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HYDRAULIC CEMENTS.
TEE following instructive paper, by Mr. Edward F. Bail, vas

read before the members of the Toronto Architectural Sketch
Club,. at their meeting on tise 4th inst :

Me. POEsIDENT AND GENTLEbIEN.-It is a popalar belief chat the
Cments ued by the ancient Romani in the Constrution of their ronds.
aqueducts and other publie works coas superior ta ony in use ai tc paeent
tinte, and that the procus of its manufactre le a lut art It may set
somewhat starling. howevur, t state tre tact that with ail the advantages
they have had In hardening slowly tram two t thre thounsad years, prb-
ably noue of thera is equal li strength ta gond Portland Cment mortr
made of one part cement and two parts sand ne twe ad. On the shores
of the Bay of Naples cement lu made and oused t the present day in sut-
stantialy the same manner as described stooo years ugo by the oid architect
Vitrtvius.

lu emutne antiquity. betre the Roman cra. the builders of entent cities
ail uver the world depended for strength and dutability upon the extreme
aceurcy tith which they dressed the surfaces Of the large etones which
were to b placed in contact, and alsu upon the bronze dowels used in
uniting them. With the Romans, beside accuratestone euting. two kinds
of mortar uere ued. In situations where i would not be exposed to the
dissolving action of the water enrefully prepared lite mortar wus employed.
while for quay wils, aqueducts. drains, ccsterns, etc., hydraulie cement
was ued. As is well known. ordinary lime mortarwill not set under water,
butif lime be mixed with clay and burtned at a high rtmporature. a sub-
stance is formed which sets and continues ta harden indefinitely. even when
immerced.

la jurent lims, saoeticies called rit or fat limes, when freshly burned
combine readily with water, which process is termed saking. In su doing
the epnd, evolve grant heat, and fat to powder.

mpure liite, sometimes called ponr limes, do not sare sn mdily.
Bydraulir lata, containing a considerable quantity of clay, scarcely

slaa a al, and passesu te property of hardening under water.
Hydrauic cement do not slca at s. and will set and tarden uder water.
The particles of lime have greater adhuive than cohestsve force, i. e.. they

eill adhere toother substances more strongly than ta each other. li hard-
eoing. murear made trot lime alone changes volume, and for these two
resous, as well as for ecoenmy, sand is used in ail mortir made froc lime.
Good hydraulic cment does not change ira volume in setting or iardening,
and irt cohesive strength is greater than'its adhusive. su that sand is used
with cetent simply for cmoomy.

Ceoents are divided into two classes, Portland and Natural Or Rosendale.
Portland cement was firt inventei or dtscovered it 124 by Mr. Aspdin.

of Leds. Enland, white experimenting with seme of the oveu-burned
clinkers of artificial ceient which w then. bing meanufaclured. Atter
pulverizing and wetting up tot Cakes or blocks. it becane very tard and in
color resembled a limestone ihat ws being quarried for building purposes
on tte Isle of Portland. In taking out a patent for the new product it was
nmed "Portland." ln certain localitiesnaturi depositsof cae tound,
front which Portland cment may b manufactred, bat fty ninateen-
twentieths of the Portland usd In the United States lu ardicial. It is
made by thoroughly mixing together in suitabie proportions clay and fli y
pulverized carbonate of lime (eitter cltk, mat, or compact limestone),

uroieg the mixture in kilns ai a high tempetura. and then grinding the
burnt product to fine powder between ordinary miltstones. In Engnd the
ingrediruts of the cement ara mixed together with a large quantity of water
and afterwards drii, bured and grouad. This is Called the wet process.
In Germany tee ingcedients ara mixed dry. Ir is very important that the
ingredients be corratly proportioned. finely ground and thoroughty mixed.
Nn substance coarser than the one-thirtiet of an inch wil mate ceoent,
and the finer the ingrodients are ground the better. Thorough mixing is
even mora important tiha correct proportioning, as thc tempeatture in the
kilo is eut allowed to rise high enough to liqui> the mass, and in order that
the chemicl changes may rta place. the parties ut lime and elay must be
In close contact with etuait oter, otherwise uncombined or " frae lime or
cay will bc left. In the wet wy of mixing. the châi and dcay being of
difarel specific graities, are liable to bacame deposited ircegularly. even
unde the mest-arefil supervision. In the dry method, when the water
ncasoary r toufo the maso into brick is added. theingredientu are iableta
become separated unless tht wata is added caefull. Ttc fluet cheical
ehangewhich ocours in burningis the expulsion of chemically combined water
and carbon dioxide; itus calcium Carbonate Ca C 03 is converted into lime
Ca O. The uilica Si 02 hich is preset as silicate of alumins in the clay
lu parti> Iransferred to the lime. forming a double silicate of lime and
aleta. A high temperature lu nacesaryi for the production of this double
silicate. but ar a lower temperature the alumina which was presnt in the
clay as a base playa the part ofan acid. and combining witb.the lime, forms
a tri.calcium aluminate, Ca3 Ai2 06. or es ir may bc written Ais Os nCa O.
If the temperature be tan high, a lisie glsus lu formed which tes no
hydraulic properties, and if the burning be continted ai this temperature, a
solid crystallization between the silicate and aluminates of lime is formed,
which dom not set.

SETTING Or cEMaENT.
The setting ' tenat is a comples peocess, partly chemical, party

meahanican. The ehemoicat reactions give use ta substances which as son
as formed combine with sater and constitute the troe camentaceous mater.
ial. The tri.calcium aluminate Ca3 Ais 06 is soluble in 3 co parts of ater,
and lu the nct of setting firt dissolves and then bteins to separute asa mass
of tehied neediu, consisting oftcacitu aluminum hydrate, which extend in
teer direction and am directly the cause of the first seting of the ceouent.
At the same time an action begins which requires a much longer time for its
completion. and which probably conists in a combination of the fliut formei
aluminium hydrate with the tri.alcium aluminate and the watuer forming a
minera of the probable composition Heu Ca Ais Si4 Oiy. 'Iis subttance
crystallies ont as it forcis, rad this Continues to add ta the slidity ad
tenaity of the cement for long periods subscquent ta the firt setting. Sotue
experimom made by the rtier seem ta Conirm the theory that aluminiem
plys an important part in the first setting of te Cemuent, and, alun that this
t dpendent in a cmeaure upon the solubility of some of tht ingredients.
The experiments ar as follows: Aluminium, in the form of aut (either
MW o burned) added ta cament and moistened. muses the mats ta rise
greatl in temperire, showing thut a cheical change is ting place,
probbly le formation of tri-calcium aluminate beora reterred ta; a sample
of Improed Union cement mixed nta with ater, set in a minutes; a
sample ofthe same cement with rwu pet cent. of bart lum added. set in
8 minutes; came with 4 pet cour., set iny minuesri same w-th 6 per ct.,
set n 7 miuu'e. A sorluion e aluminium h drate in coustie potash pro,
duced the ameeffects. butainlessmarked ee, it h a w own tsar
among cnteur testets that in order ta get the fi strength of the cetent It
must bc thoroughly mixed and kneaded or stirred afler the water ts been
added. This secems to rndicate the presence of a soluble constituent which
it lu necssary ta diffuse throughout the mass In order ta obtain the maxi.
mum strengt. If dry cment be forced int moulds under a pressure of

Say 70 ibs. pet sq. inch, and then allowed ta absorb water, a very dense,
hard briquette wiil be formed, but r will be very weak in strength, and als
very uncertain, If sufliaicet woater be added ta dry temtent to properly
misten ir, and if the ma<s be stirred jur sufficiently to ure thorough

and complete moistening and the briquette put iota the moulds in the
usal ay, it will not b s denseor compactas if mrade in the way described.
but will be touch stronger. If, instead of slightly stiring the moistened
couent, it be thoroughly roed and kneaded as lng as possible before set.
rin begins. the bst and strongest briquette maye a made. Ail this, in th
optnon of the witer, points ta the existence of a soluble constituent as b.
fore remarked.

11tPURITIEs.
If by reasn of imperfect proportioning. grinding or mixing, au>' portion

of the lime fails to combine chemically with thc sica or alumina of the clay,
this is known as " fece lime." and when <he csent is aetsh, is in the form
of CaO. Upon exposcra to the air it absorbu moisture and becomesslaked,
thus: CaO+H2O=Ca(OH)2. Upon still further exposure it slowly abi.
sorts Cauon dioxide, and returns to its original composition betore being
burnat, vi., aoneate of hme: Ca(OH) 2+COa=Ca C30+Hs0. When
present in the unsicted fari, (Ca 0), fret lime is one of the most dangerous
tmpurities in comnta. as upon the addition.of water ir siates. and expands.
thereby disturbing the setting of the cement. This slaking is not rapid litre
thar o rn or far limes, and offen ils effeats are ont apparent for the first
day. It frecuently happens chat samples of cement ill stand a good ten.
eile strain a the end of 24 hours, whiue a the end of sevn days the strength
will hardly be greater than the 24 hous test-sometimes even below it.
This generally mcdicates tree lime. and in such a case the sample should be
exposed to thc air for a week and a second test mrde. If this test comes
Op to the standard, the trouble lu due ta the prcstice of free lime, and the
ceuent may be accepted provided the other tests are satisfactory, on condi.
tion ihat i be spread out and exposed tu the air for a week or more beftoe
use. If the lime have suffiient activity, thin cakes of the cement immersed
in water for a wrek wvill beome mrcked, but if the lime is not present in
subicient quantity or hans not the necesary ctivity, no crcks may appear.
lu order ta render this test more effectve, tthe mak or pars may be exposei
as son as they are hard ta high temperature saaurated with maiturte for
about thre houts. nnd then boitei for tweny-foir hours. Tao pur Cent.
should be the timait of this impcîity. especially if the cement be for use under
water; for use in air the preseuce of trac lime is not so injurlou, provided.
of course, that it is slaked. Frn lime retards the setting of cment and
impairs its hydraulicity. Whent present in onsiderblequ.tity th"coment
will disintegrate on immersion. uitas first allowed to become quite tard in
air. In determining the icaunt of face lîme in caeent by chemiaI
analysis i is customary ta find the amtnt of C Oz on the supposition that
te troe lime is allethe fari of Carbonate, and beu calculate the amonta
ofCaO-r per cnt. of COs indicating t.3 prcent.ofCaO. This.how.
ever, s a very unreliable method. as the lime mut first be hydrated and
then carbonated. This rqcitres a long rime if exposure ta the air is relied
opon ta effect the change. as is usually the Case. Hydrogen Sulphide,
HsS, lu ofrtn evolved with the carbon dioxide, and this als affects the
accurey of the test.

Magnesia (in the fret state) is nuther dangerous impurity. It May nt
prevent the coent from setting and becomiig apparently as tard as
though it ere absent. For a long tinte it may ramais inet, and perhaps
for months thet may be no apparent change. The iagnesia, however,
tas an aflinity for ater; eery two pounds ai ma gcula in becoming
hydrated, tates up and solidifies ont pound or 27 7 cuta 'nches of· mater,
sud i bulkt every ton of manesia would huve ta find rm for anut i6
cubie feet of wvatr. In finding roc for this water the mortar botmes
disintiegraed. The action continus whether in air or in uater, and is
especia y disastrous In auncrIt work. Instances are recorded where con-

rte works have failed abthough bailt in the tu manner with Cnent that
hadstood the ordinary mechanical tests. Tlheconcretcuetas tard as muai,
but after atime expansion set in. In one carse. a vertical wat about 35 fee
high was lifted about 5 inchtes, in anotier. a masut oorete t6feet thick
was lifted from % te s inches. In boti cases a white substance of the
consistency of creStmas ceen In the contrte. On being analyzed, this
substance was found to contain su per cent. o magnesian hydrate, consist.
ing of about M magnesian oxide and [ water. The writer mar some e.
periments with five per cest. by weigit of caleined magnesia added to Ici.
proved Union cement. The tmagnuesia uwas found to rader the paste very
plaide and easily worked. It retarde the setting tram twenty Minutes to
two tous, and grestly decrtesed rite strength t flite cament, as follows:
Nat cement, o day oid, tens. strongth - 45 lbs. pet square inch.

o rweek old. " " . y4
Ceoent with 5% mag., a dny old. tens. strength. = s"

wtek old, " - 19
2 " " = 36

At the end of one waeck the pats were very sut ; the otside sues light-grey
and the interior the usual color. Good Portland Cment should in no case
cotain more than one pet Cent. of magnesia.

By the rules of the Ecole Nationale " of Paris, if the amouint of sun.
piturie acid excSds cu pet Cent., the cement is rejected on the cemtrical

aresis atone.
eon Portland.cment is properly burned. i fotms a very tard

clinker, which lu expensive to grnd to the finenes now demanded
t>' engieere, as the machinery requires constant repair. Ta tender
tho gr'ding casie,. ron silag mal is sometintes added te the cement
clinker. This slag cement may bu recognized by is lighter spcifli
gravity (2.6 ) and by its color, which is a mauve tint in powder, while
the inside of the acte pat when broken lu deep indigo, Its presence

ohen mixed with Portland may b detected as follos: Ta a gill of
waer. add about Bu drops of sulphuric acid. into this drap 25 graens
of the coment and sti rapedly with a glass rod, and while sill stirring, pour
In drop by drap, a solution of Condys fluid (64 grains of permanganate of
rtast ta one pet of warer) unil thered coir remains permanent. Genuine

Portud will require dnly ta ta is drops of te permanganate solution,
whilst an adulterated cement will tate considembly more-3o tr do-and a
cemeurnt made frous stag over son drops. The puinciple of this test lu as
follows: Solid perianganate of potah is ai once decmposed by the
a'ddition of strong acids, but io water solution ibis decomposition dots net
at once take placcexcept by contact with txidizable substanets. This
action lu apparent by the change ofcolor, the decp purple being renderd
colorless. Ali Portland eimenus conti a sal quanuty ofiron ; thuswith
unadulturated cemeurs a certain amont of the permanganate aill be
bleached, but eaments containing brou in .nodue proportions will bleach a
much greater quamrity of tte solution. A simple test for the mme purpose
is as followus: Place upon a Clean silver coin a thin layer of cmeut, and
drop on it a smal qnantity or dilate sulphuric cid (ote acid to saven water)
and afterwardscinte wit saler. If the ceotent be genuine Portland, the
treautent will only slightly aCet the color of the silter, but if sing be
prescut in any notable proportion, a dark brown stain will be produced.
Slag cement has bee for soma rima mautfactured in Germany, and works
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