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HYDRAULIC CEMENTS. . .

THE following instructive paper, by Mr. Edward F. Ball, was
read before the members of the Toronto Architectural Sketch
Club,.at their meeting on the 4th inst : R

Mr. P T AND GENTLEMEN,—It is a popular belie( that the
cements “used by the ancient Romans in the construction of their roads,
aqueducts and other public works was superioe 10 any in use al the present
tinie, and that the process of its manufacture is o lost art. It may seem
somewbat startling, however, to state the fact that with all the advantages
they have had in hardening slowly from two to three thousand years, prob-
ably none of them is equal in strength to good Portlaad ¢ement mortar
made of one part cement and two parts sand one week old,  On the shores
of the Bay of Naples cement is made and used at the presentday in sub-
%nmia‘lly the same manner as described 2000 years ago by the old archneg:t

itruvius. . - . »

In remote antiquity, before the Roman cra, the builders of ancicnt cities
all over the world depended for strength and durability upon the extreme
accuracy with which they dressed the sutfaces of the large stones whu;h
were to be placed in contact, and also upon the bronze dowels used in
uniting them.  With the Romans, beside accurate stone cutting, two kinds
of mortar were used. In situations where it would not be exposed to the
dissolving action of the water earcfully preparcd line mortar was employ
while for quay walls, aqueducts, drains, cisterns, etc., hydmulic cement
was used,. As is well known, ordinary lime mortar will not set under water,
butif lime be mixed with clay and biirned at a high temperature, a sub-
stance is formed which sets and i 10 harden even when
immersed. . ) .

The purest limes, sometimes called rich or fat limes, when freshly burned
combine readily with water, which dprooess is termed slaking. In so doing
they cxpand, evolve great heat, and fall to powder. :

‘mpure limes, sometimes called poor limes, do net slake so readily.

Hydraulic limes, ining a q of clay, scarcely
slake at all, and possess the property of hardening under water.

Hydraulic cements do not slake at all, and will set and harden under water.

‘The particles of lime have greater adhesive than cohesive force, 4. e., they
will adhere to other substances more strongly than ta each other. In hard-
ening. mortar made from lime alone changes volume, and for these two
reasons, as well as for economy, sand is used in all mortar made from lime.
Good hydraulic cement does not change its volume in seting or hardening,

. and its cohesive strenath is greater than its adhesive, so that sand is used
with cement simply for economy.

Cements are divided into two classes, Portland and Natural or Rosendale.

- Portland cement was first invented or discovered in 1824 by Mr. Aspdin,
of Leeds, England, while experimenting with some of the over-burned
-clinkers of artificial cement which was then-being manufactured. After
pulverizing and weiting up into cakes or blocks, it became very hard and in
color resembled a limestone that was being quarried for building purposes
on the Isle of Porttand. In taking out a patent for the new product it was
aamed ** Portland.” In certain localities natural deposits of rock are¢ found,

-air.

say 70 1bs. per sq. inch, and then allowed to absorb water, a very dense,
hard briquetie will be formed, but it will be very weak in strength, and also
very uncertain, If sufficient water be added to dry cement to properly .
moisten it, and if the mass be stirred just sufficiently to ensure thorongz
and pl i i and the put into the moulds in the
usual way, it will not be sa dense or compact as if made in the way described,
but will be much stronger. 1f, instead of slightly stirring the moistened
cement, it be thoroughly turned and kneaded as long as possible before sct.
ting begins, the best and strongest biriquette may be-made. All this, in the
opinion of the writer, points to the exi: of a soluble as be-
fore remarked.

IMPURITIES.

If by reason of imperfect prop g. grinding or mixing, any portion
of the lime fails to combine chemically with the silica or alumina of the clay,
this is known as *free lime,” and when the cement is fresh, is in the form
of CaQ. Upon exposure to the air it absorbs moisture and becomesslaked,
thus: CaO+H20=Ca(OH)a. Uponsitill further exposure it slowly ab-
sorbs carbon dioxide, and retuens (o its original composition before being
burnt, viz., carponate of ime: Ca SOH)z-H.Oz-Cn C304H20. When
present in the unslaked form, (Ca O), free lime is oncof the most dangerous
impurities in cement, as upon the addition.of water it slakes. and expands,
thereby disturbing the seting of the cement. This slaking is not rapid like
that of rich or fat limes, and often its effeets are not apparent for the first
day. It frequently that samples of cement will stand a good ten-
sile strain at the end of 24 hours, while at the end of seven days the strength
will hardly be greater than the 24 hours test—sometimes even below it,
‘This gencrally indicates free lime, and in such a case the sample should be
exposed to the air for a weck and a second test made. If this test comes
up to the standard, the trouble is due to the presence of free lime, and the
cement may be accepted provided the other tests are satisfactory, on condi-
tion that it be spread out and exposed to the air for a week or more before
use.  If the lime have sufficient activity, thin cakes of the cement immersed
in water for a weck will become cracked, but if the lime is not present in
sufficient quantity or has not the necessary activity, no cmcks may appear.
In order to render this test more effective, the cakes or pats may be exposed
as soon as they are hard (o a high P ! d with i for
about three honrs, and then boiled far twenty-four hours. Two per cent,
should be the limit of this impurity, especially if the cement be for use under
water ; for use in ait the prescnce of free lime is not so injutious, provided,
of course, that it is slaked. Free lime retards the setting of cement and
impairs its hydraulicity. When present in considerable quantity the cement
will disintegrate on immersion. unless first allowed to become quite bard in
In determining the amount of free hmc in cement by chemical
analysis, it is customary to find the amount of C Oz on the supposition that
the frec lime is all in the form of carbonate, and then calculate the amount
of Ca O -1 per cent, of C O3, indicating 1.3 per cent. of Ca O. This, how-
ever, is a very unreliable method, as the lime must first be hydrated and
then carbonated. This requires a long time if exposure to the air 15 relied
upon to cffect the change, as is usually the case. Hydrogen Sulphide,
Ha2S,is of;enhevolved with the carbon dioxide, and this also affects the
of the test.

from which Portland cement may i d, but fully n
twentieths of the Portland used in the United States is artificial. It is
made by thoroughly mixing together in suitable rropomons clay and ﬁneljy
ulverized carbonate of lime {either chalk, marl, or compact limestonej,
urning the mixture in kilns at a high temperatuse, and then grinding the
burat product to fine powder between ordinary millstones, In England the
ingredients of the cement are mixed together with & large quantity of water
and afterwards dried, burned and ground, This is ealled the wet process,
la Germany the ingredients are mixed dry. It is very important that the

Maguesia (in the free state) is another dangerous impurity, It may not
prevent the cement from sciting and becoming apparently as hard as
though it were absent. For a long time it may remain inert, and perhaps
for months there may be no apparent change. The magnesia, however,
has an affinity for water; cvery two pounds of ma%ncsia in becoming
hydrated, takes up and solidfies one pound or 27 7 cubic inches of water,
and in bulk every ton of magnesia would have to find room for abnut 16
c'glyic feet of water. In finding room for this water the mortar hecomes

ingredicnts be correctly proportioned, finely ground and thoroughly mix

Nao substance coarser than the one-thirtieth of an inch will make cement,
and the finer the ingredients are ground the better, Thorough mixing is
even more important than cotrect p ing, as the a in the
kiln is not allowed 10 rise high enough to liquify the mass, and in order that
the chemical changes may take place, the particles of lime and clay must be
in close contact with each other, othenvise uncombined or **free™ lime or
clay will be left. In the wet way of mixing, the chnlk and day being of

grated. The action whether in air or in water, and is
i i in work. 1 are where con-
crete works have failed although built in the usual manner with cement that
had stood the ordinary hanical tests. The sctas hard as usual,
but after a time expansion sct in.  In one case, a vertical wall about 35 fect
high was lifted about 2% inches, in another, a mass of concrete 16 feet thick
was lifted from % to 1% inches, In both cases a white substance of the
co:lsistency of cream was scen in the concrete.  On being annlyzéd, this

difterent specific gravities, are liable to beeome dep irreg ly, even
under the most-careful supervision. In the dry method, when the water
necessary to form the mass into bricks is added, theingredients are liableto
become scparated unless the water is added carefully.  The first chemical
change which occurs in burning is the expulsion of ct 1l bined water
and carbon dioxide ; thus calcium carbonate Ca C O3 is converted into lime
Ca O. The silica Si O2 which is present as silicate of alumina in the clay,
is partly lransferred to the lime, forming a double silicate of lime and
alumina. A high temperature is necessary for the production of this double
silicate. but at a lower temperature the alumina which was present in the
clay as a base pluys the partof an acid, and combining witb-the lime, forms
a tri-calcium aluminate, Ca3 Alz 06, or ss it may be written Alz O3 3Ca O.
If the temperature be too high, a lime glass is formed which has no
hydraulic properties, and if the burning be continued at this temperature, a
solid cﬁyalallimtion between the silicate and sluminates of lime is formed,

which does not set. .
. SETTING OF CEMENT. ; .

The sciting ~¢ cement is a complex process, partly chemical, partly
hanical. “The chemical ions give use to sub which as soon
as formed combine with water and itute the true mater-
ial. The tri-calcium aluminnte Caz Al2 06 is soluble in 3000 parts of water,
and in the act of setting first dissolves and then begins 1o scparte as a mass
of felted needles, consisting of ealcium aluminum hydrate, which extend in
cvery dircction and are directly the cnuse of the first seuting of the cement.
At the same time an action begins which requires a much longer time for its
completion, and which probably consists in n combination of the first formed
aluminium hydrate with the tri-calcium aluminate and the water forming a
mineral of the probable composition H1o Ca Ata Sig O17.  This substance
erystallizes out as it forms, and this continues to add to the solidity and
tenaeity of the cement for lony periods subscquent to the first setting. Some
expetinients made by the writer scem to conhrm the theory that nluminim_n
plt:{ys an important part in the first sciting of the cement, fnd_ also that this
1s dependent in a measure upon the solubility of some of the ingredicats.
‘The experiments arc as follows: Aluminium, in the form of alum (cither
raw or burned) added to cement and moistened, causes the mass to rise
greatly in temperatdre, showing that a chemical change is taking place,
pi ly the f fon of tri-calcit lumi before referred to; 2 sample
of Improved Union cement mixed neat with water, set in 20 minutes; 2
sample of the same cement with two per cent. of burnt alum added, sct in
8 minutes; same with 4 per cent., sct in 7 minutes ; same with 6 per cent.,
set in 7 minu‘es. A solution of aluminium hydrate in caustic potash pro-
duced the same effects, bul in a less marked degree. Itisa well known fact
among cement testers that in order to get the full strength of the cement it
must be thoroughly mixed and kneaded or stirred after the water has been
added. This seems to indjcate the presence of a soluble constituent which
. it is necessary 1o diffuse throughout the mass in order to obtain the maxi.
mum strength.  If dry cement be forced into moulds uader a pressure of

was found to contain 80 per cent. of magnesian hydrate, consist.
ing of about 3§ magnesian oxide and #5 water. The writer made some ex-
periments with five per cent. by waight of enleined magnesia added to Im-
proved Union cement.  The magnesia was found to render the paste very
plastic and easily worked. It retarded the setting from twenty minutes to
two hours, and greatly decreased the strength of the cement, as follows

No?l cement, 1 day old, tens. Strdl"lglh .

= 45 lbs. per square inch.

1 weck old, ' ‘ . =73
Cement with 5% mag., 1 day old, tens. strength, = 1 ©
" S 7 week old, ot =19 “ .

m “ “ =36 “ .

2
At the end of one week the pats were very sofc ; the outside was light-grey
and the interior the usual color. Good Portland cement should in no case
contain more than one per cent. of.ma%nesia.
By the rules of the ** Ecole Nationale” of Paris, if the amount of sul-
phuric acid exceeds T3 per cent., the cement is rejected on the chemical
analysis alone,
hen Portland . cement is properly burned, it forms a very bhard
clinker, which is expensive to grind to the fincness now demanded
by engi as_the hinery requires repair.  To render
the grinding casicr, iron slag meal is sometimes added to the cement
clinker. This slag cement may be recognized by its lighter specific
gravity (2.60) and by its color, which is & mauve tint in powder, while
the inside of the water pat when broken -is deep indigo, Its presence
when mixed with Portland may be detected us follows: To 2 gill of
water, add nbout 80 drops of sulphuric acid. Into this drop 25 grains
of the cement and stir rapidly with a glass red, and while still stirring, pour
in drop by drop, a solution of Condy's fluid (64 grains of permangnnate of
tash to onc pint of water) until thered color remains permanent.  Genuine
ortland will require only 10 to 135 drops of the permanganate solution,
whilst an adulterated cement will take considembly more—30 to 6o—and a
cement made from slag over 200 drops.  The pinciple of this test is as
follows: Solid permanganate of potash is at once decomposed by the
addition of strong acids, but in water solution this decomposition does not
at oncc take placc cxcept by contuct with axidizable substances. This
action is apparent by the change of color, the decp purple being rendered
colorless. ~ Ali Poriland cements contain a small quantity ofiron ; thus with
unadulterated cements a certain amount of the permanganate will be
bleached, but cements containing iron in unduc proportions will bleach a
much greater quantity of the solution, A simple test for the same purpose
isas follows: Place upon a clean silver coin a thin layer of cement, and
drop on it a small gnantity of ditute sulphuric acid {one acid to seven water)
and afterwards rinse with water.  If the cement be genuine Portland, the
treatment will only slightly aflect the color of the silver, but if slag be
resent in any notable proportion, a dark brown stain will be produced.
glng cement has been for some time manufactured in Germany, and works




