed to be determined.

The salt water rejected in the plant specified, would be 6314

llons per hour, which must be handled by the evaporator or salt

generated
re on the

g the end
s into the
d.
SHAW

rated in-
inuously,

tem. wvery plant. Steam is supplied the evaporator at 100 lbs. per
g cond-i inch, gauge (338°), the inlet temperature of the so-

being set at 210°, an inlet temperature difference
vonto, il 128°, 45% or 58° of which is the rise in temperature of the
hird et solution. The latent heat of solution, where steam is dis-

rged is 960, so that the quantity evaporated will be 58/960 or

werflovile of its volume. The evaporator thus must handle 100/6 x

~into B4 or 1,050 gallons per hour of solution, in order to recover the
vn toé Ibs. absorbed per hour in salting. From data established at
\arges ifiesgow where .622 sq. ft. of surface with a steam pressure which

Irawn ifbe 40 rise of temperature, 140 gallons per hour were pumped

ifough the tube, hence with a higher steam pressure giving 58

of temperature, 203 gallons per hour can be put through, and

to do the work required in this case ‘622x1050/203=3.21 sq.

be 2,4are necessary. This area is given by 4 tubes 5/16” bore 11’ 6”

or houfiee and to afford an ample margin 6 tubes were put in the evapor-
rgiving an area 5.75 sq. ft.
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DESCRIPTION OF SALTING PLANT. and
this
See Drawing No. 56. being

The crude butyl as it comes from the rectifier is run into a tany il mixti
B1, (13,400 gallons capacity, formerly used for wine storage) o il ¥hen
the ground floor of the distillery, and allowed to settle, the drier il tur:
butyl running over through a 2” overflow, located about one foo JJill Prese!
from the tank top, into a second similar tank, B2, (previouslys 9‘“"‘
spirit storage tank) from which it is drawn by a reciprocatingjill "¢ 01
steam pump (wine pump formerly) and discharged into a larg salt sc
outside storage reservoir B3 (400,000 gallons, formerly molass il tollow
tank), or directly into the inside wet butyl storage tank R, (25 Fr(
gallons capacity, formerly slop tank) of the salting plant. Fronjiiobserv.
the outside tank the wet butyl may be drawn by a large reciproct-Jimixtur
ing steam pump P1, at one time used for molasses, and raised intoillof & sn
the small reservoir R, previously mentioned. From the latter thiillsee tha
wet butyl runs under the influence of gravity through a 2" pip
in which is a 2” float controlled balanced valve, into the hopper Hjillof salt ¢
of the salting drum, washing in the salt added at this point, eithefilir
by shovelling or from the salt recovery system to be describefillescess s
later. The salt and butyl pass from the hopper into the saltin
drum through a hollow journal. éttling

The salting drum, (see drawing 47), is belt driven from gihat the
counter-shaft driven from a small 5 h.p. vertical steam engine (s into
note in appendix). The drum rotates at about 60 r.p.m. in specialgfotary m
designed pillow blocks, and requires little power to operate. tlocity ¢
interior of the drum is divided by disks into seven chambers, ailite suspe
there are four paddles or blades extending throughout the whole readil;
length of the drum. Communication between the chambers is iiifaning (
means of a 6” diameter hole in each disk, or through a rectangiiérried o
lar slot. fttling t;

The operation of the drum is as follows: It soluti

the first chamber, and as the drum rotates the blades successivillawn off
pick up the salt and let it slide off intc th2 et butyl, stirring ifileto flat |
mixture thoroughly. Once during :ach revolution, a deflector op{lfly many
site the rectangular slot cuts off a portion of the salt and guid@ The lig
it into the next chamber. The drim axis being horizontal, and e pump ,
inlet opening 4” in diameter, whule the holes in the disks arc §d elevate
the liquid flows from chamber to chamber through the 6" hilion of an

152



GENERAL REPORT

and also through the rectangular slots when below the axis. In
this way the salt and butyl pass on from chamber to chamber,
peng constantly agitated by the paddles, and the water in the

ato a tank [ Mixture dissolving salt until, upon reaching the last chamber,
om;'(*) o ¥hen the drum is being properly operated, the water is thoroughly
the drie uturated with salt, and comparatively little undissolved salt is

k" one fo present. The rate of flow of the liquid through the drum, and the
quantity of salt are under easy and direct control, the latter depend-
ing on the former. The mixture of 93% dry butyl and saturated
glt solution, flows out through the 5 diameter outlet in the other
hollow journal.
From the salting drum, the mixture flows into and through an
1t.  Fronfllobservation chute O.C. in a broad shallow stream. In the chute the
g nixture may be momentarily arrested from time to time by means
aised intfillof & small flap gate, and examined through the glass windows to
s that just a slight amount of crystal salt is coming through in-
suring thorough saturation of the water. In this way the amount
of salt admitted to the drum, may be properly regulated to suit the
ate of flow of butyl, so that the water is saturated and very little
ieess salt passes over.
The observation chute ends in a passage way leading into a
dtling tank T, (see drawing 49). This passage way is so designed
fhat the mixture of dry butyl and saturated salt solution in pass-
ng into the tank, imparts to the whole body of liquid in the tank, a
otary motion. The object of the rotary motion is to obtain a low
elocity and more time for the thorough or complete settling out of
bers, mfie suspended salt. The passage way is further so designed as to
e readily accessible through the hinged observation window, for
feaning out accumulations of salt. A large proportion of the salt
rried out of the drum in suspension, drops to the bottom of the
ling tank and the liquid remaining (dry butyl and saturated
It solution) flows out through the elevated overflow. The salt
pat settled out drops to the cone shaped bottom of the tank, and is
awn off occasionally through the salt valve V, (see drawing 48)
to flat pans or pails and returned to the hopper H. This is the
lly manual handling of the salt in the plant, except at starting.
The liquid proceeds from the overflow of the settling tank into
e pump reservoir R2 (see drawing 54), where the rotary motion
Id elevated overflow are made use of to effect the complete separ-
on of any remaining suspended salt. In this tank is arranged a
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float which controls the stop cock in the butyl supply line above,
allowing the wet butyl to flow in only as fast as the pump draws
the salted mixture from the tank.

The small rotary belt driven pump, (see appendix), draws the
butyl saturated salt solution mixture from the reservoir R2, and
discharges it into the main dry butyl storage reservoir R3 (form-
erly molasses storage tank) where the separation of the dry butyl
and salt solution immediately takes place, the former rising to the
top, and the latter settling to the bottom. The depth of salt solu-
tion at the bottom of R3, to effect a proper separation, need not he
more than one foot, possibly less. The separation is so definite that
even with small depths there is no danger of any butyl passing o
of the drain. There may of course, be any quantity of salt solution
kept in R3, but the greater the amount of salt solutio
stored, the less storage capacity is available for dry butyl, whilst
with a small quantity of salt solution, the pressure of the butyl
above it, will feed the evaporating system.

The dry butyl may be drawn off from the tank R3 through
either of three 2” connections located at three different levels in the
tank. To the south of R3 is a duplicate tank, in the same building
This will be used for dry butyl storage purposes and connections
are arranged between the two tanks so that butyl may be rn
from either of the three 2” cocks in R3 into the second tank.

This constitutes the Butyl Salting Plant and it may be oper
ated entirely independently of the second part of the plant about
to be described.

SALT RECOVERY SYSTEM.

The saturated salt solution settles out in the dry butyl storag
reservoir, on the bottom, and runs out under the influence of th
static head in the reservoir (due to dry butyl and salt solution)
through the original 4” drain connections and into a new 11}
supply line leading to the float chamber F.C. (See drawing 5)
(Evidently the head of salt solution and dry butyl in R3, mu
be greater than in the float chamber for flow to take place.) Th
114" supply line is provided with water connections for washin
out possible accumulations of salt, which are not however expect
Normally 6314 gallons per hour of saturated salt solution will
handled containing 183 lbs. of salt.
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e above, The salt solution is admitted to the float chamber through a
p draws 114" ball float valve, in order to maintain a constant level of liquid
o the chamber and to prevent flooding. The float chamber and
aws the Moloding chamber, are really one vessel, as the two are in direct
R2, and S mmunication through a 2” opening protected by a baffle. The
+ (form- Wliution passes through this opening into the exploding chamber
ry butyl Blehere the liquid has a rotary motion for reasons given later) and
g 1o the Wbt through the elevated overflow and a 114" return line, to the
alt solu- Mltion of a second small rotary pump E3, (see appendix), which
d not be Wlcharges into the evaporator E. (drawing 46), through a 34"
li_\“ that pe. This pump must handle about 1,050 gallons per hour.
sing out

In the evaporator the salt solution is pumped from a header
o six copper coils (entering at 210°) through which it flows
nder pressure, while the coils are surrounded by live steam under
pressure of about 100 pds., flowing in the opposite direction
hrough the passages in which the coils are laid. The solution is
hus heated under pressure to a temperature of 268" and passes out
hough the second header and returns through a 34" delivery line
bthe exploding chamber. The evaporator is provided with water
mnections for washing out the coils together with air vent and
ain for condensate.

The hot salt solution is maintained at the required pressure
the tubes by a needle throttle valve (drawing 54). On entering
¢ exploding chamber, 6% of the water is evaporated, and the
positing in fine crystals, of about 6% of the salt in solution re-
ts. The needle valve is so placed that the jet issuing from it
s to the liquid in the exploding chamber, a rotary motion, which
gether with the elevated central overflow, gives the salt oppor-
ity and time to settle. There are two overflows provided, one
which will cause the needle valve to discharge freely, the other
bmerged. It is not known at present, which arrangement will

ethe better results in the way of crystals of suitable size. The

i settles to the cone bottom of the tank, and is fed as required

ough the salt valve V2, into the hopper H and salting drum.

e evaporated steam escapes up the exhaust pipe which is pro-

ed with a moisture drain to prevent any condensed steam drip-

gback into the exploding chamber.

The salt solution coming in through the float valve just com-

sates for the water evaporated and keeps the quantity of liquid
he system constant.

solution
solution
i, whilst
1e butyl

through
Is in the
yilding.
nections

be run
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Generally speaking, this plant is designed to utilise as fully g
possible, the advantages of continuous methods. The liquids ang
salt are reduced in quantity at each stage, to the smallest amoun,
consistent with certainty of action, and the two advantages of
small quantities under treatment and small size of apparatus ap
obtained.

The plant is capable of easy control by one attendant.

At the rate of 6 fermenters a day, 2,400 gallons of wet buy
must be dealt with each day, and 240 gallons uses 183 Ibs. of sal,
so that 1,830 lbs. of salt can be recovered daily instead of being
thrown away. At present prices of $11.50 a ton for crushed rog
salt, or $13.50 for clean salt crystals, the salt used represents sy
$12.00 a day with only 6 fermenters. At a wage of say $4.00 for
10 hours and coal used 15 cwt. at $4.00 a ton, a total of $7.00 the
saving of salt will easily pay for working of the plant.

Much of the plant we shall use was already on the premise
when the buildings and equipment were taken over by us.

EDWARD METCALFE SHAW.
APPENDIX TO BUYTL SALTING PLANT REPORT.

There have been found, as a result of actually operating
plant, several changes necessary in the construction of the plan
In the first place, the steam engine drive proved unsuitable a
was replaced by a 3 horsepower induction motor, 750 r.p.m., dri
ing through a countershaft to the drum direct. This drive h
proved entirely satisfactory.

It has also been found necessary to place on the inlet end
the salt drum a gland as shown in drawing 69 to prevent leaks

The small rotary pumps originally arranged for were deem
unsuitable, finally, and replaced by a 3 x 2 x 4 duplex steam pu
to handle the butyl-salt solution and a 6 x 4 x 6 duplex steam pu
to handle the salt solution in the evaporating part of the pla
Small galvanized iron pans 18” diameter x 6” deep, were made
slip under the settling tank to receive the salt.

The salt was found to stick in the cone bottoms of the settli
tank and exploding chamber and the agitators shown in drawing
were installed that in the former hand operated and in the la
driven by belt from the drum. Those have been found fairly
isfactory.
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s fully as
juids and
t amount,
ntages of
ratus are

With regard to the operation of the plant as shown after some
time in actual use. The salting portion of the plant is imminently
gtisfactory having handled 600 gals. of wet butyl per hour and
ulting to 92 to 93% dryness. This part of the plant proved itself
wey of manipulation, lent itself readily to accurate observation of
the results, quality of butyl, etc., and close regulation of salt sup-
jly by means of the observation chute. The settling tank was
wet buty Jllefective in the removal of undissolved salt. The results obtained

by the evaporation portion of the plant were disappointing. The

heater proved most efficient and satisfactory, but the great diffi-
shed rocklalty arose through the escape of considerable salt up the exhaust
with the steam and through the caking of the salt in extremely

hard formations all over the interior of the vessel and its fittings.
aresult the original vessel was heightened with the same results

d with even a 7’ 6” diameter by 6’ tank and the needle valve at
premises ilither side or top of roof the results were poor. Finally the latter
nk was used with a large copper steam coil, simply boiling the

rine but again the salt froze on the tubes in an extremely hard
st, rendering the coils useless.

OR Having in mind then, the comparative cheapness of the salt
> ($11.00 to $13.00 per ton) in comparison with the value of
ting | e butyl dealt with, the extremely difficult nature of the problem

:h:‘ glan d the pressure of other more important work, it has been re-

table & lved to abandon for the time being the salt recovery system and

ari only the salting plant itself.

)(;:‘\\\h EDWARD METCALFE SHAW.

let end APPENDIX 2—BUTYL ALCOHOL RECTIFICATION.

¢ deendll Recently instructions were received to increase the dryness
»am purll the butyl alcohol beyond that obtained by simply salting and

butyl alcohol at Toronto is therefore now put through the fol-
the plafving system of rectification :

STORAGE AND SETTLING TANK SYSTEM—The crude butyl
i settif@m No. 1 rectifier passes to a 13,400 gal. copper spirit
rawing Bl, in which an acqueous layer settles out at the
the lal m and the drier butyl overflows through a 2” pipe about one
fairly 4§t from the tank top into a second similar tank B2 entering the
r 30” from the bottom. From B2 the butyl is drawn by a
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12 x 10 x 20 simplex steam pump( formerly slop pump) and dis.
charged through existing 4” piping to the large 1,250,000 g
| o outside storage tank, west of the shipping rcom. From this larg
‘ reservoir the wet butyl is pumped by an 8 x 10 x 12 simplex stean

‘ pump (formerly molasses pump) through a 4” line (partly exig.
| ing) into a 7’ 6” diameter x 6’ high galvanized iron tank—15(
gal. tank (built for acetone storage but replaced by larger). Frop
| a point 2 ft. from the bottom of this tank, to allow of any furthe
g1 (f settling out of water at the bottom, a 1” line passes to the hoppe

of the salting drum.

SALTING PLANT—The butyl is salted in the salting drum, s
I being fed in by hand and the butyl, brine mixture passes to th
g | settling tank, where the solid salt settles out, overflows into th
81 pump reservoir and is pumped by a 3 x 2 x 4 duplex steam pum
through a 1” line into the north one of two 18,000 gal. steel tan
in the shipping room, entering the latter midway between top a
bottom. In this large tank the butyl and salt solution separate a
the dry butyl overflows through the top one of three 2" overfly
into the south 18,000 gal. tank. From this latter tank a 6 x 4x
duplex steam pump (formerly used on the salt recovery system
draws the dry butyl through a 2” line and discharges into a li
made up of various sizes of pipe, most of which was in place in
i old plant, across the intervening buildings and Trinity Street
the Gooderham & Worts Still House and into either of two 11
: gal. copper still supply tanks. From these latter a 3" copper li
i runs to either of three Gooderham and Worts stills No. 1, 7
| gal. No. 2, 7,000 gal. or No. 3 4,000 gal.

e

| [ RECTIFICATION SECTION—The butyl rectification is carried
4 entirely in Gooderham and Worts equipment. From the kettle
No. 2 still, which is now used for butyl rectification, the vapors p
{ il through a 16” pipe to the column (8 sections and 23 plates) a
| ;1 thence through a 14” pipe to the goose. From the goose a

| pipe leads to either of two condensers and from the condensers
liquor passes to the tail box.

The runnings from the tail box are directed through either
two 2” lines to the centre of Gooderham and Worts No. 2 T
I House, containing sixteen 9,100 gal. copper tanks or to either
"‘ two 3,600 gal. copper tanks (formerly alcohol), south of No

Still. From the ends of the 2” lines in the centre of No. 2

An expe
izmann b
ure of
the work
4 hours,
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and dis- Jl pouse, lines of hose are employed to carry the runnings to any one

1,000 gal S f the sixteen tanks. The last runnings are directed into the two
this larg: i 3600 gal. tanks from which a 2” line drops to 6 x 4 x 6 duplex
lex stean Sl jump which discharges vertically to the long line by which the
tly exisi: Mlptyl is brought over from the salting plant. This same line is
1k—1,500 @ this used for both delivering the butyl to the rectifying section
). From@lamd for returning the last runnings. The above pump may also
y further @i used to empty the rectifying kettle should a bad charge at any
e hopperflltime require to be removed.

RETURNS—The last runnings are thus pumped back to the salt-

rum, sl plant where it is discharged into the top of what was formerly
o to e 2,500 gal. steel salting plant supply tank. This tank is ar-

into th nged similarly to the 1,500 gal. galvanized iron tank so that
am DUl o is provision for aqueous layer to settle out. A 1” line leads
cel tankigll o point 2 ft. above the bottom to the salting drum hopper,
'{‘n“\& ‘ ere the upper layer of the returns is salted. The lower layer

hat settles out in this tank is returned by a belt and gear driven

g ngle plunger pump (3” x 7”) through a 114" line to the bot-
6 \ W of the 13,400 gal. tank B1, and the lower layer in the latter
‘“:‘e‘? nk is removed at intervals by a 6 x 8 x 12 pump (formerly spirit
1to a

mp) and returned through a 3" line for re-rectification.
The butyl will be run into the drums directly from the tanks in

je Gooderham & Worts No. 2 Tank House, probably using the
isting alcohol racking off arrangements.

The butyl obtained by this system is 9914 % dry while the best
plained at Toronto by simply salting was 92-93%.

EDWARD METCALFE SHAW.

SECTION VIIIL (b)
CONTINUOUS FERMENTATION SYSTEM.

(PERIMENTAL PLANT FOR TESTING CONTINUOUS

FERMENTATION.
An experimental continuous plant for fermentation with the
izmann bug has been under construction since the fall of 1916.
ssure of other work has held back the completion though most
the work is done. It is designed to ferment about 700 galls.
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The necessity for such a method of working has largely disap.
peared since the present plant has run for three months withoyt
contamination spoiling a single fermenter, but the completion of
the work seems advisable because success would mean reduced cost
of construction, working expenses and increased safety as rogards
yield and accidents.

Some work had already been done in connection with conting.
ous cooking when this plant was first started and from the cxperi.
ments made it appears certain that the time required for sterilis
ing the mash and for getting the starch in solution can be at
down materially. Continuous cooking is now being applied o
large scale to the Toronto Plant—see section of report on New
Mash Line and Continuous Cooking.

DIFFICULTIES OF ORDINARY FERMENTATION—Considerable diff
cult is met with on account of the uncertain nature of the fermen
tation as carried out under the existing system—the rate of fer
mentation and the frequent frothing and foaming of the fermenigilted as |
ing liquor. This has not merely affected the periods, but has alg
caused trouble from the sudden increase in volume for periods o
as long as two hours, during which there is frequently some lugiilielve ta;
of the fermenting liquor from the tank. hich wil

POSSIBLE ADVANTAGES OF CONTINUITY—It is believed that co
tinuity through a series of fermenting vessels, arranged to all
for a continuous flow from one end of the system to the other, m
result in more uniform conditions of fermentation, while the eflcfile the 5o
of an increase in volume at a certain stage, though likely to§
always happening in the same vessel, would result, should the if
creased volume be abnormal, merely in bringing about for a sha
period a more rapid discharge of the completely fermented be
from the end vessel. th as alk

CONTINUOUS INOCULATION—The system of fermentation p
vides for the possible continuous reinoculation of the system,
that should the system act as perfectly as is possible the spo
originally introduced into the inoculating system will supply fr bsure thy
the seed stage a continuous amount of fresh inoculant.

In this connection, and in view of the uncertainty which
present prevails as to the variations in the vigour and efficis
of the bugs, provision is made by means of which a number of pif
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ely disap-

{4 suitable length are fed from the end of the seed circuit by
s without

ans of small pumps immersed in antiseptic fluid, so that the

pletion of gth of time which any of the seed takes to pass to the end of

luced cost [l inoculating circuit varies, say, from two up to twenty days.

s regards By having at least two separate circuits for each period the in-
alant introduced into the beginning of the seed stage will, it is

1 continu-

nght, provide from the assortment of spores, having, perhaps,
1e oxperi- Slkidely different properties, a uniform inoculant.
wurse, at least provides for absolute sterility.
It may be stated here that it has not been made clear up to the
sent to what extent the continuous system may dispense with
on Nevill introduction of fresh inoculant. Obviously, having once

rged the system there will always be B.Y. bugs in the first

Such a system,

-able diff
e fermen
te of fer

ferment
t has alsg
yeriods d
some log

(BSERVATION AND TESTING FACILITIES—The system of continu-
s cooking provides a constant quantity of mash, which is regu-
ted as to flow for the main fermenting system and for the seed
gem. There is considerable uncertainty as to what really hap-
s at the different stages of the fermentation, and therefore the
elve tanks in the series are provided, with long glass windows,
hich will generally be kep vered, with a suitably placed win-
w on the opposite side of the tank so that a powerful light can
thrown over nearly one-half the depth of the fermenting liquor,
owing observation to be taken of the conditions of fermentation.
Among other arrangements provided are those for distribut-
the seeded mash in the first tank in a thin stream, so as to en-
euniformity as far as possible.

Another provision made allows of the introduction into any
bk of fresh inoculant, or of experimentally testing the effect
introducing other forms of food for the bacteria, or chemicals

as alkalies or antiseptics.

In view of the possibilities arising in connection with foaming

the surface of the liquid, or of the collection of solid matter at

bottom of the tanks, a system is provided by means of which

e of the gas drawn off from the system can be forced at high

ssure through suitably placed perforated tubes in the bottom of
Ih vessel.

CoNTROL—The general system of flow is controlled by the differ-
¢ of pressure in the first and last vessels, which may amount
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to as much as two pounds to the square inch. The whole of
gas flows from one end to the other of the system, and is g
charged from the last tank. It can, if desired, be drawn off 4
one or more intermediate points.

Absolute precautions are taken to prevent contamination ip
system, and for this purpose any cocks or testing tubes are |
mersed in pots of antiseptic liquid.

The whole system is designed in such a manner that shoulj |
prove successful the existing plant of the British Acetones cay )
reconstructed to work on this system, and this work can be done
small cost and without putting more than two fermenting tay
out of the total number out of commission at any one time

Apparently the point most in doubt is whether such a sysiy
can be worked continuously without adverse influences arising
the series of vessels. Naturally, until the system has been trig
and in view of the present state of knowledge, it is impossible
say; but it can at least be said that there is no known cause whig
will operate adversely.

Full details and results of the working of the plant will he g
on as soon as the plant has been completed and fully tried out

EDWARD METCALFE SHaA¥W

SECTION VIII (c)—IDEAL PLANT.

IDEAL PLANT
For PRODUCING BUTYL ALCOHOL, ACETONE AND METHYL Erg
KETONE, FROM CORN BY THE WEIZMANN PROCESS.

GENERAL—It will be evident from the accompanying sectid
of the Report on the British Acetones, Toronto, Limited, that thd
have been difficulties to cope with, many of which have arisen fn
the fact that an existing plant was being adapted to new u
These difficulties could be avoided or eliminated in the design
construction of an entirely new plant. It was with this in nj
that the plant shown in drawing 64 attached was designed embof
ing as far as possible and compatible with other essential con
tions all the principles, arrangements and details of construc
shown by 12 months’ work on the Toronto Plant to be necessary
convenience, safety and efficiency in such a factory. This
together with the accompanying description, is therefore put
record more to define experience up to date than as a per
arrangement.
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The plant is based on the use of material and equipment now in

s at Toronto, re-arranged with such modifications as have been
gown to be advisable.

0urPUT—The plant based on the use of sixteen 30,000 gal. fer-

s are | enting tanks (although additional ones are under consideration)
hich, under the improved conditions of this ideal plant, would be

it should flkpable of fermenting 10 fermenters a day or 250,000 gals. of

mes can iilash, resulting in 5 tons of acetone per day and 10 tons of butyl,
be done if converted, in approximately 9 tons of methyl ethyl ketone,
iting tankfiat is a total of 14 tons per day of solvent.

me

h a sysh LocATION—In the design a location on a waterfront is assumed,
arising

pether with railroad facilities enabling the raw materials, corn
hd coal to be brought in either by rail or boat and the delivery
the solvent also in either way. The plant is laid out then on a
tangular plot of ground roughly 5% acres, divided into prac-
ally equal halves by the railroad right of way and with a berth
pr vessels in the middle of one side.

d out.

£ SHAW RAW MATERIALS—HANDLING CORN—On one side of the berth

br the vessels is the corn elevator with a capacity as at Toronto
1,000,000 to 1,250,000 bushels. This elevator would be arranged
ith unloading equipment both marine and rail and provided with
ply conveying equipment for handling the grain, transferring
om one bin to another, and delivering to the mill across the rail-
ol tracks. Ample grain handling facilities have been shown to
very necessary at Toronto in order to dry the grain by trans-
ing from one bin to another, eliminating dampness, which ren-
s grinding slow and screening difficult. The Toronto Plant is
out such equipment, and is under a serious handicap in this
pect as the grain can only be turned by hand.

YL Emh
i sectid
that the
risen f

CoAL—On the other side of the berth is the coal storage which
tial cofllthe case of Toronto, must be ample to eliminate shut downs as
urred last winter through a shortage of coal and uncertain rail-
d deliveries. To overcome danger from spontaneous combus-
from the large quantities stored, under water storage might
ve pub resorted to, in concrete pits with coal handling equipment for
ine or rail unloading and delivery to storage, and from storage
biler house by overhead conveyor across the railroad tracks.
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FIRE PROTECTION—ALt the end of the slip is located tne fi C
service pump house complete with boilers and pumps, drawing il coke
directly from the slip and capable of discharging 2,000 gais,
water per minute at 100 lbs. pressure.

The buildings on the land side of the railroad track are arrangy
in the form of rectangle with the distillery and storage building
in the centre. Between the various buildings are ample passag.
ways provided with light tracks and turn tables and cars for the
transporting of heavy materials.

MiLL—The corn is delivered from the elevator to the mill by
the overhead conveyor. The mill approximately 50’ x 50’ is locate/ il .
as shown and has a capacity of 4,000 bushels a day and is equip otion
ped with eight run of steel rolls and other necessary equipment,
capable of handling this quantity.

MASHING—Next the mill, in the same building, is the mashingiliiave co
section also 50’ x 50’. The mashing equipment consists of foufment t
mash tuns properly equipped and with a capacity of 16,000 galsjillsfety
per hour. Over the tubs are the meal storage hoppers and weigiJiiopening
ing gear fed by conveyor from the mill and feeding the tun e fer
through chutes under gravity.

POWER—The mill and mashing equipment is driven from t ith ste
engine room (30 x 50) next the mashing room. Here is locats
the main steam engine driving the countershaft which exten
through mashing room and mill. Here also is the mash pumpa

digesters with controls and gauges extending through the wall
the mash room.

DIGESTING AND COOKING—The mash is drawn from the mufmenta
tuns by the mash pump capable of dealing with some 200 g
a minute and forced through the digesters and 5” mash line acrfill INocu
the passage to the fermentation building (100 x 125), througoors abo
the exploding valve into the first of three 8,000 gal. steel cookergiliessels, si
In the mash line the mash is digested under 50 Ibs. of steam a0 gal, s
in the cookers probably cooked on the continuous principle undgiom one
about 15 lbs. pressure or less. The fourth tank shown is an efilboratory

haust steam reservoir as at Toronto. The cookers are desigd .1
for higher pressures than at Toronto and built with cone bigine under
toms (45° slope) so that the arrangement of the piping would ks are |
slightly different. panding i)
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1 the fire COOLER—A cooler pump under float control from the final
drawing Jill woker 2nd with a capacity of 200 gals. per minute, forces the mash
) gais. f Jtirough the cooler of the same type as at Toronto but larger and

with slight improvements which are being embodied in No. 3 cooler
pere which is now being built. The cooler in the ideal plant is
wpable of cooling 200 gals./min. 150° F. The cooler water is used

werywhere possible throughout the p'ant, for mashing, boiler feed,
rs for the e,

arrange
» building

FERMENTER—From the cooler the mash is delivered through 5”
mash pipes properly protected on the positive system from contam-
iation and arranged with long radius bends 45° elbows and Y’s
o offer least resistance to the fermenters entering the latter at the
wntre of the bottom. The fermenters are sixteen in number ar-
rnged as shown. They are built to withstand pressures of 5 lbs.,
have conical bottoms and are equipped with the devices and equip-
ment that has proved satisfactory here, including vacuum valve
000 gilsfiafety device, thermometer, etc. The inlet and outlet is a single
1d wei pening at the bottom of the conical bottom and is 6” in diameter.

e fermenters are arranged in four groups with the piping as
own, the filling and emptying lines being one above the other,
e former 5” and latter 6” and the valves properly safeguarded
ith steam locks, etc., against contamination.

BEER LINES AND PuMP—The 6” beer line from each group of
ermenters passes by the most direct route and with easy bends
cither one or two pumps with a capacity of 20,000-25,000 gals.

nhour which discharge the fermenting beer before completion of
ermentation to the Finishing Tanks.

INOCULATION—The inoculation equipment is arranged on the
rs above the continuous cookers and consist of six 5 gal. culture
essels, six 100 gal. inoculating vessels on the top floor and sixteen
gal. seed tanks arranged on the intermediate floor. The feed
Jle un m one to another is by gravity. Besides this equipment is a
ratory on the top floor for the staff in charge of the seeding
essels. The inoculant from the seed tanks is forced into the mash
e under pressure by a rotary pump (2,000 gals. hr.). The seed
are of steel or copper with conical bottoms, capable of with-
nding internal pressure of 15 lbs.

would

1656
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FOAMING AND FINISHING—The fermenting liquor from the fe.
menters is pumped at a high rate through the 6” line across the
central passageway of the plant to four 40,000 gal. foaming and fip.
ishing tanks on the ground floor at one end of the distilling ang
rectification building. Here the fermentation is completed and the
beer and foam drawn off simultaneously by a 200 gal./min. beer
pump and discharged vertically to the distillation section.

DISTILLATION—In the distillation section the beer first passys
from the beer pump to the two 6,000-7,000 gal. an hour beer still,
The stills with their heaters and condensers are on the floors aboy
these tanks and operate on exhaust steam from the central e
haust steam reservoir. The runnings from the still tail box pay
through the wall to the storage tank building where it is stored iy

where it is used to heat the feed water.

RECTIFICATION (PRELIMINARY)—The preliminary rectificati
is taken care of by two kettle rectifiers each taking a 15,000
charge. The charge for these rectifiers is drawn from two tan
in the tank house and pumped into the kettles by a simplex ste
pump. The rectifiers are complete with columns, goose dephl ived frc
mator and coolers and the runnings are directed to the pro
tanks (15,000 gal.) provided in the tank house.

ACETONE RECTIFICATION— (SECONDARY)—The secondary r
fication of the acetone is carried out in a continuous Barbet Aceto

from this still is directed to the storage tanks in the tank ho
with a capacity of 8,000 gals. (glass lined) giving ample margi
over a car load.

BUTYL SALTING AND RECTIFICATION—The butyl alcohol f
the first rectification after settling out the aqueous layer in the
house (15,000 gal. tanks) is pumped to the salting plant on
ground floor of the rectifying building. From the salting p
feed tank (2,000 gal.) the upper layer passes to the salting d
and thence to the first of a pair of settling tanks and overflo
from the first into the second; from the second the salted butyl
pumped to the third of the battery of three rectifiers from whi labor;
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, | SHOPS—The steamfitters’ and carpenters’ shops and mess rg 62.
' are in a separate block of buildings, conveniently located with 63.
; gard to practically the whole plant. :'
i i : 6.
‘ | OFFICES—The business offices, engineering offices and g 5;'
{! quarters are as shown in a convenient and handy location, 0.
| girls rooms being over the offices and communicate by bridges v .
[ the fermenting floor and rectifying rooms. .
[l 1
i | EDWARD METCALFE SHAW, 81,
| 8.
(! 8,
| 8
| DRAWINGS. 96l
il !
i No. Title. ,9'9‘
N 1.  Stuffing Box for Cookers. 4\\(1)
'8 U 3. Step Bearing and Outlet for Cookers. g
| U 4. Sterilisers for Cookers.
¢ 5. Steam Connection for Cookers.
! 6. Cooler. )
] 7. Coil Connection for Cooler. 2‘
4 8. Baffles for Cooler. 3'
1 9. Stirrer for Cooler. 4'
! i 12. Header and Piping for Cooler. y
k 18. Fermenters.
! 20. Acetone Storage House.
4 21. Drum Washing Tank. 1

{ 22, Gauging Vessels,
3 26. Gas Measuring Box.

30. Cooler.
30A  Cooler Details.
35. Mash Inlet for Cooler.

3 o 36.  Reconstruction of Fermenter No. 1.
| | W § 38. Piping to Inoculators.

40. High Press. Cooker.

41. Piping to No. 1 Cooler.

46, Evaporator.

{ 47. Salt Drum,

48. Salt Valve.

49. Settling Tank.

51. Salt Drum Pillow Blocks.

b4. Exploding Chamber.

56. Salt Drum Hopper.

56. Butyl Salting Plant.

i 59A  Rectifying.

‘.; 60. Safety Device for Fermenters.
) 61. Distillation System.
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BRITISH ACETONES, TORONTO LIMITED.
FERMENTATION DEPARTMENT.

A report on the work and the results obtained during the period
fom April 30th, 1917, to November 11th, 1918.

N. W. PIRRIE, EsQ.,
Director of Propellant Supplies,
Imperial Munitions Board,
Ottawa.

EAR SIR: «

I propose in my report to follow the scheme underlying the
rlier one, a copy of which is appended, and to bring before your
ttice the bacteriological principles which have been considered

d followed in the development of the plant, and in the routine
ork of producing acetone and butyl alcohol.

LABORATORY WORK—The problem of preventing the occasional
uiggishness of the culture of the fermenters, and the resulting

of time from slow fermentations has continued to demand
attention. The organism in the various stages passes through
en cycles or generations covering a period of eight days. Ex-
rience has shown how difficult it is to predict from the physio-
ical and morphological characters of one generation what those
succeeding generations will be. The loss in vitality is very
ual and we have endeavored to reduce the length of time and
number of generations required to produce from a test tube
tire the volume of culture required to inoculated eight or ten
enters daily. We no longer sub culture in the laboratory but
day’s culture in the seed tanks is derived from a new spore

re taken from the stock. The following stages represent the
essive increase in bulk:

Spore Tube.

Monday—2 test tubes (Sealed and anaerobic).
Tuesday—b test tubes (Open).

Wednesday—2 flasks (4 t.ts. used) 1 test tube to stock.
Thursday—2 Culture Vessels.
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Friday—2 Inoculators.
Saturday—8 Seed Tanks.
Sunday—10 Fermenters.

The organisms which form spores at the termination of thei
life histories are the normal and most virile forms. Therefore, by
starting daily a new batch and bringing the fermenter stage g
near as possible to this early active condition the results obtaine
are improved and made more constant. During the last two yean
by our system of storing spore tubes of the most active culturg
we have selected a more uniform and vigorous culture living under
the conditions obtaining in this process.

At intervals various batches of maize media prepared in the
laboratory have been found to be incompletely sterilised in spit
of the fact that the usual methods had been adopted. Owing t;
the presence of resistant spores in the meal and the jelly-lik
nature of the medium the preparation of tubes and flasks requirg
constant care and I attach the greatest importance to this portin
of our work. '

There has been a large increase in the number of sterility testy
to be made and the number of samples to be titrated and exan
ined microscopically, consequently the laboratory situated som
distance from the factory was found to be unsuitable for our neefs
owing to the loss of time involved in passing to and fro, and th
fact that the bacteriologist in charge was not within easy accey
A new laboratory was equipped for routine work, and put in
operation early this year, and the old one we retained for resear
work. This new laboratory is situated in the General Distill
Building and is in direct communication with the factory.

In addition to the problems in direct connection with the pn
duction of acetone which will be mentioned later, other problen
have been under consideration in the research laboratory. It
hoped that the increased knowledge of the physiology of the p
cess would lead to greater efficiency and by improvements in o
methods to better practical results. Owing to the fact that th
part of the work could only be done as extra voluntary work
the staff, we have not been able to make very rapid progress, a
when the work ceased here the problems enumerated below we
still being investigated.

(1) The isolation and identification of the organic acids p
duced during the fermentation.

INocu
its in the
h!OI‘S ha
tealize t}

174



FERMENTATION DEPARTMENT.

(2) The isolation and identification of the intermediate sugars
formed in the hydrolysis and oxidation of starch.

(3) The toxic effect of the lower members of the fatty acid
geries on the Weizmann Organism,

1 of thei{ (4) The nature and significance of the relationship existing be-
'm{’r;' by tween the following physiological characteristics of the fermenta-
stage & A
obtained JE O

(a) The acidity curve.
(b) The rate of total gas evolution.

(¢) The changes in the relative percentages of carbon dioxide
ad hydrogen.

(d) The rate of production of acetone and butyl alcohol.
ed in the Both from the practical and purely scientific points of view the
wtinuation of this work is worthy of consideration.
The members of the laboratory staff have during this period
oquired a large amount of new knowledge regarding the organ-

m, and when problems of importance have arisen in the factory
this has been of great value.

WO years
» culture
ing under

CULTURE VESSELS—The changes in connection with the early

tages of the culture in the factory, which are foreshadowed in my
t report have been carried out.

The pails are no longer used,
ur necliy have been replaced by culture vessels holding approximately
\, and je same volume of mash. These vessels are an integral part of

e whole plant system and the inherent difficulties and risks in
pnection with the preparation and transference of the pail cul-
res have now been eliminated. After a long experimental period
e culture vessels were connected to the inoculators in October,
17, and have given every satisfaction. The detail of these ves-
s was most carefully considered to ensure sterility and proper
mperature conditions. In January, 1918, when the seed portion
the plant was enlarged and transferred to another part of the
ory the battery was increased from three to six units. Four
these were in constant use and the extra ones enabled us to keep

battery always in good mechanical condition and provided for
pssible increase in production.

INOCULATORS—The only change has been in the number of
jts in the battery from three to six. On one or two occasions in-
lafors have been slightly contaminated, and we have been made
tealize the value of the antiseptic oil cup around the propeller
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shaft on the gland and careful attention to: (a) The manhole coyer
gasket and (b) all air valves.

The line connecting the culture vessels and inoculators is cop.
tinually under live steam pressure when not being used to transfer
inoculant. When the latter operation has to be carried out the lije
is sterile but at a high temperature. To wait until the line is ¢
is impossible when necessary operations have to be carried out i
fairly rapid succession in the plant, and apart from the loss of tine
there is a possible danger of contamination. At the same time ex.
perience has shown that the heat of the line has an injurious effect
on the comparative small volume of culture, namely three and ;
half gallons, which passes along the line. When the new plant was
erected provision was made whereby the line could be cooled to the
room temperature, and still remain sterile by connecting to ita
sterile water chamber. The latter during the greater part of the
day was gradually filled with condensed water from live steam, and
being continually under fifteen pounds pressure the water remaine
sterile. After a charge of cool sterile water had passed through
the line the inoculant was transferred to the inoculator.

SEED TANKS—The battery was increased in January, 1915
from nine to sixteen units and transferred to a separate room. The
diagrams and drawings of the seed tanks will show how the filling
line which formerly discharged into the seed tanks about three fed
from the base has been lowered and arranged so that the sed
tanks are filled from the bottom, through the same connection ths
the semi-fermented mash passes along later as inoculant for thy
fermenters. The system of valves with the seal of sterile watd
from the live steam connection prevents contamination and filli
from the base eliminates much of the noise and frothing whid
occurred formerly, caused by the mash at fifteen pounds pressu
discharging from the filling line into the seed tank. The stea
used in cooking the seed tank mash passes along the discharge inglities
and so prevents any blockage due to lumping in the line. On seiilsh ;
eral occasions when separate live steam connections were used th
inoculating line connection had to be cleared by blowing lifased poi
steam into the seed tank before the inoculant would pass along inifih
the fermenter, such an operation does serious injury to the cultu

For several days in the early part of January the seed tan
were extremely poor and for some time no explanation was for
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ole cover wming. The inoculators were normal and our methods of work-
ing the seed tanks had not changed with the exception of .the gbove

e 4 et gterations, which had no real bearing on the fermentation itself.
) Inorder to expedite cooling the hot mash, and also to break up any
\rsase head which had formed during the fermentation extra beaters had
oo ien placed on the shaft, being fastened just below the surface of
e 45 Ml the mash. When everything else had been as far as possible elim-
g ‘;m o nited an endeavor was made to see if the beaters were responsible
ek s or our failures. A temporary connection was made from the in-
Wiie B wulators to the base system of valves on the seed tanks and the

s effec inoculant instead of falling into the surface of the mash was in-

o “nd,a ited at the base by gravity. Seed tanks inoculated in this way

wples ere normal. It seemed clear therefore that the upper beaters

bt ere neutralising the effect of the propellor at the base, that the

gﬂh‘lf“mt piture was not being incorporated into the mash and being in an

3 erobic atmosphere failed to develop. There was no contamina-
onm, ¢ on which would have explained the complete loss of vitality.
“'m‘ﬂum fhen the beaters were removed no further difficulty was encount-

through red, This instance indicates the constant possibility of mechanical

fiiency in one or more minor operations being injurious bacteri-
pgically in the major sense.

MILLING—A detailed description of the operations carried on
p the mill will be found in Mr. Shaw’s report. During the last
gr on some days the demands made on the mill were in excess
its capacity for the production of cleaned meal. In order to
aintain our output the meal from one or two of the stones was
n directly to the bins and not passed over the screens. The fer-

ntations did not suffer from the presence of the larger amount
protein and fibre.

MASHING—In considering how to increase the output of acetone
means of other than the erection of new fermenters two possi-
ties presented themselves, namely : By increasing the volume of
sh in each fermenter, and by increasing the percentage of solids
the mash. The only objection to the first of these was the in-
pased possibility of foaming towards the end of the fermenta-
n. This objection was eliminated by covering four of the large

enters in the Gooderham and Worts cellar thus converting
m into reservoirs where mash could be pumped and allowed to

ent through if foaming did occur. Careful tests were made
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to find whether pumping the fermenting mash and storing in a tayg
which was not sterile would injure the organism and prevent t,
completion of the conversion of starch into acetone and huy
alcohol. In the laboratory we found by careful experimental wog
the point of time during the fermentation when large amounts ¢
the culture of the organism (see previous report) which has beg
present in contaminated fermenters in the factory can be it
duced.into the Weizmann culture without destruction of the Jate,
It became quite clear that after twenty hours of fermentation ting
when the acidity was falling mash pumped over would be abje
withstand the possible contamination in the storage tanks, Ty
endothermic heat produced was sufficient to maintain the requip
temperature,

The second possibility had to be considered from two points
view. What was the maximum concentration of maize in the my
which could be consumed by the organism without lowering o
percentage yield? What would be the effect on the mechanig
efficiency of the plant for mashing, cooking, and cooling? In
laboratory it was found that until a concentration of 14% is pass
there is no appreciable loss in the percentage yield and no loss
time in the fermentation period. We therefore proceeded to grad
ally increase our concentration in the factory and made cary
observations of (a) The time of fermentation. (b) The yield 4
gallon and the weekly yield per pound. (c) The efficiency of
mash floor and coolers. (d) The sterilisation and cooking of f
mash in the cookers. In October, 1917, the maize in each fg
menter was increased from 18,000 to 20,000 lbs.  Our yieldq
acetone per gallon went up from 35 ces. to 37 ces. on the aversg
and the weekly yield of around 8.5% was maintained. There
no loss visible in the mechanical efficiency of the plant. A sinik
result was obtained when towards the end of October the mai
per fermenter was raised to 24,000 lbs., i.e. 10% mash. The fa
gallon average gradually went up from 37 ces. to 41 ccs. of acetm
Above this concentration we encountered difficulties in pumpi
the mash and the efficiency of the coolers diminished.

The standard fermenter since November, 1918, has been 24
Ibs. of meal in which with the water made up the total volume
24,000 gallons of mash.

COOKING—During the first week in July, 1918, the connectifill the lnté
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ng in a tank
prevent the

and butyl
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amounts g
th has bee

yith the continuous cooking system were completed. The mash
for the fermenters on four days in the week was cooked and ster-
iised by the new method. The whole of the apparatus (described
i engineer’s report) worked smoothly and the operating staff in
this Department quickly mastered the few necessary directions. All
other conditions of working remained normal.

During the whole of this experimental period the mash dis-
darged from the system was sterile and none of the fermenters
were lost on account of contamination. When the end of the half
days programme was reached, and the cookers had to be emptied
and cooled individually, i.e., by the old system, we found that there
was a considerable deposit of the heavier constituents of the mash
at the base of each cooker, and the pumping and cooling of these
charges from the cookers was a slow and difficult operation.

The fermenters filled in this way behaved uniformally, and had
he following characteristics: (a) the organism deteriorated rap-
idly; (b) the maximum acidity was above the normal; (c) the
period of fermentation was prolonged and the yield per gallon
pelow the average. Our yield for the week was 7.3% instead of the

verage yield of 8.56%. We returned to the old method of discon-
d to gratfginuous cooking.

n the mad
wering o

e careft The difficulty seemed to be a fundamental one. If the mash in
e vield he several cookers were agitated violently by mechanical means
,“;.\. of rby strong jets of live steam the whole idea of a steady stream of
ging of -

sh would break down and not only would the mash be insuffici-
htly cooked but there would be grave danger of mash passing rap-
lly through the system and into the fermenters unsterilised. On
he other hand by omitting agitation the mash was not cooked
hroughout and the starch unprepared for the organism. It is
ot possible to say whether on further trial by increasing the pres-

¢ in the mash line better success could have been obtained. It
ould be stated however that the preparation of a starch medium
pr either a yeast or bacteriological fermentation is an operation in
hich the time factor plays an essential part and cannot be sacri-
ped by the use of high pressures. The problem involves a more

siled discussion of the chemistry of starch, apart from all
echanical consideration.

CooLING—The cooling system has not been changed in char-
fer during the period covered by this report. A second cooler
the later type designed and described by our Mr. Shaw in his
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last report-has been in continuous operation. They have givy
every satisfaction to this Department both as regards ease of
operation and sterility. Owing to the facts that temperature cop.
ditions in the fermenter are most important, and the necessity
which exists for absolute sterility I feel that the coolers have cop.
tributed very largely to the success of the plant.

H. B. SPEAKMAN,
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December 16th, 1918,
3 N. W. PIRRIE,
Director of Explosives,
Imperial Munitions Bd.,
Ottawa, Ontario.

The accompanying report supplements the previous one, dated
uy 21st, 1917, indicating the changes that have been made, and

he method of operation which was in force at the time of closing
e plant.

The general methods used in the distillation of Acetone and
ityl from this process can be modified in numerous ways and
ae in the case of the British Acetones, those which could be
wt readily and speedily adapted to the existing plant. The first
prtion of the report briefly describes the plant and process with
erence to the accompanying flow sheet, the second part deals

ortly with the distillation as carried out and with laboratory con-
ol methods.

You will observe from the yield and production sheet at the end,
it during the operation of the plant a net total of 2,871 short
s of acetone were produced with a yield of 7.76% on dry corn
shed.

I am sir,
Your obedient servant,

D. ALLISTON LEGG.

#
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BRITISH ACETONES TORONTO LIMITED.

FINAL REPORT ON THE DISTILLATION OF ACETONE AND
BUTYL ALCOHOL, PRODUCED IN THE WEIZMANN
FERMENTATION PROCESS.

D. ALLISTON LEGG.
PART L

PROCESS AND PLANT LEADING TO PRODUCTION (f
“PURE ACETONE.”

On completion of fermentation, or when the fermenting liqur
has reached a safe stage as regards contamination or on the do
velopment of “foaming” the beer is pumped from the fermentatin
to any of:

FIVE 50,000 GAL. FINISHING TANKS—These are wooden tank
with sheet iron covers and are vented to the air. They receiv
by pump from the fermenters and deliver to a sump tank in whid|
a stirring gear is provided. The fermentation is allowed to finis
here and the beer is then pumped via the stirring sump (this fo
the purpose of delivering a uniform mixture of head and slop)
either or both of :

Two BEER STILLS—These are 6 ft. in diameter with 10 plats
and 69 boiling caps on each and work in conjunction with a be
heater. Each still can handle about 6,000 gals. per hour of be
and deliver from 600-700 gals. per hour of AB of S.G. about 0.8
and containing about 20-23% acetone, 45-48% Butyl Alcohol, 423
Ethyl Alcohol.

Heat is provided by exhaust and live steam.

The AB from these stills passes to either of:

Two CoPPER AB TANKS—These are graduated and the qua
tity of all liquid withdrawn is measured and an estimation ¢
the acetone and butyl alcohol content is made. On this measu
ment and on the determination of the content of these tanks at ff
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DISTILLATION DEPARTMENT.

ad of the week, is based the weekly estimate of yield. The AB
is rectified in either of:

Two DISCONTINUOUS RECTIFYING STILLS FOR 1ST RECTIFICA-
10N—Old spirit stills with 37 x 5 ft. column, 24 plates, 7 boiling
aps on each. Kettle 13,000 gals. Goose dephlegmator. Steam coil

INE AND

[ANN heating.
A typical charge for either of these stills would consist of:
About 10,000 or 11,000 gals. of AB, containing about 20-23%
Acetone.
3,000 or 2,000 gals. of Al, containing about 25-30% Acetone.
As soon as the coils were covered gentle heating would be com-
menced and on the completion of the charging the boiling up would
TION OF e continued for about 10 hours before draining off any product.
e following indicates approximately the results and time of
Aing liquor
on the de ;ime taken Sl i ek
e 3 run pro- ature o mount o
a— duct. g Product. Product.
10 hours
10 minutes Washing out condenser 20-50 gals.
12 hours Pure Acetone, about 2,000 gals.
1-2 hours Acetone less than
50 minutes per
manganate test, about 400 gals.
) (this f Al 3-4 hours Intermediate fraction
d slop) Acetone—ethyl alcohol—
Butyl CB mixture, about 2,000 gals.
10 hours Norman butyl alcohol.
10 pla CB mixture plus some

ethyl alcohol, about 6,000-7,000 gals.
10 hours Butyl plus higher
alcohols and butric

acid 20-30 gals.

The “Pure Acetone” fraction is run to either of :

4. GAUGING VESSELS—These are 100 gals. each, receive from

er rectifiers and deliver to A2, or if acetone is satisfactory to
er of :

TWo GLASS ENAMELED 4,500 GAL. PURE ACETONE STORAGE AND
IPPING TANKS—From these tanks the pure acetone can be tested
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in bulk and then racked off by gravity into drums.
The A1l fraction is run to either of:

Two CoPPER A1 TANKS—11,000 gals. each. Piped so as to re.
ceive from tail box of either rectifier and the continuous still, and
to deliver by pump to either of the discontinuous rectifiers.

The Al is an intermediate fraction, rich in ethyl alcohol and
containing as well, about 256% of Acetone, some butyl alcohol ang
small quantities of aldehydes, ketones and secondary alcohols, [t
is recirculated in the first rectification system.

The A2 is run to either of :

Two CoPPER A2 TANKsS—11,000 gal. tanks, provided with

Fror
means for stirring and diluting with water. Piped so as to re jilba:
ceive from any of the rectifiers and to deliver by pump to the con-
stant level tank of the Badger continuous still. SALT

The A2 is strong acetone but fails to stand a satisfactory per- Jilluge gl
manganate test.

The B1, or butyl water constant boiling mixture passes into: CoNT

prov

B1 TANK—This is a copper tank of 13,000 gal. capacity and is and

provided with triple gauge glasses. The Bl separates into tw
layers and the top layer overflows into:

B2 TANK—A copper tank similar to the Bl tank and connects
by pump with:

B2 STORAGE TANK—A 1,250,000 gal. steel storage tank. R
ceives by pump from B2 and delivers to salting plant feed tan

The bottom layer of Bl or “Weak Runnings” is pumped to The bri
sump and thence back to Beer Still. The Last Runnings consis
of a few gallons of higher alcohols together with esters and aci
It flows into the:

LR TANK—A 400 gal. steel tank from which the LR is racfli "¢ fa
i into drums.

The A2 fraction (when sufficient has accumulated) is dilut
in the A2 diluting tank to 25% strength and then passes to th

:u ft BADGER BARBET CONTINUOUS REFINING STILL—This compri
F a 13 ft. x 5 ft. and 16 plate exhausting column and a 20 ft. x 4
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oncentrating column with 39 plates. A small modern dephlegma-
or and auxiliary purifying column (not needed) were provided.
Imis still is capable of delivering 75-80 gals. per hour of A3.
me small quantity of “heads” is returned to Al tank. The still

ivers into three gauging vessels and then either to the “Pure
stone storage” tanks or back to the A2 tank.

as W re

still, and

wohol and
sohol and
shols. It

ROCESS AND PLANT LEADING TO THE PRODUCTION OF
RECTIFIED BUTYL ALCOHOL.

fed with
as to re
) the con-

From the B2 storage tank the Crude Butyl Alcohol is pumped
ha:

SALTING DRUM FEED TANK—This is a 2,500 gal. iron tank with

tory per ge glasses and feeds by gravity to a:

 into: CONTINUOUS SALTING DRUM—An iron drum about 6 ft. x 2 ft.
d provided with plate baffles. This drum is rotated whilst the

and butyl alcohol are fed in through a hopper and trunion
into twojint. The brine and Salted Butyl are pumped to the:

SALTED BUTYL SETTLING TANK—An 18,00 gal. steel tank with
uge glasses and an overflow to the:

SALTED BUTYL STORAGE TANK—An 18,000 gal. steel tank from
jch the salted butyl can be pumped to either of two still charg-
sed tan tanks.

The brine from the salted butyl is run to the “Beer sump” and
fce to the Beer Still to recover any dissolved butyl alcohol.

TWo CHARGING TANKS—Two 10,000 gal. copper graduated
iging tanks which can feed either of the:

W0 BUTYL RECTIFYING STILLS—OId discontinuous spirit stills

4 “ x 5 ft., 26 plates and three boiling caps in each plate, 7,000
| kettle. Goose dephlegmator.

A charge for the Butyl Alcohol rectifying still consists of 7,000
of salted butyl alcohol containing approximately :
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Butyl Alcohol 84-85% by wt.

Ethyl Alcohol 6-7% by wt. (including small quantities of Sec. 4.
cohols).

Water 8% by wt.

Ketone 0.7% by wt. D

Salt (NaC1) 02% by wt.

The following indicates approximately the results and time
distillation :

Time in hrs. Nature of Fraction. Amount in g

Heating up 6 hrs.

First runnings 2 hrs. Ethyl Alcohol, ketones, R
and secondary alcohols .
into some butyl aleohol 600-700 galy ‘

B1 11 hrs. Butyl water CB mixture ap
and some ethyl alcohol ) ec,
collected. Till S G falls to
.815 at 60° F. 2,500 g

B3 6-8 hrs. Rectified butyl alcohol.

About 99% pure

Residue Butyl alcohol and higher

aleohols 150 This

g the

The first runnings (FR) flows to either of : jon in
Itis

Two COPPER STORAGE TANKS (FR)—These are gradusss org

tanks and can receive by gravity from the tail box and deliver}
pump to the kettle. The FR on accumulating is redistilled.
The B1 flows to a 2,500 gal. tank and is then pumped back
the salting plant system for re-salting.
The B3 runs to either of:

S1X RECTIFIED NORMAL BUTYL STORAGE TANKS (B3)-—i|l
gal. copper storage tanks from which the B3 can be racked i
drums, pumped to weigh tank, or delivered to M.E.K. plant.

The residue from the still is pumped to a storage tank and v
a sufficient amount has accumulated it is redistilled.

The First Runnings are redistilled to produce:

FRA 1. Ethyl Alcohol (ketones aldehyde).

FR 2. Ethyl Alcohol, with small amounts of ketones

higher alcohols.

Bl Butyl Alcohol with some ethyl alcohol. Returned

butyl rectification system.
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PART 2.
of Sec. a
IABORATORY AND OPERATING CONTROL IN VARIOUS
DISTILLATIONS LEADING TO PRODUCTION OF PURE
ACETONE AND RECTIFIED NORMAL BUTYL
ALCOHOL.

DISTILLATION OF FERMENTED MASH (“BEER”)—On the com-
bietion of each fermentation a sample of the beer is taken and the
proximate acetone content estimated by the following method:

500 cc. of the beer are distilled till 100 cc. of distillate is ob-
ined. This is diluted to 1 litre and 10 cc. of this solution used
or the estimation as follows: 10 cc. of solution plus 50 cc. of N
a plus 20 ce. of N/b iodine are allowed to stand for 10 minutes.
b5 cc. of N sulphuric acid are then added and the liberated excess
odine titrated back with n/10 thiosulphate.

The solutions are from time to time standardised under like
jnditions against pure acetone. A factor for conversion of cc. of
pdine into cc. of acetone per gallon of beer is used.

This method is only intended to be a rapid means of determin-
g the value of a fermentation or the occurrence of contamina-
on in order to control its delivery to the still or its rejection.

It is found that contaminated “beers” yield bye-products includ-
g g organic acids, aldehydes, and other objectionable products
deliver fiiihich are evident throughout the whole of the refining process.
led. The beer still has been briefly described and methods of con-
ved back {0l are as follows:

The beer is pumped from the beer sump to a header from which
j valve control it can be delivered to either of the two stills in any
sired quantity, any excess over that required being returned by
by-pass to the sump. The beer passes through the beer heater

-acked i thence to the stills. The steam and beer feeds are co-ordinated
Y that no smell of acetone or butyl is detected on the lower plates
¢ and il 50 that the S.G. of the condensate is approximately 0.875-
B35 at 60° F. This liquor is called AB (Acetone-Butyl Alcohol).
The beer stills throughout gave very satisfactory results.
The beer usually contained approximately :
etones 0.7% Acetone.
1.4%Butyl Alcohol.
oturnel 0.08% Ethyl alcohol.

Traces of other alcohols and ketones.
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WEEKLY ESTIMATE OF YIELD—On account of the very
passage of the beer through the beer still and of the fact that t,
volatile constituents are rapidly and completely removed, it is g
sumed that practically no loss occurs, during this primary distil,.
tion. The weekly estimate of gross yield is, therefore, based
analysis of the AB produced.

Before withdrawal of AB for rectification the contents of th,
graduated AB tanks are mixed and a sample taken for analysi,
check sample from the kettle being also taken. By keeping an g
count of this and by taking stock of AB at the end of each wg
the weekly production of acetone and butyl alcohol is easily ¢
culated.

The method of analysis is as follows:

b cc. of the AB are diluted to 500 cc. with water and 10 . of
this taken for estimation.

10 cc. of diluted AB plus 50 cc. of N soda plus 20 cc. of Nj
iodine allowed to stand 15 minutes. 55 cc. of N acid added af
excess iodine titrated back with N/10 thiosulphate.

From the iodine used the acetone content is estimated.

The “total 0il” 'butyl-acetone-ethyl alcohol, ete.) is determin
from a specific gravity curve obtained from artificial solutions
these constituents in their relative proportions.

By difference the “Crude Butyl Alcohol” content can be g
culated.

This method, whilst not of great accuracy, on account of fh
traces of non-essential constituents is comparative and is rapid

As regards the main constituents the AB has usually the fi
lowing composition :

20-24% by volume
40-45% by volume

3- 4% by volume
-37% by volume

Acetone
Butyl Alcohol .
Ethyl Alcohol .
RN it rasianiin

1sT RECTIFICATION—The stills for this and the approxim
amounts of the various fractions have been previously mentiod
The following method has given the best results:

The column, with the exception of top 6 plates, is left char
with water from the previous distillation. The charge of 13
gals. of AB and Al is boiled up for 10 hours refluxing with
dephlegmater during this period. At the end of this time the s
duct is drawn off and almost immediately is of high purity.
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very rapd
act that the
ed, it is &
ary distilla.
e, based o

3. is taken at the tail box, and if satisfactory from this point of
view, the product is run to one of the four gauging vessels, and
the permanganate test is applied before running to shipping tank.

Our experience with this acetone indicates that if the perman-
ganate test is satisfactory the other tests will also be satisfactory,
s that this test is the only one used in distillation control.

As soon as a sample fails to stand 50 minutes test, the product
isrun to A2 tank, this being continued till product fails to stand
9) minutes permanganate test. It is then run to Al till a test in-
dicates that it contains less than 2% of ketone. This test is as
follows :

1 cc. of the Al is added to 25 cc. of N soda and 10 cec. of N/5
ad 10 e df iodine added, the solution is allowed to stand for 5 minutes and
then 30 cc. of N acid containing traces of starch and thiosulphate
are added. If a blue colour is produced it indicates less than 2%
etone in product, if solution remains yellow it indicates that the
etone exceeds 2%. This test is applied by the still operator.

The remainder of the distillation consists in boiling out the CB
ixture at as rapid a rate as possible, as very little fractionation
needed.

The fractions produced in this distillation are:

Al. Intermediate between acetone, ethyl alcohol, and butyl
B. mixture. Varies from about 98% acetone at start to less
n2% butyl at finish.

Averages about 25-30% acetone and is redistilled with fresh

tents of the
r analysis
ping an a!

each wed
, easily b

solutions

can be

ount of

A2, Acetone of correct S.G. but failing to stand permanganate
t. Is redistilled with water in Badger continuous still.

A3. Acetone of correct S.G. and conforming to all other re-
irements of Government Specification.

Bl. Butyl Alcohol-water constant boiling mixture containing
ut 5-6% ethyl alcohol. It separates into two layers, the bottom
which contains about 8-10% butyl and the top about 75% butyl
B2. Top layer of Bl. Contains about 75% Butyl, 6% ethyl
hol and traces of other alcohols and ketones. Is salted and

eft cha ified.

e of 1388 The only times when trouble was experienced with this distilla-
\g with were when contaminated fermentation, which had only given
me the mparatively small yield of acetone, had been put through the

urity. still. In these cases comparatively small quantities of pure
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A8 were obtained, and it was occasionally necessary to treat the
A2 ‘obtained with caustic soda or sulphuric acid to obtain a pure
product.

REFINING OF A2—On accumulation of about 3,000 gals. of A2
this was diluted with 3 times its volume of water and the acidity
just neutralized with soda. The diluted liquor was then fed to the
constant level tank of the continuous still and from this via a slgp
preheater into the exhausting column of the still. Control was by
temperature at base of the rectifying column and by purity and
S.G. of product attested. This still gave very satisfactory re
sults and needed very little attention.

The only time when trouble was experienced, was when the
still was first operated. It happened that at this time bad com
was being used in the fermenters and this apparently lead to the
formation of head and tail products which were not very easiy
handled. The head products were very bad smelling and appar
ently consisted of very low boiling thioaldehydes, the amounts
however, were so small that they were not easily separated buf
very markedly affected the permanganate test. When these wen
removed from the system and better corn was used, good resu
were obtained.

QUALITY OF PURE ACETONE. The

Bu

The acetone produced by the Weizmann Fermentation P Ett

cess is liable to vary slightly according to the quality of corn us Ket

and to the presence or otherwise of contaminating organisms i ; ‘l"
the fermented liquor. Experience indicates that either of the

causes may lead to the presence in the final product of min Recm

traces of vital products which, whilst too small in amount to affe
at once the permanganate test to a serious extent, may affs
the stability of the Acetone. Some samples retained the s
permanganate test for a number of months after being exposed
light, whilst others have shown a variation after a shorter peri
1t has, therefore, been our policy as far as possible to ship only
purer fraction and not to attempt to dilute the acetone with p
duct which only just satisfies the specification.

The following may be regarded as an average analysis of oiohol fro
acetone: (b) Th,
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5 treat the Specific Gravity at 15.5° C. ..o

0.7980

3 Acidity due to CO2 0.0012

aln 8 Pt Acidity due to Organic Acids .....ccccoovrrrinnne 0.0000

Alkalinity to p-nitrophenol nil

Residue on evaporation ... 0.0003%

als. of A, Per Test 2-8 hours
the acidity No turbidity on diluting with water.

fed to the
via a slop
rol was by
purity and
factory re

It is noticeable that acetone produced by this process always
sves on evaporation a slight musty odour.

SALTING OF BUTYL ALCOHOL—Though the B2 or top layer of
the constant boiling mixture may be distilled to obtain dry butyl
p— whol without salting it is found on trial that the salting, by re-
‘v; -\(d ol oving some water halved the number of distillations required to
'Y "“ to theJproduce a given quantity of rectified butyl.

le‘"_ i i In practice B2 is salted from 759% dryness up to 90-92% dry-
very easi ess and the brine containing about 3-4% of butyl alcohol is re-
umed to the beer still. Attempts to recover the salt by evapor-
tion were not successful as the salt formed very hard cakes.
= Salting with strong brine solution instead of with solid salt is
these Wiy | possible, but does not present on the whole, many advantages
the reconcentration of the brine solution without incrustation
difficult and it does not remove as much water as the solid salt.
The average composition of the salted butyl alcohol is about:

Butyl Alcohol ... e 84-86% wt.
Ethyl Alecohol (includi d

g y aleohol) 6-7% by wt.
ation P Ketone .. .. 0.6 % 5
('“‘_‘n Water .. .. .. PR SR 8.0%
zanisms Y . 0.2%
i of !h
of mint RECTIFICATION OF BUTYL ALCOHOL—This can be carried out by
ot to aff

al methods, including the following:

(a) The top layer of the CB mixture (B2) may be distilled and

y water present will be carried off in the first portions of distill-
in the form of a constant boiling mixture, leaving dry butyl

phol. This may be either pumped from the kettle and cooled,
dirty product is not objected to, or may be distilled off rapidly

clean product is desired.

By this method one only obtains about 30% of rectified butyl
hol from the distillation of a given charge.

(b) The B2 may be salted and distilled as before. In this case
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one obtains about 60% of rectified butyl alcohol in a single gjg
tillation.

(¢) The B2 may be passed through a continuous still (our Beg
Still would be suitable) the aqueous mixture being removed at thy
tail box and the dry butyl alcohol being removed from the slop
pipe or lower plates of the still. The aqueous mixture could the
be separated and the top layer again passed.

At the British Acetones, the second method (b) was adopte,
as the stills for this were available and a clean product was ra
quired. The still used has been described and the control is briefy
as follows:

The charge of 7,000 gals. is heated up, the first 600-700 gais
(found by experience to include most of the ethyl alcohol; being
drawn off as FR. The second fraction or Bl taken off till temperad
ture at top of column rose to 115° C. was returned to the saltiy
system. The goose was then cut out and the rectified buty! alcoh
rapidly distilled out of the kettle.

The FR1 contains on the average:

Ethyl alcohol ... 60-65%
Butyl Alcohol ...
Other aleohols (Isopropyl Sec. Butyl)
Ketones .. .. 23 %
The rest being water and traces of impurities.

The Rectified Normal Butyl Alcohol contains:
About 98-99% n-Butyl Alcohol.
About 1% Higher alcohols.
About % % Water.

It is water white in colour and has S.G. about 0.810-812
21°-15°C.

RECTIFICATION OF FR—Some of the FR has been redistilled vi
elimination of the butyl alcohol and yielding as the main prod
FR2 of following approximate composition :

B RIOIBEL ioviinisriamiinamsisiassusisiosstisnssisionsivesssssis 75-80% (b) Th,
Butyl Alcohol 5-10% ne est

ORer SI00N0IS ABOUE woonesriiocasmiosmsissrssmsmtisssonssinssnsssnsss 4% the ;
Ketones .. .. 1% or less losses,

The main effect of th