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lution and tlie heat of fusion of its solvent are among the most
brilliant results of exact science.

This energy method, with its {ruitful principle of virtual
changes. is rearing the framework of a colierent theory of chem-
ical processes. aud it is througlt this development of a science of
exact relations that we must hope to be relieved from the thrall-
dom of unproven, frequently wnprovable and alwavs unnce-
essary mechanical hypotheses.  Tirough this appears for the
first time in the history of chienstry a prospect of slealing di-
rectly with facts as sucl, and only with facts.

WORK OF THE COMMITTEES ON THE « INTERNATIONAL
STANDARDS FOR THE ANALYSIS OF
IRON AND STEEL.”

By JOHN W. LANGLEY, CLEVELAND, O1110

HE histpry of the organization and work of tliese com-
mittees up to the present vear is briefly as follows:

In the sumuer of 1888 it was the fortune of the present writer
to present the subject of the desirability of establishing a set of
samples of steel which should be analvzed with extreme care,
in order that thev might become standards to whiclh scientific
and commmiercial analyses of iron and steel could be subsequently
referred ; also, that greater uniformity in the results of analyses
might be brought about, since these standards would bear
towards analytical methods somewhat the position whiclt the
original units of weight and length, the gram and meter. or the
pound and yard, do to the mechaical arts.

The plan met with hearty co-operation. with the result that
cominittees were appointed in Sweden. Germauy, France. Fng-
land, and America to receive the material and sce that the
necessary analyses were execcuted,

These committees were constituted as follows:

In Sweden, Prof. Richard Akerman: in Germany, by the
authority of the minister of public works, the execution of the
analyses h4s been entrusted to the Komnigliche Chemisch Tech-
nischen Versuchungsaustalt, in Berlin: in France, Mons. Ferd.

1 Read before the World's Congress of Chentista, Angust z20 1)
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Gautiler; in England, the British Association for the Advance-
ment of Science; in America, a joint committee front members
of the University of Michigan and of the American Society of
Civil Engineers.

This latter body appointed a committee of seven analysts as
follows: Andrew A. Blair, Philadelphia, Pa.; Regis Chauvenet,
Golden, Colorado; Thomias M. Drown, Boston, Mass.; Charles
B. Dudley, Altoona, Pa.; John W. Langley, Cleveland, Ohio;
Albert B. Prescott, Ann Arbor, Mich.; P. W. Shimer, Easton,
Pa.

The material for analysis at first consisted of four saniples of
steel prepared in this country. To this was subsequently added
a fifth standard selected in England by the committee for that
country.

Reports of progress have been made by the English committee
in the Reports of the British Association for the Advancement of
Science, volumes for 1888, 1889, 1890, 1891, 1892, the last one
particularly containing a full account of the work on the four
original standards.

In the United States the attention of the commiittee was early
drawn to discrepancies caused by different methods of analysis.
They therefore prepared a set of supplementary saniples kiown
as the experimental standards and to be used only in reviewing
methods of analysis. A full report of their work in this line
will be found in the Transactions of the Anterican Institute
of Mining Engineers, volume 19, 1890, and a brief one in vol-
ume 20.

The Swedish committee through Professor Akerman has made
a report which will be given shortly.

The outcome of the Anierican committee’s work on the modes
of determining carbon resulted in calling attention to important
errors likely to occur when using double chloride of copper and
ammonium as a solvent for the steel owing to the great difficulty
of obtaining this salt free from pyridin and other tarry prod-
ucts. They recommiend substituting chloride of potassium for
chloride of ammonium, which is found to be a complete remedy.
They also found that contrary ta the usual practice this solvent
must not be neutral, but must be rendered strongly acid with
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from five to ten per cent. of its volume of strong hyvdrochloric
acid.

They also call attention to tlte great tendency which chlorine
compounds have to pass out of the combustion apparatus and to
lodge in the absorption train. thus increasing the apparent
weiglit of carbonic acid, and they give methods for arresting it.

During the past vear this committee has continued its work.
The communication front Professor Drown given below enume-
rates very fully the precautions necessary and some inevitable
causes of variation in carbon determinations.

MASSACHUSETTS INSTITUTE OF THCHNOLOGY,
BosToN, JUuLy 29, 1893.
PRrROF. JOHN W. LANGLEY. Chairman, Commiitice on
International Standards for the Analvsis of fron and Steel ;

DEeAR SIR: I give you herewith the results of my determinations of
the carbon in the experimental steel standard. The sample examined
was marked < hammered.”

The amount of carbon found in six consecutive analyses was:

Per c‘eut. Per cent. Per ceut. Per cent. Per cent. Per cent.
1.050 1.057 1,034 1.03) 1.054 1.058

These results were all obtained by precisely the samie process and
niethod of manipulation. The agreement is satisfactory with the excep-
tion of the fourth. I know of no reason why this result should have
been lower than the others. The average of the six determinations is
1.0497. If the fourth determination is omitted, which I think it reasona-
ble to do, the average of the remaining five determinations is 1.0536 per
cent.

The process used was as follows: Three grams of the steel were treated
with 200 cc. of a solution of copper-potassiuin chloride (500 grams to the
liter) and fifteen cc. of hydrochloric acid {sp. gr. 1.2}. After complete
solution of the iron the carbon was filtered off on an asbestos-lined plati-
num boat, thoroughly washed with hydrochloric acid, and then with
water until the washings gave no reaction with silver nitrate. After
drying, the boat was put into a porcelain tube and the carbon burned in
a current of oxygen.

The oxygen used was passed over red hot copper oxide, then through
caustic potash, then over calcium chloride before it entered the porce-
lain tube. The tnbe contained at its farther end several inches of copper
oxide and a coil of metallic silver, which were heated to reduess before
the carbon was ignited.

The gases on leaving the porcelain tube were passed, first, through a
small bulb tube containing an acid solution of ferrous snlplate, then
over anhydrous copper sulphate on pumice, and finally over calcium



STANDARDS FOR IRON AND STEEL ANALYSIS. 451

chloride before entering the potash bulb. The latter was provided with
a small extension tube containing calcium chloride.

Before beginning each combustion two or three blank combustions
were made to see that there was no source of error in the apparatus
itself. The oxygen was swept out with air (free from moisture and
carbonic acid) and the potash bulbs were closed with rubber tubing
plugged with capillary glass tubes.

The silver coil, ferrous sulphate, and anhydrous copper sulphate were
all used for the purpose of absorbing hydrochloric acid or chlorine. In
Mr. P. W. Shimer’s communication on this subject he calls attention to
the fact that absorbents of hydrochloric acid are unnecessary if the acid
is entirely washed out in the original filtration, an operation which
would seem to be not at all difficult. I have long held the same view as
Mr. Shimer, and yet I am compelled to admit that better agreeing results
can be regularly and consecutively obtained if all possible precautions
are taken at the time of the combustion against the entrance of chlorine
or hydrochloric acid into the potash bulbs.

I am indebted to Dr. C. B. Dudley for the suggestion of the use of fer-
rous sulphate, and I think it a valuable addition to the process. The
solution is made by adding concentrated sulphuric acid to a saturated
solution of ferrous sulphate until the latter begins to crystallize out.

A series of determinations made in all respects like those given above,
except that this small bulb of ferrous sulphate was not inserted, gave
the following results:

Per cent. Per cent. Percent. Percent. Percent. Percent. Percent. Percent.
1.073 1.080 1.051 1,051 1.037 1.040 1.049 1.069

There are three abnormally high results in this series, which do
not appear in the series in which the ferrous sulphate was used.

In the course of this study I have made several hundred blank com-
bustions to determine what errors might be introduced in the apparatus
and manipulation. On some days there would be a constant gain in
weight in the potash bulbs, on other days a constant loss, and again, at
other times, the bulbs would not change in weight, in spite of the fact
that the conditions of the experiments as to time, quantities of oxygen
and air passed, and arrangement of apparatus were the same. On moist
days, as every chemist of experience has observed, it is almost impossi-
ble to get a satisfactory weight of the potash bulbs, and it is also well
known that differences of temperature between laboratory and weighing
room must always be taken into consideration. The very least error,
plus or minus, which one must count upon in the final weight of car-
bonic acid is, I think, 0.0003 gram. This can not be thought large when
one considers the great weight of the bulbs, the large amount of oxygen
and air (one or two liters) passing through them, the large surface of
glass exposed, and the fluctuating conditions of humidity and tempera-
ture in the laboratory and weighing room. And yet this three-tenths of
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a milligram amounts to 0.003 per cent. of the carbon when three grams
of steel are nsed for the analysis. It scenis to me that a variation plus
or minns of 0.003 per cent. on carbon in steel is the very least that shonld
be allowed in view of the many sources of error inherent n the eombns.
tion process as now generally nsed.  And T am inelined to tlunk (hat it
wonld be very seldom that tlie variation on teun consccutive determina-
tions wonld fall within this Thnit, even with chemists of experience in
this line of work.

I have satisfied myself by many experiments that a small extension
tnbe filied with very small fragiments of caleinmn chloride attaclied to the
potasly bulbs is entirely adequate to cotlect any moisture that may be
carried over from the potash solntioun, and that the latter does not allow
any carbonic acid to pass through. The nse of solid canstic potash in
the extension tube is therefore unnccessary.  Neither have 1 fonud any
advantage in the addition of a drop or 1wo of water in the bulb of the
caleinm eliloride tnbe to moisten the air after it has passed the anhy-
drons copper sulplate.

In addition to the work above given I have made o large mmmber of
determinations of the carbon in the experimental standard under differ-
ent conditions. Somie of the resnlts thus obtained it may be worth while
to record. A determination made in the same series as those first

given, and in precisely the siine wanner, except tlut copper-annuoninim
chloride was nsed iastead of the porassimm salt. gave (e per cent. of
carbon as 1053, This would indicate that tlie ammonimn salt can be
safely nsed when free from carbon.'  Tliat cuprie chloride acidified with
hyvdroehloric acid can be nsed for the solution of the iron has already
Deen shownt by other members of the committee. I have nnnde several
experiments in thisdirection with the view of using this method exclus.
ively, and thns avoid the necessity of nsing a eryvstallized double salt of
copper.  Cnprie eliloride acidified with tweaty per cent. of strong hydro-
chlorie acid dissolves iron with reasonable promptuess and gives good
results. The addition of forty per cent. of livdrocliloric acid s apt to
canse loss of carbon.  But hivdrochlorice acid is not as good i solvent of
cuprous chloride as the alkaline chilorides.

It seemed obvions that the addition of potassinm or sodinm chloride
to the acidified copper solution wonld wive as good results as a solution

of copper-potassinm chloride.  Several determinatious made in this way
gave fairly good resnlts. Copper oxide, containing some wetaliic cop-
per. was dissolved in hivdrochloric acid, ¢hilorine gas was passed into the
solution to oxkilize the cuprous ¢hloride, and the solntion was then evap-
orated to small bulk to expel the free clhilorine: it contained some free
acid. The amount of copper in this solntion was determined by the bat-
terv in order that tlie proper ammount shonld be nsed in dissolving the
steel. Three grams of steel were treater] withh an amwonnt of this solu-

LT his copper-asmmoninnt cliloride was otaained {rom Mesars, Baker and Adalson,
kastou, Pa.
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tion which contained twelve grams of copper, fifteen cc. of hydrochloric
acid (sp. gr. 1.2) and sixty cc. of a solution of common salt containing
320 grams to the liter. The steel dissolved readily. The filtration of
the carbon and the combustion were made precisely as above described
with all the precaution for the interception of chlorine and hydrochloric
acid. The results obtained for the carbon in three experiments were:
Per cent. Per cent, Per cent, Average per cent.
1.055 1.043 1.059 1.052

A similar experiment, using potassium chloride instead of sodium
chloride, gave 1.051 per cent. carbon.

I have also made a large number of experiments with silver sulphate
as a solvent for the steel, but I did not obtain any satisfactory results in
this way.

I take pleasure in acknowledging my great indebtedness to Mr. Wm.
S. Davenport, instructor in analytical chemistry in the Massachusetts
Institute of Technology, for the analytical work of this investigation,
and for many valuable suggestions regarding the processes employed.

TrOMAS M. DROWN.

The original four standards have now been analyzed in three
countries with the following result.

The English committee give as the mean of their determina-
tions:

ENGLISH COMMITTEE.

Standard Standard Standard Standard
No. 1. No. 2. No. 3. No. 4.
Carbon +vvvvvinnninnns 1.414 0.816 0.476 0.151
Silicon v vvvv i 0.263 0.19I 0.141 0.008
Sulphur «.......oo0ie 0.006 0.007 0.008 0.039
Phosphorus ......-.u 0.018 0.014 0.021 0.078
Manganese ....oov-ann 0.259 0.141 0.145 0.130

The Swedish committee through Professor Akerman give
their means as:

SWEDISH COMMITTEE.
Standard Standard Standard Standard

No. 1. No. 2. No. 3. No. 4.
Carbon ....ovviiviin 1.45 0.84 0.50 0.17
Silicon «vvvvoviuiien s 0.257 0.185 0.15 0.015
Sulphur.........oovnii 0.008 0.004 0.006 0.048
Phosphorus -....-..... 0.022 0.015 0.021 0.102
Manganese +..vovi-aes 0.282 0.145 0.17 0.13

The American members have not held a joint meeting this
year and there are one or two analysts who have not completed
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their work, so that the averages given below may suffer some
small modification in the future.

AMERICAN COMMITTKE.

Standard Standard Standard Standard
No. 1. No. 2. No. 3. No. 4.
Carbon -..vvvviiiinnn 1.44 0.807 0.452 0.16
Silicon ...cc.viiiein 0.270 0.202 0.152 0.0I3
Sulphur. oo, 0.004 0.004 0.004 0.038
Phosphorus «.ovvvvvsn 0.016 0.010 0.015 0.088
Manganese ..o canun - 0.254 0.124 0.140 0.098

The German committee has devoted much attention to the
study of methods of analysis in connection with the inter-
national standards, but has not yet announced its results. The
French committee has made no report.

STANDARDIZING THE TORSION VISCOSIMETER.

By O. S. DooL1TTLE, CHEMIST, P. & R. R. CO.

Received October 24, 1893.
N the article published in the June number of Drugs, Oils,
and Painits,' on the Torsion Viscosimeter, the method recom-
mended for expressing the viscosity was in the number of
degrees of retardation between the first and second complete
arcs. Further experience has shown that although this is the
best method for any one instrument, yvet when it conies to com-
paring different instruments it is too delicate. It has been found
that two instruments cannot be made to show the same number
of degrees of retardation throughout a wide range of viscosity
without requiring an amount of careand exactness in the manu-

facture which greatly adds to their cost.

In order to overcome this difficulty each instrument is now
standardized against pure cane sugar solutions, after the man-
ner proposed by Mr. S. M. Babcock (/. Anal. Chem., 1, 151,)
in a similar case, the viscosity being expressed in the number
of grams of sugar contained in 100 cc. of the syrup at 60° F.,
which will give the retardation designated at 8c° F. These
readings are obtained by taking a number of solutions contain-

1See this JoURNAL, March, 1893.



