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HE enlarged consumption of Portland cement in this coun-

try during the past few years has caused the subject of its

chemical and physical properties to receive increased considera-

tion. Not only has the consumer been directly interested, that

the cements used should stand specified tests, but the attention of

the manufacturer has been drawn in the same direction, result
ing in improvements in methods of production.

While the Portland cement manufacture here is yet in its
infancy, with a history of practically less than ten years, its
product for 1891 reached a total of 450,000 barrels out of
3,500,000 barrels consumed in this country during that year.
This ratio between home production and importation should be
radically changed in the near future, since the product for 1892
was over 600,000 barrels. A number of causes have prevented
the use of American Portland cements in the home market,
one of the chief being that the imported German cements
always gave higher physical tests when made by the German
methods of testing than the American cements under the Ameri-
can system of testing. There are a number of American Port-
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land cements fully as good as the best German cements, and
have shown fully as high teusile strength when tested by the
sanie methods.

These differences in results are not due entirely to the cements,
but rather to the methods i ‘use in the different countries for
testing then:, for Portland cements cannot vary much in their
chemical composition without losing their value.

The limit of variation is as follows:

Ca0 eovrinninannnns 58 to 67 per cent.!
SHO, e erer i 20 to 26

ALOg cvevvenniinnnn. 5 tolo

Fe,Op vvvvvvnnvnnnn, 2 to 6 v
MgO vovvviviiinnnnn 0.5to 3 "

SO eere i 0.5to 2

After manufacture it is practically Ca,Si0,, and is quite dis-
tinct from another product made and largely consumed here
called ‘‘hydraulic cement.”’

Experience has shown that Portland cements containing over
two per cent. of magnesia (MgO) are inferior i lasting quali-
ties, and by the gradual absorption of water produce cracking
and disintegration (Compt. Rend., May, 1886).

Calcium carbonate (CaCO,), formed by the absorption of CO,
by the CaO in the cement after manufacture, is another injur-
ious compound found in cements containing more CaO than
sufficient to unite with the silica to form the tri-silicate of lime.
This carbonate of lime gradually produces seams and fractures
after the setting of the cement. The ' Licole Nationale," of Paris,
rejects all cenments containing over 1.5 per cent. of sulphuric acid.
Thus, if upon cheniical analysis, maguesia is found present in
amount over two per cent., carbouic and sulphuric acids in
amounts over one and one-half per cent., the cement can be con-
demned at once without anv mechanical tests. Therefore, it is evi-
dent that a careful test of a Portland cement requires: (1) a
chemical analysis to determine the proportion of the ingredients
and (2) the mechanical or physical tests to determine fineness,
tensile strengtli, and resistance to crushing.

1 ¥. Candlot, Etwde pratfigiee sxrle Clment de Portland (Paris, 15%6),



SCHEME FOR THE ANALYSIS OF PORTLAND CEMENT. By THOS. B. STILLMAN.

Weigh out 2 gms. of the finely powdered and dried material, transfer to a 6-inch porcelain capsule, add 50 cc. IICL 5 cc. IINQg, and evaporate

to dryness; add 25 cc. HHCI, 100 cc. H,0. boil aud filter into a ! liter flask ;: wash well; make solution up to containin ; mark and thoroughly mix,

(1) Residue—Dry, ig-
nite, fuse in platinum
crucible with Na,COyg;
cool, dissolve in water,
acidify witli HCl, evapo-
rate to dryuess in g-inch
porcelain capsule; take

(2) Sofution 1. —Take 1 saunple of 100

(3) Residue Fe,04,A1,05.

Dry, ignite and weigh

as such.

Then fuse in

silver dish with KHO.

(5) Residue |

(4) Solrtion —Addan

(6) Solution.—FEvaporate to dryuess

1noniui oxalate in slight excess, set aside 4 hours,
filter, wash with water coutaining } its bulk of ammouinm hydrate.

in a platinnm capsule,

ce., trausfer to a 300 cc. heaker, make alkaline witlh NH;OH,
war, filter, and wash

SO04.—50 cc.

-of the solution

are trans-
ferred to a 100
cc. heaker;
solution of
BaCly is add-
ed in slight
excess ;. boil
and set aside
for 6 lours;
filter, wasl,
dry. iguite
and weigh as
BasO,, and
calculate to
SOy,

0.0027

0.008
5% 1% =0,67% SO3.

10.721

10,7

Crucible+4 BaSO,

Crucible
SO
0.0027 X

0.0324 (K480,,Nay50,)

0.0164 (K,50,)

0.0160 (Nap50,)

up with HC1 and water; | Treat with water, boil, | is CaC,0,. | ignite to expel all ammonia salts; cool. add 50 cc. H,0, boil,
boil. filter and wash. aund filter. Dry, iguite | filter and wash.
- —_— | overblaste | ———— - - —— ——— —— — T
Residue, Solution.— Residue. Solution, lamp to (7) Residueis (8) Solution.—Transfer toa weighed platinnm
8104, Make alka- FegOg. coutains coustant MgO. Dry, | capsule, add a few drops of Hp50, and evapo.
Dry.iguite | line with Dry, 1guite, | Al,05. If weight. ignite and | rate to dryness; iguite to coustant weight. This
and weigh NH,OH ; and weigh |itisdesired | Weigh as weigh as | weight represents NayS0,KoB30,MgS0,. Dis-
as 5i0,. wanmu, fil. as FegOj. to weigh CaO. Mgo. solve in 50 ce. of H,y0, mix well and divide into
ter, wash. Subtract | this acidify 2 portious of 25 cc. each.
ll\IegIcct this weight the solut}ou @ 15t Portion.—adda few | 2d Portion—Add soln-
trate.) from with HC1, ETo® a . of HCLthe ke | ti f Ptel, in slight
Residueis | weightin | thenmake b o | dropsof HClthenmake | tion o g 5K
Al,0 (3). Th faintly al vt 4 alkaline with NH, OH, | excess, a few drops of
k) 3)- ¢ alntly al. QL8 < [ and precipitate the Mg | HCl and evaporate to
Dry, 1guite, | difference | kaline with R - P ) A fld os the water
and weigh is Al,O4. NH,OH: og|o - | Wwith .soh}tlou_ o ryuess oun the water-
as Al,0 o boil, ilter n § | NaygHPQ,. Set aside 3| bath. Determine weight
903 m‘vh ell‘ +%% = | hours, filter, wasll with | of K;P’tCl, on tared fil-
wTa; werk ?n 88‘§ || { ammoniated water, dry, | ters and calculate to
i 'i]ire: s Q o'|°' g |ignite and weigh as|K,50, Multiply thisby
811?1; € 13 I} &) | Mg,yP,0,. aud calenlate | 2 and subtract weight
ped, lg& + o~ x| |to (MgSO0,)s. This]|from total sulphates.
m'teh an LY w2 9| | weight, multiplied by 2z, | The weights of K,80
wekgl 8 as B2 % g x|"issubtracted from|and MgSO, subtracted
e N gy ¢ weightof total sulphates | from total sulphates
22 & % in (8). Calculate Mgs0, | gives thie remainder as
: @, . ] " : VU o ¢l itoMgo. Na,$0,. Calculate K,
2. . g- ¢ OgT T LSBT 2.0 . K SO, to K,0. Calculate
P - . ot g Qw Slg BT C Q b Tati o Nap$0, toNayO.
e A PRl A YIS T ey O™ Alkaline sulphates s . .
’z% eRige | S EHE Q| w ERE . SefFC|SEsEY MgO. K,80,.Na,80,, Mgso, | T platinum dish, 33.8050
wnsls® < ==le g ||gg°§ ”ggoxx ‘*2:;’\‘3 —-~i Platinum dish, 33-7550
TR R LS IS T S P ] Total sulphates, 0.0500
8] o I g Sl o LI I Crucible + Mg, P,0, = 10.729 gns.
S N Q ; Q Iix]o & o < h _ "
o Q =1 gl = 6 I e ) g ol = =g ).f, % 33 Crucible =10.721
] < < = 1 | 6‘~ Sl gl O OUX Mg,P,0; = 0.008 * —0.0088 MgS0, X 2 =0.0176 (Mg50,)
Clet- B3| ol + Q&I ot X[l XX B 6.0324
T(; vo 2lIQtve Xu% Lokl o dRl ey Y K,PtClg = 0.0232 =0.0082 K,80, X 2=
;|22 %1% 8s §||&B2g x|z 25 x9)s5s
’ g § °F :‘:f g o |3 55 §[598 E[[5188 & 0.0176 MgS0, = 0.0058 MgO aud is added to MgO in (7)
514 la¥] ELIS T SR I I P B 56 ¢ 0.0164 K350, =0.0088 K0, then 22FX2SXI0_, 108 1,0
0.0160 Na,SO, = 0.0069 Na,O0, then (LwLx:ﬁm =0.86% Na,O
$i0,. A1,0,. Fe,0,. Al,0,. Cao. K,0. " Na,0.

¥ Manganese oxide is seldom found in Porlland cement. Ifqualicalive analysis has indicared ils presence, 1he iron oxide :md aluinina nmsl be separaled onl by sodimn acecale yprocess in

(2) of above scheme.

The fillrace conlaining 1he manganese is 1realed «ith bromine, 1he MnOz fillered off, and 1h¢ fillralc 1realed as direcled in (1),


SofuftoH.~A.dd
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RESUME,
Per cent.

I {0 R PR 24.20
ALO; cvvriiiii i i e 6.22
F6203 ............ e eeesecr e teseerenn viree  3.00
CAO teterrineteronesororssrnossssorosonns 62.67
Z\i[go ......................... P 1.22
KO coviiniiin ciiiiiiiiiiiiiiiiiiininnns 1.10
Na,:O ..................................... 0.86
SO,  cevvee cevtenttueennitiieisstiisiainonas 0.67

T otaleeeeeeereenreensnonsssonnnnnnes 99.94

The following well known brands of Portland cements were
analyzed in my laboratory by above method.

Burham’s. Dyckerhoff’s. Saylor’s.

SiO, ceevennn 21.70 per cent. 19.05 per ceit. 21.25 per cent.
ALO v eveeenenn. 6.82 ¢ 7.90 “ 4.21 “
Fe,0p coevenrnen 2.37 “ 5.38 “ 8.25 “
Ca0 evveevennns 62.26 i 63.62 i 61.25 ¢
MO ceevnrennn 1.48 “ 1.87 ¢ 1.50 ¢
KyOueovernoanes 1.84 “ 0.88 ¢ 1.01 “
Na,O ceev vannne 0.98 “« 0.36 e 0.99 “
ST T 1.20 “ 0.94 “ 1,38 ¢
CO': ............ 1.30 i

99.95 “ 100.00 “ 99.84 ¢

In some cements quartz is a coustituent in aniounts varying
from 0.5 to 6 per cent. It can be separated from combined
silica by the method of Fresenius (Quani. Ciem. Anal., p. 259).

Where carbonic acid has been indicated by the qualitative
analysis the quantitative analysis should be made upon at least
eight grams of the cement.

The carbonic acid rarely reaches one per cent., and while it
is generally absent in well-burned cements, it is by 110 means an
unconmnon constituent to the amount of 0.15-0.30 per cent., as
the following table of analyses of German cements will show ':

1 2 3 4 5 6 7 8

Ca0 ....... 61.99 62.89 63.71 63.27 6559 59.96 64.51 60.81
SiOyeereeens 23.69 22.80 25.37 19.80 22.85 2370 22.38 2263
Fe, O, vvvenn 2.71 3.40 3.14 3.22 2.76 3.15 2.24 2.42
ALO; ...t 8.29 7.70 4.31 6.73 5.51 8.20 9.45 7.06
MgQO ..ouen 0.47 1.20 1.25 2.02 I.24 1.00 2.89
Alkalies .. . 0.95 1.30 0.84 1.48 0.92 1.0§ ceee 2.83
SO, cveren s 0.69 0.71 0.87 1.08 1.69 0.88 1.44 0.47
CO, -vrvnens 0.27 0.23 0.26 0.33
Insoluble .. o0.44 1.38 0.80

Y er Povtland-crneent und seine Avseondungen G Bagessen, Berlin, 132, p.13,
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THE MECHANICAL TESTING.

The method reconmuended for use in this country by the
American Society of Civil Ingineers is as follows:

(1) Deternnnation of fiueness.

(2) Liability to checking or cracking.

(3) Teusile strength.

Fineness.—Tests should be made upon cements that have
passed through a No. 100 sieve (10,000 meshes to the square
ich), made of No. 40 wire, Stubb's wire gauge. The finer
the cement the more sand it will unite with and the greater its
value.

liability to Checking or Cracking.—Make two cakes of neat
cement two or three inches in dianteter, about one-half inch
thick, with thin edges. Note the time ia minutes that these
cakes, when mixed with mortar to the consistency of a stiff,
plastic mortar, take to set hard enough to stand the wire test
recommended by General Gilhinore, one-twellth inch diameter
wire loaded with oune-fourth pound, and one twenty-fourth inch
diameter wire loaded with one pound.

One of these cakes, when hard enough, should be put 1 water
aud examtied from day to day to see if it becomes contorted or
if cracks show themselves at the edges. such contortions or
cracks indicating that the cement is unfit for use at that time.
In some cases the tendency to crack, if caused by too much
lime, will disappear with age. The remaining cake should be
kept in the air and its color observed, which, for a good cement,
should be uniform throughout.

Tenstle Strength.—One part of the cement mixed with three
parts of sand for the seven days and upward test, in addition to
the trials of the neat cement. The proportions of cement, saud,
and water should be carefully determined by weight, the sand
and cement mixed dry, and all the water added at once. The
mixing must be rapid and thorough, and the mortar, which
shiould be stiff and plastic, should be firmly pressed into the
molds with the trowel without ramming and struck off level,
the molds in each instance, while being charged and manipu-
lated, to be laid directly ou glass, slate, or otlier nomn.absorbent
material.  The molding must be completed before incipient
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setting begins. As soon as the briquettes are hard enough to
bear it, they should be taken from the molds and kept covered
with a damp cloth until they are immersed. For the sake of
uniformity, the briquettes, both of neat cement and those con-
taining sand, should be immersed in water at the end of twenty-
four hours, except in the case of one day tests. Ordinary clean
water having a temperature between 60° F. and 70° F. should
be used for the water of mixture and immersion of sample.
The proportion of water required is approximately as follows:

For briquettes of neat cemeunt, about twenty-five per cent.

For briquettes of one part cement, one part sand, about fifteen
per cent. of total weight of cement and sand.

For briquettes one part cement, three parts sand, about twelve
per cent. of total weight of cement and sand.

The object is to produce the plasticity of rather stiff plasterer’s
cement.

An average of five briquettes may be made for each test, only
those breaking at the smallest section to be taken. The bri-
quettes should always be put in the testing machine and broken
immediately after being taken out of the water, and the tem-
perature of the briquettes and of the testing room should be con-
stant between 60° F. and 70° F.

The following table shows the average minimum and maxi-
mum tensile strength per square inch which some good cenients
have attained. Within the limits given the value of a cement
varies closely with the tensile strength when tested with the full
dose of sand.

AMERICAN AND FOREIGN PORTLAND CEMENTS.—NEAT.
1 Day (1 hour, or until set, in air, the rest of the 24 hours in water)..
.................................. from 100 to 140 1bs. per square inch
1 Week (1day in air, 6 days in water)..from 250 to 550 Ibs. per square inch
I Month, 28 days (1 day in air, 27 days iin water).....ocevivvinens
.................................. from 350 to 700 lbs. per square inch
I Year (1 day in air, the remainder in water) ...cooeviieviiicnans
.................................. from 450 to 8oo 1bs. per square inch
AMERICAN AND FOREIGN PORTLAND CEMENTS.—1 PART OF CEMENT TO
3 PARTS OF SanD.
1 Week (1 day i air, 6 days in water..from 8o to 125.1bs. per square inch
1 Month, 28 days (1 day iu air, 27 days inn water).......oeovviaiana
.................................. froin 100 to 200 lbs. per square inch
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1 Year (1 day in air, the remainder in water)............. ; PR
ceressasersaaases sasesseaesyefrom 200 to 350 lbs. ! per square inch

The machines for determining the tensile strength of Portland
cements in use in this country are the ‘‘Fairbanks,”” Fig. 1,
and the ‘‘ Riehle,”” Fig. 2.

)

The Fairbanks machine is automatic and is operated as fol-
lows :

Hang the cup on the end of the beam; see that the poise is
at the zero mark and balance the beam by turning the ball.
Place the shot in the hopper. Place the briquette in the clamps
and adjust the hand wheel so that the graduated beam will be
inclined upward about 45°. Open the automatic valve so as to
allow the shot to run slowly. When the specimen breaks the
beam drops and closes the valve through which the shot has
been pouring. Remove the cup with the shot in it and hang
the counterpoise weight in its place. Hang the cup on the

!In regard to modification of these conditions required for tensile strength, consult
Transactions American Socrely of Crodl Engineers, August 1591, p. 235,
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hook under the large balance ball and proceed to weigh the
shot, using the poise on the graduated beam, and the weights
on the counterpoise weight. The result will show the number
of pounds required to break the specimen.

Fi1a. 2.

The ‘“Riehle,”” while not automatic, is accurate, and responds
to differences as slicht as 1 pound in 2,000. The distinctive
features are:

(a) The poise moves quietly and smoothly on the weighing
beam.

() The weighing beam is long and the marks not too close
together. 'The slightest movement of the beam is promptly and
plainly observed by the motion of the indicator.

(¢) The levers are tested and sealed to U. S. standard weight.

(d) The arrangement of the ‘‘grips’’ to hold the briquettes is
such that they are always swung from pins, thus giving the test
upon the cement when the briquette is on a dead straight line.
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Divections for Testing Portland Cement According to the Official
German Riules'.—The quality of a mortar made with cement
depends not only on the strength of the cement itself, but also
on the degree of sub-division of the same. It 15 therefore neces-
sary to make the tests both with neat cement and with a mixture
of the sanie with ‘‘standard sand.” This latter as used at the
Royal Testing Station at Berlin, is produced by washing and
dryving quartz sand, which must be clean as possible. and after-
wards be sifted through a sieve of sixty meshes per square
centimeter (387 meshes per square inch), by wihich process the
coarsest particles are separated. The sand is again sifted
through a sieve having 120 meshes to the square centimeter
(774 meshes per square inch). The residue remaining in this
sieve is the standard sand for experiments, the coarsest and
finest particles having been eliminated. It 1s absolutely neces-
sary in order to obtain uniform results to use oniy the "~ standard
sand,’’ as the size of the grain has a material influence on the re.
sults of the testing.  The sand must be clean and dry, and all
earthy aud otlier substances previously removed by washing.

Preparation of Briquettes of Neat Portland Cement.—TUpon a
slab of metal or marble are laid five sheets of filtering paper,
whichh have been previously saturated with water, and upon
these are placed five brass molds (Fig. 3) thoroughly
clean and moistened with water. One thousand
grams of cement and 230 grams of water must be
tlioroughly mixed. well worked up, and when the
resulting mass has been rendered perfectly homogen-
ous, it is poured into the molds. The latter must be
gently tapped by means of a wooden hammer with
equal force on both sides during ten to fifteen minutes
to insure the escape of confined .globules of air. The molds
must be carefully filled up until the mass becomes plastic, the
superfluous mortar is then struck off, and the mold carefully
withdrawn. The samples, after remaining twenty-four hours
exposed to the air, at a temperature of about 60’ F., must be
immersed in water having the same temperature. and care
must be taken that they remain covered with water until the

1 hrtland Cement, by Gustay Grawitz
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time arrives for breaking them. In order to obtain a proper
average at least ten briquettes should be prepared for every
examination.

Preparation of Briqueltes from a Mixture of Porlland Cement
and Standard Sand.—Place the molds on metal as described in
preparation of neat cement briquettes. ‘The quantities (by
weight) specified of cement and sand are thoroughly mixed and
to this is added the requisite quantity of water. The whole
mass is then worked up with a trowel or spatula until it becomes
uniform. In this manner is obtained a very stiff mortar. The

F16. 4.

molds are filled and mortar heaped up. The latter is then
beaten into the molds with an iron trowel, at first lightly, and
afterwards more heavily, until it becomes elastic and water ap-
pears on the surface. The superfluous mortar is then scraped
off with a knife and by means of the same the surface is leveled.
The further treatment of these briquettes is the same as for neat
cement briquettes. ‘The average of ten breaking weights
furnishes the strength of the mortar tested.

The machine in general use in Germany for determining the
tensile strength of cements is the Michaelis (Fig. 4), and from
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this is derived, with modifications, the ‘" Reid and Bailey
machine in use in England, and the ' Fairbanks'® previously
described.

{TO BE CONTINUED. ]

A NEW WEIGHING APPARATUS.

BY DrR. H. SCHWEITZER.
Read telire ¢he New Yrrk Seclian May 29, 1893.

HE weighing of liquids for analytical purposes has always
been very tedious, and many forms of apparatus have been
devised for facilitating this operation. But all of them had
disadvantages. The distinguishing feature of our '‘ Weighing
Pipette,”” which was constructed with the help of our assistant,
Mr. E. Lungwitz, is that it consists of a single piece without any
cock or other comiplicated parts.

The weighing pipette presents the general appearance of a
bulb pipette. Where the suction tube joins the bulb there is a
short capillary tube which projects towards the wall of the bulb,
the opposite wall being flattened to furnish a firm rest for the
pipette on the scale. Qur pipettes are constructed with either
g large or small apertures of the de-

% livery tube, according to the

h physical properties of the substance
_J to be weighed. For light liquids,
acids, and oils we use small aper-
tures; for milk, svrups, heavy oils,
and fats we take pipettes with large
apertures.

By capillarity and suction the
liquid runs back into the delivery
tube without any losses. For ex-

; ample, we weighed a quantity of

fuming sulphuric acid in a pipette

‘ with small aperture, and after half

an hour no change in the weight of the pipette was perceptible.

A short delivery tube cannot be used as there is danger of the

liquids running back on the outside of the tube, thereby dripping
on the scales.

!
|
L




