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THE MANURACTURE OF PORTLAND CEMENT.-

Regarding the history of the manufacture of Portiland
oement, but litile nead be written. Most perscns are somsshat Tsmiliar with
this naintoresting part of the subject, and indesd, as ths indaﬁtr?'is yel in
i%s intancy, it can hardly be said to have a history.-

) The prineipal characteristics which, in the process of
nanufssture, sharply and clearly disiinguish Portland cement from Limes,
Hydraglio Limes, :and other Hydraulic cements, are the necessity for carefully
proportioning and finely grinding the raw materials to insure a homogenous
mixture, and the extremsly high temperature at which it must be burned inm
arder to insure a sound and trustworthy product.” The use of lime and hydrauliec
lime ia duilding cperations is of dreat antiguity, but not until about the
year 1767 was the important discovery made that the addition of small amounts
of elay oalcined with the limestone brought about an improvement of the product
and produced & hydranlic lire, or a lime which, when made inio a mortar,
posnesind the peculiar property of hardening to some sxtent under water. Thse
nature of the change brought about by the addition of clay was not understocd ,
axd it was not until aboui the year 1824 that the makers discoversd that if
the temperature of caloination was carried to incipient vitrifaetiona muoch
suparior product would usually result. But even then no attemtion was given

to the ohemical composition, and consequeantly the uncertainty im the character,
and ihe utter unworihiness of soms of the cement prodused, brought the wholse
sabsd® fmto disrspute in England, where fhe prooess was diseovered. It was

l?t andil asbout 1852 that the study of the produotion of Portland cement was

taken up in Qermany, and in 1855 the first Portland cement works were erected



aaar Stettin. There are now about one hundred and seventy works in Bermany.
For some time it was thought that Portland cement
aoculd not bp made in America, and all that was usodé was nscsesarily imported
froe abroad, mainly from Germany. The first works in this covniey were estab-
1ished at Coplay, near Allentown, Penxn.,im 1875. ¥or many ysars ikese and
ather works have struggled against an ignorant prejudice .in favor of the for-
eign cements, but of late ysars this prejudice is rapidly disappearing, and
-M;;;arvcdly-so.'A number of ocur manufacturers are now regularly produciag an
article equal if not superior to any foreign brand.
The following figures, taken from "The Eighteenth
Annual Report of the Dirsctor of the United States  Geological Survey, 1896-97,
Mineval Resources of the United States, Calendar year 1895; Nonmetallie Prod-
aosta,% are given to show the growth of the Portland cement industry in the

United States.  (The probable production for 1875 was 1700 barrels.)

- iééaigiiw' T 1894 7 1898
No. of Product No.-of | Produet No. of| Produet
works barrels works arrels works | barrels
Bew York 4 65,000 4 117,275 7 260,787
Lehigh Co. Pa.- |
Peillipsburg K.J| 6 201,000 7 485,329 8 1,048,154
Ohig.- 2 22,000 4 80, 853 4 158,082
All oiher amctionsh 47,500 8 115,500 7 81,000
Total 18 335,800 24 798,757 28 |1,543,0233

The iaports, in barrels of 380 lbs. net, of Portland cement into thé United
States i 1895 and 1896 was 3,997,395 and 2,989,597 barrsls respectively.

It is pom perfectly well known that suitable



mixtures of carbonaie of lime and the constituents of clay can be prepared
frow raw materisls to be found in all paris of the world, asé the resultant
produoct depends rore upon the method of preparirng .tbe raw ;;g;g&&f}-and of
oarrying out the subsequent processes of manafacinre, than uponm ths raw ma-
terial, supposing of course that they are at all suitable ror making a Portland
asuant

ACareful experiments have proved that the anly
smnantial oonstituents of .3 cement are lime, silica, and alumina; but there
are numerocus other ingredients which are always present in Portland, some
of thes being beneficial, some being inert or merely replacing essential
aonponents, and finally, certain others which are undoubtedly injurious,
oxespt when present in very small percentagss., The color of Portland is
prebably due ontirely to the iron w®hich is always present, generally in the
fora of the lower oxides. It may be inert, or at best may combine with the
aluminate of lime to form an alumino-ferrite of lime, which is beleived by
seme writers to aid in the erystallisation of the caleium silicate. M.lLe

Chatelier assigns to it the formula 2(4l Fe) 3 GaQ. Iron may be helpful

) 203
by acting as a flux during the burning, but cannot be regarded ss an essential.
The alkalies, sods and potash, .are mearly always
preseat, being derived from the clays or elay shales, and are regarded by
soxe shemists as being helpful during the proces s of ealeination by acting as
aarriers of the silicic acid to the lime,. They are noti essential.
Magnesia is nearly always present in gquantities
varying from 1% to 3%. It is probably present in hard-burned cements in the free

edate, snd is regarded as dangercus to the cement when the amount:is much

froader thax 43{“This dapger arises from the fact ihat magnesia in becoming



hydrated inoreases very considerably in volume, and as this immxmsse process
of hydration goes on very slowly, the swelling does not take place until
lomg after the cement has become bhard set. Dr. Frdmenger found tnat .in some
osses cements wore disintegrated by the hydration of 3heir contsined magnesia
sfter remaining sound for almost two yesrs.

Sulphur, in excess, is certainly injurious,
!1ghough a definite limit cannot be given which would apply to all cemsnts
alikse. The beneficial effect of adding small quantities of ocalcium sulphate
to the finished Portland is recognised by all manufscturers, and the practice
of adding small amountis, up to about three per cent, is probably a universal
one. By this means it becomes possible to cortrol the rate of setting of a
freshly made cement, trifling additions of the sulphate making the setting
slower and slower, besides greatly augmenting the tensile sirength, both
when tested neat and when tested with sand. A gain of 25% to 30% in tensile
tests is not unconmon bt such addition. L cement high in alumina and burned
at & low temperature will bear a larger addition of the sulphate than one
low in sluzina and burned at a higher temperature. Spalding says that an
sddition of 10% might not be injurious to a highly aluminous cement.

( Hator and carbonis acid, if present in any consid-
srable proportion, indioates that the cement must be very old, or that it was
not properly calcined. A freshly burned Poriland should show an ignition loss
less than ose-half of one per cent.

In the following desceription of the processes
enployed in the manufacture of Portlang cerent the writer will adhers very
olosaly to the methods employed by::;;,zoramost manufactarers of this region.

The samufasture may be divided into ihree principal divisions as follows;



1st, grinding and mixing together the carbonate of lime and the olay to
forz the raw mixture, 2nd, burning the mixture, and 3rd, grinding the result-
ing olinker to a fine powder.

The materials nsed here are. a esrent rook,
ahiok is essentially a limestone containing such ar amount of elsy as to be
spproxisately 2 natural Poriland cement mixture, and a limestone contsining
froe 88 to 95 per cent of carbonate of lime, mhich is sdded to the cement
_-fbek in guantities sufficient to bring the mixture to the desired compositionﬁ
Bosh ©of these materisle are about as hard as ordinary limostore used for
duilding purposes, and this naturally points to the “Dry Prcocess" as the best
sethod for their reductiocn

Naturally the different strata of cement rock
varles sonsiderably in cherical composition, as does samples taken from the
ganae atratum. For any given nmaterials there is doubtless a definite chemical
composition which will give the best possible cemsnt from that material, and
the raw mixture cannot vary by so mush as one per ceni from ihis without
showing a noticeable deterioration in the product.;This,inavitabla variation
in the rax raterial gives rise to the necessity for a chemist, and no cement
works is mow considered complete without a well equipped lsboratory. The
goeneral practice is.to maintain a ceriain percentage of carbonate of lime in
the raw mixture, as this is more easily determined by a partial analysis, end
at the same time gives a good indication of the correctness of the mixtnre}
The writers practice bas besn to make the partial analysig of both ihe cement
roak and the limestone, taking samples of the drillings whish are made xm
pPreparatory to blasting out the rock. In this may ihe chemist is ready ito

iadionts the weight of each whish is to bs taken for each charge sent to the



grisdiag 2ill, by the time the rock is blasted loose in the quarries.

Various methods have been used for determirning the
paroentage of GaCOS present in a sampls of rock. Scheiblers Calcimeter has
been widely used but is not satisfactory. Probably the beat method is the
yelusetric one in which an acid is used to bresk up the carbonate, an alkali
to seatralise the excess of aoid used, and s coloring matter as an indicator.
With this method a chemist can easily weigh s sample and make the determination
Vin from ®ix to ten minutes. These partial analyses are Bupplemented by an
ooosslonal complete analysis of both the ras materials and the finished cement.

After belng properly proportiored the mixed lime-
sione and cement rock is sent to the crushing rcom to be ground. Fhe firest
step in the reduciion is prefsrably performsd by a Gates Rock-breaksr.

Conmon sises of this machine are capable of taking the stone as they come
fron ihe quarry and reducing them %o pieces not larger than a two-inoh cube
»% the reits of from thirty to fifty tons per hour. "he broken stone is now
passed through a Dryer mbich drives off sll moisture and makes the subseguent
grisding much easier. The dryer is a cylindrieal shell resting om frietien
rallnrq, end having its axis on a slope of about one-half inoh per foot from
th;'hartlontal.'The ehell is about thirty feet long and four feet in diameter,
and is made of three-eighth inch steel. It is revolved by means of s large
apar gear arcund the outside of the shell, and makes about one revolution

por miaute. Both ends of the shell ars open, the lower ‘end connested with a

furnsas, the upper end being connected wiih the smokesiack. It is heated by
ueans of a coal fire in the furnace. The broken siome is fed into the upper

oad and by the revolution of the dryer is passed through the hot gases and
gradually carried to the lower end, where it is discharged irto an elevator

ard egeried to nills which give i1t a further step toward i%s final reduction.



4 »111 in conmmon use for this work is the Mosser Crusher, which is something
like a coffee-nill in principle, and reduces the stone to bieces not larger
than & one-~half inch cube. CGrushing Rolls are also coming into quite exten-
sive use for this reduction. The material is next conveyed to a third set of
aills shere the final reduction to a fine powder is made. Ths most eommon eill
tor this purposs is the Griffin will. The outlet from thess mills is through
fine brass wire screen, thus prevexting any coerse particles escaping reduc~
;ion.'ln a general way, the finer the raw material is ground the better the
reaniding oement. In practioe the increased cost of reduction limits the fine-
wess to which the grinding is carried.  The best results cannot be obtained if
the ran material, after leaving the finishing mills, shows .a residus of more
than 12% or 15% on a standard sieve containing 10,000 holes per sguare inch.:

By this method of grinding the limsstons and cement
rook together from the time they enter the crushing room, the raw mixiure be-
souss practically homogensous, which is an absolute essential in the manufac-
ture of Portland cement.

From the finishing mills the raw mixture is conveyed

%o the burning romm, which is perhaps the mesi interesting .and ‘at the ssme
time the most important step inm the process of manaufacture. The most improved
systea of burning is by meens of the Rotary eylinder, similar in arrangement
10 She oylinder used for drying the stons. The size of the sylinder is varied
by different manufacturers. They are commonly about 60' in lemgth .and 8' in
dimmeter for a distance of 25' at the furnace end, then a section about 10
lomg ia whioh the diamster is reduced to 5", and then a second straight section
85" Remg and 5' in diameter. The snlarged end of the oylinder gives additional

Asating surface .at the point whers the itemperature is highest, and will con-



gequently burn more cement than the straight eylinder §' ip diameter.  Expe-
rience does noi seem to warrant the makiog of cylinders larger than 6", al-
though there are a few in use that are 7' in diameter.

These Rotary cylinders are heated by & jet of
orude petroleum oil or fimely powdered coal, which is blown into the eylinder
by means of compressed air. The raw material in the form of a dry, impalpable
powdsr, is fed into the upper end of the cylinder, whieh, by its rotary mo-

-tibn, plases-and repasses the powder through the hot flame and gradually car-
riea it to the lower end, where it falls oul into cooling bins in the form
of bard, well sintered lumps, to which the name of"elinker" has been given.

The temperaiure ai the upper end of the eylinder
sy be about 540 degrees C. (1000 degrees F.), and this gradually increases
enti) 1t reaches 8 maximum at about 10' to 15' from the lowerend, whers it is
about 1375 degrees C. (2500 degrees F.) to 1660 degrees €. (3000 degrees F.).
ds the raw materisl is exposed to this heat chemical action begins by the
sxpulsion of the carbonic acid gas, which probably begins as socom as the
mixture enters the cylinder. The lime is now left in what ie termed the nas-
otn? state, and is ready to form new combirnations, with the silics and alumina
of the sclay. The alumina, which is ususlly regarded as 8 base, assumes at
very bigh temperatures 2cid functions, and here combines mith the lime to
form the diealcium-—-zluminate, 2030,&28%.'The gilics combines with the lime

to form the tri-celoic silicate, 3Ca0,S8iC_. Ircn and magnesia probably re-

2
naln iwert, or at least have but little influence on the chemical changes
taking place, and according to the best writers, should not be considered
im proportioning the charge of raw materials.

If the charge has been cerrecily proportioned



apd finely ground, and the burning properly carried out, the clinker ecomes
frop the eylinder in dense, heavy, black or greenish-black lumps, which when
exyosed to the light, ars seen to be covered with sparkling erystals. These
lusps are sufficiently bard to seratch glass and undergo no alteration when
oxposed to the air. Indeed, one case is cited in which Poritland cement clinker
romained unaltered by being immersed in sea-mater for five years.

If the grirmding has been ccarse, no amount of
asreful burning can produce good clinker. The color will usually be dead ard
iwstreless, while some lumps may be of a faint viclet, purple, or pink tint,
inteyrspersed »ith whitish paktiecles. Such olinker when ground produces a
nesk cspent which will pot show scund in the hoi water or steam pal test,
owing to the lime which is inevitably left free if the mixture be not perfeci-
ly homogeneous.

It is conmonly stated by persons writing on this
subleot, that great care must be exercised in burning Portland in order not
46 overburn it, thereby produocing a heavy cement, but one which will not set
sben mixed with mater. Experiments made by the writer to determine the effect
ef- 4he-so-called overburaning would seem to point to the comelusion that it
is preetically impossible to cverburn a cement of correct chemical composi-
tion, or one that has sufficient lime to forr the tri-caleic silicaie and the
di-caloie aluminate. Such & mixiure when burned until the resuliing clinker
resonbled blast furnace slag in appearance, was only slightly slower in setting
thex wher burned st the normal tempersture, and remained in all iesis to
shiok it was subjected, as sound as the normally burned elinker. However,

Af the mixture be low in lime, so that the ortho-silicate, 30Ca0.8i0_, is

2
formed, andis burned to the point of fusionm, it gives rise to the peculisr
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product known as "creeping" clinker, When this silicate is fused and allowed
to cool slowly, it erumbles to a powder resembling slasked lime in appssarance
and somposed of fragmenid of rminute twinned crystals.‘This*action‘is due 1o
the unequal temsior on the oppesite faces of the crystals. If the compound
is burned at a lower temperature the twins are not formed snd no disruption
takes place. This action of the lower lime mixture has no doubt givem rise
to the supposition that all mixtures are ruined by overburning. In general ,
;sq 1§:gr“the lime conient of & raw mixture the lower must be the maximum
tonperature at which it is burned, and ithe quicker the setting of the res-
alting ocement.

As the elinker falls from the ecylinder it is ear-
ried away by s conveyor and stored in bins, or spread on a flcor io be
cosoled before grinding. As it comes from ithe eylinder the clinker is very
tough ard diffieult to grind, but if left uvntil it is thoroughly eocoled it
beoomea brittle and is much easier to pulverige. There are a number of d4if-
ferent nills in use for pulverising Portland cement climker which give fair-
1y geod results. Among ithe best are the "Ball mills™, which do the prelimin-
8ey srushing by means of a number of steel balls within & revolving drum
into whioh the clinker is fed, the clinker being pounded to a ccarse powder
before ii can leave the mill; and the "Bube mille", whieh 4o the finishing
by moas of the wubblcg aciiow of flint pebbled =ithir & revolving cylinder
inte whlel the crusied ollnler s 7ad. The finensss %o whiok the cement is
dround is controlled by khe rate of feeding the mill, and requires no
soresning or bolting. The cement is now a finished product, but usually re-
gsires & fow days for aergtion and seasoning before it is really fit for

8es.’ Ar eddition of calcined plaster, or sulphate of lime, ic the groumd



/

semoni helpe to obviate the necessiiy for aeration, and is usually resorted
to by $he manufacturer;. Such addition is a legitimate par$ of the process of
nanufacture, and should not be regarded as an adulteration of the cement.

It is of comnon occurrence for Enginser's speci-
tiostlons to require that"all cement used must be freshly ground Porilard,ete,”
Aosording to the writers belief this is not a desirable requirement and should
~p¢ob4hlyf;ovarssd'to obtain the best resulis. Many cementd which when freshly
groend would fail in the test for soundress, will, after being exposed ¥® in
the storage bin for two or three weeks or longer, become perfectly sound,
ani- are safe to use in any work. It is probable that Portland cement does
not deteriorate, even when kept for many months, if well protected fron
noistare. J

Enginsers frequently make the test for tensile
strength of the neat cement ithe test upon which it must stand or fall, while
net imposing a severe requirement as to fineness of grinding. The neat test
should be given a secopd place in testing Portland cements, making the tensile
etreagth of a 1 : 3 sand mixture the important requirement in this directionm,.
for-the following reasons; The strength of & neat cement mixture gives little
or no idea of its sand carrying capacity, and as nearly all Portland cement
is uxed only when mixed with sand, this becomes the test of practicalmmmexi
importance. A cement which when rather coarsely ground would just reach a
eeriain requirsment as to tensile strength, might be condemned if very finely
groand; yet the finely ground cement would in 2]l probability show as great
steangth when mixed with three parts sand as the same cement coarsely ground
wonld show when nixed with only two parts sand. A slight addition of sand %=z

#3811 imorease the tonsile strength of a very fimely ground cement. It there-



(%

{fore Beoomes svident that fine grinding is an important requirement for
Portland cement, the practical lirit being reached when the increasedfgﬁ; to
tine grinding balances the gain from its greater sand carrying capacity. A
11mit of 30% or 35% residue on a standard sieve having 200 wires per lipeal

inek, or 40,000 hcles per sguare inch, is not a too severe requiremeni where

s first-olass cement is expected.

- hllentomn, Penn., May 38th, 1898
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