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THE ANALYSIS OF SILICATE AND CARBONATE
ROCKS.

By W. F. HiLLeBraND.

INTRODUCTION.
OBJECT AND SCOPE OF THE PRESENT TREATISE.

Prior to the publication of Bulletin 148 of the United States Geo-
logical Survey the literature relating to the analysis of silicates,
though extensive, was so widely scattered that in no single work
was there to be found, in the light of modern methods, a satisfactory
exposition of the procedures to be followed or the precautions to be
observed, especially in the search for some of the rarer constituents
or those which, without being rare, had come to be recognized as
occurring persistently in small amounts. It was not the intention to
make the chapter on rock analysis in Bulletin 148 a manual on min-
eral or even rock analysis, but to show primarily the principles and
methods by which the major part of the analyses made up to that
time in the laboratory of the Geological Survey had been conducted,
and thus to afford a partial measure of the trustworthiness of those
analyses. At the time it was felt that the experience gained by the
chemists of the Survey since the establishment of its first chemical
laboratory in Denver might be useful to most chemists engaged in
mineral and rock analysis. The favorable reception accorded to it
by chemists led to the republication of a portion of that bulletin in
more extended form as Bulletin 176, and since then other enlarged
revisions have appeared under the numbers 305 and 422. Bulletins
148 and 176 treated only of the analysis of silicate rocks. In Bulletin
305 there was added a section on carbonate rocks, for the reasons
that the chief carbonate rocks form a most important element in the
earth’s crust and that the knowledge of their composition is of
moment to the geologist as well as to the cement worker, who now
makes enormous use of them. The methods applied to their analysis
differ in but unimportant respects from those used with the more
siliceous rocks, for they are to a great extent themselves siliceous
and contain essentially the same constituents, and therefore the same
principles apply to both. Naturally they demand and receive briefer
treatment.

15



16 ANALYSIS OF SILICATE AND CARBONATE ROCKS.

" The special problems often arising in the analysis of rocks of
extraterrestrial origin—the more or less stony meteorites—will not
be considered here. An analysis of those objects should never be
intrusted to the novice but only to the chemist who has a knowledge
of the comparison and properties of their peculiar mineral constit- -
uents and a judgment fit to cope with the difficult problems they
present. :

A suggestion was made to the author that the analysis of artificial
glasses and of glazes, and possibly of other industrial silicate prod-
ucts, be covered in this volume. To do so, however, would involve
increasing the size of the volume materially, in order to take accqount
of the considerable number of elements occurring in such products
that are not rock constituents in more than minute traces.. More-
over, the elaborate treatise of J. W. Mellor? is available. '

The third edition of Dr. H. S. Washington’s “Manual of the -
chemical analysis of rocks,” appeared just as the manuscript of this
volume was completed—too late for me to benefit largely by the ex- .
tended revision of the earlier texts.

I regret that no reference could be made in the text to electro-
metric methods for determining iron in both the ferrous and ferric
states. The subject has been well treated by J. C. Hostetter and .
H. S. Roberts in a recent paper.”? In a companion paper H. S.
Roberts? describes the apparatus needed in applying the method.
I can only urge upon all mineral analysts to consult both papers.
High and low percentages of iron can be determined quickly, with
high accuracy, and with fewer précautions than by the older methods,
not only in sulphuric acid solution but also in hydrochloric or hydro-
fluoric acid as well as in mixtures of these acids.

The methods described in the later bulletins mentioned were not
restricted to those actually in use at the Geological Survey, and a
still further departure in this direction has been made in the present
treatise. Many new methods and modifications of methods have been
published in the last 10 years.- Some of these may certainly be
applied satisfactorily in rock analysis, and others seem promising.
The most promising of the latter group have been described in the
text in order to stimulate analysts to try them out, for it is well to
have more than one good method for reaching a desired end. An-
other reason for presenting some simpler though perhaps less reliable
methods is that a few of those preferred entail the use of expensive
apparatus or complicated arrangements which are not at the com-

1A treatise on quantitative inorganic analysis, being vol. 1 of A treatise on the
ceramic industries, London, Grifin & Co., 1913. Among other publications on the sub- -
ject of glass analysis a paper by E. C. Sulllvan and W. C, Taylor (Jour. Ind. Eng.
Chemistry, vol. 6, 1914, p. 897) deserves mention.

? Jour. Am. Chem. Soc., vol. 41, 1919, p. 1337.

8 Idem, p. 1358.
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mand of all analysts. However, where silicate and limestone analyses
are made in number it is a saving of time and, in the end, of money
to set up permanent and even expensive arrangements for conven-
ience in determining such constituents as water, carbon dioxide, fer-
rous iron, and boron, and in making reductions by hydrogen.

My transfer in 1908 from the Geological Survey to the Bureau of
Standards has made it impossible for me to keep closely in touch
with changes that inay have been made in the analytical procedures
and methods of the laboratory staff of the Survey. This statement
is made in order to prevent possible misconception. The present
work is to be considered as a general treatise on rock analysis, based
on my own views and experience, often supported by those of others,
rather than as an authoritative presentation of methods now prac-
ticed or approved by the present Survey staff.

Compared with its predecessor this bulletin shows many changes
and additions, with some omissions. To enumerate them all is need-
less. A few, however, may be mentioned.

Additions -have been made to the section on chemical reagents,
especially by including information on porcelain, glass, and plati-
num ware and substitutes for platinum ware. The greater part of
the chapter on the réle of hydrogen in minerals has been rewritten
for me in the light of modern views by Dr. E. T. Wherry, of the
Department of Agriculture; Dr. H. E. Merwin, of the Geophysical
Laboratory of the Carnegie Institution; and Mr. Elliot Q. Adams, of
the Department of Agriculture.

Sections 8 to 14, in Part II, have undergone much modification,
with the introduction of descriptions of new methods for the deter-
mination of individual constituents and for the fractional separation
of complex precipitates, preliminary to the determination of the com-
ponents of the less complex fractions. Two new sections have been
introduced here in amplification of the matter that was previously
presented in section 8. A detailed procedure for determining boron
is given, in order to stimulate search for this very minor and hitherto
entirely neglected element.

ACKNOWLEDGMENTS.

Drs. E. T. Wherry and H. E. Merwin and Mr. Elliot Q. Adams
very kindly revised the chapter on the role of hydrogen in minerals,
and Drs. Wherry and Merwin gave friendly advice on other points. -
My associate, Dr. G. E. F. Lundell, of the Bureau of Standards,
rendered most valuable aid by his criticisms of the preliminary text

‘and by tests of methods. Mr. H. B. Knowles, of the Bureau of
Standards, was helpful in the experimental testing of certain methods.
To all these gentlemen my thanks are gratefully tendered.

181999°—19——2



SILICATE ROCK ANALYSIS.

I—INTRODUCTION.
1. IMPORTANCE OF COMPLETE AND THOROUGH ANALYSES.

The composition of the ultimate ingredients of the earth’s crust—
the different mineral species which are there found and of many of
which its rocks are made up—was the favorite theme of the great
workers in chemistry of the earlier half of the nineteenth century, and
for the painstaking care and accuracy of Berzelius, Wéhler, and
others the mineralogists and geologists of to-day have reason to be
thankful. Considering the limited facilities at their disposal in the
way of laboratory equipment and quality of reagents, the general
excellence of their work is little short of marvelous. As an outgrowth
of and closely associated with the analysis of minerals came that of
the more or less complex mixtures of them—the rocks—to aid whose
study by the petrographer and geologist a host of chemists have for
many decades annually turned out hundreds of analyses of all grades
of quality and completeness. With the growth and extraordinary
development of the so-called organic chemistry inorganic chemistry
gradually fell into a sort of disfavor. In many, even the best, Euro-
pean laboratories the course in mineral analysis, while maintained as
a part of the curriculum of study, became but a prelude to the ever-
expanding study of the carbon compounds, which, multiplying
rapidly and offering an easy and convenient field for original re-
search and possible profit, proved more tempting to young chemists
than the often worked-over and apparently exhausted inorganic field.
For one student devoting his time to higher research in inorganic
chemistry fifty perhaps were engaged in erecting the present enor-
mous structure of carbon chemistry. The instruction afforded to the
student in mineral analysis was confined to the ordinary separations
of the commoner ingredients occurring in appreciable quantities,
with little regard to supposed traces and with still less attempt to
find out if the tabulated list really comprised all that the mineral or
rock contained:

With the introduction of improved methods of examination by
the petrographer, especially as applied to thin rock sections, and
-the use of heavy solutions, whereby, on the one hand, the qualita-
tive mineral composition of a rock could be preliminarily ascer-
tained with considerable certainty, and on the other hand chemical
examination of the more or less perfectly separated ingredients -
was rendered possible, a great help and incentive was afforded to
the few chemists engaged in rock analysis. The microscope often

18
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obviated in part the necessity for tedious and time-wasting qualita-
tive tests, and the heavy solutions, by permitting the concentration
and separation of certain components, facilitated the detection of
elements whose existence had long been overlooked.

Meanwhile, in the progress of chemistry new methods and reagents
for qualitative detection and quantitative separation and estimation
were gradually being devised and discovered. The belief that some
well-established methods were adequate was shown to be unwar-
ranted; some had to be discarded altogether; others were still
utilizable after modification. In the light thus shed it became
possible to explain many hitherto incomprehensible variations in
the composition of some rock species or types, as shown in earlier
analyses, and in not a few cases it appeared that the failure to report
the presence of one or more elements had obscured relations and dif-
ferences which more thorough examination showed to exist. (See
p. 21.) Consequently there arose a feeling of distrust of much
of the older work in the minds of those chemists and petrographers
who were best fitted to judge of its probable qualities. This, and
the incompleteness of nearly all the earlier work (and some of that
of to-day, unfortunately), as shown by the largely increased list
of those elements now known to enter into the normal composition
of rocks, are rendering the old material less and less available to
meet the increasing demands of the petrographer.!

And yet these demands were, with few exceptions, by no means
so exacting as they should have been. Frequently the analysis was
intrusted to a student without other experience than that gained by
the analysis of two or three artificial salts and as many compara-
tively simple natural minerals, and with a laboratory instructor as
adviser whose experiencé in rock analysis might be little superior to
his own. In other words, one of the most difficult tasks in practical
analysis was given to a tyro, and his results were complacently
accepted and were published broadcast without question. Even to
those who are thoroughly familiar with the subject rock analysis is a
complex and often a trying problem. Although long practice may
have enabled one to do certain parts of the work almost mechanically,
perplexing questions still arise which require trained judgment to
meet and answer properly, and there is yet room for important work
in some of the supposedly simplest quantitative determinations. If

1 Dr. Henry S. Washington, in Professional Papers 99 (Chemical analyses of igneous’
rocks published from 1884 to 1913, with a critical discussion of the character and use
of analyses) and 28 (The superior analyses of igneous rocks from Roth’s Tabellen, 1869
to 1884, arranged according to the quantitative system of classification) of the United
States Geological Survey, has done a most important work in sifting the great mass of
data accumulated in the thousands of analyses published since 1869. After a systematic
critical examination he has assigned to each analysis a ‘certain value on a scale of 5.
Many of these values may be incorrect, but most of them undoubtedly give a fairly true
measure of the weight to be attached to the respective analyses.
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the results are to have any decided value for purposes of scientific
interpretation and comparison, they must be the outcome of the work
of one who is able to find his way through the intricacies of an
analysis in which from 15 to 25 components are to be separated and
estimated with close approach to accuracy, and this a beginner can
not hope to do. The conscienticus chemist should have a live
interest in this matter. He should work with a twofold purpose in
view—that of lightening the labors of those who come after him by
enabling them to use his work with less supplementary examination,
and that of enhancing his own reputation by meriting encomiums on
work that has stood the test of time.

How little understood may be the principles underlying the treat-
ment of bodies so complex and the accurate separation and deter-
mination of their constituents, even when these are comparatively
few, has been strikingly shown during recent years in the work of
several committees of chemists charged with the investigation of the
methods employed in various branches of technical chemistry in-
volving the analysis or assay of zinc ores, slags from the smelting of
copper ores, argillaceous limestones, and cements. In all cases a
most woeful inability to obtain accordant results is apparent, not
- only among those less experienced but among those supposed to be
most expert in each of the particular fields as well. Some improve-
ment in commercial silicate analysis has resulted from the investiga--
tions set on foot and the recommendations made by these commit-
tees, and further improvement may be expected, but the situation is
yet anything but satisfactory. A more marked improvement has
been shown in the quality of analyses made for scientific study, but
the art of analysis stands in great need of more thorough treatment
in our educational institutions.

The petrographer, again, should seek to have his analyses made as
complete as possible, and not, as was often the case, be content with
determinations of silica, alumina, the oxides of iron, lime, magnesia,
the alkalies, and water. The latter course, it is true, is entirely justi-
fiable at times and may serve the immediate purposes of the
analyses, but their incompleteness may, on the other hand, not only
conceal points fruitful of suggestion to the attentive mind, but, what
is of still greater importance, they may be actually misleading.
Enough instances of totally inaccurate conclusions to be drawn from
them have fallen under my own observation to fully justify this plea
in favor of greater completeness in rock and mineral analysis made
for purely scientific purposes.

The importance of the points indicated in the foregoing paragraph
is shown by the difference between the analyses given below. The

1 For further presentation of this subject from the viewpoint of an experienced petrog-
rapher, see Washington, H. $., Manual of the chemical analysis of rocks, 1919, pp. 7T-17.
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specimens were taken and analyzed at widely separated times and by
different persons, it is true, but they were unquestionably from the
same rock mass, in which, however much the relative proportions of
the different mineral constituents might vary within certain limits,
there can be no reason to doubt the general distribution of all the
elements shown by the second analysis. '

Analyses of specimens taken from the same rock mass at different dates.

Earlier | Later Farlier | Later
analysis. [analysis.o analysis. [analysis.e
. 54.42 53.70 (| Li,0 Trace.
TiO,. .. e 1.92 || Hz0 below 110°. R P 0.80
AlyO3 37 11.16 || H,0 above 110° 2.61
Crq0;3 .04 || CO Pt I U ;7.7 PR S,
Fes0; 61 3.10|| P 175
FeO. 121 .06
MnO..cooiiiiiiiiiiiieeeiannaas .04 44
CaO.. 3.46 .03
1) £ O JO R PUPN .19
BaO. . .oooiiiiii i .62 100.40
MgO . il 6.44 .19
KoO. it 11.16
NagO e it 1.60 1.67 100.21

a A still morerecent analysis of another of the series of rocks of which this is an example has shown that
this “later analysis’’ is itself probably incomplete and incorrect in part—incomplete because of the prob-
ahle presence of 0.2 per cent or more of ZrQ,, incorrect because of the error in A1;03, resulting from haying
counted the ZrOgas Al;0s, and from the fact that titanium is not fully precipitable in presence of zirco-
zxéumli)yc(} oo%h’s !ilgg;h)od {the one employed). This latter error involves both the TiO; and the AlsOg.

cc 14.°C. a. 8, p. 163.

b From the facg that repeated determinations of the iron oxides in this and related rocks from the same
regicn show always a 11grrea;t preponderance of ferric oxide, it is not improbable that the figures given for
the two oxides in the first analysis were accidentalli transposed.

¢ In the published analysis it does not appear whether this is total water or, as seems probable, only
that remaining above 100°. .

Another instance of similar kind is given below. Here, again, cer-
tain differences are explainable by natural variations in the propor-
tions of the constituent minerals, but it can hardly be doubted that
TiO,, Ba0Q, SrO, P,0,, and SO, were present in both specimens in
approximately the same amounts. In the earlier analysis determina-
tions of some supposedly unimportant constituents were purposely
omitted or made only qualitatively, with results that can not be
otherwise than fatal to a full comprehension of the mineralogic
nature of the rock.

Analyses of specimens taken from the same %ock mass at different dates.

Earlier | Later Earlier | Later
analysis. | analysis. analysis. | analysis.

44,31 44.65 || NagO. . coevennnennnnenaanaan, . 5.67

...| Not est. 295 0 LigO.vevnnennnnnnn.s . Trace.

. 17.20 13.867 || H30 below 110°....... . .95

4.64 6.06 || H,0 above110°....... . 2.10

3.73 2.94 || B0 by ignition. 40 3.30[ceenenen..

.10 .17 || CO LA

10.40 9.57 1.50

............. a,37 Trace.

............... .76 .61
6.57 5.15

3.64 4,49 99. 92

a Not entirely free from CaO. ' -
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F. W. Clarke has shown that the combined percentages of titanio
and phosphoric oxides in rocks of the earth’s crust, averaged from
hundreds of analyses, amount to 0.8 per cent. When the determina-
tion of these is neglected the error falls on the alumina. If the
alumina is then used as a basis for calculating the feldspars, it is easy
to see that a very large average error in the latter may result, amount-
ing to several per cent of the rock.

In order to emphasize more strongly the importance of complete-
ness in analysis, a few facts brought out by the hundreds of rock
analyses made in this laboratory may be cited. It has been demon-
strated most conclusively that barium and strontium are almost
never-failing constituents of the igneous rocks of the United States
and of many of their derivatives. The amounts are usually below 0.1
per cent for each of the oxides of those metals, but higher amounts
are by no means uncommon. Furthermore, the weight of barium is
almost without exception in excess of that of strontium; but a still
more important point is that the igneous rocks of the Rocky Mountain
region, so far as examined, show much higher average percentages
of both metals than the rocks from the eastern and the more western
portions of the United States. The following examples serve to illus-
trate certain types of Rocky Mountain igneous rocks: Of seven rocks
forming a Colorado series, six held from 0.13 to 0.18 per cent of BaO,
while in the seventh the percentage was 0.43. The SrO ranged from
0.07 to 0.13 per cent for six and was 0.28 for that one highest in BaO.
Of thirteen geologically related rocks from Montana, embracing basic
as well as acidic and intermediate types, the range of BaO was from
0.19 to 0.37 per cent, with an average of 0.30 per cent. Three others
of the same series contained 0.10 per cent or less, while the seventeenth
carried 0.76 per cent BaO. The SrO ranged from 0.37 per cent in the
seventeenth rock to an average of 0.06 for the other sixteen. Certain
peculiar rocks from Wyoming carry from 0.62 to 1.25 per cent BaO
and from 0.02 to 0.33 per cent SrO. Surely this concentration of
certain chemical elements in certain geographic zones has a signifi-
cance which future geologists will be able to interpret, if those of to-
day are not.

Again, vanadium is an element which few chemists ever thought
of looking for in igneous rocks, though it has long been known to
occur in magnetites and other iron ores. A. A. Hayes, in 1875,
reported its occurrence in a great variety of rocks and ores. To
quote from Thorpe’s “ Dictionary of chemistry:” “It is said to
be diffused with titanium through all primitive granite rocks
(Dieulafait) and has been found by Deville in bauxite, rutile, and
many other minerals and by Bechi and others in the ashes of plants
and in argillaceous limestones, schists, and sands.” It is further
reported to comprise, as the pentoxide, up to 0.1 per cent of many
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French and Australian? clays, 0.02 to 0.03 per cent of some basalts,
0.24 per cent of a coal of unknown origin, and 0.45 per cent of a
coal from Peru. Still later examinations in this laboratory of about
100 rocks, chiefly igneous, covering nearly.the whole continental
territory of the United States, show not only its general qualitative
and quantitative distribution, but that it predominates in the less
siliceous igneous rocks and is absent, or nearly so, in those high in
silica. In some of the more basic rocks it occurs in sufficient amount
to affect seriously the figures for the oxides of iron unless sepa-
rately estimated and allowed for (see 21. D. c. 8, p. 202), a matter of
considerable importance, because the petrographer lays great stress
on accuracy in their determinations.

The same investigation also threw some light on the distribution
of molybdenum, which seems to be confined to the more siliceous
rocks and to occur in quantities far below those commonly found
for vanadium.

Finally, had it not been my practice during all the later years
of my work to look for sulphur in rocks, even when no sulphides
were visible to the eye, its almost invariable presence in the form
of sulphide and consequent connection with the long mystifying
lack of agreement between results for ferrous iron obtained by the
Mitscherlich and the hydrofluoric-acid methods might not have
been suspected. (See 21. B, p. 193.)

While strongly upholding the necessity for more thorough work,
necessarily somewhat at the expense of quantity, it is far from my
intention to demand that an amount of time altogether dispropor-
tionate to the immediate objects to be sought should be expended on
every analysis. But I maintain that, in general, the constituents
which are likely to be present in sufficient amount to admit of de-
termination in the weight of a sample usually taken for analysis—
say 1 gram for SiO,, Al,O,, etc., to 2 grams for certain other con-
stituents—should be sought for, qualitatively at least, in the ordi-
nary course of quantitative work, and their presence or absence noted
among the results. If present in little more than traces, that knowl-
edge alone may suffice, for it is often more important to know whether
or not an element is present than to be able to say that it is there in
amount of exactly 0.02 or 0.06 per cent. In the tabulation of analy-
ses a special note should be made in case of intentional or accidental
neglect to look for substances which it is known are likely to be
present. Failure to do this may subject the analyst to unfavorable
criticism when, at some future time, his work is reviewed and the
omissions are discovered by new analyses.

17J. C. H. Mingaye has confirmed its wide distribution in Australien rocks, coals, etc.
(Records Geol. Survey New South Wales, vol. 7, pt. 3, 1903, p. 213).
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Finally, whenever possible, a.thorough microscopic examination of
the rock in thin section should precede the chemical analysis. This
may be of the greatest aid to the chemist in indicating the presence of
unusual constituents or of more than customary amounts of certain
constituents, whereby, possibly, necessary modifications in the ana-
Iytical procedure may be employed without waste of time or labor.?

If the point is raised that many of the published analyses emanat-
ing from the Survey laboratories, even my own earlier ones, are not
in accord with the advocacy of completeness contained in the fore-
going pages, it may be remarked that these ideas were to a consid-
erable degree evolved during a personal experience of over 25 years
in this kind of work, and that frequently the exigencies were such
as to compel restriction in the examination. Where this was neces-
- sary, subsequent development in some cases showed it to be bad
policy in every respect. ‘It is better, for both the geologist and the
chemist, to turn out a moderate amount of thorough work than a
great deal of what may ultimately prove to be of more than doubtful
utility.

2. THE CONSTITUENTS OCCURRING IN SILICATE ROCKS.

- It is to the decomposition of the original igneous rocks or their
magmas and their derivatives that nearly all ore bodies in the
United States owe their origin by one or another process of con-
centration. A certain class of concentrates probably separated from
magmas in the fluid state before solidification. Hence it is the
natural and inevitable inference that sufficiently careful examina-
tion of these rocks would show them to contain all or nearly all
the known elements, not necessarily all in a given rock, but many
more than anyone has yet found.? Mechanical and analytical dif-
ficulties have thus far stood in the way of experimental proof that
this is so, owing to the great scarcity of many of the elements.
In exceptional cases it may be desirable to subject a given material
to very exhaustive analysis, as, for instance, when searching for the
origin of ore deposits. Ordinarily, however, the demands of the
petrographer and geologist are satisfied with a knowledge of the
quantitative relations of those constituents which can be determined

* See also Washington, H. 8., Chemical analysis of rocks, 1919, pp. 6~7. The foregoing
tables and accompanying remarks, including several sentences preceding the tables, have
been largely taken from my paper entitled, A plea for greater completeness in chemical
rock analysis: Jour. Am. Chem. Soc., vol. 16, 1894, pp. 90-93 ; Chem. News, vol. 69, 1894,
p. 163. See also Distribution and quantitative occurrence of vanadium and molybdenum
in rocks of the United States: Am. Jour. Sci., 4th ser., vol. 6, 1898, p. 209 ; Chem. News,
vol. 78, 1898, p. 216; and Bull. U. S. Geol. Survey No. 167, 1900, p. 49.

2 F. Sandberger’s researches showed to what extent this is true of a large number of
those elements contributing to the filling of metalliferous veins, and L. Dieulafait by his
elaborate qualitative researches showed how universal was the distribution of copper,
zine, barium, strontium, ete., in the primordial rocks.
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in a limited amount of the sample—say, from 0.5 gram to 2 or
occasionally 5 grams. In general the discussion relating to silicate
analysis in this volume will be confined to such separations as may
be required in the analysis of an igneous, metamorphic, or sedi-
mentary rock of complex mineralogical composition, in which the
majority and possibly all of the ingredients in the list given below
may occur in weighable or readily discoverable quantities:

Si0,, TiO,, Zr0O,, Al,0,, Fe,0,, Cr,0,, V,0,, FeO, MnO, NiO,
CoO, MgO, CaO, SrO, BaO, ZnO, CuO, K,0, Na,O, L120 H,0,
P,0,, S;* SO,, C,2 CO,, F, CL, N,

To the above hst mlght be added’ certain others, as the group of
so-called rare earths, besides tin, platinum, tantalum, columbium,
boron, glucinum,? helium. Some of these occur at times in determin-
able amounts, though in my experience tantalum, columbium, and
glucinum have not been met with. They may very well have been
overlooked by reason of the absence of distinctive tests for identifica-
tion. Thorium, cerium, and other rare earths are probably more
common as constituents of silicate rocks than has been generally sup-
posed. Their presence and amount can be so readily and certainly
detected by the methods given in their proper place that the reason
for neglecting to look for them is no longer so strong as it used to be,
especially when there is microscopic or other evidence of the presence
of minerals likely to contain them. :

3. THE.DISTRIBUTION AND OCCURRENCE OF CERTAIN MINOR CONSTITUENTS.

For the suggestion of this section and for much of its contents I
am in no small degree indebted to Washington’s book (Manual of
the chemical analysis of rocks, 1919, pp. 17-21).

Washington says:

The increased number of analyses of igneous rocks, especially of those of
unusual types, and the more frequent determination of the minor constituents,
with the vast mass of data obtained by the use of the microscope, have shown
that certain of the rarer elements are prone to occur in rocks of certain chem-
ical characters. While our knowledge along this line is far from complete, a
few words may be devoted to this subject, as it will often be of use to the
analyst to know which elements should be especially looked for and which may
Safely be neglected.

Titanium.—Not long ago held to be rare, titanium is now rec-
ognized to be one of the most universally distributed elements and
about tenth in actual abundance in the explored crust of the earth.
So far as my experience goes, it is entirely absent from no igneous,

1Usually as pyrite, occasionally as lazurite, not infrequently as pyrrhotite.

3 As graphite or coaly matter.

3 For probably the best method of separating even very small amounts of glucinum from
iron and aluminum see Parsons, C. L., Jour. Am. Chem. Soc., vol. 28, 1906, p. 1589 ; Chem.
News, vol. 93, 1907, p. 188.
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metamorphic, or sedimentary rock of a more or less siliceous char-
acter. The recognition of this fact has been rendered possible and
easy by its characteristic behavior, when in solution, toward hydro-
gen peroxide. Though seemingly present even in most siliceous
rocks, it is most abundant in the so-called basic rocks. Its chief min-
eral occurrences are as rutile, octahedrite or anatase, ilmenite, titanite,
and perofskite, but it is also a component in smaller amounts of many
pyroxenes, hornblendes, biotites, garnets, and other ferromagnesian
minerals, and is found in some magnetite and hematite. Owing to
the refractory nature of some of its compounds it tends to concen-
trate in the residual products of décomposition of many rocks; hence
its high percentage in clays as a class. It is very unusual to find
titanium present in amounts that can properly be designated only as
traces. In the great majority of cases its amount will not exceed 1
per cent, but it may rise to over 5 per cent.

Zircontwm.—The chemically related element zirconium is likewise
now known to be more widely distributed than was formerly sup-
posed, but it is much less common than titanium, rarely making up
0.2 per cent of a rock and being usually under 0.05 per cent.

Zirconium * * * ig apt to occur in granites, pegmatites, rhyolites,
syenites, and in nephelite syenites, phonolites, and tinguaites. It is most
abundant in rocks which are high in soda, such as the last three. It is rarely
met with in rocks rich in lime, magnesia, and iron. Zirconium is usually found
as the silicate zircon, especially in granites and syenites, but is also an ingre-
dient of such rare minerals as eudialyte, 1ivenite, and rosenbuschite.

Rare earths.—The rare earths * * * are found, so far as known, in
notable amount only in rocks that are high in soda. They form part of allanite,
a mineral that is rather widespread in granites, and also of monazite, mosan-
drite, xenotime, and other minerals of even greater rarity. They are almost
always accompanied by notable amounts of zirconia. The rare earths, reckoned
as (Ce, Y)i0s, seldom are present in more than one-tenth of 1 per cent, but two
rocks are known in which they are present to the extent of 0.4 and 0.6 per cent.
Scandium has been shown to be widespread in traces.

Chromium.—Chromium is almost wholly confined to the femic [ferromag-
nesian] rocks, especially those which are high in magnesia and low in silica,
and consequently contain abundant olivine, such as peridotite and dunite. It
occurs as chromite and picotite (chrome-spinel) and in some augites, biotites,
and olivines. It may occur up to one-half of 1 per cent of CriOs.

Vanadiwm.—The distribution of vanadium has been covered in
part by the remarks on pages 22-23. To leave out of account the
well-characterized mineral vanadates, its most stable and normal
form in the silicates seems to be that of trivalency, corresponding
to the oxide V,0,, in which form it replaces alumina and possibly
ferric oxide to a very minor extent—a few hundredths of 1 per cent—
in pyroxenes, hornblendes, and biotites. Hence it predominates in
the less siliceous igneous rocks. As the mineral roscoelite, essen-
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tially a vanadio-alumino-potassic silicate, or some other similar
silicate, it is rather widely distributed as a component of certain
sandstones in western Colorado and eastern Utah, sometimes in
large amount.* It may well exist in a similar condition in clays
and the ashes of coals. The conclusion being based on the above
observations, it should not occur as a constituent of nonaluminous
and nonferric rock-forming minerals.- As to olivine, at least, this
conclusion has been found to be justified. Vanadium is also a con-
stituent of ilmenite in titaniferous iron ores. The existence of the
copper sulphovanadate, sulvanite, and the occurrence of vanadium
in apparent combination with sulphur in certain peculiar carbona-
ceous ores of eastern Utah and Peru * indicate a possible wider range
of combination in exceptional cases.

Manganese—This element is found in ferromagnesian minerals in
nearly all rocks, though as the result of their alteration it may ap-
pear sometimes, particularly on surfaces of limestones and sand-
stones, in a more or less peroxidized condition. Its amount will
seldom exceed 0.3 per cent. I agree fully with Washington in re-
garding the high figures commonly reported as due to analytical
error. There is no element which the average chemist is more prone
to report too high, by gravimetric methods.

Nickel and cobalt.—These elements are found in the olivine of
peridotite rocks and also in pyrite and pyrrhotite, hornblende, and
biotite. Even in peridotites the percentage of nickel will seldom ex-
ceed 0.1 per cent, while that of cobalt rarely if ever exceeds a trace.
As with manganese, the percentage of nickel has often been reported
too high.

Copper—Owing to the extreme precautions necessary to exclude
its introduction from utensils and reagents during analysis, there is
less positive information regarding the distribution of copper than of
some other elements which do not exceed it in amount. Nevertheless,
there is reason to believe that it is almost if not quite as universally
distributed as most of the other minor constituents. Its particular
home appears to be in diabase, gabbro, amphibolite, and other basic
rocks with pyroxene and amphibole. J. B. Harrison, in a report
(19086) to the Science and Agriculture Department of British Guiana,
shows its occurrence in hundredths of 1 per cent in many igneous
rocks of that colony. So far as my experience goes, it can be found
almost invariably, if looked for, in the rock analyses carried out in
the Survey laboratory. But for the reason above given it is seldom

1t Hillebrand, W. F., and Ransome, ¥. L., Am. Jour. Sci., 4th ser., vol. 10, 1900, p. 120;
Bull. U. 8. Geol. Survey No. 262, 1905, p. 9.

2 As to the Peruvian occurrence see Hewett, Foster, Eng. and Min. Jour., vol. 82, 1906,
p. 385 ; Bravo, José J., Bol. Soc. ing. (Lima), vol. 8, 1906, p. 171 ; Hillebrand, W. F,, Am,
Jour. Sci,, 4th ser., vol. 24, 1907, p. 141; Jour. Am. Chem, Soc., vol. 29, 1907, p. 1019,
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reported unless extra precautions have been taken to prevent its
extraneous entry into the analysis.

Barium and strontiwm.—Feldspathic rocks are those most likely to
carry barium and strontium, the former almost always in excess of
the latter.

There is some evidence that barium is apt to be most abundant in rocks which
are high in potash. Barium occurs in the feldspars, especially orthoclase, as
the celsian molecule, in the rare hyalophane, in some zeolites, as well as in a
few biotites and muscovites. We can at present form no definite conclusion as
to the character of the rocks most likely to carry strontium, and more analytical
data on this point would be of interest.

Barium has been found in a few peculiar rocks in excess of 1 per
cent, in terms of the oxide, but in the greater part of the silicate rocks
of the United States its percentage is well below 0.2. Strontium has

_been found as high as 0.3 to 0.4 per cent, but generally there is little
more than a trace of it.

Lithiwm.—Although one of the most universally distributed of the
elements, lithium is almost never found in rocks in more than spectro-
scopic traces. Aside from the lithium minerals lepidolite and spodu-
mene, it is found in the alkali feldspars, in muscovite, beryl, and
other minerals. According to Washington, there is reason for the
belief that it is especially prone to occur in highly sodic rocks.

Phosphorus—This element is found in greatest abundance in the.
more basic igneous and metamorphic rocks and is practically never
entirely absent. It affects especially those rocks “which are high in
lime and iron rather than in magnesia.” Its chief mineral occurrence
is in apatite, though it may be found in xenotime and monazite.
While the percentage is usually well under 1, it may considerably
exceed this figure.

Sulphur—Aqueous extraction of a powdered rock will in many
cases remove traces of sulphur and chlorine. These are to be re-
garded almost invariably rather as derived from infiltrating waters
than as products of decomposition of the constituents of the rock
itself. Essential rock-forming minerals containing sulphur in the
oxidized condition are limited to haiiynite and noselite, minerals
which are found chiefly in the more basic rocks, and especially those
high in soda. In the sulphide condition the element is of very wide
distribution, both as pyrite and pyrrhotite, less often as chalcopyrite
and possibly other sulphides, also in the mineral lazurite, and here
too in greater abundance in the basic rocks. It is a very common -
error of most chemists to report the sulphur in silicate and carbon-
ate rocks, clays, etc., as SO, instead of S. Now and then it may
occur in both states, but much more often only in the sulphide con-
dition. i
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Chlorine—Washington says:

Chlorine is present most abundantly in rocks which are high in soda, and
especially when so low in silica that nephelite is present, though it is also
found sometimes in nephelite-free rocks and in a few cases in quartz-bearing
ones. It is an essential component of sodalite and noselite and is also present .
in scapoli'te and in a few apatites.

Its amount when present rarely exceeds 0.2 or 0.3 per cent. When
seeking for the chlorine of these minerals it is always well to extract
the powder first with cold water. (See preceding paragraph.) It
1s to be remembered that fluid inclusions in minerals sometimes con-
tain sodium chloride, which would be largely extracted from the
powder by water. ‘

Fluorine—Washington says:

Fluorine as a component of apatite, biotite, etc., seems to have no special
preference as to magma, though, on the whole, it is found more frequently in
silicic than in femic [ferromagnesian] rocks. It is, however, most apt to be
met with as fluorite and some other rare fluorine-bearing minerals in rocks that
contain nephelite, as foyaites and tinguaites. It is an essential constituent of
fluorite and most apatite, and as an integral part of the last mineral is almost
universally present. It also occurs in small amounts in biotites and other micas,
in some hornblende and augite, as well as in tourmaline, topaz, chondrodite, etc.

When determined it is usually reported in amounts under 0.1 per
cent, but freedom of the weighed calcium fluoride from contamina-
tion being assumed, the reported amount is invariably too low because
of the inaccuracy of the method for its separation. (See 25. B. a. v,
p. 225.)

Other minor constituents.—Washington says:

Glucinum, as a component of beryl and some other very rare minerals, is most
frequent in granites, pegmatites, and quartzose gneisses; it seems to be most
at home in sodic rocks. There is reason to think that the high alumina some-
times reported for these rocks may be in part glucina, which has not been sepa-
rated from the alumina, and due to the presence of unidentified beryl. * =* =*
Tin, as the oxide cassiterite, is confined to the highly silicic rocks, granites, and
pegmatites, and its presence is due generally to pneumatolytic processes. It
also may occur in traces in ilmenite, micas, and feldspars. Thorium would
seem to be more abundant in highly sodic rocks, and the same is also apparently
true of radium and the radioactive elements. Molybdenum, tungsten, and
uranium are almost exclusively confined to the very siliceous rocks. Zinc has
been met with in granite, as well as in basic rocks, but no generalization in
regard to it is possible as yet [nor in regard to lead, which can often be
found by using considerable amounts of rock material, as in some of the rocks
of Leadville, Colo., and in those of British Guiana.—W. F. H.]. Platinum is
found almost exclusively in peridotites, but is occasionally met with in connec-
tion with gabbros. Boron, usually as a constituent of tourmaline, is most apt
to occur in highly siliceous rocks.

Boron is also common in many contact-metamorphic schists. Gold
and silver have been found repeatedly. According to Harrison,!

1 Rept. Sci. and Agr. Dept. British Guiana, 1906.
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some of the rocks of British Guiana contain gold enough to account
for the commercially valuable deposits in residual soils resulting
from the rock decomposition. Tantalum and columbium occur in
some granites and pegmatites but have never been reported in per-
centages in rock analysis, so far as known to me.

4. SUMMATION OF ANALYTICAL RESULTS AND LIMITS OF ALLOWABLE ERROR.

As is well known, a complete silicate-rock analysis which foots up
less than 100 per cent is generally less satisfactory than one which
shows a summation somewhat in excess of 100. This is dus to several
causes. Nearly all reagents, however carefully purified, still contain
or extract from the vessels used traces of impurities, which are-
eventually weighed in part with the constituents of the rock. The
dust entering an analysis from first to last is considerable, washings
of precipitates may be incomplete, and if large filters are used for
small precipitates the former may easily be insufficiently washed.

Given the purest obtainable reagents, an ample supply of platinum,
facilities for working, and a reasonably clean laboratory, there is usu-
ally little excuse for failure on the part of a competent chemist to
reach a summation within the limits 99.75 and 100.50. Failure to
attain 100 per cent in several of a series of analyses of similar nature
should be the strongest evidence that something has been overlooked.
Excess above 100.5 per cent should be good ground for repeating por-
tions of the analysis in order to ascertain where the error lies, for it
is not proper to assume that the excess is distributed over all deter-
mined constituents. It is quite as likely—in fact, more than likely—
to affect a single determination and one which may be of importance
in a critical study of the rock from the petrographic side.

Washington would extend the allowable limits above given to 99.50
and 100.75. If the analysis has to be made in other vessels than
those of platinum a higher limit than 100.50 is certainly called for,
but it is extremely doubtful if a lower one than 99.75 should be
accepted, for, as has been said, there is a tendency toward too high
results in any case, and a summation of less than 99.75 with vessels
other than platinum would be indicative of rather gross error on the
part of the analyst.

As to the allowable variation in duplicate determinations of the
same constituent no rigid rules can be laid down. Washington has
proposed the following,® with which the independent experimental
values of Dittrich? are in substantial agreement: For SiQ, and
others which amount to 30 per cent and over, from 0.2 to 0.3 per cent;
for Al,0, and others which amount to from 10 to 30 per cent, 0.1

1 Manual of the chemical analysis of rocks, 1919, p. 127.
2 Neues Jahrb., 1903, vol. 2, p. 69.

!
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to 0.2 per cent; for constituents which amount to from 1 to 10 per
cent, 0.05 to 0.1 per cent. These percentages are in terms of the
whole rock and not of the particular constituent.

While it is desirable sometimes, and for the beginner imperative, to
make duplicate determinations, agreement is not to be taken as proof
that the results are correct unless they have been arrived at by differ- -
ent methods.

Too great stress can not be laid upon the importance, especially for
the analyst of limited experience, of consistently testing most of his
final precipitates and filtrates as carefully as possible in order to be
sure, on the one hand, that the substances reported by a given name
are wholly such and, on the other, that all is reported. In no other
way can an analyst so soon acquire the needed confidence in himself
and his methods.

5. STATEMENT OF ANALYSES.

For many years it was the practice in the Survey laboratory to
tabulate the constituents of a rock somewhat in the order of their
determination, beginning with SiO, as the chief constituent and
grouping together all chemically related oxides, as shown, for
instance, on page 21.

From a strictly scientific point of view a chemical classification
founded on a separation into basic and acidic atoms or radicals
would be more satisfactory, but until we learn to find out what
silicic radicals are present and in what relative amounts, also how
much free silica there may be, it is useless to think of employing
the arrangement so valuable in stating water analyses.

Petrographers now demand, with considerable reason, an arrange-
ment “which shall bring the essential chemical features—both the
percentage figures and the molecular ratios—prominently and com-
pactly before the eye, so that the general chemical character and
the relations of the various constituents may be seen at a glance.”*

In accordance with this demand it is now the Survey practice
to follow pretty closely the arrangement proposed by Pirsson and
later strongly advocated by Washington,® namely :

Si0,, ALO,, Fe,O,, FeO, Mg0O, CaO, N2a,0, K,0, H,0 (above
105-110°), H,0 (below 105-110°), CO,, TiO,, ZrO,, P,0,, SO,, Cl,
F, S (FeS,), Cr,0,, V,0,, NiO, CoO, Cuo, MnO, SrO, BaO, Li,O,
C, NH,.

By this arrangement the nine constituents which in the great ma-
jority of cases determine the character of the rock are placed at
the head of the list, thus facilitating greatly the comparison of dif-

1 Washington, H. 8., The statement of rock analyses: Am. Jour. Seci., 4th ser., vol. 10,
1900, p. 61.
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ferent. analyses similarly arranged, especially when, as Washing-
ton recommends, the molecular ratios are calculated for these lead-
ing constituents and placed immediately after the corresponding

Ficure 1.—Platinum-
tipped crucible
tongs. The parts
A, B, also of heavy
platinum, are hol-
low, to serve as
sockets for the
cheaper metal of
the handles.

gen, metals of the hydrogen sulphide group, and cobalt.

oxides. The order of the remaining members
is determined somewhat by the following con-
siderations: CO, is placed next after H,O, for
these two are generally a measure of the altera-
tion the rock may have undergone. TiO, and
ZrO, naturally follow CO, on chemical grounds,
and SO, and Cl, being common constituents
of the sodalite group, are conveniently placed to-
gether.

It may be said with regard to the use of the
word “trace” that the amount of a constituent’
thus indicated is supposed to be below the limit of
quantitative determination in the amount of the
sample taken for analysis. It should in general,
for analyses laying claim to completeness and
accuracy, be supposed to indicate less than 0.02 or
even 0.01 per cent.

6. TIME NEEDED FOR MAKING AN ANALYSIS.

The question has often been put, “ How long
does it take to complete an analysis of this kind ¢ ”
This will depend, of course, on the mineral com-
plexity of the sample and on the personal factor
of the individual worker. If there is a competent
assistant to do the grinding, and specific-gravity
determinations are not required, it is quite possible

- after long experience for a quick worker to learn

to so economize every moment of time in a work-
ing day of seven hours, with an abundance of
platinum utensils and continuous use of air and
water or steam baths through the night, as to fin-
ish every three days, after the completion of the
first analysis, barring accidents and delays, one
of a series of rocks of generally similar char-
acter, each containing from eighteen to twenty
quantitatively determinable constituents, exclud-
ing, for instance, fluorine, carbon as such, nitro-

But

such an output of work implies an unusual freedom from those
occasional setbacks to which every chemist is exposed.

-
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7. USEFUL APPLIANCES AND APPARATUS.

In connection with the foregoing remarks it is in place to mention
a few aids to the chemist which are in constant use in the Survey

laboratory and have come to be well-nigh indispensable.

None is

novel in principle and all are in use elsewhere, but some are not so

commonly known as
they deserve to be,
hence this allusion to
them. Certain cheap
and simple forms of
colorimeters have been
found very useful, and
as they are adapted to
the determination of a
variety of substances
their description finds
most appropriate place
here.

A. CRUCIBLE TONGS.

Figure 1 represents
a form of platinum-
tipped crucible tongs
devised by A. A. Blair
many years ago. With
them a crucible can be
securely grasped and
brought into any de-
sired position while
still hot. To the con-
tents, if in fusion over
the blast flame, can be
imparted the rotatory
motion so often desir-
able. Above all, the

U™ 7

Ficure 2.—Radiator for rapid and safe evaporation.
R is of sheet iron or aluminum, also nickel (Jan-
nasch). A convenient height is 7 cm., width at top
7 cm. and at bottom 5 cm. The base, B, may be of
iron, mnickel, or platinum, but not aluminum, which
will not stand the temperature of the direct flame.
Platinum is most satisfactory by reason of its long
life and radiating power. The manner of attaching
B to R is by turning the cogs of B up and over

© those of R. Evaporation may be greatly hastencd
when desired by placing upon R a cast-iron ring with
its opening somewhat larger than the mouth of the
crucible.

cover need not be in the slightest degree displaced, as when using
the common form of platinum-tipped tongs.

B, RADIATORS FOR VOLATILIZING LIQUIDS AND SOLIDS.

Figure 2 represents a very useful adjunct to the work table and
_especially to the draft cupboard, whereby the liquid contents of cru-
. cibles can be evaporated speedily at almost any desired temperature

131999°—19—-3
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and the dehydration of many solids effected much more .safely than
on an iron plate or sand bath. I do not recall who originated this form

gases from the interior of crucibles dur-

ing ignition. A, Asbestos board; B, stiff
platinum foil of size suitable to the
crucible used and having an opening to
admit the crucible to about two-thirds
of its depth. This disk may be used
alone upon the ring of an ordinary
stand and in horizontal position, or,
preferably as shown in the figure, in
combination with the asbestos board,
in which is an opening considerably
larger than the crucible. The combina-
tion should then be given the inclined
position shown, so as to allow the prod-
ucts of combustion to flow to one side
without the possibility of their envelop-
ing the mouth of the crucible, In the
lack of platinum a perforated asbestos
board alone will yield fair service with a
blast, but not as a rule with an ordinary
burner.

of air bath, but it has been in
use for over 30 years and is
identical in principle with the
“Nickel-becher ” of Jannasch.
Nickel undoubtedly has a cer-
tain advantage in not rusting
like iron, but the form depicted
in figure 2 can be made easily
anywhere of sheet iron riveted
at the joint, the bottom being
securely held by a notched
flange at the extremity of the
truncated cone. A crucible
placed on the platinum triangle
becomes heated uniformly by
hot air, and large quantities of
liquid, even sulphuric acid, can
be volatilized thus in a short
time without ebullition or spat-
tering. The life and effective-
ness of this appliance is greater
if the bottom is of sheet plati-
num, but if an iron bottom
wears out it can usually be re-
placed one or,more times before
the sides fail. A coating of
aluminum paint on the sides
adds to their life.

By an extension of the prin-
ciple illustrated in figure 2 very
considerable amounts of am-
monium salts and other easily
volatile solids may be driven off
from platinum dishes with little
danger of loss by spattering and
none by overheating. The dish
containing the dry or nearly
dry matter is placed in another
of such size that the bottom of
the inner dish is at some dis-
tance from that of the outer.

The outer dish may be of iron, direct contact between it and the inner

dish being prevented by wisps of asbestos overlapping its edge, but
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the excellent conductivity and radiation of platinum recommends it
above anything else. Aluminum will not stand the application of a
full flame. If the contents of the dish are moist at first, a low flame
will soon dry them, when the heat may be increased at will and the
operation allowed to proceed without supervision. A sand bath may
be substituted sometimes for the radiator.

C. PERFORATED DISK ¥FOR CRUCIBLES.

Figure 3 shows an arrangement for the ignition of crucibles when
it is desired to exclude flame gases from their interior, as in the igni-
tion of ferric oxide and the determination of sulphur by fusion with
an alkali carbonate. The original idea of J. Lowe?* was to use per-
forated clay disks in determining the ash
of coals. Later, Lunge and others advo-
cated asbestos board, but this has the dis-
advantage that it lasts but a short time _;A_;_;_
and the fibers adhere to the crucible to
some extent. By neither of these is it easy F“;‘I’:ﬁnﬁg "Zﬁ‘i‘;‘“ﬁaﬁfﬁg’fg‘ 8;
to attain a very high temperature in the counterpoise of lead. Length
crucible. Therefore a disk of platinum is ?,ﬂft,’;’e"i‘;n’;‘}f;‘;f ?cﬁ" width
preferable because of its durability, clean-
liness, and high conducting power, though its cost may preclude hav-
ing a set to fit different sizes of crucibles. The platinum disk and
asbestos board may be used conveniently in combination, as in the
figure. The asbestos then has a large hole, over which a smaller
perforated disk of platinum is laid.

D. WEIGHING SCOOP OR TROUGH.

Figure 4 represents a most convenient receptacle for the sample
that is being weighed on the balance. It is made of platinum and is
counterpoised by a leaden weight. It has the advantage over a
watch glass in that its shape permits ready introduction of its con-
tents into narrow-mouthed receptacles when desired.

E. COLORIMETERS.
&. FIRST SURVEY FORM.

The Survey form of colorimeter shown in figure 5 consists of two
glass reservoirs and a darkened box. The glasses, G, may be of
square or oblong section, 8 to 12 cm. high and 8 to 3} cm. inside
measurement between those sides through which the liquid is to be

1 Zeitschr. anal, Chemle, vol. 20, 1881, p. 224.
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observed.! These sides should, of course, be exactly parallel; the
others need not be but should be blackened externally. In order to
exclude further the effect of side light, it is very convenient to have
a simple light box, B, that can be easily held in the hand, stained
black inside and out and with one end closed by a piece of ground
glass, W, the other being open. For a space equal to the width of
the glasses the cover is removed at the top next the glass end to per-
mit the insertion of the glasses side by side in such a way that no
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Ficure 5.—First Survey form of apparatus for colorimetric determinations, different
aspects. G, One of two glasses of square or rectangular section, 8 to 12 cm. high and
3 to 3% cm. inside measurement between those sides through which the liquid is to be
observed. The other sides are blackened on the outside. B, Rectangular box about 35
cm. long and 12 cm. square, stained black inside and out, one end closed by a ground-
glass window, W, the other open, and a portion of the top removed. P, Blackened
partition, with openings corresponding to the interior dimensions of the glasses when
in position. 8, Blackened cardboard shutter sliding stifly up and down back of the
partition. ’

light shall penetrate around’ their sides or between them. Immedi-
ately back of the glasses is a partition, P, with openings of appro-
priate size cut in it. A stiffly sliding black cardboard shutter S, is
movable up and down immediately back of the partition, so that all
light can be cut off except that which comes through the liquid. The

1 The allowable error in distance between the corresponding pairs of sides of the two
glasses should never exceed 1 per cent. Unfortunately there has been a disinclination on
the part of dealers in this country to furnish glasses fulfilling this requirement, and held
together by a durable cement which shall be proof against dilute sulphuric acid and
alkali, though some have been obtained through Messrs. Eimer & Amend, of New York
City. Canada balsam answers well for a time, but sooner or later it cracks, leaks then
appear, and the sides soon drop off. However, it is but a simple matter to cement them
on again. DBut the use of Canada balsam is precluded with alkaline solutions, and hence
for the chromium determination, because the solution at once becomes turbid.
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ground-glass window, W, sliding up and down in slots, affords a
much more uniform illumination than can be had without it.

Precautions of this kind are necessary if accurate results are to be
counted on. Except for mere traces, this combination of glasses
and darkened box insures greater accuracy and rapidity of work than
Nessler tubes and is likewise preferable, so far as my experience goes,
to expensive instruments like the colorimeter of Soleil-Duboscq.

The manner of using the colorimeter is as follows: Any suitable
amount of the standard solution, which is purposely made stronger
than the solution to be tested, is placed in one of the glasses and an
indefinite part or the whole of the test solufion in the other. Water
i1s then added from a burette to the standard until there is no dis-
tinction as to color. Perfect mixture is brought about by a glass
rod flattened at one end. In making the color comparison the box
is best held close to a window, so as to get a full, strong light. Day-
light is far preferable to artificial light. The amounts of the sub-
stance to be determined and that in the standard cylinder are of
course proportional to the volumes of the solutions.

b. SECOND SURVEY ¥ORM (STEIGER'S).

The colorimeter shown in figure 6 was devised by George Steiger.
Though more elaborate in its construction than the one just de-
scribed, it permits making any number of readings with the same
standard solution and has given Steiger excellent service. Its con-
struction and use are thus described by him.?

Instruments using the principle upon which this one is based—the ratio of
the thickness of the liquid through, and not the actual dilution to equal con-
centrations—are not applicable to all colorimetric determinations. It will be
found, in comparing such a solution as is used in the colorimetric determina-
tion of manganese and some other substances, that there is a change not only
of the intensity of the color, but also of the color itself, making it impossible
to find a point at which two solutions of different concentrations will have
the same depth of tint. In some other cases, as for instance, the yellow color
of the higher titanium salts, this principle gives perfect satisfaction. -

The instrument to be described consists of two wooden boxes, the interior
portions of which are finished in dead black. In fig. 6 (a), AA is a piece of
finely ground glass, and this should be illuminated with the full light of the
sky. B is a mirror mounted to swing so that light may be thrown perpendic-
ular'y through the hole C.

The second portion of the apparatus consists of a box, as shown in fig. 6
(b), made with two parallel grooves in the bottom, in which the two glass -
cells CC can be moved back and forth, and the bole E, which admits light
reflected by the mirror B of fig. 6 (a). These cells are about 15 cm. long,
2.5 em. wide, and 5 cm. deep. On the bottom of each cell and near the out-
side edge is engraved a scale, a convenient unit for which is the millimeter.
FF are glass tubes with mirrors, GG, attached to the lower ends at an angle

1 Jour. Am. Chem. Soc., vol. 30, 1908, p. 215.
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of 45°, These tubes may be lifted up when it is desired to remove the cells;
they may also be removed entirely from the clips RR for cleaning purposes,
but. they should be pushed down when in use so that the lower edges of the
mirrors touch the bottoms of the cells, When ready for use this box is
placed in the space marked DD, fig. 6 (a). Care should be taken to place
the mirrors at an exact angle of 45°, . .

Under these conditions, in each cell, all light coming through the bottom of
the cell and reflected through the end K will go through the same thickness
of liquid, and if the mirror were a reflecting surface coming in direct contact
with the liquid this distance would be represented by. the line OP, fig. 6 (c).
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Fieurn 6.—Steiger’s colorimeter (second Survey form).

There is a small error here, due to the converging of the rays to the eye; this
is so slight, however, as not to cause any perceptible uneven illumination.

The mirrors being made of ordinary looking glass, the reflecting surface will
be the upper side GHG, fig. 6 (c¢), and the light must go through the glass of
the mirror before striking the reflecting surface, and the same on leaving.
The distance which the light travels through the glass of the mirror will be

) represented by twice the length of the hypotenuse of an isosceles right-angle tri-
angle, the equal sides of which are each equal to the thickness of the glass, and
must be deducted from the length OP.

A ray of light entering the glass at the point marked N will travel to h and
then be reflected to £. From ¢ to w it will go through the colorimetric solution,
and this distaice is therefore the length to be measured. A point, H, is marked
on the mirror near the outer edge, so that it may be seen in the same line of
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vision as the scale on the bottom of the cell, and perpendicularly above t. In
looking through the end K, this mark will be recorded at the point ¢’ directly
below it on the scale, and ¢'P being the same as tw, the distance desired can
be read off. The position of the point H is determined by measuring off, on
the back of the mirror, a distance from the lower edge equivalent to three
times the thickness of the glass. It may be convenient, if thin looking-glass
has been used, to have this point farther up on the mirror (H’), in order
that it may be seen more plainly, but if so moved an addition must be made
to the observed reading equivalent to one of the sides adjacent to the right
angle of an isosceles right-angle triangle, the hypotenuse of which is equal to
the distance this point has been removed from H. It is convenient in making
the graduation on the cell to allow for this correction. The reading can then be
made directly.

Glass cells to answer the purpose may be had of any of the large supply
houses, but not graduated ; the graduation must be done in the laboratory. The
supports FF can be made of rather heavy walled glass tubing, about 1 cm.
outside.diameter. ’

The mirrors are made of a good grade of looking glass, the lower and top
edges blackened, and cemented to the ground ends of the glass tubes with
Canada balsam, after which the backs are coated with paraffin. Paraffin
answers well as a coating for a large number of colorimetric solutions. In
case a liquid is to be used which attacks paraffin, a substitute must be employed
which is unaffected by the liquid in question. It will be found necessary to
replace the mirrors from time to time, as it is not possible to so protect the
silvered surfaces as to prevent the gradual eating in from the edges by the
various solutions used.

The comparison is made by pouring a solution of known strength into one of
the cells. The unknown solution made up to a definite volume is put into the
other. The left-hand cell is then placed at a convenient point, which should
be determined by the depth of color of the solution it contains. The right-hand
cell is then moved back and forth till, on looking in the end M of the apparatus,
fig. 6 (a), the two mirrors appear to be of the same shade.

The strengths of the two colorimetric solutions being inversely proportional
to the thickness of the liquids looked through, by substituting in the following
equation the amount of the material to be determined may be found.

Let R equal the reading of the cell containing the known solution with a con-
centration C, and r the reading of the cell containing the unknown solution,
which has a concentration c, then

C. SCHREINER'S FORM.

Oswald Schreiner, of the United States Department of Agricul-
ture, devised a colorimeter (fig. 7),* which has done good service in
colorimetric work on phosphates, etc. Its description, personally
communicated by Dr. Schreiner, is as follows: -

The colorimeter in its simplest form consists essentially of graduated glass

tubes B, containing the standard and the unknown colorimetric solution, the
column of the liquid in both tubes being changed by means of two smaller im-

"t Jour. Am. Chem. Soc., vol. 27, 1905, p. 1192.
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mersion tubes A, also of glass. The upper ends of the tubes A are mounted in
blocks of wood which fit into grooves on the body of the colorimeter, This per-
mits the ready removal of the tubes from the colorimeter for cleaning when the
liquids are changed. The graduated tubes B are supported by a block of wood
about midway of the camera and are held in place by brass springs or clamps
C, the tension of which can be regulated to suit the diameter of the tube, so as

to allow it to be moved freely up or

— down by hand and yet be firmly held
‘l',— 'I”F", U ; - in position when the setting is made.
ﬁ | ! ‘1} fEE RN It will be noticed from the figure that

—— hﬂ £ ﬂﬂf'.a“{‘?.\ the glass tubes diverge slightly. This
— s has been found of advantage, as it

allows the operator to look down the
center of both immersion tubes, as
well as to bring the upper parts of the
tubes, and consequently the images,
closer together. The openings to the
immersion tubes can be covered by
means of a microscope slide to pre-
vent dust from falling into the tubes.
The tubes are illuminated from the
reflector D, below, which carries a
white sheet of cardboard or opal
glass, and after passing through the
tubes the light is reflected by a mir-
ror, K, in the upper part of the in-
strument to the eye of the observer
at F. The dimensions of the camera
are about 70 by 32 by 16 cm. Stand-
ard glass slides may be inserted at G
below one of the immersion tubes in
place of the tube containing the stand-
ard solution, the immersion tube be-
ing retained so as to give similar
images when viewed from above.

The measuring colorimeter tubes, B,
are 25 cm. long, with inside diameter
as nearly as practicable 27 mm.; in no
case less than 25 mm. and not greater
than 29 mm. The glass should be
colorless and the bottoms well ground
and polished, with internal surfaces
of the bottoms plane, in no case ap-

F1GURE 7.—Schrelner’s colorimeter. preciably convex or concave. The bot-
toms must be ground down sufficiently
to make the ground surfaces a little larger than the internal diameters of the
tubes; each of the tubes is provided with an etched scale of one hundred 2-mm.
divisions. The scale begins at the level of the inner surface at the bottom, the
length of the marks being 6 mm. and every fifth mark 12 mm., and every tenth
mark numbered on the right side, 10, 20, 30, etc., beginning at the bottom. On
the reverse side of each measuring tube may be etched two capacity marks, if
desired, one for 50 cm.’, the other for 100 cm.’
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The sinaller tubes are likewise 25 cm. long, with outside diameter not

- greater than 20 mm. and not less than 18 mm., with the thiékness of the glass

the same in all the tubes. The bottoms of these tubes must be carefully ground
and polished and the inside of the bottom never sensibly convex or concave.
They must be of colorless glass, with the bottoms so ground that the diameter
of the ground portion exceeds the internal diameter of the tube. These tubes
are to be provided with neither scale nor capacity marks.

The standard colorimeter solution is poured into one of the graduated tubes
and put into place in the camera together with the immersion tube. The un-
known colorimetric solution, made up to definite volume, is put into the other
graduated tube and similarly placed in the instrument. The tube containing the
solution of unknown strength is set at a convenient height, say fifty scale divi-
sions, and the other tube containing the standard moved up or down, the
operator watching the effect on the image in the mirror through the opening in

"the front of the camera. By moving the tube so that the image is alternately

weaker or stronger than the standard, the setting can be accurately and quickly
made. When both images show the same intensity of color, the setting is read
by noting the division mark on the graduated tube opposite the ground bottom
of the immersion tube. This reading will give the height of column of the
standard which exactly corresponds with the intensity of color of the column of
the unknown solution. It follows that the strengths of these two colorimetric
solutions are inversely as the heights of the columns—that is, as the readings on
the two tubes. If R is the reading of the standard solution of strength C,
and r is the reading of the colorimetric solution of unknown strength ¢, then

. =BT'C. The same formula, of course, applies when the standard is fixed and

- the unknown solution moved up or down until the images are of equal intensity.

8. PRELIMINARY QUALITATIVE ANALYSIS.

A complete qualitative analysis of a rock preceding the quantita-
tive examination is in most cases a sheer waste of time. A few con-
stituents may now and then be specially looked for, but in general
time is saved by assuming the presence of most of them and proceed-
ing on that assumption in the quantitative analysis.

This statement must not be misinterpreted, as it has been, so as to
convey the impression that qualitative analysis receives little con-
sideration in the chemical work of the Survey. For ores, mineral
species, waters, etc., it is indispensable, as also in the testing of pre-
cipitates and filtrates during the course of quantitative analysis.

The student of qualitative analysis will find in papers by A. A.
Noyes, W. C. Bray, and E. B. Spear® a vast fund of information,
such as is to be had nowhere else, relating not only to the making of
separations, but, and this is often of greater importance, to the com-
pleteness of these separations and to the possible limits of detection.
The scope of these papers is less restricted than their titles might be
thought to imply, for such elements as glucinum, uranium, vanadium,
titanium, zirconium, and thorium are included.

1 Jour. Am. Chem. Soc., vol. 28, 1907, p. 137; vol. 30, 1908, p. 481; vol. 31, 1909, p.
611 ; Chem. News, vol. 95, 1907, pp. 89, etc.; vol. 98, 1908, pp. 6, etc.
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‘9. QUALITY OF APPARATUS AND REAGENTS.

Unquestionably the greatest hindrance to good work in otherwise
well-equipped laboratories is the difficulty in obtaining satisfactory
reagents and apparatus. This fact became apparent early to the
Survey chemists, and it is due mainly to their strenuous complaints
and initiative that the movement in favor of better quality arose.

A. GLASSWARE AND PORCELAIN.

¢
'

Much of the glassware on the market was until recently of a very
inferior grade, but the quality of the American glassware is now
very much improved. It appears that several American manufac-
turers are turning out flasks and beakers that are equal or even supe-
rior to the Jena ware. The composition of a number of brands is
given in the table below.! ' -

Analyses of chemical glassware.

Kavalier M'CI?,' G. Pyrex Jena Jena Nonsol Fry Libbey
beaker, beaker, beaker. | beaker, flask, beaker. | beaker, | beaker,

2.5 2.7 2.1
.23 .22 44
7.8 3.6 [e.eenn....
.................... 1.0
.01 .03 .03
.79 2.6 .42
3.4 2.6 .08
10.9 9.8 8.2
.30 1.5 .67
67.3 68.6 75.9
6.2 8.1 10.8
Trace. 18 36
62 e

Selenium and fluorine were not found, but lithium was detected spectroscopically by Paul W
Merrill in all samples.

Comparative tests of a number of brands of porcelain dishes and
crucibles have been made by C. E. Waters.2? Two of these were of
American origin. It appears that there was little choice between the
five brands tested with respect to their resistance to reagents. A
serious defect of the American porcelains, and also of one of the
foreign brands, was the cracking of the glaze when the hot vessel was
picked up with tongs. Tests made later on one of the American
brands (Coors) showed an improvement in this respect.

i Walker, P. H., and Smither, F, W., Tech. Paper Bur. Standards No. 107, 1918; Jour,
Ind. Eng. Chem., vol. 9, 1917, p. 1090,
2 Tech. Paper Bur., Standards No. 105, 1917.

o
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J. W. Mellor* has discussed at sonre length and most pertinently
the action of reagents on glass and porcelain. His discussion forms
the basis for the following remarks.

The action of different solutions on glass is far more vigorous than on porce-
lain, but some types of glass resist better than porcelain with an unsuitable
glaze. It is, therefore, bad on principle to allow filtrates, etc., to lie any length
of time in porcelain or glass vessels—particularly the latter. In some cases
the contamination from the glass may be serious * * * It is unfortunate
that the impurities introduced from the glass or porcelain vessels are those very
constituents which have to be specially determined.

The choice of the particular kind of glass to use is therefore some-
times of interest. For instance, glasses containing zinc should not be
used when zinc is to be determined, for alkaline solutions extract per-
ceptible amounts of zinc from such glasses. Again, the use of the
boro-silicate glasses is counterindicated when boron is to be deter-
mined.

Mellor gives the following rules to be observed:

(1) If possible, do not allow the solutions to stand in-glass or porcelain
vessels for any length of time, particularly in glass. (2) If the work be in-
terrupted, so that the solutions must stand over, if there be no other objec-
tion, acidify the alkaline solutions before they are placed on the side. (3) If
solutions must stand over, it is better to use good porcelain than glass vessels.
(4) A resistant glass should be used for general work in place of the morve
soluble types of glass. (5) For exact work a blank experiment should be made,
using nothing but the regulation reagents in similar quantities, and under con-
ditions similar to those actually employed in the analysis proper. This plan
not only corrects impurities in the.reagents, but it also enables us to practically
eliminate the sources of error now under discussion. (6) Precipitations made
in alkaline solutions which have stood for some time in glass vessels are almost
certain to be contaminated with silica, and in exact work a correction must be
made. (7) Remember that solutions of reagents are usually kept in glass ves-
sels. Such solutions may accordingly be contaminated with silica, ete.

B. PLATINUM AND SUBSTITUTES.
a. PLATINUM.

Practically all platinum ware contains some iridium, or copper, or
copper and rhodium, added for. hardening effect. Possibly certain
ware carries rhodium only as an addition. The volatility loss occa-
sioned by strong heating (above 1,100°) of some ware is due mainly
to its iridium content. Therefore, the lower the iridium content is,
consistent with requisite stiffness, the better.

Some years ago iron was found in large amounts in shipments of
platinum ware fresh from the factory, and its presence must still be
guarded against, although the quality of American-made ware has

1 A treatise on quantitative inorganic analysis, with speclal reference to the analysis of
clays, silicates, and related minerals, London, Charles Grifin & Co. (Ltd.), 1913.
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improved very much since then in this respect. Considerable
amounts of iron can be detected readily by heating the ware to low
redness, best in a muffle-furnace. The surface shows then a dark or
even reddish color, due to oxide of iron. Proof of the presence of
iron is afforded by digesting the heated ware in hydrochloric acid.
A yellow color of the acid indicates iron, and further proof is fur-
nished by a qualitative chemical test. It is seldom that a trace of
iron can not be found in this way, even though the original metal
may have been entirely free from it. Iron is taken up very readily
by platinum from the rolls or tools used in preparing the ware, and
such iron is superficially held. If so held it can be extracted for the
most part by successive heatings and extractions of the ware until no
more iron is found.

Sometimes, after ignition, a calcium content can be detected by the
alkaline reaction imparted to a strip of moist litmus paper pressed
upon the surface. Such reaction appears only in spots.

Platinum vessels should not be heated strongly in contact with
metal of any kind except platinum.

b. SUBSTITUTES FOR PLATINUM.

If the restrictions imposed by its relatively low melting point are
taken into account, gold may be used for many operations in place of
platinum, especially in the form of dishes, which seldom have to be
exposed to temperatures approaching the melting point of the metal.

Substitutes that have been put upon the market under the trade
names “ palau” and “rhotanium ” are alloys of gold and palladium.
They may be used for many operations, with certain restrictions.
Chief of these is that arising from the relatively strong action upon
them of nitric acid. Their low melting point as compared with plati-
num is not an important defect, for it is considerably higher than
that of gold alone. Nevertheless, a few reports have been received at
the Bureau of Standards which indicate that these substitutes do not
stand up as well in service as platinum. How much the failures may
have been due to defective workmanship is unknown. A report of
tests upon these two alloys, made at the Bureau of Standards, is cited
for reference.!

“ Auranium ” and “platino” are trade names for alloys of gold
and platinum intended for use in the form of crucibles and dishes.
Nothing is known as to their serviceability.

Several papers have been issued from the Bureau of Standards?
that deal with the quality, behavior, and testing of ordinary plati-
num ware.

1 Gurevich, L. J., and Wichers, B., Jour. Ind. Eng, Chemistry, vol. 11, 1919, p. 570.

2 Burgess, G. K., and Sale, P.' D., Jour. Ind. Eng. Chemistry, vol. 6, 1914, p. 452, vol.
7, 1915, p. 561; Sci. Paper Bur. Standards No. 254, 1915, Burgess, G. K., and Walten-
berg, R. G., Sci. Paper Bur. Standards No. 280, 1916.
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C. REAGENTS.

All analyses performed in the Survey laboratory have been made
with the purest reagents obtainable, either by purchase in the open
market or by special preparation on the part of manufacturers or
in the laboratory, but the most ceaseless vigilance has at- all times
to be practiced. As is now generally known, a “ C. P.” or “ analyzed
reagent ” label is no guaranty whatever of the purity of a reagent.
Every new purchase must be examined if it is one in which purity
is a desideratum. In general, all so-called “ C. P.” chemicals should
at least stand the tests laid down by Krauch.* The ¢ guaranteed”
or special reagents, sold at high prices, have been found at times
to be worse than those emanating from sources which make no claim
to special purity for their goods.

Acids made in this country can be had of a high grade, and most
of these need no redistillation except for special experiments, but
exceptions have been noted.

Hydrofluoric acid had to be always freshly distilled with potas-
sium permanganate until the introduction of ceresin bottles afforded
an article sufficiently pure for the most exacting work. Care must
be taken to see that no particles of paraffin or ceresin are floating
on the acid as it is poured out, and that this is free from traces of
‘hydrochloric acid whenever it is to be used for attacking silicates
with a view to determining chlorine (24. C. b, p. 221). An important
use for hydrofluoric acid is the decomposition of refractory silicates
in the determination of ferrous iron. For this purpose it is necessary
that it be free from any substance that will reduce permanganate.
Sulphurous acid was found in one or two shipments, but this is a
contamination against which care in manufacture can easily guard.
On evaporation the acid should leave a nonvolatile residue so small
as to be entirely negligible.

Ammonia water always ought to be redistilled at short intervals,
after first shaking up with slaked lime in order to decompose any
ammonium carbonate that it may hold. Glass stock bottles may be
coated inside with ceresin so as to prevent contact between the glass
and the ammoniacal solution, a device that may be serviceable with
other reagents. For special purposes a small bottle of platinum or
the cheaper gold can be used. Some manufacturers deliver in steel
cylinders a very pure liquid ammonia, the use of which is to be
preferred to that of commercial aqua ammoniae. A solution of
any desired strength can be prepared as often as called for by col-
lecting the gas from a cylinder in a bottle half full of water kept
immersed in a bath of flowing cold water.

1 Die Priifung der chemischen Reagentien, 3d ed., Berlin, Julius Springer, 1896. English
translation by J. A. Willlamson, D. Van Nostrand Co., 1902.
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Potassium bisulphate should be entirely free from silica, alumina,
and heavy metals. The only correct way to get an accurate silica
determination is to fuse the salt with a considerable amount of
strong sulphuric acid, allow to cool, dissolve in water, and digest on
the steam bath to coagulate the silica, which is then filtered; or the
salt may be dissolved in water and evaporated with a large excess
of sulphuric acid till fumes of the acid rise copiously. On cooling,
the mass is dissolved and treated as above. If a satisfactory article
is not to be purchased, it can be made from equivalent parts of
potassium sulphate and sulphuric acid. Even then the normal salt
must first be examined, for it has been found to contain notable
amounts of lead, calcium, and silica. Sodium bisulphate is for some
purposes preferable to the potassium salt. Both, however, should
be converted to pyrosulphate by fusing in a large platinum dish
and maintaining in fusion till all spattering has ceased and sulphuric
acid rises copiously. The salt thus treated will not show the dis-
agreeable frothing and spattering that is so objectionable when
making fusions with the bisulphate, and it is more quickly effective.

The phosphorus (“microcosmic”) salt used for precipitating
" magnesium has been found to contain iron and silicon.

Ammonium oxalate almost always contains calcium and must
therefore be purified or specially prepared. The same may be said
of oxalic acid. According to A. Classen,® ammonium oxalate some-
times contains lead.

Ammonium chloride has been known to contain manganese

Hydrogen peroxide sometimes contains fluorine, which renders it
unfit for use as a chemical reagent. The test for fluorine is carried
out as follows: To 50 cm.® of the reagent add a.slight excess of:
sodium carbonate and warm the solution. Filter if a precipitate
forms, and to the boiling solution add calcium chloride in excess.
Filter and ignite the precipitate gently. Treat it with dilute acetic
acid, drop by drop, till the calcium carbonate is dissolved, filter,
wash, ignite the residue gently, and test it with strong sulphuric
acid in the usual way for fluorine. The perhydrol of E. Merck,
now unobtainable in this country, is a very pure and strong peroxide
(30 per cent).

Sodium carbonate, one of the most important reagents in silicate
analysis, sometimes can be had which does not carry more than 23
mg. of total impurity (see 6. A. d. B, p. 94) in 20 grams (0.012 per
cent). This should be reserved for the main portions, in which
silica, alumina, etc., are to be determined. For other constituents,
as phosphoric acid, fluorine, sulphur, a poorer grade is quite allow-
able, provided it is free from the element to be determined and from

1 Zeitschr, anal. Chemie, vol. 42, 1903, p. 518.
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any other which might interfere with its determination. Silica is
to be tested for by evaporating the solution of the carbonate or the
dry salt with sulphuriec acid in large excess till fumes of the acid
are copiously evolved, dissolving the cooled mass in water, and
digesting on the steam bath in order to coagulate the silica before
filtering. Evaporation with hydrochloric acid will not yield all of
the silica. Once a very objectionable impurity in the otherwise ac-
ceptable article was encountered, namely, fluorine. The explanation
of its presence is probably that cryolite had been used as the source
of the carbonate. Sodium phosphate in small amounts seems to be
a common contaminant of even good grades of sodium carbonate.

Sodium hydroxide made from sodium has been found with a large
amount of lead, a fatal obstacle to successful mineral analysis, and
also with small amounts of nickel.

Owing to the solvent action on glass of many solutions of solid
reagents, these solutions should be made up at frequent intervals in
small quantities, or, preferably, the solid should be dissolved as
wanted. That this is no unnecessary refinement in really good work
has been amply demonstrated, and it is particularly called for with
such reagents as ammonium oxalate and microcosmic salt.

The quality of the distilled water used in analysis should be looked
after particularly. The water should be tested at frequent intervals
by evaporating at least a liter of it in a platinum dish with special
precautions to exclude dust and chemical fumes. The best once-
distilled water, evaporated under proper conditions, is likely to show
a residue unignited of about 1 mg. After gentle ignition and re-
moval thus of volatile salts the weight may be reduced to about
0.5 mg.



II..-METHODS APPLICABLE TO SILICATE ROCKS.
1. INTRODUCTORY REMARKS.

The order hereinafter followed in describing the various chemical

separations has little relation to the affinities of the constituents of the

rock, but those are grouped together which can be determined con-
veniently in the same portion of rock powder. Thus, in the main
portion it is usual to determine Si0O,, TiO,, MnO, NiO, CaO, SrO,
MgO, total iron, and the combined weight of all the following:
Al,0,, T10,, P,0;, ZrO,, all iron as Fe,0,, and nearly if not quite all
vanadium as V,0,, also perhaps rare earths if present. In a sepa-
rate portion is estimated FeO, and also the total iron, as well as BaO,
if these last are desired as checks. The alkalies need a portion for
themselves. In another it is convenient to determine ZrO,, BaO, rare
earths, and total sulphur. For V,0, and Cr,O, still another and
usually much larger portion is to be used. Determinations of CO,,
C,H,O, F, and Cl are all made best in separate portions of substance,
though various combinations are possible, as CO, and H,O, C and
H,0, or H,0, F, and Cl. In fact, by a judicious selection and com-
bination of methods a very satisfactory analysis can sometimes be
made on 4 grams of material without omission of anything of im-
portance, though the time consumed will be gremter than if ample
material is avallable

As an illustration of the advantage to be gained by a little judg-
ment in the combination of methods, the case of sulphur, barium,
zirconium, and rare earths may serve. Many chemists never look
for any but the first of these, but by following the procedure given
under 15. A (p. 170), not much more labor is expended in confirming
their presence or absence than that of sulphur alone.

With only occasional exceptions nearly all the constituents men-

_ tioned on page 25 can be determined, if present, in portlons of pow-
der not exceeding 1 gram each in we1ght

This is a convenient weight to take for the main portion, in which
silica, alumina, etc., the alkaline earths, and magmesia are to be
sought; but it should, in general, be a maximum, because if a larger
quantity is taken the precipitate of alumina, etc., is apt to be un-
wieldy. It can not often be much reduced with safety if satisfac-
tory determinations of manganese, nickel, and strontium are to be
expected. For the alkali portion one-half gram is a very convenient
weight. In general, it may be made a rule not to use more than 2

P A
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grams for any portion which has to be fused with an alkali car-
bonate, as for sulphur, fluorine, und chlorine. For carbon dioxide the
weight may rise to 5 grams, or even more, if the amount of this
constituent is very small, without expenditure of any more time than
is required by 1 gram and with correspondingly greater approach
to correctness in the result. For vanadium also usually a larger
weight than 2 grams is demanded.

For the attainment of accurate results, such as are needed for the
close classification of a rock in the system devised by Cross, Iddings,
Pirsson, and Washington,* too great stress can not be laid on the
exercise of the utmost care throughout the analysis. This applies
not only to routine manipulations, but even more in the matter of
double precipitations, where these are called for, and in the testing
of filtrates and precipitates to insure complete recovery of the de-
sired substances, on the one hand, and freedom of them when ob-
tained from matter which should not be there, on the other. These
cautions are especially applicable to analysts who have little expe-
rience. It must always be remembered that analysis can at best
afford but approximate results, which will be more serviceable the
greater the care bestowed in obtaining them.

2. SPECIFIC GRAVITY (POROSITY).

GENERAL REMARKS.

Though a knowledge of the specific gravity of rocks is seem-
ingly less prized now than formerly by petrographers, it is occa-
sionally needed and is ever a most important criterion in the iden-
tification of mineral species. As ordinarily obtained, whether by
the method of suspension or by the pycnometer, the results fall short
of the accuracy which is generally credited to them. A really accu-
rate determination of the specific gravity of solids by the pycnom-
eter, in which the error shall not exceed one or two points in the
third decimal, is to be achieved only with the most painstaking pre-
cautions. (See 2. B. pp. 55-56.) Without this care the error in
the second decimal may and often does amount to several points.?
For these reasons the subject of specific gravity is treated in some
fullness. Although the porosity of a rock is a constant seldom used
by the petrographer, it is one that is most useful in the compara-

* Quantitative classification of igneous rocks, 286 pp., Univ. Chicago Press, 1903.

2 H. LeChatelier and F. Bogitch (Compt. Rend., vol. 163, 1916," p. 459) claim that
the influence of the adhering film of air gives rise to low results when specific gravities
are determined in water and that accurate results may be obtained by the use of carbon
tetrachloride, benzene (crystallized), or petroleum ether (essence minérale). They meas-
ure the volume displaced in a simple form of apparatus. However, they employed only
reduced pressure and not boiling to remove the air film when using water.

131999°~—~19——4
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tive study of building stones, and since its determination as often
carried out is likewise faulty and gives a value which does not repre-
sent the pore space in terms of the volume of stone, it has been
deemed expedient to devote space to this subject also, especially as
the determination of porosity involves that of specific gravity.

A, BY SUSPENSION IN WATER.
8. ORDINARY METHOD FOR SPECIFIC GRAVITY.

The determination of specific gravity by suspension in water is
best made on one or several fragments weighing up to 20 grams.
They are held together by a fine platinum wire ready for suspension
from the balance, and thus held are placed in a small beaker to soak
over night in distilled water under the exhausted receiver of an air
pump side by side with a similar beaker of water. Boiling, while
effective as a means of removing air, should not be resorted to, be-
cause the boiling water may exert an undesirable solvent and abrad-
ing effect. In the morning the wire is attached to the balance arm,
the rock fragments remaining immersed in the water; a thermometer
is placed in the companion beaker of water, now likewise in the bal-
ance case, and the weighing and temperature reading are made at
once. Both vessels of water having precisely the same temperature,
it is quite unnecessary to wait for the water to assume that of the
balance should it not already possess it. The fragments are now
lifted out, without touching the vessel, and transferred carefully to
a tared crucible or dish. The wire is removed and at once reweighed,
with the precaution that it dips just as far into the water now as
when weighed. Hereby a special weighing of the wire out of water
is avoided. The sample may now be dried on the water bath and
then at 110° for some hours to expel with certainty all absorbed
water, and weighed after prolonged cooling in the desiccator. It is
better to ascertain the weight of the dry rock after soaking in water
than before, in order to avoid the error due to possible breaking off
of a few grains between the two weighings. Should the density of
the rock in air-dry condition be required, it may be left exposed to
the air for a long period after drying and before weighing;* but
the difference will affect the second decimal by more than a single

tIn view of the uncertainty as to what constitutes hygroscopic water (see p. 72), this
course is perhaps more to be commended than the former, and seems imperative for cer-
tain zeolitic rocks. In such cases it is best to weigh the fragments before putting to
soak, and afterward.to collect on a Gooch crucible the grains which may have fallen
off in the water. Should no crucible of this kind be available, a paper filter may be
used unhesitatingly and incinerated with the powder. Owing to the small amount of
powder the error due to loss of even all its water during ignition is quite negligible.

Since the first publication of the foregoing in Bulletin 148, a series of determinations
on eight rocks, in which the weighing was done after drying, led to an interesting observa-
tion. The lumps were heated for a short time on the steam bath until dry on the surface,
then allowed to cool in air and weighed from time to time during two or three days. It
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unit only in exceptional cases. For instance, an undried rock of
2.775 specific gravity containing in the uncrushed state the high per-
centage of 0.3 hygroscopic moisture will have a density of 2.79 when
dry ; a rock of 2.982 specific gravity, undried, will have a density of
3 after removal of 0.3 per cent of moisture. The difference becomes
greater as the density of the rock increases.

This method of ascertaining the specific gravity of rocks is cer-
tainly more convenient than, and for compact rocks is believed to be
decidedly preferable to, that of the pycnometer, in which the frag-
ments must be reduced to small size with consequent formation of
more or less powder, which is subject to slight loss in the various
manipulations. To exclude this powder and employ only small frag-
ments would introduce a possible source of error, for the powder is
likely to consist largely of the most easily abraded minerals and con-
sequently the fragments might not have the average composition of
the mass. By following the instructions given above, loss of material
is avoided absolutely, a decided saving in time is effected, and con-
siderable weights can be employed with consequent lower probable
error in the results. To vesicular rocks, however, notably certain
lavas, the above procedure is of course inapplicable, as it is probable
that many of the interior pores would be inaccessible to penetrating
water. '

b. METHOD FOR SPECIFIC GRAVITY AND POROSITY COMBINED.

E. R. Buckley? has called deserved attention to the faultiness of
the methods generally employed for the determination of specific
gravity and porosity as applied to building stones, and has brought
together the fruits of his experience. His recommendations are
essentially as follows:

The specimens should be cubes, such as are commonly employed
for the other physical tests, measuring usually 2 inches square.

was observed that some lumps lost weight from the start, while others gained. For
instance:

14. 3803 9. 5342 17. 0846
. 3730 . 5178 . 1089
. 3666 . 5121 . 1159
. 3483 . 5024 . 1413
. 3481 . 5016 . 1388
. 3450 . 5016 . 1370
. 3457

The losses in the first and second cases may reasonably be ascribed to the gradual
evaporation of water absorbed in the pores, while the increase in the third case is doubt-
less indicative of the presence of zeolitic constituents, from which even brief exposure to
the heat of the steam bath had sufficed to drive out a good deal of thelr loosely held
water. Subsequent careful analysis confirmed this view, for each rock that gained in
weight was found to hold a relatively large amount of water removable at 105°, and the
microscope revealed the presence of zeolitization in them and not in the others. Hence,
this procedure may sometimes be of value as a test for the presence of zeolitic minerals
in advance of or as confirmation of the microscopic diagnosis,

1 Bujlding and ornamental stones of Wisconsin : Bull, Wisconsin Geol. Nat. Hist. Survey

No. 4. 1898, pp. 63, 70.
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These are dried for at least 24 hours at 110° (100° is not high
enough to insure the removal of all interstitial water) and weighed
to centigrams. They are then placed on the bottom of a large
bottle, the cork of which can be hermetically sealed. Through the
cork pass three tubes, two of which end below the cork and con-
nect with a vacuum pump and manometer, respectively. The third
‘tube, provided with a stopcock, ends near the bottom of the bottle and
leads on the outside into a basin of water which can be heated to boil-
ing. The bottle itself rests in a water bath, so that its contents
can be kept hot all the time. At first the cubes rest in a shallow
layer of water only, the better to facilitate the escape of air and
entrance of water under reduced pressure, which should not exceed
one-twelfth of an atmosphere. The cubes should remain in this state
for 72 hours, experiment having shown that little or no absorption
takes place after this lapse of time. Water is let in slowly from time
to time, till the cubes are wholly immersed. In this way, it is thought
thorough saturation can be attained. The saturated samples are
transferred to an open dish filled with water and taken to the bal-
ance, where their weight in water is ascertained by suspension. They
are then removed from the water, rapidly dried on the surface with
bibulous paper, and the weights then taken in air.! They are dried at
110° for 24 hours and again weighed. The second dry weight was
found by Buckley to vary from the first rarely by as much as 0.2
gram, and often by not more than 0.01. “ When reckoned in per cent,
the error would be such a small fraction of 1 per cent as not to be
worthy of attention. The specific gravity was determined by divid-
ing the average of the two dry weights by the difference between the
dry weight and the weight of the cube suspended in water.” For
arriving at the true porosity or actual pore space compared with the

volume of the sample tested, the following formula is to be used: ‘

(B—A) sp. gr. 100 _p
(B—A) sp. gr.+ A

in which A is the average dry weight, B the saturated weight, and P
the percentage of porosity or actual pore space. The value thus

1 The above procedure differs from that of Buckley in the inversion of the order of
weighing in water and after wiping. The more perfect the vacuum the less need be the
temperature of the bath of immersion to insure the effctive aid, by boiling of the water
drawn up into the pores of the specimen, in securing expulsion of the inclosed air. A
vacuum desiccator can perhaps be substituted for the bottle with much advantage. It will
not be necessary to open the desiccator for the periodic introduction of water if to the
evacuating tube is attached a Y or T with stopcocks, one branch leading to the pump
and manometer, the other to a basin of water. By proper regulation of the cocks water
can be drawn in at pleasure. In a later publication (Missouri Bureau Geol. and Mines,
2d ser., vol. 2, 1904) Buckley states that he has reduced the time of immersion to 24
hours and the vacuum to one-fourth of an atmosphere without finding appreciable differ-
ences in the results obtained.



SPECIFIC GRAVITY. 53

obtained is always much higher than that ordinarily taken as the
measure of porosity. This last would better be called, according
to Buckley, “ratio of absorption,” being found by dividing the
weight of water absorbed by the dry weight of the stone and multi-
plying by 100. Buckley finds no definite relation between porosity
and ratio of absorption, although in a general way the former is a
little more than twice the latter. -

In calculating the weight of a stone in pounds per cubic foot the
pores should be included in this volume. The weight sought is found
by multiplying the apparent specific gravity by 62.5—that is, by the
weight of a cubic foot of water. The apparent specific gravity can be
calculated from the above data by the formula

A
B-C

in which A is the dry weight, B the saturated weight, and C the
weight in water.

T. W. Thérner* and H. Seger and E. Cramer2 have described
apparatus alike in principle for determining porosity by the use of
which a direct specific-gravity determination is avoided and the oper-
ations are very simple. The apparatus of Seger and Cramer are of
simpler construction than those of Thérner, and have stood the test
of many years’ use. By both, however, the true porosity as well as
the “ratio of absorption” is ascertainable.

In the Proceedings of the American Society for Testing Materials
for 1918, page 588, is given a tentative standard method for the de-
termination of porosity and volume changes in refractory materials.

C. PENFIELD’S METHOD FOR MINERAL FRAGMENTS.

Penfield ¢ recommends the following modification of the suspension
method as more convenient than that by the pycnometer in many
cases for small fragments of minerals.

After boiling in water, the substance is transferred with water to
a small glass tube about 8 by 35 mm., provided with a fine platinum
wire for suspension. This is weighed full of water in another vessel
of Water, and again after the removal of the mineral, the weight of
which is found after drying.

The method is of course more applicable to homogeneous minerals
than to rock fragments and will therefore be applied in rock analysis
chiefly to the determination of the specific gravity of the mineral
grains separated by heavy solutions or acids.

1 Chem. Zeitung, vol. 29, 1905, p. T44.
2 Idem, p. 884.
8 Am. Jour. Sci.,, 3d ser., vol. 50, 1895, p. 448.
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B. PYCNOMETER METHOD.
4. ORDINARY METHOD.

For determining the specific gravity of materials of fine grain the
pycnometer method has to be used. A good procedure is that
adopted in the Survey laboratory by L. G. Eakins a number of years
ago, provided there is no evaporation whatsoever around the stopper
of the pycnometer, a condition seldom, if ever, fulfilled, unless a
thin film of vaseline is used, the weight of which need not exceed
half a milligram. The pycnometer used is one with a capillary stopper,
provided with a millimeter scale etched in the glass, the divisions
being numbered both ways from the center and calibrated by mer-
cury, so that the value of each one in weight of water is known. The
capacity of the flask filled with water to the zero division is then
calculated for every half degree of temperature from 0° to 30° by
making a series of careful weighings in which, the capacity of the
stem being known, it is quite immaterial at what level the waten
stands, provided it is within the limits of the scale. The exact
temperature is obtained by an accurate thermometer placed in a
companion vessel of shape similar to that of the pycnometer and
containing a like amount of water, both being left in the balance case
till its temperature has been nearly or quite assumed, as shown by a
second thermometer. The weighing must of course be made before
the thread of water has sunk beneath the lowest division, which it
will do after a time, even though at first filling the bore to the top of
the stopper; and the corrected weight of the flask full of water to
the zero mark is found by adding or subtracting the needed amount,
as shown by the height of the thread on the scale.

For each of the pycnometers in use, and they are of different
sizes, is prepared a table showing its weight, the value of each scale
division in grams of water, and the capacity of the flask at different
temperatures, as indicated above. The preparation of such a series
of flasks is time saved in the end, for the weighing of the flask full
of water each time a density determination is made is rendered super-
fluous. All that is necessary is to look up in the table the weight
corresponding to the temperature.

The density of the previously weighed substance is now deter-
mined in much the same way as in A. a, page 50, after the unstop-
pered pycnometer containing it and nearly filled with water has stood
with its companion vessel of water under the air pump the necessary
length of time. The water needed to fill the flask is taken from its
companion, .

All who have used the pycnometer method for fine substances know
the difficulty experienced in preventing some of the material from
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being held at the surface, despite all attempts at making it sink.
Hence it often happens that a very small portion runs out around
the sides of the stopper on inserting it. If the flask rests in a small
tared dish the grains thus forced out may be washed down into it
and weighed after evaporation in order to get the correct weight of
what is in the flask; or, after weighing, the contents of the flask may
be emptied into a tared dish and the water slowly evaporated off in
order to get the weight of the mineral. Usually this way is less to
be recommended than the other. ‘

1. REFINED METHOD.

In their elaborate study of the thermal properties of the feldspars?
A. L. Day and E. T. Allen found the ordinary methods of specific-
gravity determination of powders by the pycnometer to be affected
with grave errors. To eliminate these in great degree they use
special pycnometers and precautions (slightly modified since publi-
cation) which are described in the paragraphs that follow. With
25-cm.? pycnometers and 5 to 10 grams of material of from 2.50 to
2.75 specific gravity the error from all causes should never be greater
than one unit (1) in the third decimal place.

A chief source of error is the evaporation of water around the stop-
per. In order to reduce this to a negligible quantity, the grinding
should be very fine and the stopper should be vaselined slightly be-
fore the final weighing. If the excess of vaseline is carefully wiped
off, the error due to its weight will not affect the result in the third
decimal with 25-cm.® flasks. The best flasks are those with capillary
stoppers, made with the glass of the necks 2 mm. thick, so as to
avoid springing when the stopper is pressed in, and ground square
off to prevent the adhesion of a film of water between stopper and
neck above the joint. With the stopper slightly vaselined, such a
flask does not lose at 30° more than 1 to 1} milligrams of water per
half hour.?

To obviate another serious source of error,® incomplete removal of
air from the powder and undue loss of powder during filling and
stoppering, the device of G. E. Moore* is used, slightly modified, as
shown in figure 8. The flask containing the powder is attached to a

1 Pub. Carnegie Inst. Washington No. 31; and in less detail in Am. Jour. Sci., 4th ser.,
vol. 19, 1905, p. 93; Zeitschr. phys. Chemie, vol. 54, 1905, p. 1.

2J, Johnston and L. H. Adams (Jour. Am. Chem. Soc., vol. 34, 1912, p. 567) have
modified the pycnometer with the object in view of attaining still greater accuracy. The
new feature is a plane ground joint between bottle and stopper. The neck of the bottle
is made especially thick at the upper end in order to provide sufficlent surface for the
cap to rest upon. The cap is not perforated, but its lower face and the top of the neck
are made optically flat so as to give a perfect joint that allows no escape of water.
Such perfect surfaces are very difficult to prepare. With this instrument the results differ
only in the fourth decimal, a degree of accuracy quite uncalled for with rock powders,

3 See footnote 2, p. 49,

¢ Am. Jour. Sci,, 34 ser., vol. 3, 1872, p. 41: Jour. prakt. Chemie, vol. 2, 1870, p. 329.
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water pump, with the intervention of a tube and bulb attachment, as
shown. The bulb A contains boiled water. When the system has
been nearly freed from air by the pump, water from A is made to
flow into the flask. Then by tapping and plunging the flask into
water warmed to 40° to 50°, in order to produce boiling within the
flask, the air is soon removed. During the boiling powder will
usually be thrown up into the connecting tube; but this can be washed
back by water from A or, after disconnecting, by boiled water from
a wash bottle. Should any particles remain in the tube, they are
washed into a tared dish and weighed, after evaporation of the water.
It is absolutely essential that not the smallest grain be caught between
the stopper and the neck. To this end the neck is wiped out with a
bit of filter paper, which is burned in the tared dish in order to ob-
tain the proper correction.

Aspirator
P

" Pycnometer
withcharge

F1cuRE 8.—Moore’s device to remove air from mineral powders,

Constant temperature is attained in a water thermostat electrically
regulated to tenths of a degree at a temperature slightly above that of
the balance case. In the thermostat there is also placed a small vessel
with water for the final filling. If the powder is very fine, the flask
may have to remain in the thermostat several hours to allow com-
plete settling before wiping the neck, vaselining, and stoppering.
When the flask is filled and stoppered, it should be returned to the
thermostat for a time, with a short piece of rubber tube slipped part
way over the end of the stopper, so as to form a cup for a drop of
water and insure that the capillary remains filled. At the proper
time the rubber is removed and the flask wiped quickly with bibulous
paper -and weighed without delay. A blank test must of course be
made with water alone, or the pycnometer may be calibrated once
for all within any desired range of temperature. A determination of

~
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the accuracy attainable in this way is subject to a correction for
buoyancy.

(See p. 70 for remarks by Day and Allen on another source of
error in the determination of the specfic gravity of powders.)

C. HEAVY SOLUTIONS NOT SUITABLE FOR ROCKS.

Because of their roughness, porosity, and complex mineral compo-
sition the density of rock fragments can not be determined accurately
by that of heavy solutions in which they may remain suspended.

3. PREPARATION OF SAMPLE FOR ANALYSIS.
A, QUANTITY OF ROCK TO BE CRUSHED.

The amount of .material that must be used in preparing the
analysis sample varies. Most rocks are well represented by a few
chips from a hand specimen, but if a rock in which porphyritic
structure is strongly developed is to be analyzed a large sample
should be provided, gaged according to the size of the crystals, and
the whole of this should be crushed and quartered down for the
final sample. Unless this: is done, it is manifest that the analysis
may represent anything but the true average composition of the
rock. The geologist should see that a fairly representative sample is
provided, else the chemist’s work, however careful, may count for
little.

_B. CRUSHING.

’ .
For accurate analyses the use of steel power crushers and mortars

" is out of the question because of the danger of contamination by

particles of metal and the impossibility of cleansing the roughened
surfaces after they have been in use a short time. Extraction, by
the aid of a magnet, of steel particles thus introduced into the
powder is quite inadmissible, for the rocks themselves, almost with-
out exception, contain magnetic minerals.

4. SURVEY METHODS.

For breaking large pieces of rock to small sizes a thick steel plate
with specially hardened surface and a similarly hardened pounder,
such as street pavers use, will probably render the best service, but
the hardening must be done with extreme care.

A method of rough crushing on a small scale that gives fair satis-
faction in practice is to place each fragment as received on a hard
steel plate about 4} em. thick and 10 ¢cm. square, on which is likewise
placed a steel ring 2 cm. high and of about 6 cm. inner diameter, to
prevent undue flying of fragments when broken by a hardened ham-
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mer. In this way a considerable sample can soon be sufficiently re-
duced for transfer to the agate grinding mortar with a minimum of
metallic contamination.

This method is now superseded in the Survey laboratory by one
devised by C. W. H. Ellis, mechanician in the geophysical laboratory
of the Carnegie Institution, which entirely obviates loss of material
by flying fragments. The method of operating is apparent from

: figure 9. The block, cylinder,
and pestle are of the best
chilled tool steel, surface
hardened to the utmost lim-
it. The cylinder fits snugly
into a depression in the block,
after the manner of an ordi-
nary “diamond ” mortar, but
the pestle has a diameter less
than the inner diameter of
the cylinder. The crushing is
done by the pestle, without
the aid of a hammer, and may
be carried so far, if necessary
(see C, p. 60), as to furnish
by the aid of a fine sieve, pref-
erably of the best silk bolting
cloth, a powder that is fit for
analysis without needing fur-

Fleurn 9.—Ellis's mortar for crushing coarse ther pu]verization in a mor-
materials. All parts of best chilled and sur-

face-hardened tool steel. A, Block, 12% by tar. FOI‘ very many rocks

12% by 6 cm., with depression in center 0.6 and minerals a material that
cm. deep; B, pestle, 20 cm. high, 3.5 cm. .

diameter at base; C, cylinder, 12% cm. high, passes a. sieve Of .30 meSheS
5 cm. outside diameter, 4.4 cm. inside diam- to the linear centimeter can

;'lcgz,k'ﬁtting accurately the depression in the be used dire Ctly for the anal-
ysis. Much the greater part
of this will consist of grains of a diameter less than that of the
mesh of the sieve, even when the intervals between successive appli-
cations of the pestle and siftings are very short.
Metal sieves must on no account be used if search is to be made
for elements identical with those of which the sieves are made. _
An imperative precaution, when using either of these methods,
however, is to refrain absolutely from the least grinding or rubbing
motion, with the hammer in the one case or the pestle in the other.
Even quartz can be broken down by vertical blows to a size fit for
the agate mortar without showing any darkening in color, whereas
if a rubbing motion has been employed to even a slight extent, the
powder will, by contrast, be perceptibly dark after grinding in the
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mortar. The hardest steel is very susceptible to abrasion by minerals
less hard than quartz.! The crushing must be carried to such a
degree of fineness that after transferring the grains to the mortar
the grinding motion of its pestle will not occasion further loss of fly-
ing particles because the portions lost will not have the same compo-
sition as those retained unless the material is glassy or very fine-
grained. '

If grinding is not to follow crushing, the sieve should be chosen
of a mesh that will afford a powder susceptible of complete or nearly
complete decomposition within 20 minutes by boiling with dilute
hydrofluoric acid (see C, below, and 21. A, p. 192). In order to ob-
tain the minimum of “ flour ” it is important to sift at very frequent
intervals. Some flour is, however, essential to the production of a
homogeneous sample when flaky minerals, like the micas, are present.
If the flour is first separated from a micaceous powder, no amount
of mixing of the coarser material will afford. a sample in which the
mica does not show in streaks instead of being uniformly distributed.
The sample finally obtained is to be very thoroughly mixed on glazed
paper or by gentle shaking in a clean bottle. -

bD. WASHINGTON’S METHOD.

The rock is first reduced, as by the methods described in a, to lumps
that will fit into a “diamond ” steel mortar of Plattner’s form, the
bottom of the cavity being hemispherical and matched in shape by
the end of the pestle. The lumps are crushed, one by one, in the
mortar by a dozen blows of a half-pound hammer (billet of wood,
Dittrich), and the contents of the mortar are emptied into a cylin-
drical glass box about 3.5 cm. deep and 7.5 cm. in internal diameter,
with walls about 2 mm. thick. When the whole sample, or a quar-
tered portion if large, has been thus crushed a piece of best silk bolt-
ing cloth with about 25 meshes to the linear centimeter is stretched
over the open side of the box and clamped fast by a brass ring 1 cm.
in height. The box is now inverted and the finest powder gently
sifted onto a sheet of glazed paper. The material left on the cloth
is recrushed in the mortar and resifted, these operations being re-
peated until nearly all has passed the sieve. The final small oversize
portion is ground in an agate mortar. It will, of course, not do to

1t When the crushing has been done with proper care, the amount of steel contaminating
the sample is so small as to cause no important error. This steel is for the most part ap-
parently not in splinters but as thin films on the mineral grains. Its presence can be
shown readily by grinding the crushed sample to a very fine powder in presence of
water. The films thus become separated from the grains and still further flattened,
and as the grinding progresses they rise as a visible scum to the surface of the water,
whence they can be removed by careful handling of a magnet. This behavior of the
films might perhaps afford a means of testing for native iron in rocks, provided the use
of steel for crushing could be avoided altogether.
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reject any portion, for thereby the composition of the mass will be
affected.

Washington finds that in this way there is no danger of serious
contamination by metallic iron (see preceding footnote) and that
any error resulting from the introduction of cloth fiber is negligible.
This last will hardly be true of the method practiced in parts of
Europe (the German “beuteln ), which, at least as it was carried
out in Bunsen’s laboratory, differs in essential points from the
gentle sifting recommended by Washington.

C. GRINDING.

Ordinarily an extremely fine state of division of the analysis
sample is unnecessary, except for those portions in which alkalies
and ferrous iron are to be determined or where soluble constituents
are to be removed by acids, etc., and for such portions the final
grinding can be done at the balance table on a small quantity of the
crushed sample.

Not only is fine grinding for most purposes needless, but it may
be positively harmful, allowing escape of contained gases, and, as
R. Mauzelius has shown,! it is absolutely imperative for the correct
determination of ferrous iron to use the coarsest powder that can
be decomposed completely by the method of attack employed. I
have since shown ? that this is true for the water that is not given
off at 100°-110°. Mauzelius finds that the finer the material (con-
taining ferrous iron) is ground the less ferrous iron is found. In all
his experiments on rocks and on iron-bearing minerals separated
from rocks the oxidation was marked and in the most extreme case
amounted to about 40 per cent of the total ferrous iron (3.13 per
cent FeO found in the finest powder against 5.13 per cent in the
coarsest). This totally unexpected behavior has been confirmed by
me. (See 21. A, p. 189.) The necessity for an entire reversal of the
hitherto prevalent practice of preparing a very fine powder for the
ferrous-iron determination is obvious. :

The preparation of two samples, one coarse for the ferrous iron
and another much finer for the other constituents, though perhaps
unavoidable at times, is objectionable for several reasons. (1) The
finer the powder the more loosely held (hygroscopic) water it con-
tains, easily 5 to 20 times as much as unground grains, and also the

t The determination of ferrous iron in rock analysis: Sveriges geol. Undersdkning,
Arsbok 1, 1907, No. 3. ’

2 The influence of fine grinding on the water and ferrous iron content of minerals and
rocks : Jour. Am. Chem. Soc., vol. 30, 1908, p. 1120; Chem. News, vol. 98, 1908, pp.
205, 215. J. W. Mallet (Phil. Trans., vol. 171, 1880, p. 1017) seems to have been the
first to notice that mechanical crushing could expel! water from hydrous minerals (alum).
He ascribed the effect to heat developed by the crushing, a view with which I am in
accord. Carey Lea (Phil. Mag.,, vol. 34, 1892, p. 36; vol, 37, 1894, p. 31), however,
regards mecharical stress, especially shearing stress, as the effective factor.
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more water that is not given off at 100°. If two samples are used
the water given off both below and above 100° must be determined
in each and a correction applied to the other constituent or consti-
tuents that may be determined in the finely ground sample. (2) The
composition of the unground sample will differ in another respect
from that of the ground material by the amount of silica derived
from the mortar. This may easily reach or exceed one-half of 1 per
cent of the weight of the mineral powder (see p. 63), depending on
the hardness of the minerals and on the length of grinding.

In order to obviate the need for two samples I have made experi-
ments with a view to secure fine grinding and at the same time avoid.
oxidation. These experiments need to be multiplied before positive
conclusions can be reached and precise directions formulated. So far
as they go, however, they show that grinding in a nonoxidizing
medium, such as absolute alcohol, is fairly satisfactory. Water is
somewhat less satisfactory, notwithstanding the lower solubility in
it of oxygen.* Alcohol does not seem to exercise a reducing effect on
ferric minerals when they are ground in it. These experiments have
served to show at the same time that the oxidation of the iron is not
due merely to the greater exposure of surface, but-that it is probably
aided by intense local heat from friction and fracture of the grains
under the pestle. Probably grinding in an inert gas would be more
satisfactory, but while this might be arranged with a mechanical
grinder, it would be impossible when the grinding has to be done by
hand, and in any case it would involve much inconvenience and
trouble. When alcohol is used, it should be in small quantities at a
time, enough to wet the powder thoroughly and to give a very liquid
mass. A second and third application of alcohol are sometimes
needed, because of the rather rapid evaporation. When the grinding
is finished the alcohol is allowed to evaporate spontaneously under
a cover placed a few centimeters above the mortar and pestle, so as
to exclude falling dust and yet allow free circulation of air. When
thoroughly free from alcohol the powder is removed gently from
mortar and pestle with a flexible knife blade and then bottled.

Formerly all rock samples in the Survey laboratory were, after
crushing, reduced to powder by hand grinding, with expenditure of
much time and labor. Since then, except in special cases, the work
has been done by mechanical grinders run by a small electric motor.
It will be evident from the foregoing statements, however, that here-
after such grinders are likely to be less used than they have been.

The grinder manufactured by the McKenna Brothers Brass Co.
(Ltd.), Pittsburgh, Pa., is shown in figure 10, with the addition of
simple attachments intended to keep metal dust and oil out of the

1 Hillebrand, W. F., Jour, Am, Chem, Soc., vol. 30, 1908, p. 1120; Chem. News, vol.
08, 1908, pp. 205, 215, ' :
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mortar. These additions have been found to be quite essential for
the Survey work. As made for the technical industries the machine
is largely of brass, nickel plated, but the latest made for the Survey

Figure 10.—McKenna ore grinder, slightly modified by the addition of the following
attachments to prevent oil and dust from belts and bearings from entering the
mortar. A, Copper cup soldered to head of pestle holder. This partakes, without
the slightest friction, of the .motion of the latter. B, Tin plate with deep sinus, the
latter being covered in turn by the rubber cloth, C, which fits closely about the metal
shaft. * The spring at the top of the sliding rod, to which the agate pestle is attached
at the bottom, can be adjusted to give any desired pressure or can be thrown back
entirely to allow the pestle to be raised in removing the agate mortar. This is ac-
complished by loosening a set screw and dropping one of the four posts holding the
mortar in place. The pestle should make about 200 revolutions per minute, the mortar
moving very slowly in the same direction. The scraper keeps the ore in the center of
the mortar and the combined rolling and sliding motion controlled by the bhll and
socket supporting side arm reduces the hardest ore very rapidly.”’—Iron Age.

is of steel throughout, without plating. It was found that the pulley
belts caused too much abrasion of the softer metal to permit its use
for much of the Survey work, on account of the danger of copper,
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zinc, and nickel getting into the sample in traces, and that in spite of
a very limited use of oil this invariably became scattered over the con-
tents of the mortar, though its presence never became visible to the
eye except when white materials were ground. The last contamina-
tion is prevented by the copper cylinder, A, soldered securely onto
the pestle holder so as to form a cup large enough for the purpose
intended. The tin shield, B, with a superposed rubber cloth, C, cov-
ering the slit required for the proper adjustment of the shield,
greatly lessens the danger of metallic contamination, even with the
all-steel machine. At first it was thought that a rubber cloth cover-
ing the mortar, with the pestle snugly fitting a hole in the cloth,
would be an effective protection, but it was found that there was suffi-
cient friction on the rubber itself to cause contamination of the
powder beneath.

With this apparatus a large amount of work can be done in a short
space of time though there is much loss of fine powder if the speed of
revolution is too high. In the Survey laboratory three of these ma-
chines are operated, one or all, on a single table from the same shaft,
the whole being covered with a glass case divided by glass partitions,
so as to exclude dust from the room and to separate the grinders.

D. ABRASION OF MORTAR AND PESTLE.

The abrasion of crushing apparatus has been touched on in B.

The abrasion of pestle and mortar becomes far more manifest
with machines like that shown in figure 10 than with hand grind-
ing, notwithstanding the fact that each has its motion simulating as
far as possible that of the hands. There is undoubtedly a very con-
siderable introduction of silica into the sample from these sources,
but in comparison with the amount invariably present in an igneous
rock the quantity abraded is hardly of moment. Rocks normally
free from silica, or nearly so, like many iron ores, are as a rule softer
than igneous rocks and consequently cause less abrasion of the grind-
ing implements.

E. T. Allen, in order to get an idea of the amount of silica intro-
duced into an ordinary rock sample through the abrasion of the
grinding implements, caused 200 grams of quartz sand to be ground
in portions at a time till all passed a sieve of 150 meshes to the
linear inch (60 to the centimeter), the time required being 19.5
hours, The mortar (635 grams) lost 0.189 gram in weight and the
pestle (268 grams) lost 0.102 gram, a total of 0.291 gram, or 0.145 per
cent of the weight of the sand. The powder obtained in this case
was less fine than that ordinarily sought at that time by rock
analysts, but, on the other hand, the material was all quartz, a min-
eral much harder than most of those constituting the average rock.
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W. Hempel* has tested experimentally the effect of grinding in
mortars of agate, glass, iron, and hardened steel and has found that
for hard bodies, like glass, hardened steel is far superior to agate,
and that even mortars and pestles of green bottle glass showed much
less abrasion than agate. In grinding 10 grams of glass to very
fine powder the agate mortar and pestle, weighing 416 grams, lost
0.052 gram in weight (or 5 mg. per gram of glass), against a tenth
of that loss with a hardened steel mortar and pestle of the same
weight that had been some time in use.

Notwithstanding these observations in favor of steel, the use of
metal in rock analysis is, as said above, forbidden by the conditions
of the case. Still more so is that of glass because of its complex
composition. If impurity can not be avoided, it is far better that it
should be of one kind only, and that one productive of less disturb-
ance than any other.

E. WEIGHT OF SAMPLE,

The sample when crushed or ground should weigh not less than
10 grams, and preferably 20 in case it should be necessary to repeat
or advisable to employ unusually large portions for certain deter-
minations, notably carbonic acid. Rock analysis has in this respect
an advantage over mineral analysis, as rock material is almost always
available in- ample quantity and any desired number of. separate
portions may be used, whereas with a mineral the analyst is fre-
quently compelled to determine many or all constituents in a single,
perhaps very small portion of the powder. This course often in-
volves delay and the employment of more complicated methods of
separation than are usually necessary in rock analysis.

4, WATER—GENERAL CONSIDERATIONS.
A. THE ROLE OF HYDROGEN IN MINERALS.?

As the purpose of this bulletin is primarily the instruction and
guidance of the analyst, it has been thought best to curtail the dis-
cussion of the role of hydrogen in minerals given in the last edition,
and to include here only such data as are likely to be of direct aid
in the interpretation of the analytical results. Fuller discussions of
certain more general aspects of the subject will be found in the

1 Zeitschr. angew. Chemie, 1901, p. 843.
2 This section was prepared by Edgar T. Wherry, H. E. Merwin, and Elliot Q. Adams,
on the basis of the matter on this subject in Bulletin 422.



WATER. 65

works listed in the footnote,® although it should be noted that the
changes in viewpoint as to crystal structure, solid solution, etc., .
during recent years render many of the conclusions of the earlier
writers of doubtful validity.

Q. CONDITIONS IN WHICH HYDROGEN MAY OCCUR.

The table which follows presents a classification of the ways in
which hydrogen (especially that given off as water) may occur in
minerals, representing an enlargement upon the “ provisional classi-
fication ” given in Bulletin 422. In using this table it should be
borne in mind that the subdivisions are not, in general, sharply
delimited, but that a certain amount of gradation between them
exists; that a given mineral may contain hydrogen in several different
forms; and that some of the hydrogen originally present in one form
may pass into another on grinding or on heating.

Classification of the condition of hydrogen in minerals, mineral aggregates, and
mineral powders.

A. Bssential hydrogen—present in regular atomic arrangement in molecular
or crystal structure.
I. Present in definite, stoichiometric proportions.
a. As hydrogen—called acidic by analogy to behavior in solutions.
b. As hydroxl—the hydrogen called basic, again by analogy.
¢. As water—especially water of crystallization.

II. Not present in stoichiometric proportions with reference to the sub-
stance as a whole, but present, in one of the above forms,
in one or more of the constituents of mix crystals, includ-
ing isomorphous mixtures.

B. Nonessential hydrogen—its presence not necessary for characterization of the
mineral. (Considered as water or other compounds.)
I. In liquid solution, specially in deliquescent powders, also in amor-
phous material, including undercooled liquids.
IT. Held by surface forces.
' a. Absorbed on surfaces in films of molecular thickness.
1. On walls of cavities within grains of aggregates.
2. On exteriors of grains.

' Le Chatelier, H., Zeitschr. physikal, Chemie, vol. 1, 1887, p, 396; Compt. Rend., vol.
104, 1887, pp. 1443, 1517; Bull. Soc. fran¢. min,, vol. 10, 1887, p. 204.

Hambérg, A., Geol. Foren. Férh. Stockholm, vol, 12, 1890, p. 591.

Tammann, G., Zeitschr. physikal. Chemie, vol. 10, 1892, p. 255; idem, vol. 27, 1898, p.
823 ; Zeitschr. anorg. Chemie, vol. 15, 1897, p. 319.

Van Bemmelen, J. M., Zeitschr. anorg. Chemie, vol. 13, 1897, p. 233, and subscquent
volumes.

Tschermak, G. Zeitschr. physikal. Chemie, vol. 53, 1905, p. 349; Zeitschr. anorg.
Chemie, vol. 63, 1909, p. 169.

Panichi, U., Pubbl. Inst. studi pract.,, etc.,, Sez di sci. fis. ¢ nat,, 1908, p. 1. Lengthy
abstract in Neues Jahrb., 1910, Band 2, p. 2 of Referate.

Zambonini, F., Mem. Accad. sci. fis. mat. Napoli, vol. 14, ser. 2, No. 1, 1908, 127 pp.

Lowenstein, B., Zeitschr, anorg. Chemie, vol. 63, 1909, p. 69.

Thugutt, S. J., Centralbl. Mineralogie, 1909, p. 677.

Beutell, A., and Blaschke, K., Centralbl, Mineralogie, 1915, pp. 4, 195.

Langmuir, I., Jour. Am. Chem. Soc., vol, 40, 1918, p. 1361.

131999°—19——5
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B. Nonessential hydrogen, etc.—Continued.
I1. Held by surface forces—Continued.

b. Held by capillarity, in liquid form.
1. In colloids with mesh structure.
2. In definite openings within grains of aggregates.
3. In spaces between separate grains.

III. Included.
a. As liquid droplets in cavities.
b. As included grains of minerals belonging to one of the above
listed classes.

The following notes will help to interpret the table.

A. I. Investigations by X-rays and infra-red radiation indicate that groups,
such as OH and H;O0, may have identity within crystals, so the separation of
essential, stoichiometric, hydrogen into three classes, a,b, and ¢, is believed to
be justified.

A. I1. This class is intended to include such minerals as topaz, which is be-
lieved to consist of an isomorphous mixture of two end members, one hydrous and
the other anhydrous, Al:(OH).Si0s and ALF.Si0. As the proportion of these
members may vary widely, the hydrogen content may vary also; but even though
the hydrogen is not present in stoichiometric proportions with reference to the
mineral as a whole, it does bear definite relations to one of the constituent mem-
bers and is therefore properly considered as essential. It is not necessary, how-
ever, that the members entering the substance be isomorphous in the strictest
sense—that is, of homologous formula type; for instance, the mineral turgite is
believed to be made up of two components Fe:0s (hematite) and FeO(OH)
(goethite), in variable proportions, forming mix crystals.?

B. I The liquid surrounding deliquescing crystals belongs here. A part of
the water in opal may be dissolved, but probably most of it falls in B. II. b. 1,
where the water of most hydrous ¢ amorphous minerals ” is thought to belong.
Such substances as liquid hydrocarbons and volcanic glass, though not strictly
minerals, may be mentioned here.

B. II. a. Adsorption of water in molecular films upon surfaces is believed
to be a general property of solids, and if the surface exposed is large in propor-
tion to the amount of material involved, the quantity of water thus held may be
analytically significant. The increase in-water content shown by many minerals
upon fine grinding represents, thus, chiefly an increase in class B. II. a. 2. A few
instances are known where water of class B. II. a. 1 is present in appreciable
amount, one being the fibrous form of goethite, which is generally known as
limonite.’

B. II. b, 1, With reference to this class it may be pointed out that recent
studies of colloids, among which are to be included many zimorphous min-
erals,” have shown that they often possess a submicroscopic mesh structure,
water (or other liquid phase) being held in the interstices of this structure. It
is possible that certain crystalline substances, and in particular certain of the
zeolite minerals, may contain water in this form also, but this has not been con-
vincingly demonstrated. Classes 2 and 3 under this heading are of special
significance in connection with finely fibrous minerals, such as the above-men-
tioned goethite which often contain considerable amounts of capillary water.

1 Coblentz, W. W., Pub. Carnegie Inst. Washington No. 65, 1906 ; Bull. Bur. Standards,
vol. 2, 1906, p. 457. S8chaefer, C., and Schubert, Martha, Ann. Physik, vol. 50, 1916, p.
339, Johnson, A., Physikal. Zeitschr., vol. 15, 1914, p. 712,

2 Posnjak, B., and Merwin, H., B., Am. Jour. Sci,, 4th ser., vol. 47, 1919, pp. 325, 337.

8 Idem, pp. 311-348.
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B. III. Liquid inclusions of either water or hydrocarbons and solid inclusions
of hydrous minerals may be the source of a considerable content of hydrogen.

b. BEARING OF THE CLASSIFICATION ON ANALYTICAL PROCEDURE.

a. Behavior of hydrogen on grinding the mineral.—The fine grind-
ing of minerals may lead to either an increase or a decrease in
total hydrogen content. (See B, p. 69.) An increase is the result
of the subdiyision of grains and the consequent development of a
greater surface upon which water can be absorbed and otherwise
held. A decrease is for the most part due to decomposition caused
by local heating—by pressure or by mere change in grain size.

As in general (though by no means invariably) the decomposition
temperatures of minerals containing water of crystallization are
lower than those of minerals belonging to other classes, a marked
loss of hydrogen on grinding may be regarded as pointing to the
probable existence of the hydrogen in this form (A. I. ¢). Members
of other classes, however, show low decomposition temperatures
with sufficient frequence to render it unsafe to depend too much on
this criterion. A decrease may of course also be due to the evapora-
tion of water or other hydrogen-bearing liquids originally included
as droplets (class B. III. a) when the grinding exposes them.
It is to be inferred from the foregoing discussion that in order to
be representative of the mineral the sample to be used for determina-
tion of water should be ground as little as possible; still the ma-
terial must be fairly well subdivided in order that the water shall
be liberated within reasonable limits of time and temperature. The
effect of grinding on the water content may have at least con-
firmatory value in the final conclusion as to the réle of hydrogen in
the substance.

g. Behavior of hydrogen on desiccation at constant temperature.—
On exposure of a mineral containing essential hydrogen which is
given off as water to an atmosphere in which the partial pressure of
water vapor is being continuously diminished, water is likely to be
lost discontinuously. Hydrogen of class A. IT may, however, behave
differently ; this class requires further investigation.

The behavior of nonessential hydrogen is likely to vary with the
class concerned. If it is included (class B. IIIL. a and b), no loss is
to be expected. If it is held by capillarity (B. II. b), the mode of
loss will depend on the size and shape of the capillary openings.
Water absorbed on the surfaces of grains probably will be lost con-
tinuously—that is, it will be given off gradually as the water-vapor
pressure diminishes, and dehydration will not be complete at any
definite pressure. Hydrogen dissolved in “ amorphous” material
(B. I) would be expected to behave likewise.
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The change here described is often reversible, water that has been
lost by decreasing the .aqueous vapor pressure being taken up again
when this pressure is increased. Such rehydration may often be more
readily followed than the original loss of water, and the continuity
or discontinuity of the effect be more certainly determined thereby.
In any thorough study of the réle of hydrogen in a mineral, both
dehydration and rehydration data should be obtained and preferably
represented graphically, for conclusions as to the relations existing
are often best drawn from the examination of curves.

Y. Behavior of hydrogen (expelled as water) on heating.*—The
behavior of hydrogen which is expelled as water on heating a
mineral substance may be considered under three heads.

1. Heating to approximately constant weight at each step of a
series of increasing temperatures in an atmosphere of uniform or
regularly changing and usually small water-vapor pressure.

Minerals containing essential hydrogen are likely to lose it dis-
continuously—that is, at one or more rather definite temperatures.
The temperatures at which dehydration occurs in dry air depend
chiefly on the element or elements with which the hydrogen, hy-
droxyl, or water is associated. DBut, aside from this, in class A. 1. a,
“acidic ” hydrogen, the dehydration temperature is likely to be rela-

“tively high; in A. I. b, “basic” hydrogen, somewhat lower; and in

A. L ¢, water of crystallization, relatively low, especially for the
first water given off from a series of hydrates. In this case the
water from two or more states of hydration may come off at one
temperature unless the surrounding atmosphere has a carefully con-
trolled and rather high-water content.

The escape of water from mix crystals is likely to be gradual as
temperature increases, but experimental results are lacking.

Nonessential hydrogen is most likely to be given off continuously,
but there are exceptions. For example, included water may escape
discontinuously as the cavities containing it are burst open (decrepi-
tation of the mineral) ; and even capillary water may escape more
or less discontinuously if the heating changes the size of the pore
spaces. _ :

2. Heating with continuously increasing temperature, the water-
vapor pressure being largely determined by the dehydrating sub-
stance. , ‘

The rate of loss of water as determined by frequent weighings?
or by Le Chatelier’s method of heat absorptions is either discontinu-
ous or continuous, about as stated in the preceding section, except

1 Thermal dehydration may give some other hydrogen compound, HC1 from MgCl..6H.0,
for example. .

2 Hillebrand, W. F., Merwin, H, E,, and Wright, F, B., Proc. Am, Philos, Soc., vol. 53,
1914, p. 45; Zeitschr. Kryst., vol. 54, 1915, p. 221.
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that the temperatures at which discontinuities occur are much influ-
enced by such factors as rate of heating, state of subdivision of the
material, and method of agitating the material during heating; the
discontinuities themselves, however, tend to be more marked, espe-
cially in case of a series of hydrates.

3. Determination of vapor-pressure curves in cases of reversible
changes in water content.

This determination gives very definite information concerning the
state of hydration of a substance, but it is not commonly made as an
analytical procedure.

C. EFFECT OF DEHYDRATION ON PHYSICAL PROPERTIES.

In general the crystallographic, optical, and other properties are
likely to be profoundly changed by dehydration when the hydrogen
is essential, and but slightly changed when it is nonessential. There
are here, however, as in most other phenomena, important exceptions
to the rule. In particular, some of the zeolite minerals, in which the
water is presumably in part essential, may show only minor changes
in their properties when they are partly or even completely dehy-
drated. In minerals of class A. II, also, the change in properties in-
cident to loss of water may be but slight. On the other hand, when
minerals contain considerable quantities of nonessential water,
marked changes in properties may result upon its removal.l

d. CONCLUSION.

From the foregoing discussion it is evident that while determina-
tion of the condition of hydrogen in minerals is by no means a simple
matter, considerable information upon it may be obtained by appro-
priate analytical procedure. No conclusions should be drawn from
single observations, but when the results of several methods of study
show converging indications, it is qulte possible to decide, for the
majority of minerals, the condition in which their hydrogen is
present.

B. WATER TAKEN UP OR LOST ON GRINDING.

Before considering methods of determining water attention must
again be called to the effect of fine grinding of mineral powders on
their ability to take up from the air and retain at temperatures far
above 100° very appreciable amounts of water, even in excess of 1
per cent. (See p. 60.) The following table contains typical data
on this subject. For fuller details see the paper already cited.?

1 Larsen, E. 8., and Wherry, BE. T., Jour. Washington Acad. Sci,, vol. 7, 1917, pp. 178,
208.
3 Jour. Am. Chem. Soc., vol. 30, 1908, p. 1120; Chem. News, vol. 98, 1908, pp. 205, 215.
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Water content of powders of varying fineness, ground in air.

Water.
No. Material. Condition.
Below Above
100°. 100°.
. hes & Per cent. | Per cent.
la [[<60meshestolem....ieneeiuiiiiiiiiiiiinrnennennn, 0.03 0.66
1b }D"“‘m‘c norite or €ab- I Ground 30 min. ... I o -6
1c Ground 120 min..... .14 1.00
2a [\ Altered basaltic green- |f< 40 meshes to 1 cm. .22 3.13
2b stone. G%%und :%]20 Iém{ ..... 1. 80 4.19
3a <60 meshesto1lcm.. 1.01 3.40
gp [pAndesite.............. Ground 30 min...... 1.18 3.54
4a Quartz <60 meshesto1 em. None. .06
4h [f VTS A eeees ground 120 min..... .35 .45
ba Ja:1 o1 N 5.76 6.79
5D |fMeerschaum. ... Ground 600 min. ... 6.33 9.81
03 Unglmed Berlin porce- | [Coarse........ crreens +e-....| None. None,
6b Ground (?) MUN. .- ceeoiie e ieiieiiea s .62 .18

On the other hand, water of crystallization may be expelled from
minerals by long-continued grinding. Thus the content in water of
a specimen of gypsum was reduced from over 20 to about 5 per cent.
The inference is obvious that water of crystallization should be deter-
mined on unground material, if possible.

The following excerpt from the work of Day and Allen? on the
feldspars, already cited, has direct relation to the above:

There is another error to which accurate specific-gravity determinations upon
powdered minerals will be subject unless suitable precaution is taken. The
exposure to the air during the period of grinding the samples gives opportunity
for the condensation of sufficient atmospheric moisture upon the grains to affect
the weight in air. The amount varies measurably with the size of the grains,
as will be seen from the accompanying data, and probably with the degree of
saturation of the atmosphere and the time of exposure.

Determination of moisture in 1 gram of powdered mineral upon exposure to
the air.
[ <=finer than. >==coarser than.]

Fineness (meshes to s

Mineral. the linear inch). Moisture.

Gram.
Orthoclase (natural glass) <150....c..enn.... 0.0006
AblAn5 artificial glass). . .| Selected, coarse. .0001
AbAn; (artificial crystal) .| <100> 1o.......0" .0010
AbyAn; (artificial glass). . ... <100>120......... . 0007
Ab1An, (artificial crystal) <100>120......... .0010
Ab natm‘al crystal)........ ...| Coarse............. . 0006
.................................................................... <150.............. . 0069
Orthoclase Enatural erystal). .o o .0011
Orthoclase (same sample).. . . .0031
Do .0059
Orthoclase Eartiﬁcial glass).. . 0065
Orthoclase (portion of same). .0022

1 Jour. Am. Chem. Soc.. vol. 30, 1918, p. 1120 ; Chem. News, vol. 98, 1908, pp. 205-215.

2 Pub. Carnegie Inst. Washington No. 31, pp. 56-67; Am. Jour. Sci., 4th ser., vol. 19,
1905, p. 93. Consult also Mauzelius, R., Sveriges geol. Understkning, Arsbok 1, 1907,
No. 3; and Hillebrand, W. F., Jour. Am. Chem. Soc., vol. 30, 1908, p. 1120; Chem.
News, vol. 98, 1908, pp. 205, 215; and the footnote on p. 50 of the present volume,

——
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In the last two groups note that the moisture in graded portions of the same
sample varies with the fineness.

We also verified the conclusion of Bunsen * that this absorbed moisture is not
altogether removed at temperatures only slightly.above 100° but requires 600°
to 800°—equivalent to low red heat. Several samples for which the moisture
had been determined were laid away in corked test tubes for a number of
weeks, after which redetermination gave exaétly the former value.

It is worth noting in this connection that these measured quantities of ab-
sorbed water are of the same order of magnitude as those usually obtained
for the water content in feldspar analyses, where, again, of course, the finer
the sample is ground for the analysis the greater the possible error from this
cause. It may be that a part and occasionally all of the moisture usually
found in these analyses is absorbed and the significance of its presence there
mistaken.

C. IMPORTANCE OF EMPLOYING AIR-DRY POWDER FOR ANALYSIS.

The time-honored custom of drying a powdered specimen before
bottling and weighing has long seemed to me one that has no sound

_basis in reason. Its object is plain, namely, that of securing a uni-

form hygroscopic condition as a basis for convenient comparison of
analytical results, because some rock powders contain more hygro-
scopic moisture than others and the amount is dependent further on
the degree of fineness of the powder. Nothing, however, is more
certain than that by the time the dried substance is weighed it has
reabsorbed a certain amount of moisture, small, indeed, in most cases,
but very appreciable in others; and, further, that with every opening
of the container tube moisture-laden air enters and is inclosed with
the remainder of the dry powder. Therefore it may very well
happen that a powder which has been dried will, after several open-
ings of the tube, especially at considerable intervals, be nearly as
moist as it was at first. Dittrich has expressed views similar to the
above. Of course, it is understood that no deliquescent substance is
present.

It is preferable to weigh the air-dry powder and to make a special
determination of moisture. If all the portions necessary for an
analysis are weighed out one after another, or even at different
times on the same day, the error due to difference of hygroscopicity
in dry and moist weather, which for most of the separate portions
is an entirely negligible quantity, is eliminated. Only in the main
portion, in which silica and the majority of the bases are to be esti-
mated, can it ever be an appreciable factor. Especially is this true
if a rather coarse powder is employed, such, for instance, as passes a
sieve of 80 to 60 meshes to the linear centimeter. In many powders
of this grade the moisture will fall below 0.1 per cent, whereas in
those that have bzen ground for one to two hours it may easily exceed
1 per cent.

1 Wiedemann’s Annalen, vol. 24, 1885, p. 327,
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D. "ARGUMENT IN FAVOR OF INCLUDING HYGROSCOPIC WATER IN THE
SUMMATION.

The question has been asked: “If the so-called hygroscopic water
is not always such, but not infrequently includes essential water,
why are not its separate determination and entry in the analysis
unnecessary? Why make a distinction which after all may not be
a true one?” The question involves the further consideration of the
need in any event of including the loss at 100° or 110°.

It would seem to be a reasonable desire on the part of petrographers
to have all analyses referred to a moisture-free basis in order that
they shall be strictly comparable. This involves the omission of the
“hygroscopic” water from the list of constituents, which would be
eminently proper were it always possible to be sure that the loss at
100° to 110° truly represents such water. As it very often repre-
sents more, and the determination as to whether or not it does in
each case is not always possible and would add to the time required .
for the analysis, it seems necessary to include this water. What
errors may arise from its exclusion the following rather extreme case
well illustrates: Certain rocks of Wyoming in powder form lost
from 1 to 2 per cent of moisture at 110°. That not even an appreci-
able fraction of this was truly hygroscopic is fully demonstrated by
the fact that the uncrushed rocks lost the same amount; yet the rule
followed by many chemists and petrographers would have involved .
the removal of all this water as a preliminary to beginning the
analysis, and not only would a most important characteristic have
passed unnoticed, but the analyst would have reported an incorrect
analysis, inviting false conclusions and possibly serious confusion.
(See also second paragraph of footnote, p. 50, and examples cited
on p. 75.)

Hence it may be said that the estimation of the loss at 100° or 110°
and its separate entry in the analysis are advisable as affording to the
lithologist an indication of the minera] character of one or more of
the rock constituents, thus perhaps confirming the microscopic evi-
dence or suggesting further examination in that line. A marked
loss in weight at 100° by a coarse powder other than that of certain
igneous glasses may be taken as almost positive proof of the presence
of zeolites or other minerals which characteristically contain loosely
held water. It has been objected that the hygroscopic moisture
varies with the degree of comminution of the sample and with the
condition of the air at the time of weighing, and that therefore it
should not be incorporated in the analysis, but this variation is
ordinarily not at all great if the powder is coarse.



WATER. - - : 73

5. WATER—METHODS OF DETERMINATION.

°

With the coarse powders that are needed to afford a true value for
the hydrogen content of rocks and minerals, one or another of the
methods described in this section will be found more or less unsatis-
factory, especially with those materials that lose their hydrogen - .
at very high temperatures or that are difficult to decompose with
fluxes. Unfortunately at present no directions can be given to cover
all such cases. The analyst must exercise judgment in the selection
of a method. In any event duplicate determinations should be made
until he has acquired the experience that will permit him sometimes-
to make exceptions. M. Dittrich® has compared different ignition
methods.

A. INDIRECT METHODS,
4. GENERAL CONSIDERATIONS.

The means employed for the indirect determination of water differ
according as fractional or total amounts are needed. For the latter
simple ignition is adopted for the former exposure to the effects of
dehydrating reagents or different temperatures. These methods, as
ordinarily carried out, while exceedingly simple, are affected in most
cases by serious errors, which will be considered in turn in their
proper places. The methods should not be employed, therefore,
when accuracy is essential, unless it is known that the errors are too
slight to be significant or unless modifications are introduced to guard
against them. A complication, sometimes serious, is added by the
fact that with coarse powders the time required for expulsion of the
water may be much greater than when a fine powder is used.

b. METHODS INVOLVING THE USE OF DEHYDRATING AGENTS.

Calcium chloride, sulphuric acid, and phosphorus pentoxide are
the chemical dehydrants commonly employed in mineral analysis.
Of these sulphuric acid finds most extended use, generally in a con-
dition of high concentration, but in varying degrees of known con-
centration if detailed study of the behavior of a mineral during de-
hydration is in progress. I have shown? the importance of employ-
ing in desiccators only sulphuric acid of maximum dehydrating power
when the full effect of the acid is desired. That which has stood
long in desiccators that are in constant use is by no means so effective
as fresh strong acid. Furthermore, the acid becomes dark from ac-
cess of organic matter from dust or from the lubricant of the vessel,
and this gives rise to the formation of appreciable amounts of sulphur
dioxide.

1 Zeitschr. anorg. Chemie, vol. 78, 1912, p. 191.
2 Am. Chem. Jour., vol. 14, 1892, pp. G-T7.
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A mineral which loses much water over a strong dehydrant may
need an exposure of several days or even weeks for its complete
extraction. If the weighings are made from day to day, the apparent

- limit may be reached long before all water really removable has been
taken up by the acid. Whenever the crucible, after weighing, is
replaced in the desiccator it is no longer in a dry but a more or less
moist atmosphere, and its contents, even when covered, sometimes
absorb a part of this moisture and retain it so persistently that the
acid is unable to bring the powder beyond its previous state of dry-
ness in the next 24 hours. In fact, it may be unable even to reach
it unless greater time is allowed. An experiment on tyrolite, made
and published many years ago, illustrates this point in part:

Experiment of drying 1 gram of tyrolite over strong sulphuric acid.

Time Time
exposed. Loss. exposed. Loss.

Hours. | Qram. Hours. Grom.
18 0.0231 24 0.0002
26 .0083 24 .0003
23 .0029 438 . 0006
P .0012 24 .0002
23 . 0008
24 .0001 283 | .0380
25 .0003

The experiment might reasonably have been considered ended after
the 138th hour, when a loss of but ¢.1 milligram was shown during
24 hours; but nevertheless a nearly steady loss of 0.3 milligram per
day took place for six days more, and might have been observed longer
but for the interruption of the experiment.! The sample was in fine
powder. Had it been coarse, the rate of dehydration would have been
much slower. The time can of course be greatly reduced by operating
in a vacuum.

The indirect method can be made more accurate by heating the
mineral or rock in a weighed tube, through which a current of air or
other gas can be passed, either dry or of definite moisture content,
according to the object in view, and then determining the loss in
weight of the tube and its contents. If the drying agent for the gas
is phosphorus pentoxide, it is well to cause the gas to pass first over
or through calcium chloride or sulphuric acid, for the effectiveness of
the pentoxide rapidly lessens as it becomes glazed with metaphos-

phoric acid.
C. METHODS INVOLVING THE APPLICATION OF HEAT,

. Fractional determinations.—As to the temperature to be adopted
for drying in order to determine so-called hygroscopic moisture, the

1 Consult Mallet, J. W,, Phil. Trans., vol. 171, 1880, p. 1006, for an example of slow
loss of water from alum in air in an experiment lasting six months.
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practice has varied at different times and with different workers,
ranging from 100° to 110°. TFor the great majority of rock speci-
mens it is quite immaterial which of these temperatures is adopted,
for no greater loss is experienced at the higher than at the lower
temperature, given a sufficient time for the latter. It is the practice
in the Survey laboratory to employ a toluene bath giving a tempera-
ture of about 105°. Should the results show a very unusually high
loss, the powder is reheated at, say, 125°, in order to learn if the loss
is progressive with increased temperature, as this knowledge is im-
portant for the interpretation of results. To insure accuracy this
experiment should never be made in crucibles or dishes which must
be cooled in a desiccator. One instance will suffice: A gram of a min-
eral mixture containing about 17 per cent of water, of which about
3 per cent was driven off at 100° and 8 or 9 per cent at 280°, was
placed in a desiccator over sulphuric acid, after several hours’ heat-
ing at the latter temperature, and weighed as soon as cold, and then -
replaced and again weighed the next day. It had regained 1} per
cent of its original weight, although the desiccator was tightly closed
and the crucible covered, showing apparently a drying power supe-
rior to that of the acid, or having, in other words, a vapor tension
less than that of the acid.

A specimen of tyrolite was found on one occasion to lose 10.34 per
cent at 280°, and on another occasion 14.33 per cent. In the latter
case the drying and heating at progressive temperatures had con-
tinued during a period of 528 hours, the weighings being made
usually from day to day; whereas in the former the duration of the
experiments was much shorter and the intervals between weighings
were but a few hours each. '

An important research of G. Friedel* well shows what errors are
possible in the determination of this easily removable water, as he
found that certain zeolites which had béen largely dehydrated but not
heated to the point of rupture of the molecular net could then absorb,
instead of water, various dry gases in which they might be placed, as
carbon dioxide, ammonia, carbon disulphide, and others, even air in
large quantities, and certain liquids. In the light of this observation
the cause of the great increase of 13 per cent in weight of the partly
dehydrated mineral mentioned above may very possibly be attributed
to air from the desiccator instead of moisture, as was at the time sup-
posed. At any rate, as Friedel says, the danger of accepting a loss in
weight as an index of the amount of water lost is clearly shown, and
thus that method of determining water is for many cases fully dis-
credited. Just what method to adopt must be left largely to the
judgment of the operator, who will often be guided by the mineral

! Bull. Soc. min., vol. 19, 1896, pp. 14, 94 ; Compt. Rend., vol. 122, 1896, p. 1006.
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composition of the rock as revealed by the unaided eye or the micro-

scope. :

Friedel indicates a means for determining the true weight of water
lost by minerals behaving like the zeolites, even without collecting the
water lost, namely, by driving out of the dehydrated and weighed
mineral, under proper precautions, any air it may have absorbed in
the process of drying and cooling, and collecting and measuring this
air and thus finding its weight, which, added to the apparent loss,
gives the true content of water.

But aside from the above reasons for avoiding the use of indirect
methods-of water determination, there is another very important one.
They never give correct results where air baths are used in the ordi-
nary way, for the reason that the drying is performed in an atmos-
phere far from dry, and therefore the substance can not lose all its
moisture. As examples, if the indirect method shows 0.12 and 0.75

““per cent in two samples, the direct method may afford 0.17 and 1.00
per cent, respectively. Similar observations have been repeated many.
times and admit of no dispute. They apply as well to rocks as to
minerals. Therefore, if the moisture content is more than an insig-
nificant factor the indirect method must be avoided or so arranged as
to insure a constantly changing dry atmosphere.

To effect this the powder should be heated in a weighed tube,
through which a current of dry air can be passed, and allowed to
cool therein, after which a second weighing gives the loss of moisture.
The degree of drying will depend on the nature of the reagent used
for drying the air, sulphuric acid being more effective than calcium
chloride, and phosphorus pentoxide most effective of all. When
using the last, it is well to cause the air first to pass over or through
one of the first-named dehydrants, for its effectiveness rapidly les-
sens as it becomes glazed with metaphosphoric acid. For experi-
ments carried out at room temperature no bath is required, but for
artificial temperatures the .tube should pass through a suitable
thermostat.

B. “ Loss on ignition” method for total water—In a few cases the
simple loss on ignition of a rock will give the total water with accu-
racy, but in the great majority there are so many possible sources of
error that this old-time method can seldom be used with safety.
Only when the rock is free from fluorine, chlorine, sulphur, carbon,
carbon dioxide, and fixed oxidizable or reducible (MnO,) constitu-
ents can the loss be accepted as the true index of the amount of water
present, and it is seldom that a rock is met with fulfilling these con-
ditions, especially as to the absence of ferrous iron. Blast ignition in
presence of carbon dioxide alone of the above list may give a correct
result, after separate estimation of the carbon dioxide, provided this
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emanates from carbonates of the earths and not from those of iron or
manganese. Another source of error lies in the fact that from some-
minerals the hydrogen is not all driven out, even at the highest tem-
perature obtainable by a blast lamp. Such heat may, on the other
hand, drive out other difficultly volatile constituents, as the alkalies.
This happens particularly when mixtures of alkaliferous silicates-
and alkaline-earth carbonates are concerned, such as argillaceous.
limestones.

The long-maintained idea that in presence of ferrous iron a suffi-
ciently correct result is obtainable by adding to the observed loss an
amount needed for oxidizing all ferrous iron is not justifiable. There
can be no certainty that the oxidation has been complete, especially
in the case of readily fusible rocks, and at the high temperature of
the blast a partial reduction of higher oxides is not only possible but
sometimes certain.! The inability to insure complete oxidation by
simple ignition is illustrated in the case of precipitated ferric hy-
droxide  which has been ignited in contact with its filter paper. If
the quantity was in any degree large, it is sometimes decidedly mag-
netic, presumably from presence of magnetic oxide, which no amount
of heating wholly oxidizes, especially in the larger grains. Neither
1s evaporation with nitric acid and reignition sufficient to destroy
the magnetic property of the oxide, as has been claimed.

P. G. W. Bayly,? in a paper on recent methods of rock analysis,
gives the following method for determining water. The total igni-
tion loss is corrected for carbon dioxide when this is present, and
for ferrous oxide by determining the ferrous iron both before and
after ignition. Deduction of the separately determined moisture
gives finally the more firmly held water. It need hardly be said
that this method presupposes very exact determinations of both
moisture and ferrous oxide.

B. DIRECT METHODS WITHOUT ABSORPTION TUBES—PENFIELD’S METHODS.

4. FOR MINERALS EASILY DEPRIVED OF THEIR WATER.

If no other volatile constituents than water are present, the beau-
tifully simple method first used by G. J. Brush and extended by
S. L. Penfield ® leaves nothing to be desired for accuracy, provided
that the expulsion of water can be effected at relatively low tempera-
tures. It consists simply in heating the powder in a narrow tube of
hard glass, enlarged at the closed end and provided with one or two

1 H, Warth (Chem. News, vol. 84, 1901, p. 305) also mentions this and draws attention
to the effect of alumina, not only in decolorizing ferric oxide when the two are heated
together, but also in restraining the reduction of the latter to the magnetic oxide.

2 Australasian Assoc. Adv. Sci.,, Adelaide meeting, 1907.

8 Am. Jour. Sci., 34 ser., vol. 48, 1894, p. 31; Zeitschr. anorg. Chemie, vol. 7, 1894, p. 22,
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further enlargements in the middle to hold the water and prevent
its running back and cracking the hot glass. A capillary glass stop-
per fitted in with rubber tubing prevents loss of water by circulating
air currents. The tube being held horizontally, the bulb is heated to
any required degree by the Bunsen or blast flame. Moistened filter
paper or cloth wound about the cooler parts of the tube insures con-
densation of all water. The heated end being finally pulled off, the
tube is weighed after cooling and external cleansing, and again after
the water has been removed by aspiration. For most rocks, as they
contain little water, central enlargements of the tube are hardly
needed. : -

Various forms of tubes used by Penfield are shown in figure 11.

Before using, even if apparently dry, “these tubes must be thor-
oughly dried inside, which is best accomplished by heating and

a
( l‘ H

Fraurne 11.—Penfield’s tubes for water determination in minerals. a, b, ¢, Different forms
of tubes; d, thistle tube for introducing the powder; e, capillary-tipped stopper.

aspirating a current of air through them by means of a glass tube
reaching to the bottom.”

How this simple tube is made to afford entirely satisfactory results
with minerals, even when carbonates are present, is fully set forth
in the paper cited.

Comparatively few rocks are altogether free from other volatile
constituents. Hence for refined work the application of this ap-
paratus in the simple manner above set forth is limited. However,
it may be used with the addition of a retainer for fluorine, sulphur,
etc., such as the oxide of calcium, of lead, or of bismuth. It gives,
of course, the total water.

b. FOR MINERALS NOT EASILY DEPRIVED OF THEIR WATER.

When minerals are present that do not give up their water wholly,
even over the blast, as tale, topaz, chondrodite, staurolite, Penfield
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recommends the use of the simple combination of fire-brick and
charcoal oven, which is depicted in figure 12, either with or without
a retainer in the tube for fluorine, as circumstances demand. The
part of the tube in the fire is to be protected by a cylinder of platinum
foil tightly sprung about its end, and the part outside by asbestos
board, as well as by wet cloth or paper. A piece of charcoal is like-
wise laid on the tube, as well as beneath and behind, and the blast
flame is given a horizontal direction, so as to play upon the side
of the apparatus. In this way a most intense temperature can be
reached, but the platinum foil does not last long.

M. Dittrich' condemned the above method as giving variable re-
sults, after comparative trial of different methods, but it would seem
that he did not use a retainer for fluorine or sulphur.

In whichever way the apparatus may be used the water found is
the total water, from which that found separately at 105° may be
deducted if desired.

,
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F1gure 12.—Penfield’s fire-brick and charcoal oven for use in determining water.

C. DIRECT METHODS WITH ABSORPTION TUBES.

4. GENERAL CONSIDERATIONS.

In general it is preferable to collect and weigh the water in suit-
able absorption tubes after its expulsion from the rock or mineral.
The method is especially suited for the determination of total water
or of that escaping above 105° when the apparatus of Gooch (f, p.
85) or of Dittrich and Eitel (e, p. 84) is employed. It is less suited
for those fractional determinations where the escape of water is
very slow at the different temperatures, for the absorption tube in
such cases may gain weight, other than that of water from the min-
eral, sufficient to introduce appreciable error. This may sometimes
be corrected to a certain extent by running a parallel blank test.

Absorption, following ignition without a flux, is not suited for
rocks or minerals which yield other volatile substances than water
and carbon dioxide, unless some substance is employed to retain
these before they pass into the absorption tube. Even so, at extreme

1 Zeitschr. anorg. Chemie, vol. 78, 1912,'p. 191.



80 ANALYSIS OF SILICATE AND CARBONATE ROCKS.

temperatures the results are likely to be in error, so that for mate-
rials which yield their water only at very high temperatures fusion
with a flux is imperative.

A precaution too often overlooked is to see that the drying agent
used for the air current (always forced, not drawn) is the same as
that in the absorption tube in which the water from the sample is
collected—not only the same in kind, but as near as may be in strength
also, especially with calcium chloride. Therefore the contents of
drying and absorption apparatus should be changed often, and when
the apparatus is refilled the reagents should be taken from the same
stock. Fresh calcium chloride in absorption tubes should be exposed
to a current of carbon dioxide and the excess removed by air before
use. Furthermore, all connections should be as nearly as possible
glass against glass, with the least possible inside exposure of rubber.
With long rubber connections the error may be a very sensible plus
one. Again, the direction of the.air current through the absorp-
tion tube should always be the same as long as a filling lasts. Care
must also be taken that the conditions at the several times of weighing
of the tubes are nearly alike as to temperature and hygrometric state
of the atmosphere, for the afternoon weight of a tube may be ap-
preciably different from that on the following morning. It is well,
therefore, to avoid error from this cause by approximately counter-
poising the absorption tube by another of about the same volume and
weight. Finally, the electrifying effect of wiping a tube before
placing it on the balance must not be overlooked. In my experience
this has often amounted to as much as 1 to 2 centigrams in a balance
resting on glass (always an increase in weight) after wiping with a
clean linen handkerchief. The charge can be removed by repeated
application of the hand, but disappears slowly without such aid.
A strongly electrified condition makes itself apparent by marked
irregularities in the swing of the needle. While more pronounced in
cold weather, the phenomenon is not peculiar to winter.!

The absorption tubes should not weigh in general over 30 grams
each, filled with calcium chloride. Those preferred by me are shown
m figure 14 (p. 82), and are 10 to 11 cm. over all in height. Sulphuric
acid as an absorbent has no apparent advantage over calcium chloride
if the drying apparatus for the air contains also calcium chloride of
the same absorptive power as that in the collecting tube..

The methods of P. Jannasch that were given in preceding editions
of this work are omitted here because of the error introduced by the
taking up of water during grinding of the sample to the excessive
fineness which the methods call for.

* With regard to electrification, consult also Bornemann, Ernst, Chem. Zeitung, 1908, pp.
125, 220. .
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b. STEIGER’'S APPLICATION OF THE TOLUENE OVEN (FOR LOW TEMPERATURES).

The apparatus devised by George Steiger consists simply of a
U-tube of home construction and a small toluene oven, in the cover
of which is an opening of suitable shape to receive the tube (fig. 13).
The open space between the uprights is closed when in operation by
a piece of asbestos board. The horizontal end of the tube is made
long, so that in the event of much water being given off it can be
readily driven over into
the absorption tube by a
low flame, which if ap-
plied from the first may
prevent any appreciable
condensation of water
before reaching the cal-
cium chloride. The in-
terior of the tube hav-
ing been first freed from
adhering moisture by a
current of dry air and
the absorption tube at-
tached, the stopper is
lifted without shutting
off the air current, and
the weighed powder is
quickly introduced by
means of the clean metal
trough in which it has
been weighed (fig. 4,
p. 35). The stopper is
replaced as quickly and
the dehydration begins
at once and often is

nearly finished by the

31 ther p e Fi1Gurg 13.—Steiger’s form of drying apparatus. A,
(.Jlm? the he mOFD ter Toluene oven; B, condenser, about 50 em. high; C,
indicates the maximum cover of bath, showing openings ; D, tube for mineral
ten1perature. powder ; E, asbestos board cut so as to close central

If the sample has no  °Pei"é I» over
easily oxidizable constituents, it would be quite possible, by employing
a U-tube with glass stoppers, like A, figure 14, page 82, to ascertain the
loss in weight of the powder as well as the gain of the absorption tube,
or to do away with the tube altogether. Inthis case, however,it would
be necessary to vaseline the stoppers very lightly, and perhaps to in-
troduce the powder through a dry funnel because of the vaseline film
on the inner side of the end of the tube. The moderate heat on the top
of the bath would suffice to prevent condensation of moisture before
131999°~—19——6
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reaching the absorption tube, or to soon remove what might condense
at first, but there must be no long rubber connections.

By employing a suitable oven this form of tube can be used for
higher temperatures, but the stoppers must fit air-tight, for vaseline
can not be employed.

C. CHATARD’S OYEN FOR TEMPERATURES UP TO 300° AND OVER.

A form of drying oven devised by T. M. Chatard * gave good serv-
ice in the Survey laboratory for determining water at different tem-

J

FIGURE 14.—Chatard’s form of drying oven for water determinations. B, Copper box, 18
cm. long, 103 cm. high, 9 cm. wide, open in front, its sides and top covered with
asbestos board ; 8, two slides of different sizes to close openings, O, after the tube is
in position ; F, asbestos-board front stiffened by an interlaid sheet of copper; R, metal
rod to hold front in place; T, glass ignition tube; A, calcium-chloride absorption
tube. For mineral substances with very high water content the tubes T and A may
preferably have the original form given them by Chatard, as depicted in Bulletin 176,
p. 37. The use of a straight tube, as shown above, permits a less complicated construc-
tion of box and stand than that here shown, as round holes in opposite ends of the
box admit the ignition tube, and the roller base is then superfluous.

peratures up to 350°. It is an asbestos-covered copper box shown in
different aspects and parts in figure 14. The box is so constructed
that the tube with its contents can be removed without detaching
from either the drying or collecting tubes, which is a great advantage
if it is desired to apply afterward the direct heat of a lamp in order

1 Am. Chem. Jour., vol. 13, 1891, p. 110; Bull. U. S. Geol. Survey No. 78, 1891, p. 84.
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to expel the water retained at 300° to 350°. To facilitate this removal
the stand is on rollers, so that after clamping the projecting end of
the tube and removing the front of the box, F, and the little side
pieces, S, closing the horizontal slits, the oven can be rolled bodily
backward, leaving the tube and its attachments in their original posi-
tion, ready for further heating over a burner or blast. The remova-
ble front, F, of the oven is made of two pieces of sheet asbestos
board stiffened by an interlaid piece of sheet copper. The inner
piece of asbestos board fits snugly into the box, while the outer one,
being slightly larger, by its projecting edges hinders the door from
falling in and helps to prevent air currents. This door is held in
place by the metal rod, R. The little slides, S, are made in a some-
what similar manner, and are intended to slip in from the front-
and close the two openings, O, after the tube is in place, but before
closing the front.

(. PENTFIELD’S PROCEDURE (FNOR LOW AND HIGH TEMPERATURES).

The simplest of these methods as to apparatus, and one permit-
ting, by the use of auxiliary arrangements such as are shown and
described on page 82, the determination of the hygroscopic as well

]

Pieurp 15.—Tube for water determination according to Penfleld. A, Outer protecting
covering of platinum foil. A second similar foil on the inside prevents the glass from
collapsing when heated to softness. b, Cross section of platinum boat.

as any other fraction of the water, is the following glass-tube arrange-
ment (fig. 15) of Penfield,' whereby the brick and charcoal oven
already referred to (fig. 12) comes again into play, but without the
half brick shown in that figure.

The tube is of about 15 mm. internal diameter and is fitted with
two platinum cylinders at A, one inside, the other outside, where the
heat exposure is to be most intense.

These are made from pieces of platinum foil, about 0.07 mm. in thickness
and 8 by 11 cm. in size, which have been previously bent around glass tubes
of such a diameter that when applied to the combustion tubing the spring of
the metal will hold them in place. A large platinum boat, 7 to 8 cm. long
and 11 to 12 mm. in diameter, with a cross section like b, should be used,
since this will readily hold a gram of mineral mixed with 5 grams of sodium
carbonate. * * * 'The tube is placed in the angle formed by the charcoal
lining, some pieces of charcoal are placed at the sides in front, leaving an
opening through which the flame may be directed, and an additional piece is
laid on top. The tube can readily be brought to a full white heat, and by
forcing a slow current of dry air through the apparatus the carbon dioxide

1 Am, Jour. Sci., 3d ser,, vol. 48, 1894, p. 37; Zeitschr. anorg. Chemie, vol, 6, 1894,
p. 22,
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resulting from the decomposition can be removed and the water carried over
into the weighed absorption tube. The glass fuses between the platinum
casings, and in a number of experiments that have been tried there has not
been a single instance where the glass tube has broken or shown any indica-
tion of breaking. After heating, the tube will not crack if it is left to cool
slowly on the charcoal, but it can not be used a second time. * #* * At the
high temperature to which the glass is subjected it of course becomes very soft
and the ends must be properly supported; also the rubber connections and
absorption apparatus must be carefully screened by asbestos board. By con-
structing a cover for the boat no material need be lost by splattering, and
after making the water determination the contents may -be used for the re-
mainder of the analysis.

The inner cylinder of platinum serves to prevent the glass from
collapsing as it softens, whereby distortion of the boat would result
and its withdrawal for further examination of its contents would be
impossible.

€. DITTRICH AND EITEL'S APPARATUS (F¥OR LOW AND HIGH TEMPERATURES).

M. Dittrich and W. Eitel * recommend a tube of fused quartz of
45 cm. length, 22 mm. diameter, and 0.5 mm. wall thickness, drawn
out at the exit end and provided with a stopper and inlet tube of the
same material in one piece. The stopper and end of the large tube
are ground to fit and rubbed with a little graphite to insure tightness.
Further surety against loosening is provided by two pairs of quartz
hooks on both stopper and tube, over which wire springs can be
stretched.

For holding the sample, mixed with 5.5 to 6 grams of dry sodium
carbonate, a boat of platinum-iridium (10 per cent iridium), 12 cm.
long, is used, having a cover of the same alloy. To protect against
injury to the tube by spilling of the contents of the boat a cylindrical
shield of platinum-iridium is provided. Boat, cover, and shield
weigh 42 grams.

Fusion is brought about by the heat of a row of burners, increased
toward the end of the operation by that of a large blast lamp. An
electric resistance furnace is preferred to gas as a source of heat. The
temperature for complete fusion is 1,000° to 1,050°.

In a later paper? Dittrich and Eitel describe the determination of
water and carbon dioxide simultaneously, without flux, in a similar
apparatus but at higher temperatures (up to nearly 1,400°). The
tube, however, is of platinum-iridium and of much smaller bore than
that used with the flux. The boat is also smaller than the one de-
" scribed above, as it has to hold only the rock or mineral powder. For
the purpose of retaining sulphur, fluorine, etc., a spiral of silver,
-4 to 5 cm. long, is held at the exit end of the tube just before it
Narrows.

1 Zeitschr. anorg. Chemie, vol. 75, 1912, p. 373.
2 Jdem, vol. 77, 1912, p. 365.
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In view of the cost of the apparatus and the possibility of error
arising from volatile constituents other than carbon dioxide and
water, the use of this apparatus offers no advantages over the less
expensive one before described, especially as carbon dioxide can be
determined easily in a separate sample by another method.

f. GOOCH’S APPARATUS (FOR HIGH TEMPERATURES).

Of more elaborate apparatus, designed to be used with fluxes, the
. tubulated platinum crucible invented by F. A. Gooch?! is capable
of affording most ex- )
cellent service, and it : e
is the one by which ‘
far the larger num-
ber of water determi-
nations have been
made in the Survey
laboratory. Its high F ‘_\ﬂ
cost, which puts it j’
beyond ordinary
reach, is the only
hindrance to its gen-
eral employment. T
Figure 16, which
hardly needs de-
tailed description,
shows it in a modi-
fied form, which dif-
fers from the origi- ¢
nal forms of Gooch
in that the tubes for
connecting with both
the drying and ab-

f\%m\

SOI‘pthIl vessels are FIGURD 16.—Modified form of Gooch tubulated platinum
constructed  wholly crucible for the determination of water, one-half natural

of platinurn instead size. Weighs about 75 grams. )

of lead glass. With inlet and exit tubes of the lengths shown in the
figure there is absolutely no danger of the ends becoming hot enough
by conduction to scorch or soften the rubber connection.

As an adjunct to its convenient use there is needed an ordinary
upright iron ring stand, with two small sliding rings, and a sliding
ring burner provided with entering ducts for gas and air blast.
Across the uppermost ring there is an arrangement of stout platinum
wire (S, fig. 17), forming at the center of the ring a secure seat for

t Am. Chem. Jour., vol. 2, 1880, p. 247; Chem. News, vol. 42, 1880, p. 326.
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the upturned flange of the crucible proper. Both rings and burner
can be clamped firmly at any height.

The rock powder, having been placed in the cylindrical crucible
(C, fig. 16), is there mixed with not more than 3 or 4 grams of fully
dehydrated sodium carbonate,* or more of lead chromate if carbon is
to be likewise determined. The crucible is sunk in its seat, S (fig. 17),
in the upper ring, R’, and the tubulated cap, T (fig. 16), is fitted on
and attached to the calcium-chloride drying towers—preceded by
one containing potassium hydroxide if carbon dioxide is likewise to
be estimated—on the one side, and to a sulphuric-acid bulb tube, B
(fig. 18), on the other. Powdered sodium tungstate >—free from
arsenic, which would soon ruin the crucible lips—is now poured into
the flanged lip, L (fig. 16),in which the cap rests, and a metal vessel of
cold water having been raised by the lower ring, R’ (figs. 17 and
18), until the platinum crucible is immersed sufficiently, the flame of
an ordinary blast lamp is turned on to melt the tungstate. As soon
as this is fused the flame is removed and the salt solidifies and makes
an air-tight joint, the test of which is the permanence of the column
of sulphuric acid in the bulb tubes caused by the contraction of the
air in the platinum apparatus as it cools.

After drying by a current of air at 105° for two hours, more or
less, by means of an air or toluene bath, as shown in fig. 17,
the absorption tube, A (fig. 18), is interposed between the sul-
phuric-acid bulbs and the apparatus, and while a slow current of
air continues to pass the gradual heating and subsequent fusion of
the flux is brought about by the blast-fed sliding ring burner, R’’’
(figs. 17 and 18). The sodium-tungstate joint is shielded from the
flame by small pieces of asbestos board, P (fig. 18), cut out so as to
fit the crucible. It is well to begin fusing at the top of the mixture
in the crucible and to lower the blast gradually till the bottom is
reached. In this way may be avoided all danger of the outlet tube
becoming stopped by flux carried up by the escaping carbon dioxide.
When fusion is complete, as shown in the case of sodium-carbonate
flux by the decided slackening of the gas current through the safety
bulbs attached to the drying tube, the flame is extinguished and a
current of air is allowed to continue until the apparatus is cold.

This apparatus suffers from the drawback of being slightly perme-
able to combustion gases at high temperatures. The defect can be

* This has been heated for a length of time to near its fA8iNg point over a free flame
or in an air bath, to decompose the bicarbonate it usually contains, and then placed in a
desiccator. Thus heated it is not very hygroscopic. Penfield found that 2.5 grams of it,
spread out on a watch glass, gained only 0.0002 gram in 15 minutes. Potassium car-
bonate and potassium-sodium carbonate are too hygroscopic by far to be available.

2 Private advice from E. W. Morley conveys the information that sodium carbonate is
perfectly satisfactory as a substitute for the tungstate. If so, its use is preferable when
the contents of the crucible are to be used for other determinations.
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overcome by causing the flame to play upon an outer ordinary
platinum crucible, kept permanently filled with sodium-potassium
carbonate. This protective crucible, however, is soon ruined for
other purposes, being distorted by the alternate expansion and con-
traction of the carbonate, unless this is poured out before it solidifies
after each fusion. ‘

It has been found that if the operation is carried out expeditiously
and the final full heat applied for but a few minutes, the error due to

R

L

~

FiGURE 17.—Arrangement, during drying, of Gooch apparatus for determining water.
S, Seat of stout platinum wire resting on ring R’ and serving as a support for
the crucible; R’"’, blast-fed ring burner; R’’, support for air or toluene bath, O; F,
asbestos-board shield.

penetrating water gases is inappreciable. This hastening may be
rendered safer by using rather finely powdered calcium chloride in
the central section of the U-shaped absorption tube to avoid large air
channels. Through this or any other apparatus based on similar
principles the air current should always be forced, not drawn. A
warm air blast directed upon the exit tube near its entrance into the
absorption tube greatly shortens the time required and is to be
recommended.
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In this apparatus only the water expelled above 100° to 110° should
be determined as a rule. The reason why it is unsafe to attempt to
determine “ hygroscopic ” moisture in this apparatus is that the luting
of the two parts must be done by direct application of a flame to
the tungstate, and considerable water vapor may enter the apparatus
and be retained in part by the dried sodium carbonate.

Ficure 18.—Arrangement, during fusion, of Gooch apparatus for determining water, R,
Blast-fed ring burner; P, protective asbestos shield resting on ring R”’; F, asbestos-
board shield; A, calcium-chloride tube; B, sulphuric-acid bulbs serving to show the
rate of gas flow through the absorption tube and at the same time to prevent back.
entry of moisture from the air into A.

2. KUZIRIAN’S METHOD (FOR HYDROUS SULPHATES).

For the determination of water in those hydrous sulphates which
are apt to lose some of their acid radical when heated S. B. Kuzirian !
has developed a method which may find application for hydrous
salts other than sulphates. An ignition tube, which may be of hard

1 Am. Jour. Sei., 4th ser., vol. 36, 1913, p. 401; Chem. News, vol. 109, 1914, p. 173;
Zeitschr. anorg. Chemie, vol. 85, 1914, p. 127,
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glass, is used for heating the mineral. The sample is mixed in a bout
-of porcelain or platinum with six times its weight of sodium para-
tungstate' and inserted into the tube, which has been dried thor-
oughly by passing through it a rapid current of dry air. The igni-
tion is started gently while dry air passes over the boat at a rate of
three bubbles a second for 15 minutes. Then the temperature is in- -
creased gradually until the mixture forms a clear fusion. The usual
precautions for drying the air and absorbing the water evolved from
the mineral are to be observed.

Kuzirian’s experiments were. carried: out on sulphates of copper,
aluminum, and nicke] and the potassium alums of chromium and
aluminum. They gave good results, the sulphate radicle being re-
tained quantitatively by the paratungstate.

h. MERITS OF THE SEVERAL FORMS OF APPARATUS,

The apparatus described in d, e, and f permit the determination of
other constituents besides water in the same portion if necessary, and
by the use of lead chromate instead of sodium carbonate, graphite,
or the carbon of organic matter, can be simultaneously determined
with the water. If carbonates are present, together with graphite or
organic matter, the total carbon is obtained.

To one accustomed to its use, and with a drying and suspension
attachment permanently set up, the Gooch apparatus, considering
its limitations above set forth, offers perhaps the most handy and
convenient means for the determination of water in rocks. Its high
first cost, in comparison with the glass or quartz tube, is made up
in time by its durability.

6. SILICA—SEPARATION FROM ALUMINA, ETC.

A. ALTERNATIVE METHODS OF DECOMPOSING THE ROOK.

&, GENERAL CONSIDERATIONS.

The almost universal practice in silicate analysis is to determine
silica, titanium, and most of the basic elements in one and the same
portion of the sample. The practice of separating alumina, etc., by
the usual methods, after first attacking the rock powder by hydro-
fluoric and sulphuric acids—silica being estimated in a separate por-
tion—while attractive in principle, was long ago abandoned by me
after fair trial, owing to the disturbance sometimes occasioned by

1 In order to purify the commercial paratungstate, which ordinarily contains sodium
carbonate, it is fused in a large platinum dish over the blast, and pure tungsten trioxide
is added until carbon dioxide ceases to bubble out.
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incomplete expulsion of fluorine* and to a less degree by the presence
of sulphates instead of chlorides, With the exception of a compara- -
tively few analyses made thus the sodium carbonate method of at-
tack has always been employed. In the case of rocks rich in fluorine
strict accuracy requires the separation of silica to be made as in the
Berzelius method for fluorine determination (see p. 226; also foot-
note, p. 93), but in practice it is not often necessary to resort to this
tedious procedure, for the amount of fluorine is usually small and it
could by no possibility cause a loss of much more than three-fourths
its own weight of silica if it were all to volatilize as silicon tetra-
fluoride when the sodium-carbonate fusion is evaporated with hydro-
chloric acid. The loss is, however, less, as silicon fluoride is unstable
in presence of moisture. Some of the fluorine escapes perhaps as
hydrofluoric acid, and more is fixed in fluosilicates.? In any event
the error is of comparatively slight importance, for it attaches always
to the constituent that is present in greatest amount. .

Various fluxes other than alkali carbonates have been recommended
for breaking up silicates insoluble in ordinary acids, such as lead and
bismuth oxides, lead carbonate, borax, and boric oxide. Jannasch
and his pupils were especially active in this line of work. One of the
advantages most of these fluxes possess over the alkali carbonates is
their removability after serving their purpose, thus allowing the
various separations to be made more perfectly and without the annoy-
ing interference of several grams of foreign fixed salts, which are
most troublesome in that part of the analysis devoted to the separa-
tion of silica, alumina, iron, lime, and magnesia.

Another of their advantages is that with some of them it is possible
to estimate in one portion the alkalies in addition to those constitu-
ents that are usually determined in the silica portion. Where the
material is limited, as so often it is in mineral analysis, this is a most
important advantage, sufficient to outweigh all possible objections;
but in rock analysis, where the supply of material usually is ample,
it is seldom worth considering. A still further point in their favor

1 The presence of fluorine renders the precipitation of aluminum very incomplete. See
also Veitch, F. P., Jour. Am. Chem. Soc., vol. 22, 1900, p. 246; also Hinrichsen, F. W,
Ber. Deutsch. chem. Gesell., vol. 40, 1907, p. 1497 ; Zeitschr, anorg. Chemie, vol. 58, 1908,
p. 83; and Cavaignac, H., Compt. Rend., vol. 158, 1914, p. 948. The reason for the some-
times incomplete precipitation of aluminum by ammonia from sulphate solution, after
attacking a rock by hydrofluoric and sulphuric acids, is ascribed by E. Selch (Zeitschr.
anal. Chemie, vol. 54, 1915, p. 895) to incomplete removal of fluorine. He obtained com-
plete recovery after a second evaporation with sulphuric acid, the first residue of sul-
phates being brought to a clear solution with dilute sulphuric acid before proceeding
with the second evaporation. Contrary to some statements, Selch found that evapora-
tion of alumina with hydrofluoric acid involves only a negligible loss by volatilization.

2 A supposition confirmed by G. E. F. Lundell, at the Bureau of Standards. The
fluosilicates, if eventually ignited with the silica, would undergo at least partial de-
composition and on treatment of the ignited silica with hydrofluoric and sulphuric acids
the metal of the fluosilicates (presumably sodium) would be weighed eventually as
sulphate if not volatilized by the heat of ignition.
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is that it is probably more easy to obtain them ontirely free from ﬁ‘{ed
impurities than an alkali carbonate.

There are, however, objections to their use. With some of them an
extraordinary amount of time must be devoted to grinding the min-
eral to an impalpable powder, with the result of introducing serious
analytical complications. (See ante, p. 60.) And the flux itself
may need considerable hand pulverization. Once introduced, they
must be removed before the analysis can be proceeded with, and this
removal takes much time and is always a possible source of error.

In mineral analysis these objections are entitled to far less weight
than in rock analysis, for the object sought—usually the deduction
of a formula—warrants the expenditure of much time and painstak-
ing care. Finally, it has been found that one or more of these fluxes
are not available for altogether general use, because certain minerals
do not succumb fully to their attack under simple conditions, as
andalusite with boric oxide and others with lead oxide (Jannasch).,
Therefore, however well adapted one or the other of these methods
may be for the analysis of homogeneous minerals, the anticipations of
Jannasch, to the effect that the boric-oxide method ‘would soon super-
sede the alkali-carbonate fusion method in rock as well as in mineral
analysis, have not been realized. Nevertheless the boric-oxide fusion
method, owing to its evident merit, will be described in detail after
brief reference to a means of bringing refractory silicates into solu-
tion without employing any solid reagent.

The methods of decomposition and the subsequent treatment of
the silica hereinafter described are with few exceptions applicable to
definite silicate mineral species as well as to complex mixtures of
them.

b. DECOMPOSITION OF REFRACTORY SILICATES BY HYDROCHLORIC ACID UNDER
PRESSURE.

Jannasch * pours upon the finely ground rock powder contained in a
platinum tube of about 26 cm.? capacity a somewhat diluted hydro-
chloric acid (4 acid to 1 water), places over the open end a cap which
does not hermetically close the tube, inserts the latter in a larger
tube of potash glass likewise partly filled with the diluted acid, seals
the glass tube, places it in turn in an inclined position in a steel
Mannesmann tube containing ether or benzine to equalize the pres-
sure, and heats to any desired temperature up to 400°.

The chief drawback seems to be a somewhat incomplete decomposi-
tion, doubtless due to the necessarily inclined position of the tube,
which causes the powder to collect at the lower end, and thus renders

1 Ber, Deutsch. chem, Gesell,, vol, 24, 1891, p. 273; Zeitschr. anorg. Chemie, vol. 6, 1894,
p. 72.
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decomposition less complete than if the material were spread evenly
throughout the length of the tube. Further, the acid attacks the plati-
num strongly unless the air in both the platinum and the glass tubes
is replaced by carbon dioxide. Even when this is done, several milli-
grams of platinum is found in the silicate solution.

Nevertheless, to those possessing the necessary platinum and steel
tubes the method can render efficient service in special cases when
economy of material is imperative.

C. THE BORIC-OXIDE METHOD OF JANNASCH AND HEIDENREICH."

. Preparation of the boric oxide—The boric-oxide method de-
mands, if the alkalies are to be estimated in the same portion as silica,
etc., an absolutely alkali-free boric acid, which can be prepared by
two or three recrystallizations of a good commercial article. The
purified crystals are dehydrated and fused in a large platinum
crucible. This is then cooled suddenly to cause the anhydride to
crack into pieces of a size convenient for powdering, which are to be
kept in a tight glass vessel and powdered as needed, since the anhy-
drous oxide is hygroscopic!

B. Treatment of easily decomposable silicates—To this flux Jannasch
and Heidenreich found that nearly all silicates readily succumb over
the ordinary blast lamp. The fusion is made in a large crucible hold-
ing 40-65 cm.?; and the proportion of flux to be used is gaged accord-
ing to the nature of the silicate, ranging from 3 to 8 and more parts
to 1 of mineral. This last must be finely powdered, especially if very
resistant to attack by the flux, the authors recommending the expen-
diture of one-half to one hour’s time for the grinding of one-half to
1 gram of powder. Heat from a burner turned low is applied for
5 to 10 minutes till water is expelled ; the heat is then increased grad-

-ually till the gas is fully turned on. Bubbling and rising in the

crucible is prevented as far as possible by using a short platinum
rod which does not reach above the edge of the crucible. When the
mass has been in quiet fusion for a time in the covered crucible the
blast flame is applied. The average duration of the entire operation
is 20 to 30 minutes but depends much on the character of the mineral.

¥. Treatment of refractory silicates—For those minerals which, like
andalusite, cyanite, and topaz, are not fully decomposable by the
heat of the ordinary blast flame, P. Jannasch and H. Weber 2 used a

1 Zeitschr. anorg. Chemie, vol. 12, 1896, p. 208. This method of decomposing rocks
with a view to the determination of their contained alkali originated with Sir Humphrey
Davy, as shown in his paper “ On a method of analyzing stones containing fixed alkali
by means of the boracic acid ”’ (Phil. Trans., 1805, p, 231 ; Ann. 4. chim., vol. 60, 1806, p.
294 ; Gilbert’s Annalen, vol. 30, 1808, p. 369; Tulloch’s Phil. Mag., 1806, p. 146).
Original with Jannasch and Heidenreich is the manner of getting rid of the. introduced
boric oxide.

2 Ber. Deutsch. Chem. Gesell., vol. 32, 1899, p. 1670.
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flame fed by oxygen instead of air. The blast lamp, of 24 mm. open-
ing, is supplied with gas from at least five or six ordinary gas cocks,
and the flame is made broad and free from luminosity. The mineral
having been first heated as above described, but with a much larger
proportion of flux—as high as 80 to 1—a few grams additional of
boric oxide is added and the oxygen blast is applied till, in 10 or
15 minutes, the fusion is as trangparent as glass.!

3. Further treatment after fusion.~From this point the further
treatment is the same in both cases and, as modified by Jannasch and
Weber,? is as follows:

The hot crucible is cooled in cold water and the contents are turned
into a very large porcelain or platinum dish, to which, after covering
with a glass, a saturated solution of hydrochloric-acid gas in methyl
alcohol is added.®* The cover being then removed, the liquid is heated
to boiling, over asbestos board, by an inch-high flame, with constant
stirring, or it is left ‘without attention over a lower flame or on a
water bath heated short of boiling. The crucible is cleansed in a
similar manner, and its contents are added to the dish. In 10 to 15
minutes, with occasional addition of the methyl chloride, solution
is complete and the liquid is then boiled down to a small volume and
evaporated to dryness on the bath. The residue is then digested on
a bath at 80° to '85° three or four times in succession with the ether
solution, in order to remove the last traces of boron as boric ether.
Care should be taken to wash down from the sides of the dish, with
methyl-chloride solution, the boric acid formed and deposited thereon
during the evaporation. '

e. Possible objections to the boric-oxide. method.—Very much was
claimed by Jannasch for this method, but with all its undoubted merit
there are several points which militate against it. (1) The boric
ether, driven off in such quantities, at once decomposes in contact with
moisture, and boric acid settles over all objects with which it comes
in contact. The hood must become thickly coated. Hence a special
hood for these evaporations alone seems to be called for, otherwise
boric acid may at any time fall into other dishes and cause untold
trouble. (2) The second objection attaches to the use of the oxygen
flame when alkalies are to be estimated in the fusion, and the ability
to so determine them is one of Jannasch’s chief claims in favor of the
method, for it can not be doubted that at the high temperature of
this flame alkalies are volatilized. Borax can be volatilized slowly

1 An interesting and important observation reported by Jannasch and Weber is that
when the oxygen blast has been used for sillicates carrying fluorine or mixed with
fluorides the fluorine seems to be wholly expelled as boric fluoride without loss of silica.
No verification of this by any one has been made up to the present (1919).

2 Ber. Deutsch. chem. Gesell., vol. 32, 1899, p. 1670.

8 Made by passing dry hydrochloric-acid gas into cooled methyl alcohol for from one to
two hours.
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" but wholly over the ordinary blast, hence there is great reason to
fear sufficient loss at this much higher temperature to give rise to
serious error. (3) Incomplete expulsion of the boric acid gives rise to
errors later in the analysis.

d. THE SODIUM-CARBONATE METHOD.

a. Advantages of sodium carbonate over sodium-potassium carbon-
ate—Except in special cases, as when fluorine or chlorine are to be
determined, there is no advantage in using the much recommended,
because more fusible, double carbonate of sodium and potassiuin, or
the equimolecular mixture of the normal carbonates, or of sodium
carbonate and potassium bicarbonate. As Dittrich says,' potassium
salts are more prone to pass into precipitates than sodium salts, and
it may be that the higher melting point of sodium carbonate is a dis-
tinct advantage. Certainly, for effective decomposition of some rock
constituents, a far higher temperature than that of the fusing point
of the double salt is required.

. Purity of the sodium carbonate—Notwithstanding the most
earnest efforts for years, it has been impossible to procure, either in
the open market or by special arrangement with manufacturers, a
grade of sodium carbonate which can be called chemically pure.
With special precautions small lots can be prepared in the laboratory
that will contain less than 1 mg. total impurity in 10 grams; but
such an article can not be purchased in the market, and rarely will
the so-called chemically pure dry sodium carbonate contain as little
as 1 mg. in 10 grams. The invariable contaminating substances—
aside from sand and straw, which have sometimes been found—
are silica, alumina, iron, lime, magnesia, and sometimes phosphoric
oxide, all of these going into aqueous solution with the carbonate.
The chief of these impurities are usually silica, alumina, and lime.
Sulphur can be found almost always in minute amount, but this is
not objectionable for the present purpose. An article of the above
degree of purity (1 mg. in 10 grams) is satisfactory in almost
all imaginable cases, as the use of the usually extravagant amount of
10 grams for a fusion would introduce an error of but 0.1 per cent
in the analysis, supposing 1 gram of mineral to be operated on, and it
would, moreover, be distributed over several constituents. Undoubt-
edly this error is fully equaled by the introduction of dust from the
air in the various long evaporations.

It is to be borne in mind that the so-called dry sodium carbonate,
“C. P.,” almost always contains some bicarbonate and hence yields
water on heating. This, however, in no way detracts from its useful-
ness, and it is not necessary to convert it wholly to the normal salt

t Anleitung zur Gesteinsanalyse, 1905, p. 5.
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for fusion of the kind now contemplated. In fact, C. Holthof*
most strongly recommends using the bicarbonate itself as a flux
instead of the normal carbonate. (See 3, p. 96.)

Y. The fusion with normal sodium carbonate—Ordinarily from 4
to 6 parts of the flux should be used to 1 part of rock powder, thor-
oughly mixed in a crucible of 20 to 80 grams weight. It is inad-
visable to use the much larger proportion of flux recommended by
some writers, except as it may be shown to be needed in isolated
instances. The larger amounts introduce more impurity than the
smaller and necessitate longer washing of precipitates. At first, the
crucible (covered) is placed over a moderately low Bunsen flame,
which is gradually increased to the maximum and maintained there
till the mass is quiescent. There should be no violent action. The
contents of the crucible will then appear, in the case of highly
feldspathic or quartzose rocks, as a viscous liquid, occasionally
almost clear, though generally more or less turbid, and when placed
over the blast little or no further effervescence occurs. Melts of
this character disintegrate very readily in water. With less siliceous
rocks the fusion is less perfect and may be far from complete, though
this does not necessarily imply incomplete decomposition of the sili-
cates. It is generally advisable and often necessary to place these
less fusible mixtures over the blast lamp, when a further and very
marked escape of carbon dioxide takes place, and the crucible cover
should be lifted cautiously at intervals to avoid loss by boiling over.
This boiling is due not merely to further action of the carbonate on
the rock-forming minerals, but oftentimes more to the decomposi-
.tion of the alkaline earth carbonates, whose bases then enter into
combination with other constituents of the flux and rock to form
compound silicates and probably aluminates. It is a great mistake
to regard, as many seem to have done, the alkaline-earth metals,
magnesium, iron, and manganese as present in the form of carbon-
ates after a blast fusion. They are rarely in that state even when
only the Bunsen flame has been used.

The blast flame during fusion should not be directed vertically
against the bottom of the crucible, but at an angle against the side
and bottom, nor should the flame be allowed to envelop the whole
crucible. These precautions apply in all ignitions of reducible sub-
stances, and yet they are too often neglected. In neither case, if
neglected, will there be the necessary oxidizing atmosphere within
the crucible; on the contrary, reduction may occur fraught with
serious consequences. This is especially true if the rock contains
more than traces of pyrite or other sulphide, when, after cleansing
and igniting the crucible, there may appear on its interior a darken-

1 Zeitschr. anal. Chemie, vol. 23, 1884, p. 499.
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ing due to oxidation of reduced iron which had alloyed with the
platinum. In exceptional cases this may amount to several milli-
grams in weight, and can be removed only, by repeated ignitions,
followed each time by scouring or treatment with hydrochloric acid
or acid potassium sulphate. In order to avoid the use of niter in
case of pyritiferous rocks, it is well to first roast gently the weighed
powder in the crucible in which the fusion is to be made, turning
the crucible around a few times to expose all of the powder to the
air. With rocks exceptionally high in pyrite the roasting is done
best in a porcelain crucible. In such case, after transferring the
greater part to the platinum crucible, if brushing with a camel’s
hair brush does not remove the last of any adhering dust, scouring
with a little sodium carbonate will be effective.

It is unsafe to make sodium carbonate fusions in a muffle. Tests
made at the Bureau of Standards by E. Wichers with sodium car-
bonate by itself have shown a marked attack of the platinum above
the melt, owing probably to the absence of an atmosphere charged
with carbon dioxide and consequent formation of sodium hydroxide.
This explains probably the conflicting statements that have been
made regarding the effect on platinum of molten sodium carbonate.

It happens sometimes that the cooled flux, and even its solution,
will indicate the absence of manganese when it is really present in
quantity to give normally a strong coloration. Two fusions made
side by side or successively, under apparently similar conditions,
may in one case show little or no manganese, in the other considerable.
This observation has been made frequently, and therefore the absence
of a bluish-green color in the fusion is not to be taken as a proof of
the absence of manganese. This difference of behavior I can ascribe
to no other cause than that of a reducing atmosphere in one of the
crucibles and an oxidizing one in the other, even though the condi-
tions were apparently alike. It is, of course, not to be expected that
the green color can show until all other oxidizable components of the
rock, like sulphides, ferrous iron, and organic matter, have been fully
oxidized, which, however, is soon the case if air has access to the sur-
face of the melt.

3. Fusion with sodium bicarbonate—C. Holthof,! who strongly
recommends sodium bicarbonate as a flux, uses 12 to 15 parts of it to
1 part of the sample. One quarter of this is placed on the bottom
of the crucible, a second quarter is mixed thoroughly with the rock
powder in a small warmed dish, and the composite is then mixed
with a third quarter on glazed paper and poured into the crucible.
The last quarter is used for rinsing the dish and paper and covering
the contents of the crucible, which may be half full. The crucible

1 Zeitschr. anal. Chemie, vol. 23, 1884, p. 499,
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is heated over & low flame till the bottom is dull red, then during
15 minutes the flame is increased till the lower quarter of the cruci-
ble is dull red, in which state it is maintained for 15 minutes. Then
fusion is brought about by the full flame and maintained for a time.
Holthof claims that action between the silicate and carbonate takes
place at a lower temperature than with the normal carbonate before
fusion, and that for this reason there is almost no spattering onto
the lid of the crucible. '

e. T'reatment after fusion.—When fusion is complete, the crucible
is seized with the tongs (fig. 1, p. 82), and the contents are caused to
solidify in a thin sheet over the sides and bottom by imparting an
appropriate gyratory motion with the arm during the cooling process.
Separation of the mass from the crucible is usually easy, especially
if aided by gentle pressure, and much less time is required for its
disintegration than when allowed to solidify as a thick cake. If time
is no object it is perhaps better to avoid all risk of deforming the
crucible and proceed as follows: Let the melt solidify at the bottom
of the crucible, first placing in it the bent end of a stout platinum
wire. When all is solid, apply the flame again to melt only a thin
layer next the crucible, when the cake can be lifted out with easé
except for the little that still adheres to the vessel.

The contents of the crucible are placed in.a rather tall covered
beaker with some water, and hydrochloric acid of 1.1 specific gravity
is added gradually in excess. The depth of the evanescent pink color
usually produced on addition of the acid allows of judging approxi-
mately the amount of manganese present. The beaker is placed on
the water bath, and when disintegration is complete, having been
assisted by gentle pressure with a blunt glass rod, the contents are
transferred to a large platinum dish and evaporated on the bath. It
is permissible to dispense with the beaker and to perform the whole
operation of solution in the platinum dish, but there will be greater
solution of platinum in this case by reason of the action of the
hydrochloric acid on sodium manganate, etc., in direct contact with
platinum.

B. SUBSEQUENT TREATMENT.

From this point the treatment will be the same ordinarily whether
the boric-oxide or the sodium-carbonate method of decomposition
has been employed.

a. SEPARATION OF SILICA.

a. Reasons for adoption of accepted procedwre—The once uni-
versal practice of employing a single evaporation with hydrochloric
acid for the dehydration of silica has been thoroughly discredited

131999°—19—-7
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by the work of a number of writers. R. Bunsen! was aware of the
impossibility of separating silica by a single evaporation, and he
corrected the alumina in his silicate analyses for the silica it was
always found to contain. Later E. Ludwig? and still later C.
Meineke * drew renewed attention to the fact and insisted on the
importance of correcting the alumina in the manner indicated.
Ludwig and, at first, Meineke contented themselves with a single
evaporation, and maintained that all of the unprecipitated silica
was to be found with the subsequently precipitated iron and alumina.
In his second paper Meineke prescribes two evaporations (presum-
ably with intervening filtration) and the rejection of the silica sub-
sequently recovered from the alumina as due to impurity in the
ammonia or derived from the vessels, unless these were of platinum.
He furnishes quantitative data.

In spite of these publications the practice continued of employing
but a single evaporation. Some years later Alexander Cameron,*
seemingly in ignorance of the earlier work, reopened the subject with
additional quantitative data, and insisted on more than one evapora-
tion with intervening filtration instead of trying to recover the re-
maining silica from the alumina. He also showed, as Ludwig had
asserted, that a common practice of evaporating to dryness several
times with fresh portions of acid without intervening filtrations did
not reduce the silica in the filtrate, and that the presence of alumi-
num, iron, and calcium was without influence on the results; further,
that the dehydration was more complete when a high temperature
was employed, but that it could not be made complete at one treat-
ment by any modification of the process.

-According to J. P. Gilbert,® a drying temperature above that of the
steam bath offers no advantage unless much magnesium is present,
when the most favorable temperature is 120°. He found that much
calcium chloride seems to facilitate dehydration of the silica, but that
magnesium chloride above 120° by decomposing forms a silicate
which dissolves in hydrochloric acid and increases the amount of
silica carried into the filtrate. He confirmed the earlier belief that
drying temperatures higher than that of the steam bath increase the
amount of insoluble impurity in the silica, and that this amount
can not be overcome by long digestion with hydrochloric acid. Fur-
ther, he confirmed D. Lindo’s statement ® that evaporation with sul-
phuric acid till the appearance of white fumes gives a higher result

1 Ann, Chem. Pharm., vol. 61, 1847, p. 265.

2 Zeitschr. anal. Chemie, vol. 9, 1870, p. 321.

8 Repert. anal. Chemie, vol. 7, 1887, pp. 215, 757.

4 Chem. News, vol, 69, 1894, p. 171,

56T§ch. Quart., vol. 3, 1890, p. 61; abstract in Zeitschr, anal. Chemie, vol. 29, 1890,
p. 688.

¢ Chem. News, vol. 60, 1889, p. 14,
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in silica than with hydrochloric acid. But for general rock analysis
the use of sulphuric acid at this stage must be rejected utterly.

Some of the above experiments of Cameron and Gilbert were
repeated and confirmed by me.* In the course of this work it was
found that hydrochloric acid itself exerts a marked solvent action on
silica that has been separated from solution in any of the ways above
outlined, whence it becomes plain how a portion of the silica always
found in the filtrates gets there, and that it is hopeless to expect to
prevent this by a single prolonged drying.? Other explanations com-
monly offered for the observed solubility are the formation of soluble
silicates by interaction between the silica and salts present during
drying and the protective influence of those salts, The former of
these should become more active with increasing temperature, though
Gilbert’s work does not seem to indicate this except when magnesium
is present in quantity.

A. B. Trickett® and Lenher and Truog* have shown that the
sodium chloride always present after acidifying a solution of a
sodium carbonate melt has a solvent action on silica. F. G. Hawley *
and H. A. B. Motherwell ¢ add confirmation, and Motherwell shows
that other salts exert solvent action. Hawley found that concen-
trated hydrochloric acid is less active than that of 18 to 25 per cent
strength, and, further, that, as was to be expected, the amount of
silica dissolved is proportional to the amount of acid used.

C. Friedheim and A. Pinagel * prescribe washing the silica with
dilute hydrochloric acid instead of hot water because of the marked
solubility in water observed by them. But, according to experiments
made by myself to test this point, the direction is a vain one, for the
results obtained by following it in the ordinary course of rock analy-
sis were worse, if anything, than when pure water was used.

B. Procedure in absence of notable amounts of fluorine—From the
above observations the following procedure is deemed best adapted
for general rock analysis in the absence of more than 0.2 or 0.3 per
cent of fluorine. :

The evaporating dish should be of platinum and as large as pos-
sible to permit considerable surface distribution of the dry mass.
The dishes used in the Survey have a capacity of about 1 liter.

1t Common errors in the determination of silica: Jour. Am. Chem. Soc. vol. 24, 1902, p.
262; Chem, News, vol. 86, 1902, pp. 79, 89. For details of experiments referred to here
and on several of the following pages the reader will do well to refer to this paper.

2 Max Wunder and A. Suleiman (Ann. chim. anal,, vol. 19, 1914, p. 45) and V. Lenher
and B. Truog (Jour. Am. Chem. Soc., vol. 38, 1916, p. 1050) confirm this statement.
The former give quantitative data for the solubility of silica in hydrochloric, nitrlc, and
sulphuric acids, and the latter for hydrochloric and sulphuric acids.

3 Mellor, J. F., Quantitative inorganic analysis, p. 175.

¢ Jour, Am. Chem. Soc., vol. 38, 1916, p. 1050.

5 Bng. and Min. Jour., vol. 103, 1917, p. 541.

¢ Idem, p. 1155.

7 Zeitschr. anorg. Chemie, vol. 45, 1905, p. 411,
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Porcelain may be used, but never glass, if platinum is not available.
Water or steam bath temperature suffices—is, indeed, demanded—
for the evaporation to approximate dryness. If the analysis is begun
in the morning the first filtration can be made late in the after-
noon. Nothing is gained by continuing the evaporation long beyond
apparent dryness this first time, for the slight reduction in the soluble
silica gained by so doing is offset by a large loss of time; nor is there
much advantage in crushing the residue to powder, whereby, more-
over, the dish is easily scratched. The amount of silica passing into
the filtrate will generally vary from 1 to 8 per cent of the amount
present, and is but little less after 20 hours drying than after one-
tenth of that time.! Upon the seemingly dry mass is poured enough
strong hydrochloric acid to drench it thoroughly,? then an equal
bulk of water, and the dish is placed covered on the bath for 10 to
30 minutes and the contents are stirred occasionally. It is quite
permissible and sometimes advisable to defer adding the water till
the strong acid has been in contact with the salts for 10 or 15 min-
utes. More water is then added and filtration proceeded with, first
by decantation, leaving nearly all the silica in the bottom of the
dish. The silica is generally in a coarse condition, and may be
ground finer with a pestle. If there is a good deal of iron in the rock,
it may be advisable at this stage to add hydrochloric acid of half
strength and heat, after which the silica is brought onto the filter.
It is not necessary to remove at this time the film of silica that may
adhere to the dish in spots beyond the power of a stiff feather to
remove, for in the subsequent evaporation it will disappear.® The
washing should be done with cold water or with hot dilute acid till
the absence of any yellow color in the precipitate or paper indicates
removal of most of the iron. Hot water may be used with advantage
for the last washings, and the paper should be sucked dry at the
pump. :

The filtrate is evaporated again in the same dish to dryness. Usu-
ally this state will be reached by the following morning. It may be
hastened, if desired, by placing the dish in an air bath at 110° or
120°. It is probable that a much higher temperature would have no
bad effect in the majority of cases except to increase the amount of
insoluble matter other than silica. If the data of experiments 6 to 9

1 See Jour. Am. Chem. Soc., vol. 24, 1902, p. 366; Chem. News, vol. 86, 1902, p. 80.

2 [, Jordis and W. Ludewig (Zeitschr, anorg. Chemie, vol. 47, 1905, p. 180) warn against
loss by incautious moistening of the dry powder with water or acid, especially when
these are hot, due to the throwing off of a cloud of dustlike particles. They recommend
covering the dish and moistening cautiously with water before adding "the acid. Witha
very capacious dish this is hardly called for.

38 Where but a single evaporation is contemplated this film may be removed by warm-
ing with ammonia and recovered by reevaporation with acid after driving off the ammonia.
(See Kortright, F. L., Chem. Engineer, vol. 5, 1905, p. 19, who gives data to show the very
material error that often results from neglect to recover this silica.)
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in the paper already cited! are conclusive, they show that at this
stage thorough drying exercises an appreciable effect in reducing the
silica in the next filtrate, though the small amounts there reported
when experimenting with pure quartz are not to be expected in roek
work. If time is no object, and great accuracy is sought, a third
evaporation and filtration should be made, for the silica in the second
filtrate will amount to 2 to 4 mg.? Nearly the whole of this can be
recovered later from the alumina, but not all, hence the advisability
of securing as complete separation here as possible. The second and,
if need be, third filtrations with their attendant operations consume
less time than the first, and, of course, smaller filter papers are to be
used. It is to be noted that these later silicas are more colored than
the first, and if the rock is even moderately titaniferous they are by
no means pure silica.?

Lenher and Truog in thelr paper already cited base the following
procedure on their experimental work:

The cold fusion is treated with 60 cm.® of hydrochloric acid (sp. g. 1.07). Af-
ter all carbonates are decomposed and the lumps are broken up, evaporation
on a steam or water bath is proceeded with until the residue begins to powder
or crumble, Further evaporation should be avoided. Breaking up of lumps
or crusts greatly expedites the evaporation near the end. The residue is treated
with 15 em.® of hydrochloric acid (sp. g. 1.1), covered, and heated on the water
hath for 10 minutes. After diluting with 10 cm.® of water, filtration is pro-
ceeded with immediately, and the silica is washed with a hot solution consist-
ing of 5 cm.? of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>