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CANADIAN VVASTK sriJM.ITK MyiOR AS A SOURCE
OK AJ.COHOL*

AI)out a year aR... when the manufacture t.f explosives was in
full swing, with n.j imli.ations „f an early en.lins <>f the war
C anada was buying millions of KalL.ns of alcohol from companies
across the border at a price double that of pre-war <lays If
scemecl to many that this miKht be an opportune time to start
an alcohol industry- h.-re in Cana.la. usii.K waste sulphite li,,uor
as a raw material. I he proposition was studi.-d by the Imix-riil
Munitions Board in conjunction with several of the Pulp arid
Paper companies, and. with the assistance of the Forest Pnxlucts
Laboratories of Canada and the Honorary Advisory Council for
Scientific and Industrial Research. At the re(|uest of Dr R F
Ruttan. Chairman of the Associate Committee ..n Chemistr>' of
the Advisory Research Council, we ma.le a study of a number
of liquors supplied by the mills of Eastern Canada to find out how
they compared with the Euro,H-an li(,uors and those in the United
States, as they are already being use<l for this purpose. The litmors
were accordingly testal for acidity, gravity, total soli.ls, ash
organic matter, total sugars, fennentable sugars, and ,xntoses '

As some of the meth.nls used may not be familiar, they will
H -lefly described. The aci<lit>- was determined bv a method

d by HaegK'ii'Hi'.

>ver,ty (20) cc. of the liquor are titrated with tenth normal
a hydroxide until a drop of the solution ad<led to filter

...per inoistened with au alcoholic ..lution of phenolphthalem
turned slightlv pink. The number of cc. of the alkali required
represents the number of degrees of acidity. This is not the neutral
point as measured by hydrogen ions, but it gives results which
can be repeated, and, therefore, a basis of comparison. The results
obtained g.ve an excollent basis on which t(. calculate the amount
of hme necessary to reduce the acid sufficiently to make the liquor
fermentable. The total solids, ash, pentoses, an I organic matter
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wcr. .k,,.n.,i„,.| l.y ,1... Msual pr..,..lnn ..n.l will, .lun.for.. ,„.,

Tlu. t,.tal HUKars w.re c-xtrar,...! I.y KrauseV-' nutho.]. Fif.v

sl.Kht ..xcrss ,.f iMnu.n .arl,.,„a... „cr,.»..rv .„ ncutrali/.- ,1... a. i,|
.a-suu. .s a,l.i...|. San.i is ,.,.•„ a.!.!.! ,.. ...vent .1,.. r.-si-iwr.m lunmnK a ban! n.a.s, ami ,1... ,„,x.ur.. is |„.a,..,| on a wa-.-r-
a.h. U..„ ,lu. n.ass iK..-onu.s a .hi.k pas,.- a is ,r.a,.,i .i, ,W» . .-. of W p,.r ,..,u al,„h..|. Tlu- solution i. l,oil...| for .^0 s.,.on.Nvy.h .-..ns.ant surrin,.. The- .lish is .lu-n rem.n...! an.l ,h. solution

'll"wc<
... settle.. It is tlu-n r.lt..r...| an.1 ,h.. pro.vss rvpc-at...

un.lall,h..su«arisc.vtra.-t...l. Ti... ..Itra,. is '.ratU..J|
"

5)0 0-. .nst.IlM,,. Mask and th.- al. ohol hoiU-.l .,„. The last tra.esof a.-ohol arc rcmovc.l with tlu- ai.l of a mu tion pun.p. Tlu-resuhu- n. the rtask is ma.le up to a ,l.-t.„„. vohnn.- an.l ,hc- su.ar
ist,mato.l volunutri.ally with IVhIinus solution. ol.sorvinK theprecaitnons .Mven |,y Hre.kler^ a.ul usin« ferrous thio.vana.e as

ra,,.l meth.Kl was fou, which ,fi^es fairlv ko.kI results. This

Zl^lTT '-^ "7";'"^'"^ "•^- '•'""" -' ti.ratinK i. .lire, ,Knto thr- fehhngs solution, usin^ the f.rrous thiooan.,.. ... ,„
"< u-ator. same as nefore. The ratio of the non-sug. r re.luein,

^.
.stances to the su^ar. see.vs tol.e fairly eonstant. n.nser,uen.K-

f the values ol.tanted are reclu.e.l l.y ten pc-r cent nc-arlv ccrrc. ,results are ol.tamecl The followiPK tal.le gives the Inures for thetwo methods with the differences:—

D.r,.<, Ti.ranon.
'^^''^^- '

Aliohol Exirai lion.
i m leia in [XT ctiu 1 69

2-77
1-6 •• .. ,44
2-J'i • •

2 47 ««
1-87 "

,.Ji 2-5
• 67 • • ., 1-67
«-5 " ..

.;„ |..S

2'S •• •• 1«6 I-.»

''*
" " ^"" :::::::::::::::::::::::::::::::::: |:g|

The fermentable sufjars were determined with a pure cultureof Heischtnann . yeast. At the time this report was hcRun we
<l.d not have a culture of yeast accustc^med ,„ sulphite liquorand in order to make our results comparable we continued with
^U.ischmann s yeast. 100 cc. of the liquor were neutralimi with
scKla to an acidity of 3 degrees. A suitable amount of phos,,hate

2

O0S^37797



,
,"•"."'• \^-- '"•• "Hv wm. inn..u.l.u...l ..n.i k.,., ...

;. mu.:;::rr'^'-'' •^•""••"'''"'•"-'-•....lu.i.

;

M . J .

.^'"'^ •'"'"" •''"•^•"i'H<l. '-.k.^.v: in... .uv„„„,
«
u I.Kl., .on...„,..„..„ ,., „u. I..„...r .InrinK .!.. U-runnJ

'"" Klv.vrn,., ,.,....,,.1 n| ..l.nh..l, .,„,| „ ,,H,. ,r.n,

IlH rcMilts ,,| tlu- ..imIvms ..rr ^n.-n in lahlc 2.

TAULK

t

K.nipl...j I

US'; 1(12;

ft II Olh

J

4

6

K

10

II

1.'

Iftftj I 04^

1J I •M';

I.' I IMT

ift (»; I ()4f.

Hoi I 017

IK •

14

Id :

1(1 4

Id (I

Id (

!(IK

7 '<

II

10 ^

11 .'

16 ' • (147

14X

I 04.1 ll.ti

l.>M.()4;s 11 n

'"
1

I 'I'! I 12 U

s:t fl

. 2 5 E
i

5-s « I S a

5-k

3 i

d 4X

d .-.'

d M,

(I 7S

I Jd

(I 1)4

OKI

I M
I 1)7

I uj

in
111

*2V Of

Vf.l

.,.4J

,Mx|

').(.'

I

') 74

<) J

«

') 1

'!«(>'

7 (m
i

I

<» IftJ

ion'

10 201

t H')

11 Jt

: a ^

'

_ . _ 1 = r

5&: Sell il»; ,;|i

10

§

< M

•sit

3 i P,

O T .

''
I

2-.'

<>Si

2.., I

2.77'

2 5oi

i-ul

2.02J
1 47;

2
02J

I

1 ft;

2 1

2.0
I

207'

202!

2ft ft^ 1 12

to ') ()>,'.

21* 4

27.2'

14 4I

20.5|

1 •)<!

I '>n

I) HI,'

1 III

20-71 o III,

i i

I

''!

IH
2J

102:

20-;;
, I

I

j'

20") I (2!

IX ol l.u!

;vo; o <s ;o! ";tM

(I ''I I 11'

'•ft t; O (2; 41 ' 4(W

I
O-'X' i 20'

I

i

>'
'

70 71 •)7! I 2,lj I ins

''« dl 0-8,l 1 osj y26

(1^

I

O 42 ^,( 5(i2

ftX n! 0-68 CM ftg5

65 i; 0-47 5« OVv;
i

I 65 82

61 2; 50i 0-6.l! 67(

'•' 65

66 .fi O >rf>

On exam: i„s tlu- spccifu- j-ravity and „„al solids it s,.c.„,s

nached ,!,. lal.ora,...
; c„n,..c,ue„.lv. they .ere .„rrec.cd in Z

til (174 1}
"*

y*>>^jr|



inun- iiii(M»rl.iiM ( unstitiiciilM on tin- l),i«.j>. oi tlir .ujT.iKf total

hiilid of (111- oilur liciuorH sii|i|)li»<l liy ttu >,mif tiiili llic oilier-

arr fairly iiniform ho far as llu'^f list- arc (um miiil ami ti.m|iar«'

favouralilv with tlir tests niadc in Ijiropcin ( oiinlrits, Alin-r. ;•

Hi\<'s 1 •()4r>5 lor siKTilir uraviis ; \\i, li.lliaiiV 1 (»,<H; i.in.lsav ami
'Iiillotis' 1 055; wliilr Walker", who invisiiKai' i| < anaili.in lii|iiors

ill I'>1.<, reionUrl 1 ()5, llu- total solids ntonl.-.l in il litcratiir.-

vary ovi-r a wider tii'ld. Wit lielhaiis" k"^'"' ^ -^ uraiiH per 1(M)(( .,

Lindsay and Tolh-ns' ^ives <) to l(t per ceiii, and Seidel' I I }» per
(fill As the Canadian litpiors also vary fmni ') to I! |>er ci-ni.

the\ are fully .is coiu entran<l a> tlwtse found in thi- lairoiH-aii

mills.

riu- tot.il >U(,Mr ronteni varies from \ M to 1 ') uranis per
KM) ic, if we ac.fpt the (orrertion for the litpjors \\hi<h were
ronsidorcti «lilute<l. The one with the lowt >t Mi^at ((intent (onie-
from a l7-lioiir (ook. where nuuh of the sn^ar mii>t have heen
destroyed tliroiiKh (ookin^;, a- the >;ra\ iiy and total solids coiniJare

favourably with the other li(iuors. U'c .iKo feel that sample S.

with a suKiir content of 1-67, is not .i repre-^entative one, as this

name mill in four other li(iuors ex.immed did not have a content
loss than 2 uranis per KM) cc. Ft may he interestiiiK to note th.it

the temperature in this cook was from 1 15 to J 55' (". during the
last hour, which we will hnd later on materially decreases the
amount of suK.ir in fhi- li([iior. W'e. therefore. I>elie\e that in

representative li(niors from mills in ICastern Cin.id.i the amouiii
of total suKar varies from 2 to 2'^ «rams per KHIcc. '|"he data in

the literature vary over a wide rtnge. Kraiise- j^ives 1-47 ura Ms
per KH) cc. for tl,e Killer-Kellner cool., while liaeKKlimd' ^ives
from 2 4 to 2 jnr (eiit.

The percentavre of the smears which ,ire ferment.ilile varies

fnmi 61-2 to 75 per cent of the total. It is an imixirtant fact

that those li(iuors which have the liiKhest su^ar content also have
the hi,;liesl per cent of fermeiitalile sUKar. Litpior number K.

which we have already pointed oin, is low in sugar, due to the
high temiM-rature during the last hou-, h.id onlv 61 per cent fer-

mentable sugar, while those litjuors 1 ich haAc over 2-5 grams
jier 100 cc. of sugar have 66.1 per i .it .md over fermentable. In
other words, if the conditions of the cook are such that the sugar-
arc destroyed, the fermentable ones are the first to go. This is .i

confirmatioi' of observations made by H.iegglund'.

\
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I

Thi- iH-n.iit.in. '.I .iln.liol l.y vi.li.iin- (1(X) |Mi <.nt .il...li.,l .

. M.ptii.K Niinpl.- 5 .Mi.l H t..r r.-.i^oiis .,lr.M.|\ v;,v,„. v.n,., fr..n.

«2 K. I .M. A-, .ll.nlll «;n IMT (.lit nf Ihr ..l...|„,| ,. ,, , v m ,1 ,|.

in thr (li-iill,ili..n llif li.|ii..i< -lioiiM \ i.M tr-Mii d 7.' t,, 1 l p, r « .ni
m .Krii.il pr.i.ii..'. ri,.. luiir 1..M li.|ii,,r, wuiil.l \i.l,| ,,ii tin, 1,.,m-
fully I |MT i.ni, I'l'.-r n-iili, ..,in;..irr l.ivniir.ihK uiih ||„,..-

"I'l.im..! in Kiirnpr ,sl,|,„,n" ,i..i., ili.u ,|„ „mi..1 m.1.1 i, 1 ^„,
Mill. I.iiuls.v ..,mI ImIUi,," i„ 1,H<)!. wnrklllu «,|ll |i.|Un|, Iron, ,,

null in AMli.itl.nlMii;.. i.|M,Mf.| .i .M ,,| (I Vs i., u (,: ,„i ..m
l.y V..I1IIIUV III l')()^ Kr.HiM n|M.ii,..l ,, v j.M ,,l (15 i,, 07 ,„ ,

'<nt 1.% vulmiir. In I'MH M.illli.n,' ..U,, n |...rif.| ., \i,l.| ,,l (i 7

|MT .,nt. In ilir iiinM nr.nt u,„k ,,1 l|,i, v;i;lnn.l ,1 v >lnin< ,,{ I

IMT ,,iit i-, .oiiH.l.iv.i «.,ii
, i.,r\ niKJrr (..xunr.iMr . un,|iii,,n-.

rilf lK>t ( .in.l.ii.in lirMlnl. vmII, llur. Iniv. pindu.. .1, iillh h ,.!.., I,.,

.!> .my of ill,,-.- n|»orl( d ni I'jiropr.

Wli.n (,.lmn- 7. uisini^ ili, p.T cm -,i^.,r ,,1 ih,. ori;.iiiii-

m.itur. i-^ .A.iin. I. it lH<„m,-> ..pp.irrnl lii.il tiir li^iuor, i,,|| int.,
iwii (li^iin.t (1.1—.-. The one ( |.i.«n (oni,,iM> tnnii 2i> (, lo M) <,

[XT cent (,f the orK.iiiic in.iiicr in the form of Mij^.tr^, while the
..tiler cLiss cont.iins only IX to _>()<> per crnl. Or, ilu' InM ( l,i-,

has from 2-4 to 2-77 per cent of suK.ir. while the oth.r ( l.is> h..>
"Illy 1 to J per ( cut. ThoM- li(|iior> \shi( h ..re rich in sn^.ir-. .ire
lidi. therefore, not l.ec.iiNe they h,:ve more uo.J <iissolv(.| in
them, hut iieciiise more of the orj^.mic iii.it ter which ihev .,in
IS m.i.ie up of suK.ir. It is ,,f coii>i.ler,il.|e intere-t. to kn.m , tiom
the point of vi-w of iiKKliictioii of .ihohol from the li<,: or. wliy
there is this m.irked (liMereiice in sUKir conler j ne nvonl- ot
till- cooking in I'.il.le .^ ,|o not ^;ive .my expl.m., 1 for ihi-, dnt, r-

cncc, as there is little v.iri.ilioii in them
The free acid w.is slightly le-.> in i- ii.[uors rich in .-UK-ir, .il

fhouuh this .ilone (.iiiiiot .iccount for m m. irked dilfereiice l.e-

tween the two >eries. Saiii) i. •, for [,,>1 -urv. h.id ,^ «>4 ])er (ciii
free .icid and J,S.4 p,.,- ..nt ... ,ts or^.m' m.iiter in the form ot
-UKar-, while simple 10. h.i.l 4(U per cent iree .icid .md onlv l<Jf,
percent of it- oiK.inic m.itter in the form of siiu.irs. naev;i.:liindi
showed th.it the JUT cent of sUKar in the li(iii(.r ri.s,., to .1 iiKixiimim
and then f.ill- ..t"f again. It w.is, therefore, conceiv.il.le tluu liie

maximum li.id l.een i..i:,m<1 in tlio-e li.iiior.s where the >UK.ir .v,i-

low. To determine this point We .malyzed iwo serie- of >.,mpl. -

taken from the dij;eMer .'Verv hour starting with the llftli hour.



One si'rips was supplied by a mill which i)nKiu(tHl a hi^h sii^ar In

orjjanic matter ratio, ami the other by a mill which ^ave a rela

tivcly lower ratio. Th.- results ar^.' jjiven in Tables 4 and 5.

TAHI.K i.

1

2

,t.

4.

5

A

7

8.

<»

1(1

II

S.impl
I-l'IlKtll

of ( nnk.

Hour-..

Tdi.i! ConiMn'vI
A.I.I, Ail.l.

Fr.-.-

A. i.|.

Id i (in 1 'Ifi i '»

= IIS 114 t '<4

<) 5 15 1 51 1 ».»

17 4 h7 1 J? t I

7.,,' 5 .>S ' I D.i 4 21

s; I t '> 1) '1 I'D.'

'\ 5 fl 10) 4 .M

« 5 15 , 1 (M> t IN

7 i 5 115 1 !)_' 4 IH

H '1 1)11 1 411 4 60

k; 5 7'* 1 111 4 '.S

TAHLK 4.

Cook "A."

Time

lloills.

5.. .

I)-

Camhint'ti Acid

liiv A, id , .

T..t,il Acid , . ,

Tot.ll

Siinai.
maiiiv l>iT

IIH) . . .

4 S

6 .(ft

X 7

9 <)5

10 8

1 •-'5

4 (U

5 iS

.((1

5-46

7-8

05

HI

0<>

1 -52

2 .»7

2-44

Sunar. Suyar,
HT t-rnt ofijH't it'iU .

Total I ( )rKanu
ilid.^. MattiT.

20- 25

2(1) 27f.

25 e. m<
:<.o 26 2

218 24 4

M.iviinuin T'-itipfnitiin- not nivn.

*r^3L.;aiiS^^l.r



TABLE 5.

('(M»K " B."

Time.

Tol.il Dmanic
|

Toi.il | Sugar,
Nilids.

: .M.itiiT. Suiiar. : per . I'lit

Krami ;mt kmiiis per urams [>or
,

ol Total
IIIOo. 1(H) cc. 100 LX. ' S.li.is.

Hours.
5

6

7

n

Comhiuoil AtiiJ

Krw Aiiil

Total A. i<l

5ft

X ,t

10 7

10 s

4 5

7-2

9 6

<> 7

1 17 ' JOV

16')
; io J

M5
j

20 1

2 -'
: 20 4

"^ugar.
Iifr Lfnt of
Organic
MattiT.

26 O

214

21 1

22 6

1 (»

^ *'J Maximum Tfiuix-ratutr I4,S^ c".

4 4H

The results are also given in Oajjhs 1 and 2. It is at once
apparent that no niaxinuim in the anu)unt of Migar has been
passed in either cook. The rate of pro<luction of sugar between
the fifth and seventh hours is about the same in both cases, amount-
ing to more than fifty per cent of the total produced. The actual
amount of sugar is about the same at the end of the 7th hour, but
cook "A" keeps on increasing in sugar, while cook " B " was
blown shortly afterwards. N'o doubt cook " B " would also have
increased slightly in sugar content had it been continued as long
as the first.

It is obvious from Graph 2 that the incrusting substances on
the cellulose are going into solution much faster in cook " B "

•

''^.? '.?
"'"'^^ "^'" '" "^^^^"^ "^ ^^^ ^'''^^ ^'^'" ^''^' ^'^'^' '"^''' '^ higher

in "A" than in " B." The final amount of organic matter which
goes into solution is ab(jut the same in both cases. It is also
significant to note that the last 22 per cent of the organic matter
in cook "A" prfxluced only 019 grams of additional sugar, while
the last 25-5 per cent of • B" prcxluced 0-51 grams of sugar.
We feel sure that this is due to temperature being rather high near
the end of cook "A," in the light of the data to be presented later
on. The percentage of sugar in the organic matter is also lower
than in the other licjuors supplied by this mill, which points in
the same direction. Had thi> ratio been the same as in former
cooks analyzed the amount of sugar per 100 cc. would have been
2-8 grams at least.



WV next t'stimated the niannin (cnttnt of the wocxl and the

amount of rediirinj; sugar formed when samples of the woods used

in the sulphite digester are hydrf)lized witii dilute hydrochloric

acid. The samples were kindly supi)lied hy the Canadian l-orest

Products LaI)f)ratories. They passed through a 6()-mesh sie\e, hut

were caught in an 8()-mesh. We followed Schorger's meth(Ml <if

estimating mannin explicitly. To determine the reducing sugars

on hydrolysis wi' digested the W(mk1 as directed b\' Schorger" in

his mannin determination. The woikI of the al)o\e degree of

fineness was boiled with hydrochloric .icid (Sp Cir. 1-()2.S) for

three hours. Then the wood was filtered and washed, the

filtrate concentrated anil extracted with ')() per cent alcohol, and

iii-lllilOlfilliiilllflili:^^^^^
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the sugars estimated as already di'scrilu-d for >uli)liitc li [iinr. The
results are given in Table (>.

TABLIi 6.

\irh\ of

!

n'fiiit \nu.

j

*M,nmin,
, •^iin,ir>

j

IMT (.''lU ot ; <:iKiiiat<'d
i Imjiic <lry n-^ luxo^c,
1 wood.

I
till nnt of

I Ixpiir tiry

i \mkm1.

Bl.K k Spniot' . . I

Sample takt-n 1\ fc«-t fioiii nr'niii'!. annua! rinn-;. 11"). a\traKi' fiiann-ti-r.

71-4 iiivlit's.

White Spriuc
Sample taken 2\ U-vx innn ^;rniincl. annual tinys. 1U7, a\-.Tam diam-
eter. H l-;o imlies.

Balsam Fir
SampU' taken 4 J fei-t troni Kiniiiid. annua! tinvis. 47. averuvre diameter
7 1-16 imiu'-!. '

.:..^'^' >:.- .Jfl9C£*-VT»-' 1..



These results show that there is little difference in the sugar
content of the various woods used in the sulphite process and that
any marked differences in the liquors cannot be attributed to the
species of wfKxl used. The per cent of re<lucing sugars formed on
hydrolysis seems rather high and it is possible that a certain amount
of the cellulose is changed to sugar. We did not investigate this
possibility, as we were merely interested in finding the relative
amount of sugar prmluced from the three species under the same
conditions. Twenty-two (22) per cent of sugar would correspond
to a carbohydrate content, having the general formula of CaHioOj,
of the wo(kI of 19-8 per cent, which is higher than the results
usually givjn by other investigators. It is interesting to .see what
proportion of these sugars are actually found in our best liciuors.

As we do not have very accurate data on the volume of liquor
in a cook, f)ur figures are only an approximation. It is usually
assumed that 5 pounds of water are use J for each pound of woou.
The total volume for a ton of air dry pulp, or from 4,000 pounds
of bone dry wood, would, therefore, be 20,000 pounds. On this
basis sample 3, Table 2, would yield 532 pounds of sugar from
4,000 pounds bo-'e dry woml, or 13-3 per cent of the wood.

Effect ok Temff.-ature ox Sug.vr Content.

Mr. Hovey, of the Canadian Forest Products Laboratories
suggested that further insight on the formation of sugars might
be gained by making two experimental cooks, and offeretl to make
them during his spare time. We were pleased to have the >por-
tunity of examining the liquors and consequently, two cooks were
made on pure samples of wood in the experimental digesters of
the P'orest Products Laboratories. The description of the cooks
and the results are as follows:—

•

;j'RUCE COOK.

Wi-iglit of wet wood 600 grams

Weight of l)one ilry wood 4ft ) ..

Weight of pulp 271 "

Yield of pulp. .Sg-S per cent. Total time. 1 1 hours.

Total volume of li:iuor 4.640 cc.

Total SO. 4-9 percent.

Combined SOj ^ .23
Free SOi .'.'.'.'.'.'

) .67
^"O ;::;::: 108

10
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4

120 cc. sampK's won- witlulrawii lhr()iij;h romlensers evt-ry lw)nr

lic'Rinning with the 6th hour. Thi' tfiniMTaturc was gradually

increased so that it reache<l 1,^6° (". l)y thi- vu<\ of the 7th hour.

During the next three hours it vaiied between 1.^6 to 140° (.".,

after which it was raised to 152-155° (". The pressure was also

^;ra(lually increase<l and kept between 70 77 pounds after the 7th

liour.
TAHI.K ;.

Time.
Total
SO-

per ft-nt.

Total
SUKar

Ktams iM*r

UN) r. .

Total
Solids.

Kf.lTUS p.T
IIH) r.

OrKanic
Matter.

«i,ons jier

KKI . .-.

SUKar*
X ton

StiK.irs

X 100

S.liils. OiKanic
.Matter.

Hour!*.

.1 sn 0- Ih

(1 Nh

4 (1

5 ')

1 <)<

181 14 5

IS (,

K ... _>2 4

"• .

,

i HO

1 41

1) >>H

1 (K>

(1 HK

6 S

7-4

HI

4 .S

5 4

h (7

14 4

14 ,t

to 8

20 4

10 .
10 7

II H 8

H .\I,S.\M K IK I'tHIK

W.iKht of wet WfHid , . ,

6t)0 grains

W.-ii!ht of liry w(K»d 480 ••

Weiilhl of Ulllp -'7 J "

Vi..-:.l of IMl'l>. 56-7 i»T .ru. To tal II111C-, 11 luHirs.

Total vol u 111 of liciiior ».6'M) cc.

Total SO
Combined S()5

5 l.S ,,cr c,

\ 2')

lit

Free SO;

CaO
4 IK)

in
T.\BLE 8.

Time.
Total.
SO'

JMT cent.

Total
SiiKar.

Rranis iH'r

l(K)ci.

Total
Soliil.s.

Krains pet
KK)..

OrHanit
Matter.

Rrams per
KH) cc.

SuKars
X l(N)

Solids.

SuK.irs

OrKanic
.Matter.

Hours
6 .. .1 .S2 0-.!f 4. .5 ... 7-,( 14

n 2 55

21

ItUi

0-81

(I .1 4 U.

4 '>4

12 I

I'd

18

» .. U. i

10 ... l-7,t H<) 7(. 5 117 16

p:... 0-7.S 0-77 7.7 6 .H 10 12 1

180 cc. samples were withdrawn every hour after the 6th hour

for analysis. The teinper.iture and pressure were the same as in

the Spruce cook.
tl



These results show as well .is the results of cook "A" and " H "

that 50 per cent of the sugar is fornied jluring a relatively short
perifMl of the entire cook, in this case between the 6th and the «th
hour. They also show that the incrustinu substances go partly
into solution as polysaccharides, which later become hydrolized as
the ratio of sugars to organic matter is lower at the end of the
(ah hour than at the end of the «th. After the 8th hour, iiowev r.

though the actual amount of sugar is still increasing, the ratio of
sugar to organic matter is decreasing, which means that ^ome of
the sugars are being destroyed. This destruction is esjiecially

marke<l after the lOth hour, when the temperature wa- raistd
from 150-155° C. Here the actual amount of sugar (iecrcased in

both cases, in spite of the fact that duting the previous hour it

was still materially increasing. This shows that the actual amount
of sugar destroycHl was greater than the difference between the
final amount present and that present at the end of the lOth hour.
The sharp decrease during this peri(Kl of the ratio of sugar to
organic matter illustrates the sam..> point. It, therefore, stems
clear that the temperature cannot be increased much above 145^

C. without very materially decreasing the amount of sugar present
in tile ]i<iuor.

Ihese analyses also seem to show that Spruce gives more sugar
than Balsam, as the ratio of sugar to organic matter is very mui li

higher in the Spiuce than in the Balsam, i.e.. both cooks liave the
same amo- it of organic matter in st)lution, but the Spruce cook
has more sugar. The amount of free acid present in the Balsam
cook was less after the 6th hour, as it was necessary to relie\e
gas in order to keep down the pressure. This apparently did not
prevent the incrusting substances from g')ing into .solution, but it

did slow down the hydrolysis of these substances to sugars. This
was proved by iiydrolysing the liciuor from both cooks at the end
of the 9th hour, as well as at the end of the cook with dilute hydro-
chloric acid, and then estimating the sugars again. The same
amount of sugar, re' itive to the amount of wo(k1 used, was now
present. This com.rms our previous analysis c Spruce and
Balsam that the amount of sugar present is about the same in

both cases.

This suggested to us that the reason why samples 6 to 12,

Table 2, had such a small amount of their organic matter in the
fonn of reducing sugar, might, perhaps, be due to the presence of

12
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|X)lysacrliari(les. VW, therefore, hydrolysed a mimlKr of li(iuor>

with 6 i)er cent hvilrochloric acid for M) niiiuites, an<l then neutral-

ized them and estimated thi- sugars at;.iin.

TABLE 9.

S.iiniilc ,f, T.il)l.' .'

Sini|il>- 7. T.ihl.- .'

Sinipli- ''. T.i'ili' 2

Samiili- 12. Tabli- i

Cook A. T.il.lc' 4

C.H)k • B," Talili- S

T..t,.l
I

T.ii.il

Siluar*. |Sil«ar aftrr

Ktilll- 11.T ;llVciriil)"i-.

KM) II. Kralt)!* in'r

j
KM) 11

r;7
;

i.s

1 »;
I

1 fti

2 1 ; 2 2S

2 01 2 -25

2-44 2.68

2 i 2H

With the exception of the first one, tlie\ all increase in sugar

from 8 to 10 per cent. Conseciuently, the reason that liciuors 6 to

12, Table 1, are low ui sujjars relative to organic matter cannot he

explained by incomplete hydrohsis of poh saccharides, but must
be due to the destruction of sugars during the cook. Just what

conditions are primarily responsible we are not i)repared to sa\-,

as not all the mills sujjplied us with complete data in regard to

their cooks, a'.d we tlid not have the time to make .ooks on the

laboratory .,cale to <letermine them, beyond the marked effect

which temperature plays.

In conclusion, I wish to express my indebtedness to Dr. Jones,

Acting Head of the Department of Hygiene, for pemiitting me
the use of the Department's Laboratory of Bacteriology to make
the feriT.enta'ion tests, to Dr. Bates and Mr. Hovey, of the Forest

Pi(Klucts Laboratories, for suggestions, and expecially to Mr.

Hovey for making the cooks of pure Balsam Fir and Spruce.

Summary.

1. A dozen representative Canadian sulphite li(iuors were

analyzed, the results of which showed that the best liquors con-

tained as high a percentage of sugar as those prtwluced in Europe.

These should yield at least 1 per cent of alcohol by volume, which

is considered good practice in Europe.

13



2. A rapid infth(Kl ff)r tht- cstimati«m of ^u^ar in tlit- liiiunr>
lias Ih'im proposed.

^ 'Vhv Canadian licjuors fall into two !,han)lv derinid clasM>.
Till- ..n,. has about 20 ptr <tnt of its organic niattt-r in the form
of reducihli' siiRars, and the other 28 |kt rent. Our exiHTiinei.lal
results show that this diderenee eannot he ascribed to a di(Tercn(v
HI the relative ptMjx.rtions of Spruce and li.ilsani heinR c(H)ke<l
nor primarily to the strennth of free acid ustd in the cf.ok, nf.r t..

mcomplete hydrolysis of the iK.lysacchari.les. but must be due to
destruction of suKar m the cook.

4. The exi)erimental results show further: (1) That the amount
ot sujjar present do<-s not reach a maximum; (2) That most of
the sugar is pnKJuced before the end of the 7th hour; (.}) That
the temperature after the 7th hour is exceedii.glv imfw.rtant so
f.ir as the yield of sugar is concerned the yield being verv mater-
ially reduced if the amperature exceeds 145° ('.; (4) That the
first sugars to be destroyed are the femientable ones.
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