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THE PROBLEM OF INTERNATIONAL CONGRESSES OF
APPLIED CHEMISTRY

BerNHARD C. HEssg, PH.D.

The object of the following is to present in concise and imper-
sonal form some of the lessons that seem to me to be read out
of the experience obtained in preparing for and in participating
in the conduct of the Eighth International Congress of Ap-
plied Chemistry. I am persuaded to the belief that these notes
may be useful, because of the opinions to that effect expressed
by most of such of my friends with whom I have discussed the
subject, and to whom I have presented my views.

In reading these pages the fact must not be lost sight of that
they in no wise deal with the social side or the factory-inspection,
or the private entertainment side of such a Congress, or with
anything that in any way deals with any ‘' host and guest’ aspect
of these Congresses, all of which I regard as with perfect pro-
priety not a matter of any concern whatever to these Congresses

“as an institution, but they are the pleasure and the reward of the

host country alone. This article is limited strictly to the outline
of, preparation for and’'conduct of the scientific or technical side,
that is, the side of the actual hard work of the Congress about
which all other functions are supposed to cluster and which is
itself held out as being the real justification for the existence of
these Congresses, and their real merit in aiding the progress of
mankind.

My own conclusions, based upon what is contained in the suc-
ceeding pages, may, in part, be summed up as follows:

I. The International Congresses of Applied Chemistry of the
past have been loaded down with such an overwhelming pro-
portion of extraneous matter that their true business has been
entirely submerged therein and the only remedy lies in curtail-
ment of such matter and limiting the activities of the meetings
to matter of international and debatable character all pre-ar-
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ranged, leading discussions in print and the whole matter pre-
pared for viva voce discussion.

I1. Sectional meetings to be on alternate days and the inter-
vening days to be used by sectional secretaries and participants
in discussion in definitely making up the record of the meetings
of the preceding days; all matter not in the hands of the sec-
tional secretaries within a reasonable time, say, three working
days after the close of the Congress to be denied admission to
the printed record.

II1. All manuscript must be typewritten and all other require-
ments of the printer fulfilled by all authors otherwise the papers
to be returned without exception by the Committee to their
authors.

IV. The only way that the persistent and thoroughly correct
demand of members for rapid delivery of the printed proceedings
can be complied with is to require all participants to be prompt
in supplying their manuscript; rapidity of execution requires
efficiency in organization and contributing members are part of
such an organization and they must all discharge their respec-
tive duties at the same efficiency rate that they expect the officers
in charge to achieve; no committee can print from nothing, nor
can it proceed any faster than the slowest contributor.

V. The demands made upon the Congress for the treatment
of scientific matter have grown out of all proportion to the finan-
cial ability of the Congress itself to do so; prudence and caution
as well as a decent regard for financial propriety all demand that
that part of the undertaking of the Congress be cut down to a
dimension commensurate with its income.

The reasons for these and other conclusions will be made clear
as this article proceeds.

Inspection of the Reports of all preceding Congresses, inclu-
sive of the Eighth, discloses an evergrowing tendency to increas-
ing bulkiness and with little or no increase in the efficiency or
ripeness of the actual, crystallized work of these Congresses,
namely, the discussions and the resolutions offered to and con-
sidered by the Congress, meeting as a whole in its last session
and the Reports of Commissions or Committees created at a
preceding Congress and directed to report at a subsequent Con-
gress.
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Everyone must be struck by the enormous amount of material
brought together at the Eighth Congress and on suitable exami-
nation all will, no doubt, agree that more than 9o per cent of all
such material (however valuable per se it may be), is not fitted for
nor adapted to discussion in a meeting where international inter-
ests are supposed to be primarily or almost solely involved, and
that these 9o per cent would have been written and published even
without the stimulus of such a Congress, in one or more of the
many channels of publication now so plentifully provided all
over the world and in every language. The final result is that,
in an endeavor to do seeming justice to the great bulk of material
offered, the real and important work of the Congress, namely,
the formulation of an expression of opinion on the part of the
Congress on certain topics which are of international import,
scope and interest is simply drowned in that bulk and therefore
necessarily slighted and resolutions and reports are put through
hurriedly and without due consideration by the various sections,
trusting to the International Commission or to the Congress
itself to take care of any imperfect work that may have been
so performed.

Clearly, it is not the object of these Congresses to provide
merely another vehicle of publication for papers that would be
written and therefore published without the stimulus of the Con-
gress, nor do men go to the expenditure of time, money and effort
to attend such gatherings merely to hear papers read that would
reach their library desks in due course and automatically. The
object of these Congresses must be to bring into being a class of
communications, and a class of results which cannot be created nor
accomplished by the societies, associations and publications,
now so plentifully at hand. The results that these Congresses
must be intended for, are such results for whose accomplishment
the direct personal contact and the direct attrition of minds of
men of different and differing opinion on debatable and there-
fore discussible questions, is a prime requisite and essential so
that out of these various opinions some order, some system, some
agreement, some progress may arise. There is very little to be
gained by discussing a paper which merely tells you the physical
or chemical constants of a limited number of substances, cer-
tainly not enough to make it worth the while of any considerable
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body of men to travel across oceans and continents to attend the
reading of such papers. There exists a plenty of publications
ready and eager to take matter of that kind and which can be
read with equal benefit in the quiet of one’s own study.

In addition to these discussions of debatable questions there
is the co-operative work needed for the solution of problems of
international importance and the receipt and discussion of re-
ports thereon by the Commissions appointed by preceding Con-
gresses; like the resolutions above referred to these too are caught
in the maelstrom of papers and suffer from want of discussion and
do not receive that attention which they require and merit, yet
these resolutions and these reports are the only work that de-
pends upon and requires such gatherings for which the world
does not now have ample volunteer and non-governmental
machinery, and they have not held that prominence and that
importance in past Congresses which their potential value justi-
fies and demands.

It is easily manifest that past Congresses have not provided
for the Commissions who are to report to them that machinery
which is best adapted to the attainment of worth-while results,
nor have they given to the results reported that attention and
publicity to which their history and origin entitles them. To
serve on such a Commission or Committee is wholly a labor of
love on the part of those doing that work; the money grants
made by the Congress appointing such Commission are wholly
insufficient to give proper publicity even to the results, not to
speak of the expenses due to organization and the actual per-
formance of the needed clerical work if the work as a whole is to
be well done. When such a Committee does report, its reports
are not accessible to nor known to the members at large of the
Congress while the paper of another who has not committed
himself in advance to devote his time to the accomplishment of
an allotted task in a given time has his paper prominently before
the attending members and receives more than his proportionate
share of attention, all to the detriment and the disadvantage of
those who three years before bound themselves out, as it were, to
perform work which from its own nature is largely a Cinderella-
like piece of work. It is very easy for a Congress to say to a cer-
tain Committee that such and such work shall be done by the
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time the next Congress meets, but it is anything but easy to
accomplish anything in the allotted time and present it in a form
accessible for discussion and when it is presented for discussion
those receiving the report should be acquainted with its nature
sufficiently in advance to enable them to prepare a useful, helpful
and creditable discussion and criticism, both destructive and
constructive, of the report on which so much time, labor and
thought have been spent. Perfunctory acceptance or perfunc-
tory discussion or perfunctory discontinuance of labor voluntarily
assumed in the belief that it is of wide and general importance
and thereupon conscientiously performed with considerable sac-
rifice of time, effort and labor is not conducive to causing busy
men, and they are generally the best men, to expose themselves
to such sacrifice for so unsatisfying if not distinctly discourag-
ing reward or treatment. If that kind of treatment of reports
and of those who laboriously prepare them continues there can
be but one result—men less qualified for the work will undertake
it and reports of lesser and lessening value will be produced. If
the value of such reports is to increase and these Congresses are
more closely to approach the only field of real international use-
fulness open to them then more thought and more reflection
must be given to the outline of the work to be performed when a
Commission or Committee is created by those creating it or advo-
cating its creation, more consideration and discussion must be
given to the report when ready and the report itself must be
more widely distributed and much more in advance of the meet-
ing and finally more financial assistance must be given for the
needful detail and clerical work; the same is true of resolutions
expressing the conclusion or concensus of opinion of the Con-
gress or any debatable subject or topic.

At this point it may be well to call to mind that of eighteen
reports by Committees or Commissions that should have been
made to the Eighth Congress only two were so made; further,
that of twenty-five resolutions adopted by Sections only nine
were placed before the Congress because of failure of the sponsors
of the remaining sixteen to perform their respective duties.

Now, how can this be done? Merely to point out a fault with-
out suggesting a remedy is an easy thing to do. I fully realize
how difficult it is and perhaps how egotistical it may seem to
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propose such a remedy; nevertheless I will run the risk of error
and misunderstanding and propose what seems to me to be one
feasible plan at any rate, but I must not be understood to mean
that I regard this as an only or a complete solution. It is brought
up for the purpose of discussion in the hope that something will
result from it which may in the future prevent these Congresses
from falling within themselves due to their unwieldiness, bulki-
ness and poverty in results actually accomplished.
The plan is as follows:

I. Abolish all papers on promiscuous subjects.

II. Reduce the number of sections to four, say

1. Inorganic.

2. Organic.

3. Analytical.

4. Administrative.

ITII. Confine the work of each section to a stated program
mapped out in ample time in advance of the meeting and
limit their work to deliberation on reports submitted
and resolutions to be proposed to the Congress as a
whole.

IV. Have sectional meetings on alternate days only, e. g.,
Monday, Wednesday and Friday with the Final General
Meeting of the Congress on Saturday afternoon; Tues-
day, Thursday and Saturday morning to be given up to
sightseeing, works inspection and social and other matters
generally and this time must be used by the sectional
secretaries and participants in discussion in properly
assembling and writing the minutes of each meeting and
in preparing the proper matter for the daily paper of the
Congress giving the text of the resolutions finally adopted
by each section. o

V. Monday, Wednesday and Friday afternoons to be given
over, if desirable, to general lectures of the type hereto-
fore held; these would provide ample opportunity for the
broad presentation of chemical topics to the Congress
and to the public in general.

VI. Sectional meetings from 10 to 12 and from I to 3; general
lectures at 4.
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The topics on which resolutions are to be proposed to the
Congress are to be determined by the Committee in charge of
the Congress in any way that may seem suitable to it; one way
might be to present the Committee’s views to each of the so-
cieties, institutions and associations represented by delegates at
the last preceding Congress and to ask for criticisms of, sub-
tractions from or additions to the list of topics so submitted
and for suggestions of those who might be fitted to take part in
the leading discussions; the suggestions of the Committee
together with those received from these above defined organiza-
tions with respect to topics to be sent to the technical press on
a stated day and left open for further criticism by the general
chemical public until a certain other stated day; thereupon the
Committee in charge of the Congress to select from all these topics
those that it deems suitable for consideration and to announce
the definite selection together with their numerical designation,
theirassignment tosections and their places upon the programnot
less than eighteen months in advance of the meeting and to send
such statement to the various organizations and to the technical
press. Further, this Committee should select for each debata-
ble topic definitely put upon the program one individual to
discuss the topic broadly but concisely in ten or fewer printed
pages, say, not to exceed, 4,000 words; also to assign to each of
two different view points of the subject one man who shall be
limited to five pages or say not to exceed 2,000 words; (all those
suggesting topics should also suggest the names of those who
might be in position to discuss them to advantage, but these
names should not be made public); the leader’s article to be
ready 120 days before the Congress meets and to be sent to the
other two writers, and the other two articles to be with the
Committee ninety days before the Congress meets. These indi-
viduals to be selected and announced one year before the Congress
meets. These three contributions are each to carry with them
a proposed resolution or proposed resolutions for submission to
the relevant section and are to be based upon the matter sub-
mitted. Ninety days before the Congress meets no further sug-
gestions of topics for resolution or report are to be received and
no further memberships or delegateships accepted. This period
of ninety days will all be needed to enable the Committees of the



10

Congress to make proper preparation for the prompt despatch of
business and the proper social and other diversions; ninety days
before the Congress meets each foreign central committee and
organization should telegraph the Congress Committee the
number of members it has obtained in its jurisdiction and how
many of them will probably attend the meeting together with
the probable number of accompanying ladies and should follow
this telegram up with a typewritten list, in duplicate, of all
members in its respective jurisdiction together with the post
office address of each such member; the same should be done
with respect to those members who have declared their inten-
tion of attending and so far as possible with their addresses
while attending the Congress.

In selecting these topics and those who are to discuss them
due regard must also be had to the reports to be received and
acted upon and their respective places on the program.

Ninety days before the Congress meets all reports to be pre-
sented should be in the hands of the Committee; these reports
together with all the discussion papers, are then to be printed
and put in the mail for distribution to members of the Congress
sixty days before the Congress meets together with a copy of the
program in full, giving the date and time of day when each topic
or report is to come up for action. In this way every member
will have foreknowledge of all the principal points at his home not
less than thirty days before the Congress meets and all who are
interested will have ample time to prepare creditable and really
valuable criticisms and discussions of definite subjects and topics;
it might also be feasible to permit absent members to send in
their criticisms in writing for presentation to the section in
charge, but this seems to me to be of doubtful value.

The Committee in charge of the Congress will, of course, add
to this printed volume a list of all the topics presented to it as
subjects for discussion and which it did not accept so that the
various sections can consider them also in laying plans for the
succeeding Congress and after they have placed their recom-
mendations with the Congress the latter, at the meeting of Satur-
day afternoon, can have the benefit of all these suggestions and
of the various valuations placed upon them in deciding what
shall be, in part, the leading topics for the next Congress.
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At the sectional meetings themselves where the resolutions
and reports are discussed suitable stenographic or reporto-
graphic minutes could be taken and after proper editing printed
in a supplemental volume together with the final action on
each topic, resolution or report.

This would result in a compact, concise and clear exposition
of the real work of the Congress and free from all the distrac-
tion of extraneous and promiscuous papers; of smaller dimensions
than its predecessors, doubtless and necessarily, but therefore
all the more valuable and meritorious. i

In the program proposed there are provided six meeting periods
for each section or a total of twenty-four meetings of two
hours each or a total of forty-eight meeting hours. If, in each
two meeting hours one good resolution or expression of concensus
of opinion can be adopted or one good report received ,thoroughly
discussed and further feasible work mapped out or a new com-
mission established with ample and explicit working directions,
the real and only field of international congressional work will
have been covered in a fairly efficient manner and progress
towards complete accomplishment and achievement of that
real work, in the future will have been made. In this man-
ner the attention of those in attendance at sectional meetings
will be riveted on one, and only one, topic at a time and hav-
ing two hours to make something out of the subject-matter, pre-
digested as it were, and so placed before them and no further
chance to consider the matter being offered, the probabilities
are that proper consideration will be bestowed upon these
subjects and the results are bound to be more nearly worth
while than at any time in the past; at any rate, if under those
conditions worth-while results be not accomplished the respon-
sibility for such non-accomplishment cannot be shifted to the
presence of distracting papers and the like. Each section would
have before it just one piece of business to dispose of, two hours
in which to do it and it would be known as being solely and
alone responsible for the good or bad quality of the work
turned out.

The responsibility of selecting worth-while topics and properly
assigning them to the sections and disposing of them in the
program would be wholly upon the Committee in charge of the
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Congress and with only twenty-four items of business to arrange
and provide for, it is clear that the chances of selecting good and
worth-while topics and so disposing them in the program as not
to clash or conflict with others the task is not so difficult as it
might, at first glance, appear to be, certainly, not so difficult and
unsatisfactory as trying to arrange 789 papers to suit as many
authors and several times that number of auditors. ;

It may be objected that this would greatly reduce the attend-
ance at the sectional meetings; if it reduces that attendance
to all those actually interested and prepared to take part in the
work no possible harm can come to the Congress and its work.

From the report of the Secretary of the Eighth Congress
(Vol. 28, p. 471) the following table, which is self-explanatory,
is deduced:

Per cent of
Per cent of attendance
Papers Papers papers Attendance | Participants | represented
presentedf| read by not read by in discussion | by partici-
authors authors pants in
discussion
Sectional
me_ettmgs, 546 286 47.6 3,956 610 15.42
oin
Sessions* 157 06 37.2 2,650 250 9.4
Grand®
total| 703 382 45.6 6,606 860 12.9
13

* Not including three joint sessions at which discussion was not invited.

T A total of 789 papers was presented to the Eighth Congress; of these 703 were presented
to the meetings by the authors, the authors’ representative or by title, and 86 were not pre-
sented to the meetings in any form whatever, although printed in the Report.

Therefore almost half the authors did nor appear to defend or
sustain their papers, 11 per cent did not even offer their papers
to the meetings and only about one eighth of all persons in at-
tendance made any remarks on the papers presented; surely
those remaining seven eighths might just as well have been else-
where so far as the real work of the Congress is concerned.

At the closing general meeting of that Congress fewer than
400 were in attendance and of these only 15 or 3.75 per cent
took part in the discussions, 4. e., less than one per cent of
all who had registered took part in the final deliberations of that
Congress.
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It further appears from the same report that eighty of the
offered opportunities for meeting were not used and that not to
exceed 217 of the 530 sectional meeting hours placed at dis-
posal were utilized.

Further, that out of 217 actual meeting hours only 169 were
used for reading and discussing papers, leaving 48 hours, at most,
for the consideration of the total of twenty-five resolutions
introduced and for the transaction of such other business as
may have engaged the attention of the respective sections. It
is perfectly safe to say, however, that these forty-eight hours
were not nearly all used for discussion of resolutions.

It therefore seems not unreasonable to expect that a grand
total of forty-eight hours of work devoted to a grand total of
twenty-four different topics by four different sections, each
working in meetings of two hours each on six topics and only
one topic at a time for which it is wholly responsible will pro-
duce a concentrated and compendious and very much worth-
while piece of work and one in which the real matter is not
buried under or drowned in a mass of irrelevant matter, however
interesting and otherwise valuable that matter may be.

This concentrated and classified program of the scientific work
need in no way whatever interfere with any other of the func-
tions incidental to such Congresses; quite the contrary, men who
have undergone such concentrated and responsible work are all
the more entitled to relaxation and enjoyment, and are all the
more entitled to the privileges of factory and works inspection;
they will have earned them many times over.

This plan of procedure would not only produce a final report
of greater value, accessibility and utility than any of its prede-
cessors, but would materially lessen the labors of the Committee
in charge of the Congress and would permit it to concentrate
more thoroughly on the actual and vital things needful for the
accomplishment of the proper work of the Congress because
these would thereby be greatly lessened in numbers and scope;
necessarily with that it would prevent what cannot be, in the
light of the preceding, anything but a waste of money and sub-
stance. The printing of 9o per cent of needless matter of the
Eighth Congress called for the use of upwards of fifty-four tons
of perfectly good white paper (representing in value 1,080
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membership fees) and this, to all practical intents and purposes,
is a waste of just so much good material and membership fees, a
thing which chemists, above all other professionals, should not
tolerate nor encourage. I am in a position to know that this
unnecessary printing and the labor connected with the collec-
tion and handling of these papers, cost the Eighth Congress
substantially 6,600 membership fees, whereas the paid-up
membership was only 4,163 or roughly 63 per cent of these
needless expenditures. If the policy that seems heretofore to
have governed these Congresses continues these expendi-
tures of time, labor, money and effort, above designated
as needless will increase and sooner or later will assume far
greater relative proportions with respect to income from mem-
berships and therefore must inevitably destroy the support
given these Congresses by chemists at large and finally these
Congresses must of necessity; disappear, such disappearance
could be regarded as nothing less than a calamity since the field
for these Congresses does exist and there is need of the work
they can perform.

Needless to say, no business enterprise could survive such dis-
proportion between income and outgo and no institution, scien-
tific or otherwise, that is operated on such inefficient lines has
any real claim to support, encouragement or consideration from
any source whatever. These Congresses have now passed through
eight meetings and the institution as a whole is nineteen years or
more old; it is not unreasonable to expect that a definite proper
policy as to scope, commensurate with the income of and the
actual interest in the institution, should be adopted. In this
connection it may be useful to refer to a paper by Walter F.
Reid(Journal of the Society of Chemical Indusiry, 1907, p. 75) in
which he gives the total cost of some of these Congresses and
their memberships.

Total outgo, expressed | Income, expressed Deficit, expressed
in membership fees in membership fees in membership fees
1897 Vienna...... 782 -4 T TR R IR A7 oo o o] o o oot e
1900 Paris....... 1,200 1,751 551%
1903 Berlin,..... 15,000 2,533 12,467
1906 Rome....... 8,160 2,375 5785

* Surplus.
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(It might be helpful in framing a definite policy to ascertain
just what things caused the surplus of 1900 to be thereafter
turned into a deficit in each case greater than the total outgo
of all preceding Congresses.)

Corresponding figures for the Seventh or London Congress
of 1909 are not available. In the Eighth Congress the expenses
for printing the proceedings were 7,000 membership fees, for
propaganda 2,000, for stenographic and recording service 500,
for registration, daily journals and delivery of original communi-
cations 300 or a total of 9,800 membership fees thus leaving for
these items which are really legitimate strict Congress-business
expenses a deficit of 5,628 membership fees. It is thissortof a
deficit that calls for immediate, serious scrutiny and attention;
unfortunately the Berlin and Rome figures are not capable of
being distributed over strict Congress-business expenses on the
one hand and expenses which are chargeable to hospitality, en-
tertainment and the like, on the other; these latter are certainly
not matters of concern to the Congress but the former most
certainly are and they are the only ones here considered or in
any way referred to.

The only remedy seems to lie in following the old adage:
““Cut your coat according to your cloth’ and that is precisely
what the above proposed plan is peculiarly adapted for; the
amount of preparatory work would be greatly diminished and
also that of the preliminary printing; the amount of printing
needed throughout would be greatly reduced and based upon the
experience of the Eighth Congress it is safe to say that all the
needful preliminary work could be done for 600 membership
fees and all the printing necessary and all expense of reprints
and placing of the volumes with the transportation lines and all
strictly Congress work during the meeting could be done for
2,500 additional membership fees 7. e. the entire expense of the
Congress would be covered by 3,100 membership fees. Had the
American Committee been at liberty to adopt some such plan
as that proposed it is safe to say that there would have been a
fund left of substantially 1,000 membership fees. What effec-
tive and useful work that sum of money would have enabled the
Eighth Congress to initiate for the Ninth! What an entirely
different economic position these Congresses would then occupy!
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Instead of being dependent they would be independent; instead
of justifying their existence by glittering generalities and of
obtaining support and financial aid for them by appeals to na-
tional or civic pride they would be their own justification; the
honor of being hosts to them would be spiritedly sought after;
places on the Committees or Commissions to report to subsequent
Congresses would be regarded as prizes to be struggled for and
coveted and not, as now, accepted in a spirit of sacrifice for the
good of the cause! The fact that all the organizations in the
different countries would have an opportunity of shaping and
directing or of helping in shaping and directing the program and
of the work to be accomplished would greatly stimulate the
interest in the work of the Congress and would make each one
of them feel that it has a direct individual interest in the Con-
gress; this would be equally true of individual chemists the
world over. No doubt the Committee in charge would not be
put in the embarrassing position of having 70 per cent. of its
invitations to such organizations ignored and only 25 per cent.
accepted; it would be spared the immense labor of sending out
over 17,000 letters soliciting contributions of papers to the
Congress and would be relieved of the work of writing up its
aims and hopes from over 40 view-points and sending them out
to the extent of over 300,000 pieces and of sending out over
120,000 application blanks for membership and to receive only
1-30 of them back as effective applications.

It is difficult to conceive that among the thousands upon
thousands of chemists the world over that 4,000 of them would
not discern it to be to their advantage to subscribe the same
membership fee, as heretofore, to support an enterprise of the
kind outlined; the volume or volumes containing the work of
the Congress would be absolutely unique in chemical literature
and would perform a function not now performed and which can-
not be otherwise than of use to chemists wherever located and
in whatever branch engaged and in so subscribing they would
make it self-supporting and therefore self-perpetuating; it would
be capable of continuous and powerful exercise of its influence
and could be made to develop continuously and steadily along
preconceived and clearly marked lines and be controlled by a
continuous and continuing policy, itself capable of adaptation
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to changing conditions, none of which properties are possessed
by the Congresses of the past.

In view of the fact that 119, of all the papers printed were
not read at the Eighth Congress even by title and that on the
average only 44.5% of those in attendance at the Congress were
present at the reading of those papers, that the discussion of
only 229, of all the papers presented was finally accepted for
printing, it must be apparent that the reading and discussing of
papers forms a very small part of the justification of those Con-
gresses, nor can any great proportion of this justification be cred-
ited to reports and resolutions, for less than 229%, of the time
actually spent in meetings could have been used at the Eighth
Congress for the discussion of such resolutions and reports and
only 369% of all resolutions discussed in sections ever reached
the Congress itself; nor can the meetings be credited with much
attractive weight, for at the Eighth Congress the members util-
ized only 419, of the time made available for meeting in sections;
finally, only 13.19% of those in attendance at the Congress had
their remarks in discussions reported in the printed report, so
this can not be credited with any very great attractive power.

At the Seventh Congress only 119, of all papers read were
discussed and only 309, of the members in attendance at the
Congress were present at the reading of papers.

Clearly, there must be some other justification in the minds of
those attending these Congresses than the reading and discuss-
ing of papers and the discussing of reports. What can it be?
The Eighth Congress planned to have a ‘‘Special Interests Regis-
tration Bureau’’ where attending members who desired to
exchange information on special subjects could register and be
immediately placed in communication with others interested in
the same specialties and who had registered. Before carrying
out this plan the prospective members were asked their opinion
on this point at p. 12 of the Preliminary Announcement of March
6, 1911, of which 65,000 copies in five different languages were
distributed throughout the world. They were asked to say if
they cared for that kind of a bureau and if so what divisions and
subdivisions they desired. The result was exactly three re-
sponses; one was indifferent and the other two thought it might
be a good thing. It would seem, therefore, that personal inter-
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change of opinion and information arranged and provided for
in orderly, thorough and systematic fashion is likewise no justi-
fication for these Congresses in the minds of those attending.

Again less than 109, of the attendance participated in the
excursions and factory visits, so these cannot form any great
part of the attraction of these Congresses.

The Eighth Congress has therefore definitely determined that
papers, reports, personal interchange of information, excursions
and factory inspection are not singly nor collectively any very
great determining factors in inducing attendance upon these
Congresses and the puzzle of just what does constitute this real
attraction and justification to those in attendance is passed on
to the Ninth Congress in the hope that a correct and positive
answer to it will then be obtained.

In the event that it should be considered unwise or not feasi-
ble to alter the policy governing the Congresses, experience with
the Eighth Congress has shown that certain requirements and
obligations, compliance with which has heretofore been left
optional with members, should be made obligatory and manda-
tory.

1. Members should be obliged to have their names and com-
plete post office addresses typewritten out or legibly printed
by hand in their applications so that there will be no need of
spending time deciphering them; writing should be absolutely
barred for this purpose; to decipher the slovenly and indistinctly
written applications for the Eighth Congress took four peoples’
time for six weeks and cost 1.5 per cent. of the total income of
the Congress from membership fees. It is simply ridiculous and
absurd to place such a burden so willfully and recklessly upon a
working staff and a Congress Committee both of which have
other and more important things to occupy their attention.
All applications not so made out should be rejected until so
simple a requirement is complied with. Each member’s own
application should be so clear that it should be used for printer’s
copy direct.

2. Author’s manuscript must be typewritten and in duplicate,
both as to full paper and abstract, and all figures, drawings or
illustrations must also be in duplicate. Handwritten manuscript
is not only archaic but most difficult for the printer to follow.
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All manuscripts should be provided with a protective front and
a back cover and firmly fastened together, and each page num-
bered; the places that separate drawings are to occupy should
be clearly indicated and all drawings should be clearly numbered
and the number should appear at the space in the manuscript
where the drawing belongs. Original and duplicate should not
be sent in the same, but in separate packages; they should not
be rolled or folded but should be sent flat; the printer will set
from the original and proof-read against the duplicate; in this
way danger of delay owing to loss or defacement of copy isavoided.
Each document should bear in typewriting on the outside the
author’s name, the full address to which reprints are to be sent,
the number of reprints wanted, the number of the author’s or
authors’ Treasurer’s receipt for membership in the Congress,
the number of pages in the document, the number of separate
drawings, if any; all drawings should be in india ink on white
paper or may be tracings on tracing cloth; blue prints should not
be sent for there is no generally adaptable method for reproducing
them: the redrawing of blue-prints and slovenly or improperly-
madedrawings cost the Eighth Congress 1.5 per cent. of its income
from membership fees. Further, all the different ways the title
of the paper is to be indexed and cross-indexed in the final index
to the Report, and if the author needs facilities for an exhibition
lantern and if so what size slides he proposes to use; if he wants
experimental facilities and if so what he needs, or if he needs
space for the showing of exhibits and how much space is needed.

It is discreditable that so many authors, as actually did in the
Eighth Congress, should send manuscript which was slovenly
written, not paged nor fastened together and omit the author’s
post office address, the number of reprints wanted, the numbers
of their figures and fail to show where the figures belong in the
text or sent blue prints or slovenly made drawings; that there
were no more mix-ups with the manuscript is certainly no fault
of such authors; this indifference of authors to their own papers
caused an immense amount of extra work for the working staft
and for the Committee on Papers and Publications, both of
whose time was pressingly wanted for something else than doing
the work the authors themselves should have done and gave
rise to a very large correspondence which was not only unpleasant
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but wholly avoidable in the first place by just a little forethought
on the part of the authors, the necessity for which had repeatedly
been brought to their attention. The Congress should have
power, and it should be thoroughly understood that the power
would be rigorously exercised, to return and reject any such manu-
script peremptorily. That seems to be the only way to make
such useless work impossible.

3. No paper should be considered unless its author or authors
be members of the Congress at the time the paper is received;
all papers should be short and concise otherwise the abstract
only should be printed. It is doubtful if papers can be properly
handled and printed, reprints provided and the volumes packed
and addressed ready for forwarding for less than one member-
ship fee for each printed page of text or illustration; if the ex-
penses incident to propaganda and solicitation of papers are
added the cost per printed page of text or illustration will be
very close to 1.5 membership fees or 0.67 page per member.
At the Eighth Congress there were 4,163 members whose fees
would have provided for the printing of a total of 2,776 pages
whereas the first twenty-four volumes alone, which were ready
when the Congress opened, contained 5,143 pages of printed
matter that had to be paid for; this amounts to 1.3 pages per
member or twice each member’s allotment; the total publication
dealing with papers contains 6,500 pages or 1.5 pages per member
or 2% times each member’s allotment. There were 789 papers or
an average of 8.2 pages per paper 4.e. each paper used up 12.3
membership fees or 11.3 in addition to its own; the number of
papers was 18.8 per cent of the membership. Itisclear that if the
individual papers of the future are to be of the same average
length, that for each paper submitted there will have to be not less
than thirteen members of the Congress if these Congresses are
to pay their own legitimate expenses and not be dependent upon
the bounty of their hosts to provide them with the naked neces-
sities for transacting their business. Maintaining the present
membership fee, there are only two ways of avoiding this situa-
tion: increase the membership or cut down the number and
length of papers. Judging from the experience of the Eighth
Congress the latter is the only way feasible; 4,000 or thereabouts
seems to be the limit of membership.
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4. If the papers are to be printed in advance, then ninety days
before the Congress meets, no further papers should be received
and no further memberships nor delegateships accepted. At the
Eighth Congress 560 papers were received in time so they could
be printed before the Congress met; 229 papers were received
too late for such publication; there is no reason at all why all
butavery, very few of these papers could not have been presented
at the time the other 560 were; this procrastination of authors
has caused a delay and an injustice to members and authors
who have complied with the reasonable requirements entirely
out of all proportion to any gain therefrom; memberships and
delegateships can be determined upon and concluded ninety days
before the meeting as well as at any other later time; last-minute
members are rarely desirable or welcome.

With this thoroughly understood by all, the Committee in
charge could have all the papers printed in advance and ready
for distribution to those members in attendance and directly
after the close of the Congress the volumes then ready could be
forwarded to those members not in attendance; the membership
list and organization list would be complete and printed and made
a part of those volumes; the program could be made up and
printed and mailed to every member sixty days before the Con-
gress meets and every author would know that much in advance
just when and where his paper would be up for discussion. The
indexing work could be brought up to date and would merely need
to have added to it the matter contained in the supplemental
volumes which would contain the discussions, the general lec-
tures, the joint-sessional addresses, the minutes of the last General
Meeting, the errata sheet and the index.

Without some such definite agreement and understanding the
Committee in charge will have its time and energies absorbed
in attending to thelate-comers and be practically forced to neglect
or slight the work necessary properly to prepare for those who
have been prompt and who attend, manifestly, an improper
and wholly unjustifiable state of affairs and which most properly
will cause dissatisfaction among those who have been prompt;
but that dissatisfaction ought not be levelled at the Committee;
the procrastinating and late-coming authors and members are
the ones open to censure. The only means of avoiding such
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dissatisfaction is to have such an understanding and to stick
toit. A gathering of this kind cannot be successful through the
work of the Committee in charge alone; members must co-operate
in the manner laid down by that Committee and not try to run
the meeting each in his own way as so many evidently attempt
to do. Members owe a duty to the Committee quite as much
as the Committee owes a duty to the members and unless members
will co-operate with the Committee in the way the Committee
suggests, confusion and dissatisfaction must surely result and the
cause thereof will most likely lie with the members themselves.
It is, of course, unpleasant to write this paragraph but events
at the Eighth Congress fully warrant and justify these remarks
and they are here made in the hope that the unnecessary labors
which the Committee in charge of the Ninth Congress may have
to perform will thereby be much less than they otherwise would
be.

5. The work performed by the Committee on Papers and
Publications fully justifies the introduction of this check into
the organization of these Congresses and should be retained.
While it is true that the final selections of that Committee are not
satisfactory to all nor thoroughly consistent, yet it is equally true
that this Committee prevented much discreditable matter from
being printed and given the prestige of the Congress. Papers
of the rankest kind of advertising nature, of the most sopho-
moric and puerile character, of the most verbose quality and
without point or conclusion were offered to and rejected by this
Committee; elaborate papers on topics of the most limited or of
no interest to chemists, papers made up largely of matters as old
as chemistry itself, without any modern application were among
those rejected; direct fraud, evasion and deception were prac-
tised by a number of would-be contributors from whom such acts
would not and could not be expected or believed, but were de-
tected and frustrated; papers published early in 1912 but which
were offered in June 1912 in the hopes that the Committee would
not know of such publication, were kept out; one author had
persuaded a Sectional Committee to pass a ninety-three page
printed book for publication, and this author had taken extreme
care to obliterate from his submitted copies every trace that
would throw any light on its origin or date of publication; he
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overlooked, on one copy, to erase or deface the imprint of the
printing house and through this the Committee located that
publication and found it had been on the book-markets since
1909 and its preface written in October 1908! These are merely
a few of the discreditable acts on the part of would-be authors
that this Committee blocked and frustrated. There were many
other cases where misrepresentation, falsehood, subterfuge and
equivocation were resorted to in an attempt to have papers
accepted, but which did not pass this Committee. The con-
clusion seems irresistible that most of these would-be authors
regarded the publication of this Congress as a convenient dump-
ing-ground for papers not elsewhere desired—a thing which the
Eighth Congress in no uncertain terms had declared that it was
not. Of course, this Committee was powerless to prevent cer-
tain instances of bad faith on the part of authors of accepted
manuscripts who published such accepted matter in journals in
other countries between the date of acceptance and the meet-
ing date of the Congress; there is probably no way of ade-
quately reaching such persons. These are harsh statements, but
they are true and no doubt will cause as much astonishment to
others as their actual existence did to the Committee.

The constructive work of this Committee has not been as
uniform nor as satisfactory as that Committee itself wished, but
this is due to the fact that no precedent was at hand except the
vague one deducible from the nature of the papers printed by
preceding Congresses and because wherever there was a doubt
that doubt was resolved in favor of the author simply because
of this vagueness; of course, the few guide posts to be found in
the rules on papers and publications adopted by the Executive
Committee of the Eighth Congress were followed but they did not
cover very many cases. The problem of determining what papers
should be received and what papers should not be received is a
difficult one and a solution for it will probably not be readily
found. Personally, I incline to the belief that no paper which
does not show within itself and expressly stated, an application
of the subject-matter communicated therein to a going industrial
operation should be accepted and then only if the subject-
matter be new since the last Congress and has not been else-
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where read or published; this is offered as a first approximation
toward a solution and not for any other purpose.

It must be clear, however, that a Committee which, like this
one, has to determine the nature of the material for which so
heavy an expenditure as 1 1-2 membership fee per printed page
is to be made, performs a necessary and useful function and is a
Committee which should have for its guidance as distinct and
definite a ruling as possible and power to follow that ruling re-
gardless of any but itself.

6. The difficulty with discussions is to get a printable record
of those discussions; many participants get up on their feet with-
out knowing just what they want to say and make remarks which
are too ephemeral for publication ; others have something of more
or less importance to say which may or may not be worth while
perpetuating; to sift out the permanent from the ephemeral is
the task of the Sectional Secretaries and this cannot be done in
the meeting itself; the safest way is to obtain from each partici-
pant a statement of his remarks and then the participant must
be asked for help in editing or cutting down those reports. Now
the hard, cold fact is that the average participant does not like
to be called upon in that way; he is at the Congress for, frankly,
a holiday with labor, always irksome, as a distinct side-issue;
he wants to meet his old friends, to make new ones and to see the
sights and he is altogether too busy that way to bother with
writing out or checking up the transcript of his remarks. The
Secretary may enclose the most pleading note with that transcript
or may make the most diresome and awful threats, but your
average participant serenely pursues his way and leaves the
Secretary to his troubles and gladly makes him a present of his
own into the bargain and all the Secretary can do is to grin and
bear it and be blamed and criticised afterwards because such
participant’s remarks did not appear.

The only remedy seems to be to give the average participant
alittle breathing time and to have sectional meetings on alternate
days, say Monday, Wednesday and Friday from 10 to 12 and
I to 3; this would give each section six meeting periods of two
hours each or a total of twelve hours. With the papers printed in
advance and the program made up and circulated sixty days in
advance of the Congress the reading of papers is reduced to a mere
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formality; the discussion thereof is the only real business left for
a sectional meeting. Aside from a few comprehensive but con-
cise introductory remarks in which the debatable points or some
of them are brought prominently forward, the author, if present,
should not say anything before the discussion opens; at the close
of the discussion the author should be given opportunity to answer
criticisms or supply such additional information as may have been
asked for. At the Eighth Congress about one half of the papers
presented were discussed ; the average time used in readinga paper
was eight and one half minutes, in discussion the average time
was twelve minutes per paper discussed. With the above mode
of reading the papers the average time for reading need not ex-
ceed two, say, three minutes; in eighteen minutes two papers
could on the average be presented and discussed, that is, on the
average one paper every nine, say, ten minutes or six to the
hour and twelve to the session or twenty-four to the day or
seventy-two, in all, to the section. Tuesday, Thursday and
Saturday morning could be available to the ‘‘average partici-
pant’’ in editing the transcript of his remarks or in writing them
out; he would be deprived of his stock excuse that he has to rush
off to another sectional meeting and must not neglect his other
duties to the Congress for such clerical work which he can do later
on just as well. At the Eighth Congress the participants did
not get their edited remarks to the Sectional Secretaries until
weeks and weeks after the Congress adjourned and it was almost
siXx months before the last Sectional Secretary’s report
came into the Secretary’s hands and all because of the shilly-
shallying of the participants in discussion. Perhaps, with some
such arrangement of the meeting time the average participant
could be pinned down to his work, so that the Sectional Secre-
taries could all have their work cleaned up within a week after
the close of the Congress for it must not be forgotten that each
Sectional Secretary like Mr. Average Participant wants to meet
his old friends and to make new ones and to see the sights and
that the former is quite as much entitled to that relaxation as
is the latter.

There should be a distinct and separate authoritative provision
and widely published that all participants in discussion who do
not have the corrected report of their statements in the hands of
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the Sectional Secretaries within three working days after theclose
of the Congress shall forfeit all right to have their remarks printed
and that this provision is to be rigorously enforced. In the
last analysis, this is the only way in which such procrastinators
can be reached. As things are now the Secretary is criticised
because he goes to press too soon by those lazy and indifferent
persons and criticised for going to press too slowly by those who
are not in attendance, an intolerable and wholly unnecessary
condition.

7. Registration by sections should be abolished. At the Eighth
Congress only 228 out of 1,883 or only 12 per cent registered by
sections, and at no sectional meeting was a list of registrants for
that section called for, nor was there any occasion for its use.

8. At the Eighth Congress a suggestion, made to it in the very
best of good faith and which on its face gave every promise of
the very best results, was followed, namely, of having existing
foreign societies attend to all matters of the Congress within
their own territory. This has not worked out as satisfactorily
as the previous method of appointing one man or one society
in each country as the organizer. ‘What is everybody’s busi-
ness is nobody’s business” applies to this mode of procedure
quite as well as to activities in other walks of life. Concentrate
the responsibility upon one man, or one organization in each
country and the results will be far more satisfactory. In order
to prove this for the Eighth Congress it is only necessary to
compare the elaborate organizations in some countries and the
results of their work in membership, papers or attendance with
the less elaborate organizations and their results in other coun-
tries and to see that, in efficiency, the latter far outstripped the
former; in promptness and despatch the latter also were far supe-
rior to the former.

9. Chemists should appreciate, no matter on what plan or
lines future Congresses may be conducted, that attendance upon
these meetings is not necessary in order that they themselves
may get the worth of the membership fee. The Proceedings
of these Congresses go forward automatically, when ready, to
each subscribing member and these are worth to each member
at least as much as, if not many times more than, his fee.
Chemists at large should appreciate that they are each contrib-
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uting to these gatherings by subscribing even if they do not
attend and that memberships beyond those in attendance are
needed and absolutely necessary to make these Congresses a
success and independent of bounty or charity; in fact, such sub-
scriptions are just as essential to the success of these meetings
as is attendance or contribution to the papers or the discussions.
But, in order that these non-attending members be not unjustly
treated it is necessary that a/l members and eachk member without
exception do his share promptly, expeditiously’and in conformity
with the suggestions of those in charge; otherwise, as in the
Eighth Congress the forwarding of the Proceedings to such non-
attending members will be delayed to such an extent as to be
virtually, though not intentionally but nevertheless, under all
the circumstances unavoidably, a matter of injustice to and dis-
crimination against such non-attending members who are each
entitled to just as much consideration and courtesy as is any
attending member and, as in the Eighth Congress, the Com-
mittee in charge will be utterly powerless to prevent such a
condition, no matter how much it may have done in providing
organization and working staff to carry out its work; if the work
is withheld from it, no Committee can proceed. It should be
remembered that such Committee is practically delivered into
the hands of its lazy membership and such Committee can move
no faster, as a whole, than the slowest moving member of the
Congress; each member must do the whole of his share and do it
promptly. Had this been done by all members of the Eighth
Congress there would have been literally hundreds of membership
fees of expenditures otherwise disbursed, now made available
for constructive work for the Ninth Congress and the publica-
tions of the Congress would have been completed four months
sooner than they actually were; the number of such lax members
reaches an astounding and almost unbelievable total.

This brings me now to my final observation which is valid,
no matter in which way future Congresses may be operated and
that is that a very large proportion of the attending members
fail to realize that all the officers and committee members of a
Congress are also members of such Congress; that the services
of these officers and committee members are given gratuitously
to the cause and that the relationship is not that of master and
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servant or of employer and employee nor of guest and host, but
of colleague and colleague earnestly striving, each in his own field
of responsibility, to make the undertaking which is largely altru-
istic, a success; that the very least the member can do is to
ascertain the plan laid out and follow and live up to that with
as little interference with the working of the organization pro-
vided as is possible. Further, the organization of such Congresses
thrown upon it is temporary, its work isover in a few days, the
greatest load is at the very outset; the staff is temporary, is not
and cannot be familiar with all the routine (for the simple fact
that no man can guess or state what that routine is surely to be),
or be familiar with all the members and all the minute details of
the business as is the organization of a bank, a railroad or similar
large institution dealing year in and year out with a large number
of the same details at once, and if only a little forethought and
the spirit of co-operation be exercised matters must and will
straighten themselves out along the lines mapped out by those in
charge. Itis very easy to find fault and to criticise, but it is
impossible to operate 2,000 or more different plans for accom-
plishing substantially the same thing at one and the same time,
even though all these 2,000 or more plans singly, be equally good
and as good as the plan decided upon.

All of the foregoing has been written in the hope and expecta-
tion that it will be of service and therefore no personal matters
and no personal feeling, of both of which there is fortunately
none on my part, appear therein. Some parts may be, and no
doubt are, self-evident and obvious but it is the overlooking of
the self-evident and the obvious that is the most common trait
of men, inclusive of course, of chemists, and it is the self-evident
and the obvious that so many fail to realize and consider and it
is that overlooking which causes more delay and more disappoint-
ment than any other one thing and that is the justification for
here bringing up those self-evident and obvious, that is, axiomatic
things.

The Ninth Congress received but little discretionary power at
the last General Meeting of the Eighth Congress; all it has power
to do is to determine the number and scope of sections and to
alter theiridentification-numbers. Inall other respects precedent
would require it to proceed along lines similar to those followed
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(Contributions from the Laboratory of the General
Chemical Company)

A REVISED AND IMPROVED METHOD OF ACCURATELY
DETERMINING ARSENIC—BASED ON THE
GUTZEIT TEST

By Warter S. ALLEN AND RarpH M. PALMER
Laurel Hill, N. Y.

INTRODUCTION

As a works control method for the quantitative estimation of
small amounts of arsenic the Marsh test is obsolete; it is too tedious
and too expensive. Hence has arisen the insistent demand for
a rapid, accurate method, easy of manipulation.

The Gutzeit method, as a quantitative method, was tried in
England after the epidemic in 1900 of arsenical poisoning from
beer, but without much success. The first successful working
out of the conditions necessary for a quantitative determination
by this method appears to have been done by Sanger and Black!
and published by them in 1907. Their studies showed that the
Gutzeit “reaction can be made the basis of a simple and fairly
aceurate quantitative method, with no more than ordinary an-
alytical precautions.” Since the publication of the results of
these researches the Gutzeit method has rapidly come into favor
and has been used as a standard quantitative method in the lab-
oratories of the General Chemical Company for four years.

INFLUENCE OF IRON ON THE ESTIMATION OF ARSENIC

Literature. In the course of our investigations of certain phases
of this method some very interesting phenomena were observed
which have a very important bearing upon its accuracy as a quan-
titative method. These phenomena have to do principally with
the effect of iron, both when present as ferrous and ferric com-

1J. 8. C. L 26, 1115.
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pounds. The effect of iron on the evolution of arsine has been
looked upon both as beneficial and as injurious. A. H. Allen!
recommends that zinc should contain a trace of iron in order that
hydrogen may be regularly evolved. Gautier? precipitates the
arsenic with ferric hydroxide and adds the solution of this pre-
cipitate, containing about .1 gram iron, directly to the Marsh
generator. Lockemann? made use of the same procedure, al-
though he preferred to precipitate the arsenic with alumina in-
stead of ferric hydrate.

On the other hand several investigators (4%) have shown by
experiment that when iron is present in the Marsh apparatus
the arsenic is incompletely evolved as arsine. In the experiments
carried out by Parsons & Stewart? however, apparently the iron
was always present in the Marsh apparatus in the form of ferric
salts. Harkins® has shown further that the retentive effect of
iron may be overcome either by heating the generator or by
adding to the solution a salt of tin, cadmium, lead, or bismuth.
Of these four metals stannous chloride was found to give the
best results in all cases. The beneficial effect of stannous chlo-
ride and of the three other metals above considered in increasing
the ‘““activity”” of the zinc is explained by Harkins® as due, in
part at least, to the difference in excess potential between zinc
and tin on the one hand and iron on the other. It is his belief”
that the metals of high excess potential, such as zinc, tin, lead
and cadmium, are all favorable to the reduction of arsenic com-
pounds, while those with low excess—such as iron and platinum—
are unfavorable.

RESULTS OF INVESTIGATION OF THE EFFECT OF IRON

Before the above explanation of the retarding effect of iron on
the evolution of arsine had been brought to our attention, we had
ascertained beyond question the very serious effect of iron—

1J. S. C. 1. 21, 94 (1902).

:Compt. rend. 137, 158-63. Bull. Soc. chim. 29, 859-863.
1Zeit. Angew. Chemie, 18, 416 (1905).

Parsons & Stewart, J. Am. Chem. Soc. 24, 1005 (1902).
61W. D. Harkins, J. Am. Chem. Soc. 32, 518 (1910).

sloc. cit.

See also Chapman & Law, Analyst, 31, 3 (1906).
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especially ferric salts—on the evolution of arsine in the Gutzeit
method. A thorough investigation of this whole subject has
convinced us that correct results with the Gutzeit method can
be obtained only by observing certain conditions.

Briefly stated—in order to obtain with zinc and acid a proper
rate of evolution of hydrogen, and arsine, iron and tin salts must
both be present, the former entirely in the ferrous condition at
the time the test is started. We agree with Parsons and Stewart
in acknowledging the very injurious effect of ferric salts, and with
Harkins in requiring the addition of SnCly, and we claim further
that iron is not to be looked upon as an objectionable impurity
but that, in the ferrous form, it plays an indispensable part in
Marsh or Gutzeit procedure.

The following method embodies the principles enumerated
above; it has been found to give entire satisfaction in the lab-
oratories of the General Chemical Company after several months
of continual use.

METHOD FOR ESTIMATING TRACES OF ARSENIC BY THE
GUTZEIT TEST

A. General Considerations. For a successful estimation of small
amounts of arsenic by this method the following considerations
must be carefully borne in mind:

1. The rate of evolution of arsine is of the greatest importance;
this rate of evolution of arsine does not depend necessarily upon
the rate of evolution of hydrogen. (For example, platinic chloride
accelerates the evolution of hydrogen but the platinum prevents
the reduction of arsenic compounds to arsine!.)

2. Pure zinc and acid react slowly. For a proper reduction
to arsine is required the presence of zinc, another metal of high
excess potential (tin in the form of SnCly) and ferrous iron (a
metal of very low excess potential). The stain produced when
arsenic, tin, and ferrous iron are present is always longer than
when ferrous salts are absent.

3. Ferrous iron should, moreover, always be present in about
the same amount. It should be added to samples which contain
no iron, and to known amounts of arsenic used in preparing stand-

'Harkins—loe. cit.



12 Original Communications: Eighth International [voL.

ard stains. A good working amount is .05=.10 gram FeO.

4. The amount of acid and zinc used should be so regulated
as to give a uniform evolution in all cases. In the analysis of
neutral salts, particularly, there is a certain amount of inhibition
caused by the presence of a good deal of sodium or similar com-
pounds; to counteract this inhibition the amount of acid and zinc
used should be increased.

5. By observing these precautions all the arsenic is evolved
in thirty minutes, and standards and samples are run under sim-
ilar conditions.

B. Preparation of Sample for Analysis. The following obser-
vations must be borne in mind in preparing the sample for the
arsenic determination:

1. Sulphides, sulphites, thiosulphates, and other compounds
which liberate HsS or SO, when treated with H,SO, must be ox-
idized by some arsenic free oxidizing agent before introducing
into the apparatus.

2. Nitrie acid, free chlorine, bromine, or iodine must be removed
by evaporation, boiling, or some other effective procedure, before
the test is started. Iodic acid should also be reduced to iodine
and removed by boiling.

3. Difficultly soluble compounds, i.e. ferric oxide, clays and
other raw materials for making aluminum eompounds, phosphate
rock, ores, ete. must be decomposed by preliminary fusion with
As-free KESO; or by solution in aqua regia as the case may
require.

4. Starch should be converted to dextrose or maltose by gently
boiling with dilute HCI.

5. When iron is absent an equivalent of .05=10. gram Fe;O;
should be added to the sample; for this purpose a solution of
arsenic free ferric ammonium alum is advantageous.

After the required preliminary treatment, as above indicated,
for the solution of the sample the ferric compounds must be next
completely reduced to ferrous. For this purpose % cc. SnCle
(80%) is added! and the mixture boiled gently until colorless;
as ferric compounds are reduced more rapidly in the presence of
HCI than in H,SO;4 alone, it is advisable to have present 1 gram

18nCl. also reduces arsenic to arsenious compounds.
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NaCl, or its equivalent in grams of As-free HCl. After reduction
the sample is cooled and is transferred to the Gutzeit apparatus.
At this point the total volume should not be more than 40 cc.
or 50 ce.

C. Apparatus. The accompanying diagram shows the form
and dimensions of the apparatus. (A) is a wide-mouth bottle of
about 60 cc. capacity. Through a No. 4 one-hole rubber stopper
is inserted a glass tube (B) 7 em. long and 1.25 cm. in diameter,
constricted at the lower end so as to pass easily through a hole
in the stopper. Through a No. 00 one-hole rubber stopper in
the upper end of the tube (B) is inserted a second similar tube
(E) of the same diameter but only 4 cm. long. Finally through
another No. 00 one-hole rubber stopper in the upper end of the
second tube is inserted a glass tube (C) 4 mm. inside diameter,
and 10 cm. long, constricted at a point 6 cm. from one end as
shown in sketch. The lower tube is used as a scrubber to remove
the H,S from the arsine; for this purpose there is placed in the tube
before each test a strip of dry lead acetate paper. The upper
tube is packed loosely with glass wool moistened with lead acetate
solution. This serves the double purpose of removing any traces
of H,S which may pass the lead acetate paper in (B) and of keeping
the arsine moist as it comes in contact with the sensitized test
paper suspended in (C)—a condition essential to the success
of the test.

D. Making the Test. The amount of H2SO4 (or HCI) and zinc
used in the analysis is regulated by the composition of the sample.
In the preparation of standard stains and in the analysis of most
samples 4.2 grams H>SO, (calculated as 1009%,) or (3.1 gram HCI
1009%) and 15 pieces of zinc are used. However, in the analyses
of samples containing comparatively large amounts of certain
salts, as for example, lime, magnesia, alumina, and alkalies, 6.3
grams 1009, H,S0, (or 4.3 grams of 1009, HCl) and 25 pieces
of zine are required to obtain a corresponding rate of evolution
of arsine. !

Sulphuric acid is preferred to hydrochloric acid owing to the
greater purity of the former—as far as arsenic is concerned. When
H.S04, however, forms insoluble salts, HCl is to be preferred.

In cases where 4.2 grams HzSO4 or 3.1 grams HCI with 15 pieces
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of zinc are used and the evolution of arsine is found to be incom-
plete at the end of a half-hour run, the sample should be analysed
using the larger amounts of zinc and acid.

After the sample has been transferred to bottle (A) and the
required amounts of zinc and acid added the connections are
inserted at once.

The contents of bottle (A) are well mixed by careful shaking
after which the apparatus is placed in a water bath which is kept
at a temperature within a few degrees of 75° F.!'  After thirty
minutes the sensitized paper is withdrawn from the tube, dipped
in melted paraffine, and compared with the standard stains.

E. Preparation of Standard Stains. (a) Standard Arsenic Solu-
tions. One gram of resublimed As;O; is dissolved in 25 cec.
209 NaOH (As-free), neutralized with H,SO, and diluted to
a liter with recently boiled distilled water to which has been added
10 ce. of 969, HaSOs Ten ce. of this solution is diluted to a
liter with recently boiled distilled water to which 10 cc. of 969,
H,S0, has been added. One cc. of this solution (A) = .01 mg.
As;0;. By diluting 100 cc. of (A) to a liter with recently boiled
distilled water to which 10 ce. of 96 9%, H.SO, has been added
(B) is obtained in which 1 cc.=.001 mg. As,O3.  This solution
(B) is the only one that is necessary in preparing standard stains.
The solutions are made acid to prevent possible precipitation of
arsenic and consequent change in value of solution. Glass stop-
pered flasks should be used as containers. It is advisable to pre-
pare fresh solutions whenever new standard stains are to be
prepared.

(b) Preparation of Stains. The set of standard stains should
contain color strips produced by .001, .002, .004, .006, .01, .015,
and .02 mgs. As;O;. As a preliminary precaution several “blank
tests” should be run on all the reagents used; no appreciable
stains should be formed in half an hour. The proper number
of ce. of arsenic solution (B) are then added together with .05
gram Fe;O; (as ferric ammonium alum) and % ce. SnCl; (80%).
The iron must be entirely reduced by boiling before the test is

¢ 1This temperature is carefully regulated in order to properly control the
reaction, and that just the right amount of moisture may be carried along
with the arsine.
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started. After cooling, 15 pieces of zine are added and the test
run for thirty minutes in a constant temperature bath as de-
scribed above. The test paper is then dipped in melted paraffine
and kept in a dry, dark place until ready for mounting.

Light, heat, and moisture will produce rapid fading of the
stians. They are best preserved by keeping them in a sealed tube
over P;Os. They will last for many months if kept away from light.

F. Preparation of Reagents. (a) Zinc. C.P. shot zinc free
from arsenic is used. The pieeces should not be larger than will
pass a screen three meshes to the inch, nor smaller than will
remain on a screen six meshes to the inch!. The zine is given
a thorough cleaning in a casserole with dilute HCl (1—1) until
a dull gray clean surface is obtained. The zinc is then washed
free of acid and kept covered with distilled water; if allowed to
dry out it will become less ‘“‘active.”

(b) “Mized Acid.” Dilute 1 volume of As-free sulphuric acid
with 4 volumes distilled water. Dissolve 10 grams of NaCl in
each 100 cc. of the dilute acid.

(c) Stannous Chloride Solution. 80%. Dissolve 80 grams of
SnCly in 100 cc. distilled water, to which 5 cc. As-free HCI
has been added.

(d) Sensitized Test Paper. Swedish filter paper No. 0 (20 x 20
in.) is most satisfactory. Cut large sheets into four equal squares
and dip into a % 9 solution of HgCly (.5 gram HgCl; in 100 ec.
water); the excess of solution is removed by a “squeegee” roller
and the paper dried rapidly by spreading it on a flat hot cloth
in a drying oven at a temperature of 100° C; the paper should
be turned over once during the drying to insure an even heating.
The paper should be removed as soon as dry, as HgCl, is slowly
volatile, and cut into strips 7 cm. long and 4 mm. wide. The
Iarge sheets should be trimmed on all four edges to a depth of
1 inch or more as the outer edges are often more concentrated.
All the paper should be cut the same width. As soon as cut the
paper should be bottled and sealed with paraffine until ready for
use. Each new lot of paper should be carefully standardized.

'This zine may be obtained from Baker & Adamson Chemical Company,
Easton, Pa.
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EFFECT OF H3S, SBHs, AND SO2 ON STAINS

H,S and SbH; in sufficient quantity change the character of
the stain. H,S should be oxidized with KMnQO, before running
the test. Sb if present in excess of .0002 gram Sb,O; will affect
the character of the stain, causing it to be longer and lighter in
shade. Such a stain if subjected to fumes of HCI will fade dis-
tinetly while a pure arsenic stain will be intensified. The same
holds for stains obtained with H.S. SO,, if present, reacts with
hydrogen to form HaS.

CONCLUSIONS

In the modification of the Gutzeit method given above, the
estimation of small amounts of arsenic is shown to be accurate
in the presence of iron compounds, provided the iron is entirely
reduced to the ferrous condition by SnCl: before the test proper
is begun. This preliminary reduction is essential as the arsenic
is incompletely evolved in thirty minutes when ferric compounds
are present. It has been found, further, that when a standard
stain is prepared from a known amount of arsenic in the presence
of reduced iron compounds this stain is about one third longer
than when prepared in the absence of iron. In order to obtain
correct comparative results, then, standard stains should be
made with ferrous iron and SnCl, present in the solution in approx-
imately the same amounts as are found in the samples analysed.
Moreover, iron should be added to all samples which do not con-
tain it.

It is only by observance of these precautions that reliable re-
sults are obtained with the Gutzeit method; with these precautions
the method is exceedingly exact.






RATIONAL ANALYSIS OF NITRATE OF SODA. THE
USE OF THE DEVARDA METHOD VS. THE
MISLEADING “REFRACTION” METHOD

BY WaALTER S ALLEN
Laurel Hill, N. Y.

The analysis of commercial nitrate of soda by the ‘“Refraction”
or “Difference” method—subtracting from 1009, the sum of
the percentages of H,O, NaCl, Na,SO,, and water insoluble mat-
ter, and considering all the rest as NaNO;—is not only irrational
but misleading as well. For the calculation of yields in nitric
acid manufacture it is absolutely worthless, and as a basis for
purchase and sale is equally objectionable.

H. Fresenius! condemns the “ Refraction” method and strongly
recommends the universal adoption of a direct method for es-
timating the NaNO; content. We are heartily in agreement with
this position.

In our choice of a direct method we may consider as most
suitable either a gas volumetric method, of which Lunge’s ni-
trometer is the most widely used, or a reduction method wherein
the nitrate is reduced to ammonia and distilled into standard
acid; of the several methods depending upon the last named prin-
ciple, that of Devarda?is the most rapid®. Of the two methods
the nitrometer is the quicker but in our opinion the Devarda
method is more exact. Our reasons for this opinion are based
upon about two years’ experience with the modified Devarda
method described below, in comparison with the nitrometer.
Moreover, in a laboratory where nitrates are analysed only oc-
casionally and the assistants employed are not thoroughly famil-
iar with the very careful manipulation required for the nitrom-
eter, the Devarda method will be found much simpler.

Devarda’s procedure, as is well known, consists in a reduction

1V, International Congress of Applied Chemistry 1903, Vol. 1, 214.
*Zeit. fur. Anal. Chem. XXXIII (1894) p. 113.
a S,S‘fi) Wiley—Principles & Practice of Agricultural Anal. Vol. 1, p. 536

19
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of nitrate to ammonia in an alkaline solution, by an alloy of the
following composition: Cu 50, Al 45, Zn 5. This heavy alloy is
easily ground to the desired fineness, and gives off hydrogen in
a mass of very fine bubbles which very quickly reduce all the
nitrate. In dissolving, the copper is left in a finely divided state.

In Devarda’s procedure! a .5 gram sample of nitrate is used;
this is reduced to NH; in a strong alkaline solution with 2 grams
alloy and the NH; distilled over into an éxcess standard HySO,,
using methyl orange as indicator in the final back titration.
When using the apparatus described by Treadwell & Hall? sev-
eral objections are encountered, as follows: (1) it is impossible
with this apparatus to prevent the passing over mechanically
of a little alkali mist into the standard acid; (2) for the most accur-
ate results methyl orange is not an entirely satisfactory indicator;
(3) the procedure of boiling over half the contents of the distilling
flask is very objectionable, in that the strong alkali softens the
rubber stopper quite rapidly and attacks the glass and shortens
its life. Edward Cahen® suggests two improvements over Tread-
well-Hall’s method, viz. distillation of the NH; with steam in-
stead of direct boiling, and the use of the new indicator, methyl
red instead of methyl orange. The table of results given in his
paper, while a vast improvement over those obtained by the
Pozzi-Escot method?, are not consistently accurate enough to
warrant entire confidence in the method.

With the realization of the uselessness of the “Refraction”
method and with the belief that the Devarda method® had within
it the possibility of being made a very accurate quantitative
method, a long series of experiments were carried out in the lab-
oratories of the General Chemical Company, testing all the de-
tails of procedure. The result of this work has convinced us that
the Devarda method under proper conditions and with suitable
apparatus, is a very exact method, more exact in fact than the
nitrometer unless unusual pains are taken with the latter method.

2‘1cf. Treadwell & Hall Anal. Chemistry II (1910) 414.
oc. cit.  °

3A comparison of Pozzi-Escot’s method and Devarda’s method for the
estimation of Nitrates, Analysts 35, 307.

‘Reduction of Nitrate with Aluminum-Mercury couple.

sFirst called to our attention by Prof. E P. Harris, Amherst College.
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In order to obtain the most accurate results it was considered
necessary to use at least a gram sample and to improve the ap-
paratus used by Treadwell and Hall so as to prevent any possible
loss of NHs and to eliminate rubber stoppers. In fact our in-
vestigations clearly showed us that the successful use of the
method is absolutely dependent upon proper apparatus.

The apparatus and method of analysis for nitrate of soda are
herewith described in detail.

I—PREPARATION AND WEIGHING OUT OF SAMPLE

In order that the sample used may be representative and con-
tained in a volume of about 10 cc., the following procedure is
adopted.

All lumps in the sample are broken up to at least the size of
small peas, 100 grams weighed out, transferred to a 500 cc.
beaker, and dissolved in water; this is made up to one liter. (If
a frothy scum persists it can be broken with a little alcohol.)
100 cc. of this is accurately weighed (in a bottle as described
below) to determine the sp. gr., and analysis made on approx-
imately 10 grams of this solution. The weighing bottle is made
by cutting the top off a 100 cc. measuring flask about 1 inch
above the 100 cc. mark. A dropping tube, whose bulb has
a little over 10 ce. capacity, is inserted through the rubber stop-
per of the flask. In making an analysis after finding the weight
of apparatus “Y” and solution, the latter is well shaken up,
approximately 10 cc. run from the dropper into the Devarda
apparatus, and the weight of “Y” again taken. By subtracting
the second weight from the first and dividing by the sp. gr. there
is found the number of ec. of solution used. Each ce. of solu-
tion is equal to .1 gram of sample. Dividing the ce. found by
10 gives the grams of sample used.

II—DESCRIPTION OF APPARATUS

The apparatus used is a modification of Knorre’s apparatus
for the distillation of arsenic. It consists of a “reduction” flagk
“A,” a steam jacket and scrubber “C—F” and a condensing
absorption apparatus “E—H—K.” “G” is a flask for NaOH
to remove CO, from the air drawn through during distillation,
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“J” a large size casserole, and “I—Z" burner stand and burners.
“A, B, C, D, E, and F”’ are made of Jena glass.

The flask “A’” holds 145 ecc. “B” is a tube 11% long,
having a stop cock near the middle; it is enlarged and ground so
as to fit tightly into the neck of flask “A” and reaches nearly
to the bottom of “A.” “G” is a flask of about 175 ce. capacity,
fitted with a cork stopper, through which passes a straight tube
“0” reaching to the bottom of “G,” and a short bent connecting
tube “T.” This tube “T” connects with tube “B” at “L.”
The scrubber “C”’ is made of four bulbs about 1 inch in diameter,
the whole scrubber being about 8% inches long. The bulbs
are loosely packed with glass wool and the whole is fitted into
the steam jacket “F.’”” This latter is made either of a piece of
glass tubing about 2 inches in diameter and closed at the ends
by rubber stoppers, or preferably of lead. Live steam enters
through “S’’ and the condensed steam and water pass out through
“N.” The purpose of serubber “C” is to retain on the glass
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J“i,s 2

PLATE 1@

wool any NaOH mist; the steam jacket prevents condensation
of HyO in “C”; unless the jacket is used a large condensation
takes place which is very objectionable. “E” is a series of bulbs
about 1% inches in diameter and drawn out atits lower end into
a tube which reaches nearly to the bottom of “H.” “C” is con-
nected with “E” by a bent tube “D” which fits tightly into
“E” by means of a ground glass stopper. “H” is an ordinary
flask of about 275 cc. capacity, fitted with a rubber stopper
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through which passes “E’’ and the bent tube “V” which connects
“H” with “K.” “K” has a capacity of about 175 cc. “W?”
is a rubber tube connected with the suction so that air can be
drawn through the whole apparatus. “J” is a large casserole
serving first as a cold and then as a hot water bath for flask “A.”

III DETAILS OF MANIPULATION

All parts of the apparatus are washed out with CO, free water.
Flask “A” is connected with scrubber “C” by rubber tubing
so that the ends of the glass touch each other. A dry, short-necked
funnel is put in the top of “A’’ and the casserole, filled with cold
water, put in the position indicated in the drawing. 98 cec.
of standard HySO, are run into absorbing flask “H,” the tip of
the burette touching the side of “H’’ and the latter then washed
down with 2 or 3 ce. of CO, free water. Two ce. more of acid
are run into small flask “K” in the same way and about 10 cec.
of CO, free water added with it. The temperature of the acid
should be noted and a correction made as deseribed below under
“A” of “Notes and Solutions.” After adding three drops of
methyl red to flask ‘“K” the apparatus is set up as shown in dia-
gram, care being taken that all joints are tight. Three grams
of Devarda’s alloy are weighed and put on a paper in readiness
for use. Connecting tube “B” is slightly greased where it fits
into flask “A.”

About 10 grams of the nitrate solution are introduced from
apparatus “Y” into flask “A” through the short funnel, washed
in with 10 ce. CO; free water measured from a pipette and 25
ce. of 209, caustic soda (free from nitrogen compounds). The
inside and outside of the funnel are washed into “A” with about
3 cc. more of CO; free water. The alloy is then put into “ A ”
through a perfectly dry tube, so constricted at one end that it fits
into the neck of “A.”” This is to prevent any of the alloy from ad-
hering to the sides of the flask which would cause a sudden froth-
ing during boiling. The alloy should be put in quickly, the tube
removed and thetube “B’’ placed in position at once with the stop
cock “R7” closed. The action begins quickly and is aided by shak-
ing a little to mix the sample, alloy, and caustic. The cold water
in the casserole prevents too violent action at first and it is ad-
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visable to stir the water for the first few minutes after adding the
alloy to “A.” The casserole should be removed at the end of
five minutes. The reduction is allowed to continue for twenty
minutes. The steam should then be turned on in the jacket and
the top of tube “B’” connected with the caustic flask “ G.”
When the reduction is complete the casserole is filled with boiling
hot water, placed in position, and both burners immediately
lighted. Boiling should begin at once, the casserole being kept
full during the distillation. The rubber tube connected with the
suction is then connected to the bent tube in “X.” The stop
cock “R” in tube “B” is then opened and the suction so regu-
lated that a continuous stream of bubbles is seen coming out of
“E” into flask “H.” Care must be taken to have enough suc-
tion so that no ammonia escapes back into flask “G’’ when “R”
is opened. The distillation is continued for thirty minutes, air
being drawn through the apparatus for the whole period. The
burners are then turned off, the apparatus disconnected at the
upper end of tube “E,” and the disconnected parts “D, E, H,
and K’ washed into an 800 cc. beaker with CO, free water. The
total volume should not amount to more than 500 ecc. Two ce. of
methyl red are added to the solution and the excess acid titrated
with standard caustic soda. The endpoint should be taken just
as the pink changes to a straw color.

IV. CALCULATION OF RESULTS

The 100 cc. standard acid used is corrected for temperature
and from this volume is deducted the standard NaOH titration
(1 ec. of NaOH being equivalent to 1 ce. of HoSO,). The differ-
ence is calculated to 9% NaNO;.

V. NOTES AND SOLUTIONS

A. Standard H3SO.. This should be of such a strength that
1 cc. equals about .0057 gram H,SO; (equals about 19, equiv-
alent NaNQO;). A useful arrangement for this standard H,SO,
and burette is shown in Plate II, figure 2. The standard acid
is drawn from the reservoir “A” into burette “B” by opening
pinch cock “E.” Chamber burette “B” is graduated merely
from 90 to 100 cec. in 1/10 ce. The difference between the 90
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and 100 cc. marks is about 25 cm; the diameter of the stem above
the chamber is about 3 mm. The outlet of the burette is so con-
stricted that it will require about three minutes to deliver 100 ce.
The burette is surrounded by a water jacket “C” in which is
suspended thermometer “D.” “C” should be kept filled with
water at room temperature to a point opposite the zero mark
of the burette. The acid in burette “B’”’ should be allowed to
stand five minutes before drawing out in order to equalize tem-
perature. All temperature readings should be taken with ther-
mometer “D’’ immersed in “C” as shown in sketch. No allow-
ance for drain should be made as such a correction will be very
small when three minutes are required for the burette to empty
itself.

It is advisable to determine the value of 1 ce. of H,SO, in terms
of NaNQ; by a procedure identical with that in analysis of ni-
trate samples. This corrects for the small “blank” test on the
apparatus and also assures the analyst that his manipulation
of the method is correct. For standardization purposes pure
dry KNO; is used. The best KNO; obtainable is recrystallized
in small crystals, dried first at 100° C. to remove most of the H,0,
then to constant weight at 210° C. to remove every trace of Hz0,
after which it is preserved in a glass stoppered bottle. This KNOs
should then be very carefully tested for all impurities, including
nitrite, chloride, sulphate, carbonate, sodium compounds, lime,
magnesium, etc. The impurities, if present, are allowed for in
the standardization.

11.4 grams KNO; (= about 9.6 grams NaNO; in nitrogen
equivalent) are dissolved in 50 cc. cold distilled water and care-
fully transferred to apparatus “Y,” the volume diluted to 100 cc.
and 10 cc. of this transferred to flask “A,” reduced to NHjs
by the alloy and distilled into 100 cc. HeSOs, as in the procedure
for nitrates outlined above. From the amount of H;SO; neu-
tralized is then calculated the value of H;SO, in terms of NaNOs.
The temperature of the HsSO; should be carefully noted at the
time of standardization and a correction applied in all analyses
where the temperature is different from that at standardization.

Temperature correction for 100 ce. H»SO, of this strength
= .029 cc. for each 1° C.
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B. Standard NaOH. This standard alkali should be of a
strength equivalent to the standard H:SO,. The NaOH is stand-
ardized as follows: In a beaker are placed 500 ce. cold distilled
H,0 (free from CO.) and 2 cc. methyl red; if the water is acid or
alkaline it should be neutralized at this point. Ten cec. standard
H,SO, are then added and the NaOH run in from a 10 ce. burette
until the pink just changes to a straw color. Ten cec. NaOH
should equal 10 cc. HSO,.

C. Methyl Red Solution. .25 gram methyl red are dissolved
in 2,000 ce. 959, ethyl alcohol. Two cc. are used in each determi-
nation. As the indicator is sensitive to CO, all the water used
must first be boiled to expel CO. present.

D. Devarda’s Alloy. This consists of 45 parts aluminum,
50 parts copper, and 5 parts zinc. The Al in sheet form, is cut
into strips about 1 inch wide, rolled compactly together and heat-
ed in a Hessian crucible in a furnace until the Al begins to melt.
The copper is then added in portions until all is liquefied, and
finally the zine, which should be in one or two pieces, is plunged
beneath the surface of the molten mass. After heating very hot
for a few moments the cover is removed, the mass mixed with
an iron rod, and allowed to cool slowly with the cover on. The
cold, crystallized mass is finally crushed to a 60-mesh powder.

E. NaOH (or KOH) sp. gr. 1.3. This is prepared from C. P.
NaOH (or KOH) and distilled H:O. Before use the alkali should
be boiled in an open casserole with .5 gram Devarda’s alloy to
remove any ammonium compounds, cooled, and kept in a well
stoppered bottle.

VI. ACCURACY OF THE METHOD

Duplicate analyses should agree within .159, NaNOQO;. With
the sharp endpoint afforded by methyl red there is no difficulty
in obtaining duplicate results within the above limit. The ex-
perience of nearly two years with this method in the laborato-
ries of this Company has thoroughly convinced us of its accuracy
and reliability. We consider it indeed an exceedingly exact vol-
umetric method. It has many times been our experience that two
different laboratories of this Company will obtain results which

1Methyl Red is now manufactured by Baker & Adamson Chemical Com-
pany Easton, Penn’a.
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agree within .159, of each other, on the same HyO basis. The
use of a 1 gram sample in the analysis cuts down greatly on the
chances of error—no other accurate method for this analysis,
with which we are familiar, permits the use of so large a sample.

RESULTS WITH A EKNOWN AMOUNT OF HNOj3
Deviation from theoret-

HNO,; Taken—Calculated ical as per cent NaNO,
as NaNO, HNO: Found on a 1 gram sample
9097 gram 9108 gram 119, high
8789 8794 .05%, high
1.0220 1.0216 049, low
9752 9758 .06% high
9759 9765 .06% high
1.0194 1.0197 .039%, high
1.0012 1.0018 069, high

RESULTS WITH A SAMPLE OF NgNO3, RUN IN
DUPLICATE BY TWO ANALYSTS

Moisture NaNO, (Devarda)

1.629, 95.109%,
95.139,

1.65% 95.08%, -
95.03%,

COMPARISON OF RESULTS BY NITROMETER, DEVARDA’S
METHOD, AND THE ‘‘REFRACTION TEST”
Twenty-three samples of commercial nitrate of soda were an-
alysed by the above three methods, with the following results:
Agreement within Devarda and Nitrometer Devarda and Refraction

.19, NaNO; 4 samples 2 samples
.3%, NaNO; 18 samples * 5 samples
5% NaNO; 22 samples 6 samples
.6% NaNO; 23 samples 7 samples

Sixty-nine samples of commercial nitrate of soda were analyzed
by the Devarda Method and the “Refraction” method with the

following differences in 9, NaNOs: Out of 69 Samples
Agreement within .19, 5
Agreement within .39, 11
Agreement within .5% 19

Agreement within .89, 32
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Out of 69 Samples

Agreement within 1.09, 35
Agreement within 1.5%, 54
Agreement within 2.09, 63
Agreement within 2.5%, 67
Agreement within 3.09, 69

As will be noted from the above, one half the samples show a
difference of more than 19, NaNO; between the two methods,
229, of the samples differ by more than 1.5%, NaNOQOs, and 9%
of the samples by more than 29, NaNO;. In every case the re-
sults by the “Refraction” method are high. These high results
are, of course, accounted for by the fact that in the “Refraction”
method no consideration is given to the potassium nitrate, sodium
chlorate, perchlorate, and iodate, lime, magnesia, etc., which
are almost invariably present.

The following four comparative complete analyses show the
variation in impurities in different commercial nitrates:

No. 1 No. 2 No. 3 No. 4

H.0 2.159, 2.999, 2.749%, 3.00%,
NapSO;4 20% .38%, 349, 28%,
NaCl 1.289, 1.509%, 1.16% 1.43%,
(Insoluble) .08%, 529, 109, 269%,
SiO, .08%, 529, .109%, 209,
ﬁzg‘: 139, 35% 119, .10%
CaO .06 .09 .09 .04
MgO .08 .07 14 24
NalO; .02 .04 04 .04
NaClO; Trace .01 .01 None
NaClOy Not determ. Not determ. Not determ. .90
KNO; 1.31 1.92 4.82 8.09
NaNO; 94.54 92.53 90.43 85.34
Total N as NaNO,

by Devarda method 95.64 94.14 94.48 92.15
NaNO; by “Refraction”

test 96.29 94.61 95.66 95.03

NaNO; deducting from 100%,
all the impurities found (cal-
culating K20 =Na;0) 95.79 93.74 94.50 92.49
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These analyses show considerable variation in impurities,
especially in KNQO;. Samples No. 3 and 4 show the very marked
effect of high potash salt on the “Refraction” test, and all the
samples show that the latter test can only be relied upon when all
the impurities present are deducted from 1009,.

CONCLUSION

The inaccuracy and uselessness of the so-called “Refraction”
test for commercial nitrate of soda is shown both by a series of
complete analyses of this material, and by the analysis of 69
samples by both a direct and indirect (refraction) method. The
“Refraction” test takes into account only the H,O, NaCl, NasSOy,
and water insoluble matter present and takes no account what-
ever of potassium salts, chlorate, perchlorate, iodate, lime, mag-
nesia, etc. The complete analyses show that it is only by taking
into account all these impurities that a reliable value for NaNO;
can be obtained.

Obviously it is much simpler to estimate the total nitrogen
by a direct method. For this purpose the modified Devarda pro-
cedure is recommended. This method, using the modified Knorre
apparatus, is shown to be very accurate. A one gram sample is
used and results are reliable within .15%, NaNQ;. This method,
while not as rapid as the nitrometer, is believed to be more ac-
curate; it is, moreover, simple and easy of manipulation.

As the results obtained by the “Refraction” test are almost
without exception high—sometimes nearly 39, high—the pur-
chaser is at an obvious disadvantage when compelled to pay
for this material on the ‘“Refraction” test basis. He is not only
getting lower nitrate content than the “Refraction” test shows,
but he can have no definite idea how much too low these results
are, and for works control, calculation of yields, etc. he is com-
pelled to re-analyze the samples by a direct method which will
reveal the actual nitrogen value.

The only rational procedure is to discard entirely the mis-
leading “ Refraction” method, and substitute therefor a direct
method—the same to be used as a basis of valuation in all con-
tracts.

The importance of a proper method of analysis for Sodium









AN EXACT METHOD FOR THE DETERMINATION OF
SULPHUR IN PYRITES ORES

By Warter S. ALLEN aAND Howarp B. Bisaor
Laurel Hill, Long Island, N. Y.

I. OuTLINE OF THE PROBLEM AND THE RESULTS OBTAINED
BY INVESTIGATION

That the accurate determination of sulphur in pyrites ore is
of very great importance is universally recognized by technical
chemists, as well as by the purchasers and sellers of such ore.
Any improvement, therefore, in the accuracy of the analytical
method for determining sulphur is worthy of very serious
consideration.

The General Chemical Company several years ago became dis-
satisfied with the well known methods for determining sulphur,
and under the inspiration and direction of Mr. W. C. Ferguson,
consulting chemist of this Company, the new method herein pre-
sented was worked out. The main features of this method were
worked out by Mr. H. B. Bishop and Mr. W. S. Allen and the very
thorough and painstaking work necessary to establish the proof
of the accuracy of the method was carried out by Mr. Joseph L.
Coon, assistant chemist. Acknowledgment is also heartily given
to other members of the research and analytical staff of this
Company who, by their interest and suggestions, aided in the final
solution of the problem.

The methods generally in use for the estimation of sulphur in
ores are usually modifications of Lunge’s well known method.
Recently E. T. Allen and J. Johnston! published a very valuable
and illuminating series of experiments on the exact determination
of sulphur in soluble sulphates. They showed convincingly the
errors occurring as a result of the solubility of BaSO,, the occlu-
sion of alkali sulphates and acid sulphates (especially in the pres-
ence of alkali chlorides), and the loss of SO; (or ammonium sul-

1J. Am. Chem. Soc., 32, 588 (1910).

33
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phate) when the BaSO, precipitate is ignited; they recommend a
correction for these errors in each determination of sulphur. In
another paper! the same authors apply the results of their re-
searches to the analysis of pyrites and marcasite. They employ
the oxidation method of Carius (heating the ore in a sealed tube
with fuming nitric acid), separate the iron with Na,CO; and
correct the final precipitate of BaSO, for the errors above
mentioned. This method, while it undoubtedly yields very
accurate results, in skilled hands, lays no claim to rapidity, as
the authors admit, and is not applicable to the demands of a
technical laboratory.

More than two years before the appearance of these articles?
we realized the difficulties inherent in the usual methods for sulphur
determination and by a long series of experiments established
clearly the facts that low results are inevitably obtained when
alkali salts (especially ammonium salts) are present. Our efforts
were then directed toward an improved method, wherein, if
possible, all alkali salts should be eliminated. Throughout all
our investigation work it was kept clearly in mind that the method
toward which we were concentrating our attention must give
theoretical results, not only with a known amount of H,SO,
corresponding to the sulphur percentage in average ores, but
also with a ‘“theoretical ore,” made by adding to a known amount
of H,S0O,, iron, zine, copper, lead, ete., in such proportions as are
present in average ores. It is possible to obtain the strength of
H:S0; by titration to a very high degree of accuracy.? The acid
thus standardized gave us a material of whose sulphur content
we were absolutely certain. The ideal procedure would have been,
of course, to work entirely with a standard pyrites ore whose
sulphur content had been established beyond any doubt; this
material, however, was not and is not available.

In order to eliminate alkali salts entirely during a determination
of sulphur in pyrites the sulphate must either be precipitated by
BaCl; in the presence of iron salts, or some other method of sep-
arating the iron than by the use of NH,OH or Na,CO; must be

1J. Ind. & Eng. Chem,, 2, 196 (1910).
Foe. cit.

sW. C. Ferguson, J. S. C. 1., 24, 781 (1905).
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found. Precipitation with BaCl, in the presence of ferric salts
is not to be considered where accuracy is required on account of
the well known precipitation of a part of the SO; as Fex(SO,):!
which loses SO; on heating and gives low results. As there seemed
to be no practical way of separating the iron except by precipita-
tion with an alkali, attention was turned to precipitation of the
sulphate in the presence of reduced iron salts.

It has been known for some time that it is possible to precipitate
BaS0, in the presence of reduced iron salts and obtain an iron free
BaSO2  Hydroxylamine hydrochloride has been successfully
used as a reducing agent but is fairly expensive. Sodium thiosul-
phate and:hydrogen sulphide have been suggested for the same
purpose but their use is at least open to obvious objection, not-
withstanding the favorable results obtained with H,S by
G. v Knorre?.

W. H. Seaman* calls attention to the value of aluminum as a
reducing agent for ferric iron and it occurred to us at once that
here was the ideal reducing agent for the method. It was found
that the finest aluminum powder obtainable® is exceedingly well
suited to this purpose; this powder is sulphur free and works with
great rapidity. It has, moreover, a further value aside from its
reduction of ferric salts, in that all Cu and Pb® dre thrown out
as metals and can be removed with the excess of aluminum powder
by filtration before the barium sulphate is precipitated; this is
an obvious advantage. The BaSO, precipitated from a’ sulphate
solution containing as much as .7 gram of iron in the ferrous
condition is pure white, even after ignition, and has been found
by repeated tests to actually contain only a trace of iron—less
than enough to effect the determination of sulphur by .019.

Attention was next turned to the manner of precipitating the
BaSO4, and conditions under which this precipitation should
take place. In consulting the literature on this very important
part of the determination, it is evident that a great deal of time

*Anal. Chem. Treadwell-Hall, II, 368 (1908).

2ef. Gyzander, Chem. News, 93, 213.

3Chem. Ind. 28, 2.

‘Chem. Eng. (1908).

sBaker & Adamson Chem. Co., Easton, Pa.

SPbSO« is completely converted to metallic lead and a soluble sulphate
by powdered aluminum.
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PrecreiraTing Cup FILTERING ARRANGEMENT

and care have been expended in examining the effects of free acid,
volume of solution, rate of addition of BaCly, ete. The method
usually prescribed is to precipitate slowly with constant stirring,
in a boiling hot, slightly acid solution. Hintz & Weber! recom-
mend a very rapid precipitation, pouring the hot BaCl, all at once
into the sulphate solution. According to Allen and Johnston?
the precipitate obtained by rapid precipitation, while often giving
results very close to the theoretical, is not always reliable, due to
a variable compensation of errors. Otto Folin® points out that
when both the sulphate solution and the BaCly are cold and dilute
and the latter adding to the former without stirring, at a rate not

1Z. Anal. Chem., 45, 31 (1906).
Zoe. cit. p. 617.
3J. Biol. Chem., 1, 131-159.
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exceeding 5 cc. per minute, large crystals of BaSO, are obtained
which settle rapidly. This method of precipitation was given a
thorough trial, and after considerable experimental work in deter-
mining the proper dilution and necessary amount of free HCI
it was found to give theoretical results with known amounts of
H,S0..

To insure uniformity in rate of precipitation a form of “precipi-
tating cup’”’ was devised which should automatically deliver the
BaCl; at the required rate — 5 cc. per minute. This consists of
a cup holding 130 cc. attached to a capillary tube which is bent
around a watch glass, over a beaker. (See Plate, Fig. 1.) The
BaCl, is delivered in small drops. The BaSOQ, is completely
precipitated without stirring, although as a precaution it is advis-
able to gently stir the supernatant liquor after the BaCl, has all
run out of the cup.

The BaSO, formed under these conditions of precipitation has
the appearance under the microscope of beautiful, large, well
defined crystals, in contradistinction to the very fine powder formed
by precipitation from a hot slightly acid solution. These crystals
are easily retained and washed on a Gooch asbestos filter. The
use of a Gooch crucible does away with the possible reduction of
the BaSO, when using filter paper and also mechanical loss during
ignition; these crucibles have been used altogether and with entire
satisfaction in all work with this method.

Having thus proved the way for a rigorous testing out of the
method, a long series of experiments were carried out using a
known amount of H,SO, and adding thereto iron and such impuri-
ties as are present in different kinds of pyrites ore, to determine
their effect, if any, on the accuracy of the method. In addition
to this the method of oxidation with Br, CCl,, and HNO; was
thoroughly tested to insure completeness of oxidation, and to
make certain that no sulphur compounds escape by volatilization
during oxidation. A part of the results of this experimental work
is given in part III of this paper. These results may be briefly
summarized as follows: (1) the method gives theoretical results
with sulphuric acid in amounts ranging from 359, to 509, S; (2)
the addition of iron, zine, copper, lead, arsenie, silica, ete., in such
amounts as may be present in pyrites ores, does not affect at all
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the accuracy of the method; (3) a theoretical ore of the following
composition gave results within .03%, of calculated sulphur con-
tent: S 49.809, Fe 44.009,, Pb 2.00%, As .509%,, Cu .50, CaO
1.009%,, Zn 1.009%, SiO. 1.209%,; (4) the ignited BaSO; contains
only a faint trace of iron; (5) the oxidizing mixture (Br 4+ CCl,
followed by HNO;) completely oxidizes the ore without loss of
volatile sulphur compounds; (6) the use of aluminum powder
for the reduction of the iron and the consequent presence of small
amounts of aluminum salts does not detract from the accuracy
of the sulphur determination; (7) in comparison with other methods
our method tends always to give a little higher results.

II. DzeraiLs oF METHOD OF ANALYSIS

Preparation of Sample

The ore sample is ground merely enough to pass an 80-mesh
sieve, screening occasionally and grinding only those particles
coarser than 80 mesh.

About 10 grams are dried for one hour at 100°C. in a 1-oz.
wide-mouth glass bottle, and the bottle is stoppered as soon as
removed from the oven.

Ozxidation of the Sulphur

1.3736 grams of the dried ore are put in a dry 300 ce. Jena
beaker (414 in. high, and 214 in. diam.), 10 cc. of a mixture of
2 parts by volume liquid bromine and 3 parts CCli! are added
and the beaker is covered with a watch glass. After standing
fifteen minutes at room temperature with occasional gentle shak-
ing, 15 cc. HNO; (sp. gr. 1.4) are added and the mixture is
allowed to stand fifteen minutes longer at room temperature
with occasional shaking. The beaker is then placed on an asbestos
board on top of the steam bath and allowed to remain there until
all action has ceased and most of the bromine has been volatilized.
It is then placed within the rings of the bath and the solution
evaporated to dryness, the cover glass being raised above the rim
of the beaker by means of riders made of bent glass rods. Ten
cc. HCl (sp. gr. 1.2) are next added and, after shaking to mix

1It is very important to use CCl: which is free from sulphur compounds.
The CCli made by Baker & Adamson, Easton, Pa. is very satisfactory.
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thoroughly, the solution is again evaporated to drymess, still
keeping the beaker covered as in the former evaporation. When
completely dry the SiO; is dehydrated by heating in an air bath
at 100°C for several hours (preferably overnight).

Reduction of Iron and Precipitation of Sulphate

4 cc. of HCl (sp. gr. 1.2) are now added to the dehydrated
mass, followed after five minutes by 100 cc. of hot water. The
cover, sides of beaker, and riders are carefully washed down with
hot water and after the removal of the riders the cover is replaced.
The mixture is gently boiled for five minutes to insure complete
solution of all sulphate. After the solution has partially cooled
by standing for about five minutes, .2 to .3 gram of powdered
aluminum is added and the beaker gently shaken until the iron
color has disappeared, showing complete reduction. It is now
advisable to cool the solution to prevent possible mechanical
loss of mist when filtering, due to the action of warm HCI on the
excess of aluminum powder. After cooling, the cover glass and
sides of the beaker are washed down and the solution is filtered
through a 1214 cm. filter paper (B & A grade “A”) (S & S No.
590) into a No. 9 beaker (capacity about 2500 cc.) and the
residue washed nine times with hot water. To the filtrate are
added 6 cc. more of HCI (sp. gr. 1.2) and sufficient cold water
to dilute to 1600 cc. After stirring to mix well, the beaker is
covered with a large clock glass and the sulphate precipitated by
adding through a special form of “precipitating cup” (discharg-
ing at the rate of 5 cc. per minute) 125 cc. 59, BaCl; solu-
tion. The solution is not stirred while the BaCl, is being added
but after all is in, the supernatant liquor is well mixed by
gentle stirring,

Filtration and Ignition of the Precipitate

After the BaSO, has settled! it is filtered through a tared Gooch
crucible, using suction. The Gooch crucible used has a capacity
of 35 cc., with perforated bottom attached, and with a moderately
thick asbestos mat?. The filtering arrangement is shown in sketch
(see Fig. 2).

tPreferably after standing 12 hours.

’Long fibred Italian asbestos, scraped into ““lint ”’ and digested with strong
HCI until all soluble impurities have been removed.
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The crucible C is nearly filled with water before the syphon and
cork are placed in position. Then by exhausting the air in A the
supernatant liquor in the beaker rapidly syphons over. The
syphon tube and cork are then removed and well washed. The
precipitate is transferred to the Gooch filter by a stream from a
wash bottle, the beaker ‘“‘copped out’’ and the precipitate washed
six times with cold water. The Gooch is then ignited slowly,
placing it first on an asbestos board over a flame for 25 minutes
50 as to expel the water gradually, or it may be given this prelimi-
nary drying by placing it in the steam oven for a few hours if more
convenient. The Gooch crucible is then heated with the full
flame of a Fletcher burner! for thirty minutes, cooled in a desicca-
tor, and weighed.

Weight BaSO, X 10 = 9% S in Ore.

Duplicates should agree within .059%,. Tested sulphur free
reagents should always be used.

III. EXPERIMENTAL PROOF OF THE ACCURACY OF THIS METHOD

In the analysis of pyrites we have always used a larger sample
than is usually recommended, viz. 1.3736 grams. This weight
is ten times the factor from BaSO, to S—hence the final weight
of BaS0,X10=9, S. in sample. There is no trouble whatever
in handling a sample of this size and any errors which may creep
in are divided by 1.3 instead of being multiplied by 2, as is the case
when using a .5 gram sample of ore. In all our experimental work,
therefore, the BaSQ, precipitated was in amount equivalent to
the sulphur in 1.3736 grams ore.

The following conditions were, with few exceptions, those under
which the experimental proof of the accuracy of the method was
carried out.

Volume at the time of precipitation 1600 cc.

HCI present 10 ce. (sp. gr. 1.2).

BaCl, solution (125 ce. 59, BaCly) added through special
“precipitating cup,” which requires 25 minutes for this amount
to run out.

i(or preferably in an electric oven kept at about 1600°F.).
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After the precipitation the supernatant liquor was stirred,
without disturbing the precipitate, to insure thorough mixing.

The BaSO,, after settling, was filtered through a tared Gooch
crucible with an asbestos mat, dried, and heated for thirty minutes
over a Fletcher burner, using full heat, cooled, and weighed.

I. Resulis with a Known Amount of HySO, Alone

Very carefully standardized H.SO4 (about 529,) was diluted
to volume and aliquot 100 cc. portions were taken by a dividing
pipette.

(A) H,S0, used corresponding to 5.000 grams BaSO, (= 50.00%,
sulphur on factor weight of ore).

Average Wt. As Extreme Mean
Vol. at HCl No.of in Grams of % Variation Variation
Precip. Added Runs. BaSO: Found S. in Tests in Tests

1600 cc. $0ice. 12 5.0000 50.00 13% .07%
1600 cc. 10 cc. 3 4.9993 49.99 .02%, 029,
1600 cc. 10 ce. 3 4.9972 49.97 .04%, .03%
1600 cec. 10 ce. 3 4.9993 49.99 07% .06%

(B) H.S04 used corresponding to 3.5000 grams BaSO, (=35.00
% S on factor weight sample).

Average Wt. As Extreme Mean
Vol. at HCl No. of in Grams of % Variation Variation
Precip. Added Runs. BaSO, Found S. in Tests in Tests

1600 cc. 10 cc. 6 3.4990 34.99 03% .019%

Conclusions

Theoretical results are obtained with both 509, and 359, S,
the volume and concentration of HCI being the same in each case.

II. Results with HySO, and Iron in the Ferrous Condition

Samples prepared as in I. Iron added in the form of FeCl,
(sulphur free), reduced with Al and filtered.

1cf. W. C. Ferguson, J. S. C. I, 24, 781 (1905).
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i Average Extreme Mean
H,S0. Iron No.of Wt. BaSO: Variation Variation

Taken Added Runs Found in Tests in Tests
as % S as 9, Fe as % 8

50.00 50.00 4 50.00 .059%, 039,

50.00 50.00 5 50.02 .099%, .069;

35.00 65.00 3 35.04 119, .08,

50.00 44.00 3 49.94 029, 029,

The ignited precipitates were all pure white.

Conclustons
Iron in the ferrous condition does not affect the accuracy of the
results.

III. Results with H,SO4 and Iron in the Ferric Condition

Samples prepared as in I. Iron added in the form of FeCl;
(sulphur free) and not reduced.

Average Extreme Difference
H.SO. Iron No.of Wt.BaSO. Variation between Theory
Taken Added Runs Found in Tests and Determinat’'n
as % S as 9, Fe as 9, S
50.00 44.00 2 49.65 07 8597
50.00 44.00 3 49.46 A1 549,

Conclusions
Low results are obtained with iron present in oxidized condition.
During the ignition SO; could be seen passing off. Ignited
BaS0, was red.

1V. Effect on the BaSO, Precipitate of Standing for Varying
Lengths of Time before Filtration

Samples prepared and precipitated as in II.

Time of Standing Grams BaSO. 9% Sulphur
2 hours 4.9998 50.00
4 hours 4.9969 49.97
6 hours 4.9950 49.95
18 hours 5.0005 50.01
24 hours 4.9985 49.99

48 hours 5.0013 50.01
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Conclusions

As indicated by these experiments, there is no difference be-
tween the results obtained after standing for varying lengths of
time, viz. from 2 to 48 hours.

V. Purity of the BaSO,

Samples prepared and precipitated as in II.
(A) Iron (and BaCl,) in Ignited BaSOj:

Iron in the Solu-
BaSO« tion when BaSOs  Condition

Weight was Precipitated. _ of Iron at Iron in Chlorine
inGrams. Weight in gms. Precipitation Precipitate as BaCl:
5.000 .6868 Reduced .00018 gms. .0140 grams
5.000 .6044 Reduced .00021 gms. .0150 grams
3.500 .8918 Reduced .00013 gms. .0137 grams
5.000 .6044 Oxidized .0135 gms. .0046 grams
3.500 .8918 Oxidized .0210 gms. .0023 grams
Conclusions

Iron in the ferrous form does not contaminate BaSO, in any
appreciable amount, while if present in the ferric condition it
does contaminate the BaSO, considerably. BaCl, is occluded in
all precipitates of BaSO,, and in larger amount in reduced iron
solutions.

VI. Analysis of the Vapors Given off During Ignition of
the BaSO,
Samples prepared as in IT and III. Weight of BaSO,=4.4 grams.

Found in Vapors

Ratio S to Fe Volume at Chlorine Sulphur

at Precipitation Precipitation Iron (cale. as HCl) (calc. as BaSOy)
449,: 509, 1600 ce. Reduced .0011 gm. .0007 gm.
449, 509, 1600 cc. Oxidized .0044 gm. .0051 gm.
449,: 50%, 250 ce.  Oxidized .0104 gm. .0201 gm.

The precipitates were heated in a combustion tube with the
full heat of a Fletcher burner. The vapors evolved were caught



44 Original Communications: Eighth International [voL.

in KOH and determined gravimetrically as BaSO; and AgCl.
It was assumed that the Cl and S found passed off as HCl and
S0;.

Conclustons

The HC! and SOs lost on ignition of the BaSO, precipitated
from reduced solution are negligible. Allen and Johnston! have
shown that when BaSOj, is precipitated from solutions containing
alkali salts, the acid remaining constant, the loss by volatilization
is greatly increased.

VII. Effect of an Excess of HCI
Samples prepared as in I except for amount of HCI added.

BaSO. Found
HCI Added No. of Runs (As % S)
10 ce. 6 34.99
20 ce. 1 34.97
30 cc. 1 34.98
40 cc. 1 35.04
50 ce. 1 34.96

The theoretical amount of BaSO, as 9, Sulphur was 35.00.

Conclusions

The presence of HC] in amounts greater than 10 cc. does not
seriously affect the results, but there is obviously no advantage
to be gained by using more than 10 ce.

VIII. Effect of the Presence of AlCl; in Varying Amounts

As the powdered aluminum added to reduce the iron must
itself dissolve in the HCI present, a series of tests were made to
determine the effect of varying amounts of Al on the barium sul-
phate precipitate.

Samples prepared as in II, except the first which was prepared
as in L.

Yoe. cit.
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Amount of No. of Extreme Variation AlO,in BaSO.
Al Present Tests Average Wt of BaSO. between Tests  after Ignition
None 3 4408 gms. 44.089, .029%, None
.1 gm. 3  4.4076 gms. 44.08%, 049, .0016 gms.
3 gm. 3 4.411 gms. 44.119, 029, .0020 gms.
.5 gm. 3 44157 gms. 44.169, .03%, 0048 gms.
Conclustons

As much as .5 gram Al appears to raise the results but the
amount used in the method produces no effect. This conclusion
is diametrically opposed to that of Huybrechts (Chem. Abs., 4
2247): “The method of reduction of Fe by a metal or a metallic
salt is impossible when BaSOQy, is to be precipitated subsequently.”

IX. Effect of Alkali Salts
Samples prepared as in I except for the addition of the alkali

chloride.
y Difference between

BaSO. Theory and
Salt Added No. of Runs Found Determination.
NaCl 5 gm. 1 34.82 .189%,
NaCl 10 gm. 1 34.76 249,
NaCl 15 gm. 1 34.71 299,
KCl1 5 gm. 1 34.96 049,
KCl 10 gm. 1 34.93 079,
KCl 15 gm. 1 34.85 159,
NH,Cl 5 gm. 1 34.51 499,
NH,CI 10 gm. 1 34.44 B57%
NH,CI] 15 gm. 1 34.35 659,

The theoretical amount of BaSO, as 9, Sulphur was 35.00.

Conclusions
The very pronounced effect of alkali salts is shown clearly.
KCl produces the least effect and NH,Cl the most.

X. Effect of Other Metals
To samples prepared as in IT were added other metals (as S-
free chlorides). These mixtures were evaporated to dryness and
given the entire treatment according to the method for ores.
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TAKEN
Average Extreme
No. of BaSO,  Variation
H.SO. Fe Metal Added Runs Found in Tests
Equivalent to: as 9, S
50.009%, S 50.009, Pb 19, 3 50.01 .05%,
50.009, S 50.009, Cu 19, 3 50.00 .049,
50.009%, S 50.009, Cu 5% 3 50.04 069,
50.009, S 50.009, Ca 1% 3 49.96 059,
50.009%, S  50.009%, (P:Z’Cu} 19, each 3 49.96 .029%,
35.009%, S 65.009, Zn 109, 2 35.06 049,
35.009, S 65.009, As 5%, 3 35.05 .029%,
35.00%, S 65.00%, SiO, 59, 3 34.98 .07%,
Conclusions

Practically theoretical results are obtained with the extremes
of metallic impurities usually to be found in pyrites.

XI. Theoretical Ore

The sulphur was added as H2SO4 and the metals as S-free chlo-
rides in amounts corresponding to those in 1.3736 grams of an
ore of the following composition:

S 49.80%,
Fe 44.00%,
Pb 2.00%,
As 509
Cu .50%
Ca0 1.009,
Zn 1.009,
Si0, 1.209,

100.009,

This mixture was evaporated to dryness and given the entire
treatment according to the method for ores.

No. of Average BaSO, Extreme Varia- Mean Variation
Runs Found tion in Tests in Tests
as 9, S as % S as % S
6 49.77 .05 .03
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Conclusions

With the theoretical ore the results were within .039, of the
calculated sulphur content.

The experimental work thus far described shows that the method
gives accurate results with an amount of HySO; equivalent to
35% and 509, sulphur ores, and that ferrous iron, zine, lime,
copper, lead, arsenic, etc., do not interfere with the accuracy of
the results. It is'established, then, that with a properly oxidized
ore the results obtained will be accurate within .059%, to .109, of
theory. The barium sulphate precipitated from reduced iron
solution loses only a negligible amount of HCJ] and SO; on ignition
and the ignited BaSO, contains only a trace of iron. It does
contain some BaCl, but this amount is constant and apparently
compensates for the slight solubility in the large amount of water
used.

XII. Ozidation of the Ore Sample

In our choice of the most suitable oxidizing agent we were
limited to those which do not contain alkali salts. The two mix-
tures used in our experimental work were: (1) “reversed” aqua
regia! (with or without bromine), and (2), a mixture of CCl,
and bromine, followed by nitric acid.

It has been pointed out by many investigators that with certain
ores a part of the sulphur may separate out on treating with “re-
versed” aqua regia. This free sulphur may be oxidized by con-
tinued digestion with KXClO; but this is a disagreeable and lengthy
process and, moreover, introduces alkali salts. Liquid bromine
itself is too violent and its water solution too weak. CCly mixes
in all proportions with bromine, is a solvent for free sulphur in
case any separates, and volatilizes with the excess bromine upon
evaporation. A mixture of 2 parts by volume liquid bromine
+3 parts CCly was found to give excellent results. An ore treated
with this mixture followed after 10 minutes by HNO; is oxidized
completely, and evaporates to dryness more quickly than when
“reversed” aqua regia is used.

The CCl should be entirely free from all sulphur compounds;
very erratic results are obtained if such volatile sulphur compounds

13 vols. HNO; sp. gr. 1.4, and 1 vol. of HCl sp. gr. 1.2.
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(CS; etc.) are present. The CCly supplied by Baker & Adamson!
is entirely satisfactory.

In order to prove that oxidation is complete when using the
above proposed method, the silicious residues left after oxidation
have been repeatedly filtered and re-oxidized. The amount of
sulphur so obtained has never amounted to more than .049.

To further prove that there is no loss of volatile sulphur com-
pounds during oxidation the vapors given off were drawn through
bulb scrubbing tubes containing NaOH and the latter tested for
S. None was found.

From the above we have shown that Br—CCl,, followed by
HNO;, gives a complete oxidation of the sulphur without loss of
volatile sulphur compounds. It is to be preferred to aqua regia
in that it evaporates more quickly and there is never any separation
of free sulphur. Both methods of oxidation have been shown to
give identical results, however, on the same ore sample, as is shown
in the following:

Oxidation with Br4CCl4+HNO; Oxidation with¥HNO;4HCI+Br
43.839%, S 43.839%, S
43.829, S 43.849, S
43.849, S 43.87% S

XIII. The Effect of Fine Grinding on the Sulphur Content

As pointed out by Allen and Johnston? the sulphides of iron
gradually oxidize on grinding. In order to show clearly the amount
of this oxidation and also the amount of oxidation due to oven
drying of samples of varying degrees of fineness, a large sample
of dry ore was ground to pass 60 mesh; a portion of this was re-
served and the remainder ground to pass 80 mesh. This operation
was repeated, withdrawing samples left on the 80, 100, and 120
mesh screens. The material passing 120 mesh was further ground
for half an hour, a portion reserved, and the remainder ground
for another half hour. In the accompanying table are shown the
9 sulphur found in each reserved portion, analysed (1) without
drying, (2) after drying 1 hour, (3) after drying 16 hours.

1Easton, Pennsylvania.
“1oc. cit.
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Average Extreme

Ground Total Time Dried at Lossof Wt. No.of percent Variation
to Mesh Ground 212° on Drying Runs Sulphur in 9, S.
60 2 hrs. 20 min. Not dried 2 46.66 .04
2 hrs. 20 min. 1 hour 07% 3 46.61 .10
2 hrs. 20 min. 16 hours 069, 3 46.65 .06
80 2 hrs. 45 min. Not dried .... 3 46.63 .07
2 hrs. 45 min. 1 hour 07% 3 46.64 .06
2 hrs. 45 min. 16 hours 069, 3 46.69 05
100 3 hrs. 15 min. Not dried .... 3 46.63 .06
3 hrs. 15 min. 1 hour .089, 3 46.65 .07
3 hrs. 15 min. 16 hours 049, 3 46.69 .04
120 3 hrs. 35 min. Not dried .... 30 467320 01
3 hrs. 35 min. 1 hour .08%, 3 4629 .02
3 hrs. 35 min. 16 hours .049, 3 46.29 .06
Further
than120 4 hours Not dried .... 3 4598 .03
4 hours 1 hour 109, 2 4598 .06
4 hours 16 hours 059, 3 46.00 .03
Further
than120 4 brs. 30 min.  Not dried 3 4561 .03
4 hrs. 30 min. 1 hour 2 4560 .03
4 hrs. 30 min. 16 hours 3 45.61 .01

Conclusions

After the ore was ground finer than 100 mesh the oxidation due
to grinding was quite rapid. After the final grinding the ore con-
tained 19, less sulphur than the original sample. The oxidation
taking place in an oven at 212° even in 16 hours was inappreciable.

XIV. Comparative Results Between Different Methods Used for
Determination of Sulphur in Ores

A sample of ore was analyzed in our laboratory by several dif-
ferent methods with results as follows:
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% Sulphur  Average

New Method 46.32
46.31

46.33 46.32
Fresenius Method (Quan. Anal., II, P. 561 46.22
1904) 46.16

46.31 46.23
Lunge’s Method (Sulphuric Acid and Alkali 45.84
Edn. 2, Vol. 1, p. 56) 46.01

45.93 45.93
Lunge-Gladding Method 46.03
46.18

46.13 46.11

These results were obtained by an analyst skilled in the new
method, who interpreted and followed the directions given for
the other methods to the best of his ability, but who had had little
previous experience in their manipulation.

The method has also been investigated independently by the
Nichols Copper Company and its accuracy proved with known
amounts of HaSO,.

Moreover, as shown by comparative results between our labora-
tory and commercial analysts of New York—the latter using some
form of the Modified Lunge method—it has been found that our
method tends to give about .159, higher results than the latter.

At a meeting of representatives of Stillwell & Gladding, Ricketts
& Banks, Ledoux & Company, and Dr. Lucius Pitkin, commercial
analysts of New York, held June 25th 1912, the following resolu-
tion was unanimously adopted:

Whereas certain differences exist between the results reported
on sulphur in pyrites, between different chemists, and

Whereas the necessity of uniform results on this basic material
of chemical manufacture is to be highly desired, we recommend
the adoption of a standard method for the determination of sulphur
in pyrites, and state that in our experience the method as described
in the paper by Mr. W, S. Allen and Mr. H. B. Bishop to be read
before the Eighth International Congress of Applied Chemistry,
gives the true sulphur contents of the material, and we endorse
it as an accurate and satisfactory method.
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IV. FiNAL SUMMARY

The method for the determination of sulphur in pyrites ore as
now offered consists essentially of the complete oxidation and
solution of a eomparatively large sample by means of a solution
of Br and CCl,, followed by HNO;; the reduction of the iron
present by means of aluminum powder; and the cold precipitation
of the BaSO, in a large volume by the slow addition of a dilute
BaCl, solution.

In order not to greatly increase the length of this paper, a portion
only from a large mass of data covering every detail of the method
has been presented. This portion, however, demonstrates fully
the accuracy of the method and presents evidence as to the sound-
ness of the principles involved and necessity for the observation
of certain details.

A number of experienced analysts and inexperienced men fresh
from college have by the method accurately analysed samples
of pyrites ore, their duplicates almost invariably agreeing within
a few hundredths of a per cent. Men who used the method for
the first time obtained results agreeing closely with those by ana-
lysts of long experience with the method, evidencing its ease and
simplicity.

Commercial chemists of New York have analysed samples
both by their regular methods and by this new method. The
results obtained are in accord with our experience, viz., that the
new method tends to give results, about .1 to .15% higher, and that
check determinations agree within a few hundredths of a 9 S.
In view of the clear proof by Allen and Johnston! of the necessity
for various calculations in the presence of alkali salts, the higher
results obtained by this method—where alkali salts are absent—
are to be expected. We believe that the method gives accurate
results without the addition of any corrective factor whatever,
and we submit it to the Eighth International Congress in the
hope that the Congress will recommend its general adoption and
thus assist in obtaining uniformity of standards in analytical
methods.

oe. cit.






THE RELATIVE STABILITY OF PRIMARY CADMIUM
POTASSIUM IODIDE AND ITS APPLICATION IN
THE DETERMINATION OF OZONE

By CHARLES BASKERVILLE AND W. J. CROZIER
The College of the City of New York, New York, N. Y.

Of the several methods which have been proposed for the
determination of ozone, that of Schénbein, which consists in
estimating the iodine liberated from metallic iodides, has been
quite generally employed, although it is open to a number of
serious objections. It is well known that when acid potassium
iodide solution is employed, the potassium iodide-starch
reaction is neither a qualitative nor a quantitative indication of
the presence or amount of ozone; and that various agencies
influence the liberation of iodine from the acidified potassium
iodide solution, while chlorine, bromine and nitrites (frequently
found in the air) also give the reaction. These influences, of an
order of magnitude safely disregarded in other analytical work,
must be dealt with. With regard to the reliability of neutral
metallic iodide solutions, Lechner' maintained that unsatisfactory
results were obtained when determining ozone with the aid of
neutral potassium iodide solutions, as large quantities of iodine
vapor were liberated. This is directly contrary to the results
obtained by Ladenburg and Quasig?, who found that neutral
solutions only give correct results, and that acid solutions give
no sharp end-point and the results are too high®. They obtain good
results, but used, apparently, only ozone of a high state of purity.

Baskerville and Hamor* have pointed out the objections to
which potassium iodide is open as a reagent for hydrogen dioxide,
and the authors have found that as a test for ozone, potassium
iodide is subject to the same limitations, and, generally, even to
a greater degree. Baskerville and Hamor found that since primary

1Z. Elektrochem., 17, 412.

*Ber., 34, 1184 (1901).

*Qur experiments would tend to confirm these findings.
4J. Ind. Eng. Chem., 3, No. 6 (1911.)

53
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cadmium potassium iodide (CdKI;.H;O) is unaffected by the
presence of any likely amounts of acids in ethyl ether, and is
much more stable in light than potassium iodide in solutions of
comparable strength, its use is preferable for the detection of
peroxidized compounds in ether. The authors have extended
the observations on the stability of eadmium potassium iodide
and have employed it as a reagent for the quantitative determina-
tion of ozone.
L

THE COMPARATIVE STABILITY OF POTASSIUM IODIDE AND
CADMIUM POTASSIUM IODIDE

The cadmium potassium iodide used in the experiments which
follow was found to possess the following composition:

Water. Cadmium.
Calculated for CdKI;.H0 ........ 3.279%, 21.179%
Found:. ¥ e s S RS 3.36 20.98

It was free from foreign metals, sulphuric acid, and hydriodic
acid, and was soluble in about 0.95 parts of water at 15 deg. C.
The potassium iodide used was also found to be pure.

The statement is made in the literature! that solid cadmium
potassium iodide assumes a slight yellow color on standing. In
the experiments made by the authors on this point, the salt was
from two different lots: (¢) Some which, after purification, had
been standing for five years in a museum case, freely exposed to
diffused light during most of every day. This sample possessed
no yellowish tinge whatsoever, nor was there present any detectable
free iodine. (b) Samples of a fresh lot of “Cadmium & Potassium
Todide Merck.” These were exposed to direct sunlight for periods
ranging up to 25 days, and analysis showed that no decomposition
occurred. We are therefore inclined to believe that pure primary
cadmium potassium iodide uncontaminated with cadmium iodide,
potassium iodide or water in excess will not become colored upon
storage.

The next experiments were made on the rate of the decomposi-
tion of stock solutions of potassium iodide and cadmium potas-
sium iodide under laboratory conditions. N/10 solutions were

:E. g. by Abegg and by Merck (1907 Indez, p. 110).
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kept in the ordinary diffused light of the laboratory for two
months, at the end of which time the following comparative
results were obtained in g. of iodine:

Potassium iodide. Cadmium potassium iodide.
0.00053 0.00046

A series of experiments was then made on the relative stability
of cadmium potassium iodide toward various reagents. A 10
per cent solution was prepared and the following tests were made
with 2 ce. quantities, the exposures being to diffused daylight
during the daytime:

1. With 2 cc. of hydrochloric acid (density, 1.20), no per-
ceptible reaction occurred until after 30 hours.

2. With 2 cc. of sulphuric acid (density, 1.84) a yellow colora-
tion resulted at once.

3. With 2 cc. of 10 per cent sulphuric acid, after two days, the
reaction was as strong as in 6.

4. With 2 cc. of concentrated nitric acid, the reaction was
immediate.

5. With 2 cc. of 1:10 nitric acid, a reaction resulted.

6. With 2 ce. of 1:50 nitric acid, a reaction occurred after 40
hours.

7. Nitrogen tetroxide was found to give a prompt reaction,
being apparently the same as in the case of potassium iodide.

8. An equal volume of 99.5 per cent acetic acid gave no separa-
tion of iodine even after 5 days.

9. With 10 cc. of dilute hydrochloric acid, a slight reduction
was noted after three days. A 10 per cent potassium iodide
solution treated in the same way gave a strong reaction over night.

10. Two small flasks were 1/3 filled with (A;) 10 per cent
potassium iodide and (B;) 10 per cent cadmium potassium iodide,
and then exposed to diffused sunlight. After three days, there
was a faint yellow coloration in A;, but no separation of iodine in
B,. Titration gave the following results:

After 3 days  Ce. N/100 NapS,0; Ay B,
per 10 cc. sol. 0.16 None.
After 7 days 2 0.70 0.15

1The results recorded are at least the result of duplicate experiments.
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11. Asin No. 10 except that to each 0.10 ce. hydrochloric acid
(density 1.20) was added. After two days, the liquids were
withdrawn and the free iodine determined.

Az BZ
(10 per cent KI) (10 per cent CdKI;)
Ce. N/lOO NapS,0;

per 10 cc. sol. 1.25 0.19

12. 1 cc. of N/4 hydrochloric acid was added to 10 cec. each
of potassium iodide and cadmium potassium iodide in 10 per
cent solution, and the solutions were then placed in the sunlight.
After four days’ exposure, the results were:

A; B;
(10 per cent KI) (10 per cent CdKIy)
Ce. N/100 Nag 8,04

per 10 ce. sol. 19.91 1.88

13. Replacing the hydrochloric acid with 99.5 per cent acetic
acid, the following results were obtained after four days’ exposure:

A4 B4
(10 per cent KI) (10 per cent CdKI;)
Ce. N /100 N2,S,04
per 10 ce. sol. 9.63 2.12

14. Following the same procedure, except that an equal
volume of N/8 hydrochloric acid was added in each case, the
results were after five days:

As Bs
(10 per cent KI) (10 per cent CdKI;)
Ce. N/100 N2,8,0;

per 10 ce. sol. 33.22 14.20

The above experimental results demonstrate the comparatively
high stability of cadmium potassium iodide,— a fact which would
seem to be of importance in the selection of a reagent for the
determination of ozone, especially since we have found that the
compound is a sufficiently sensitive reagent for the detection
of nascent oxygen. It has been shown that in diffused sunlight
the action of mineral acids on cadmium potassium iodide is of
the following order: nitric acid reacts rapidly, while sulphuric
and hydrochloric acids react much more slowly, although sul-
phuric acid reacts with greater velocity. No attempt was made
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to maintain the oxygen concentration constant, but all the ex-
periments were run under identical conditions, and thus the rela-
tive stability of the solutions experimented with are on a com-
parative basis. Since Schwezoff' has shown that equivalent
quantities of sodium, potassium and cadmium iodides under
similar conditions evolve equal quantities of iodine, this point
was not determined.

Some experiments were also made on the chemical action of
ultra-violet light upon cadmium potassium iodide and potassium
iodide solutions. One hundred cc. portions of the solutions and
10 cc. of starch solutions were exposed to the rays from a Cooper-
Hewitt quartz lamp in porcelain vessels, with the following results:

Concentration H £ 2 2

5 Results with Potassium Results with Cadmium
OfSngé“g;f”s‘fdgm Todide. Potassium Iodide.
Saturated After an exposure of| Negative even after 40

5 minutes, 1.0 cc.|minutes.
N/10 NagS:0; re-
quired.

N/10 Traces of iodine in 20| Traces of iodine in 3 minutes
to 30 seconds. In 5|when the lamp was started
minutes, 0.05 cc.|with the experiment; titrat-
N /10 Na,S;0; able amount of iodine in 10
required. minutes, 0.03 cc. NayS,0;.
When the experiment was
started after the lamp had
been running 30 minutes, a
faint reaction was noted in
30 seconds and 0.04 cc.
Na,S,0; were required after

5 minutes.
N /100 Traces of iodine in 30| Traces of iodine in 30
seconds. seconds. No difference
from KI.
N /1000 No coloration with|No coloration even after

starch solution even |14 hours.
after 25 minutes.

1J. Russ. Phys. Chem. Soc., 42, 219 (1910).
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These results showed that N /10 and N /100 cadmium potassium
iodide is fully as delicate a reagent for hydrogen dioxide and ozone
as are solutions of the same strength of potassium iodide. Our
results on potassium iodide solutions present differences with
those of Ross!, but this is probably to be ascribed to the difference
in the form of lamp and to the natural variability of such results.
Ross found that ultra-violet light alone probably liberated a very
small amount of iodine from potassium iodide; his observations
are, in our opinion, to be ascribed to the forma,tlon of hydrogen
dioxide.

IIL.

THE EMPLOYMENT OF CADMIUM POTASSIUM IODIDE AS A
REAGENT IN THE ESTIMATION OF OZONE.

In the first experiments the air to be ozonized was taken from
a water gasometer and passed through the system including an
ozonizer and a Meyer bulb apparatus, the latter being connected
with the ozonizing apparatus by means of a ground glass joint.
The type of ozonizer employed was not very efficient, as is shown
by the results obtained?:

With neutral N/10 KI - With neutral N/10 CdKI;
Mg. ozone per liter. .. .. 036t T AT s SR NS i R 0.33
With acid (HCI) N/10 KI With acid N/10 CdKI,
Mg. ozone per liter.....0.42  ................. ) o 0.34

It will be seen that the results with acid potassium iodide were
high, while those obtained in using cadmium potassium iodide,
although slightly lower than those found by using neutral potas-
sium iodide, were about the same whether neutral or acid N/10
solutions were used. Alkaline solutions were found to be unre-
liable, as the end-point is difficult to determine and a precipitate
results in the case of cadmium potassium iodide.

In further experiments, a different type of “silent discharge”

1J. Am. Chem. Soc., 28, No. 6; Chem. News, 94, 245.

2All analytical results are the average of a series of runs; in no case were .
other than duplicate analyses made, and these mvarxably checked
satisfactorily.
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ozonizer was used; this, operated on a storage battery circuit at
22-23 volts, gave much more satisfactory yields of ozone. In the
runs which were made, the ozone was absorbed, except where
noted to the contrary, and the iodine liberated by agitation of
the absorbent with the iodide solution was then determined
by titration with standard sodium thiosulphate solution.

1. One-half liter of air was ozonized and turpentine (157° to
165° C.) was used as the absorbent. The amount of iodine
liberated from neutral N /10 potassium iodide was then determined.
Ce. of N/10 Na,S;0; required =29.48 =140.1 mg. ozone.

2. Run under the same conditions. Ce. of N/10 Na,S,0;=
29.70 =143.2 mg. ozone.

3. Run under the same conditions. Ce. of N/10 N2,8,0; =
29.71=143.2 mg. ozone. In Nos. 2 and 3, 20 minutes were found
to be sufficient.

4. Run under the same conditions, but using neutral N/10
cadmium potassium iodide solution. Ce. of N/10 NayS,0;=
25:5.

5. Asin No.4. Ce.of N/10 Na,S;0;=25.5.

6. Asin No.4. Cec. of N/10 NasS,0; =25.6.

7. As in No. 1, but adding 10 per cent of N/20 hydrochloric
acid to the potassium iodide solution. Ce. of N/10 NapS,0; =
34.8 and 34.75.

8. As in No. 4, but adding 10 per cent of N/20 hydrochloric
acid to the cadmium potassium iodide solution. Ce. of N/10
N2,3;0; =27.21 and 27.20.

In other experiments, alkaline iodide solutions were found to
be totally unsatisfactory; vegetable oils were found to be unsuit-
able for the absorption of ozone; and the use of anesthetic ethyl
ether gave low results (20.00 and 18.5 cc. N /10 Na,S,0; when used
as in No. 4) and a slow evolution of iodine from acid or neutral
solutions. A higher turpentine fraction (165° to 185°) than that
used before gave accurate results, but a longer time was required
to complete a run.

It is shown that acid potassium iodide solutions always give
high results, and that the results obtained by the use of both
neutral and acid N/10 cadmium potassium iodide solutions are
lower than those by means of neutral potassium iodide solutions,



60 Original Communications: Eight International [voL.

a result attributable to the greater stability of the cadmium
potassium iodide towards light and certain likely contaminants
of ozonized air. We believe that cadmium potassium iodide
solution acidified with hydrochloric acid is a more reliable reagent
than potassium iodide in neutral solution; its employment is only
necessary, however, when absorption of the ozone in turpentine is
the method followed. In the method of Schénbein, as used by
Ladenburg and Quasig, either neutral or acid solutions of cadmium
potassium iodide may be used; sharp end-points are obtained and
the results are not too high.
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I. INTRODUCTION
1. IMPORTANCE OF ACCURATE MANGANESE DETERMINATIONS

In spite of the large number of methods in use for the determi-
nation of this important element, results by different methods
and different chemists seldom show satisfactory agreement.
While differences of as much as a few per cent of the manganese
present have little commercial significance in iron and steel con-
taining one per cent or less of manganese, the highest possible
accuracy is demanded in the analysis of high-grade materials
such as manganese ore and ferro-manganese, of which large
amounts enter into commerce, at prices dependent upon the results
of analysis. For example, imports of manganese ore by this
country in 1911 amounted to 176,852 long tons, valued at $1,186,-
791. It can readily be seen that a constant error of one per cent
in the analyses of such material may cause a considerable difference
in the total amount paid for the ores. That constant errors of
such magnitude are possible with our present methods will be
shown in this paper.

2. SOURCES OF ERROR IN GRAVIMETRIC METHODS

Even with the greatest care, the gravimetric results are not
necessarily accurate, due not alone to the possibilities of losses
by solubility of precipitates, and of too high weight due to con-
tamination from vessels or reagents; but also to uncertainty in
the composition of the precipitates as weighed. The three forms
in which manganese is most commonly determined gravimetrically
are MnsOs, MnP,0; and MnSO,. It is generally admitted that
the first of these is unsatisfactory, as the composition depends
directly upon the temperature of the ignition and the nature of
the atmosphere surrounding the precipitate. Even under care-
fully regulated conditions Raikow and Tischkow® could not
obtain results which agreed to better than one part in two hundred.
Gooch and Austin? have shown that the composition of manganese
‘“pyrophosphate” depends upon the content of ammonium salts
and ammonia and the temperature, volume, and method of pre-

iChem. Ztg., 35, 1013 (1911).
*Am. J. Sci., 6, 233 (1898).
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cipitation of the manganese ammonium phosphate. Even under
the conditions which they recommend, their errors amounted in
some cases to one per cent of the manganese present, and were
in general too high. The method cannot therefore be considered
satisfactory for highly accurate work; and certainly not for ob-
taining a known amount of manganese to serve as a primary
standard. Experiments deseribed in this paper have led to the
conclusion that manganous sulphate, obtained under proper
conditions, is the most accurate form in which this element can
be weighed, both in gravimetric analysis and in securing a known
amount of manganese.

3. SOURCES OF ERROR IN VOLUMETRIC METHODS

The difficulty of securing a known amount of manganese to
serve as a primary standard has hindered the accurate investi-
gation of the great number of volumetric methods which have been
proposed. In most cases they have been tested by comparison
with other methods, gravimetric or volumetric, which had not
been shown to be intrinsically accurate. This fact, together with
the usual dependence of the results of such methods upon the
precise conditions of operation, has led to the publication of a
large number of contradictory papers upon these methods. For
example, the Volhard method and its various modifications have
been the subject of over fifty investigations since its publication
in 1879. It is generally admitted that the results by this method
are low unless an empirical factor dependent upon the conditions
of operation is employed, though some investigators have obtained
theoretical results under certain conditions. In view of the above
situation, it is highly desirable to find some method which will
yield results of known accuracy, which are not closely dependent
upon the exact conditions of operation, and which may serve to
test other methods.

II. THE BISMUTHATE METHOD
1. OUTLINE OF METHOD

Of various methods considered, the bismuthate appeared most
promising, and has been found to entirely fulfill the above require-
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ments. In this method the manganese in nitric acid solution is
oxidized with sodium bismuthate, of which the excess is removed
by filtration through asbestos. To the resulting permanganic
acid is added a measured excess of ferrous sulphate solution,
which is then titrated with permanganate of known strength and
of known ratio to the ferrous solution. The investigation there-
fore resolved itself into a study of the methods of standardizing
the permanganate employed in the final titration and the influence
of the various conditions of operation upon the results obtained
by the bismuthate method.

2. HISTORY OF METHOD

The method as originally prepared by Schneider! depended upon
the use of bismuth tetroxide as the oxidizing agent and titration
of the permanganic acid with hydrogen peroxide. In this form
the method was employed by Campredon,? Mignot® and Jabou-
lay. Reddrop and Ramage® modified it by employing sodium
bismuthate, which was more readily obtained free from chlorine,
and suggested filtration of the permanganic acid directly into
the hydrogen peroxide. On account of the instability of the latter
reagent Ibbotson and Brearley® replaced it by ferrous ammonium
sulphate, in which form the method has been since used, being
described in detail by Blair?, whose directions for this method
are generally followed in this country.

3. STANDARDIZATION OF SOLUTION

(a) Discussion of Methods.—As above stated, the accuracy of
any such volumetric method depends principally upon the method
of standardization employed. Blair® mentions in his book three

1Ding. Poly. Jour. 269, 224.

*Rev. Chim. Indust., 9, 306 (1898).

8Ann. Chim. anal. §, 172 (1900).

‘Rev. gen. chim., 6, 119 (1903).

sJour. Chem. Soc. 67, 268 (1895).

%Chem. News, 84, 247 (1901). X ;

1Jour. Am. Chem. Soc. 26, 793 (1904) and ‘“Chemical Analysis of Iron.”
6th and 7th ed. |

*In the appendix of the 1912 edition, p. 330, Blair recommends the stand-
ardization with sodium oxalate, under approximately the conditions given by
MecBride, as the most accurate method; a conclusion based upon the work
described in this paper.
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methods, viz.: (a) calculation from the iron value, (b) use of a
steel of known content, and (c) use of a known amount of man-
ganous sulphate; without expressing any preference, or opinions
as to their relative accuracy. Standardization by means of sodium
oxalate may be included under (a) since values found with this
standard under proper conditions! have been found at this Bureau
to agree with iron values within one part in a thousand?. Method
(b) is a secondary method and is evidently unsuitable for work
of high accuracy. As will be shown later, the standardization of
manganous sulphate is a tedious operation and subject to con-
siderable errors. For this reason sodium oxalate was considered
at this Bureau to be the most convenient and accurate standard
for this method. Brinton® however stated that there was a dif-
ference of one per cent (at first stated as over three per cent)
between the values based upon sodium oxalate and manganese
sulphate respectively. In a paper from this Bureau by Dr. W. F.
Hillebrand and the author* the reasons for our belief in the
accuracy of the sodium oxalate standard were expressed in the
form of a preliminary paper, the conclusions of which have been
verified by subsequent investigations described in this paper.
(b) Evidence based on Reduction and Reoxidation.—The original
basis of our use of the sodium oxalate standard for this method
was the fact that if a definite amount of a permanganate solution
be reduced and then reoxidized by means of the bismuthate method
it is exactly equivalent in oxidizing power to the original perman-
ganate. This experiment was based upon a similar one suggested
by Wolff* and employed by de Koninck® for testing the accuracy
of the Volhard method for manganese. Its significance as applied
to the bismuthate method is that the manganese is oxidized to the
same state of oxidation as was originally present in the permanga-
nate, theoretically Mn*"". In the absence of evidence to the con-
trary it seems highly improbable that any appreciable man-
ganese can be present in a filtered permanganate solution in a form

MecBride: Jour. Am. Chem. Soe., 34, 415 (1912).

?See Bureau of Standards Certificate for Sibley Iron Ore, Standard Sample
27.

3Jour. Ind. Eng. Chem., 3, 237 and 376 (1911).

‘Jour. Ind. Eng. Chem., 3, 374 (1911).

5Stahl u Eisen, 11, 373 (1891).

*Bull. Soc. Chim. Belg., 118, 56 (1904).
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other than Mn"", and still less probable that in an entirely dif-
ferent medium the manganese should be oxidized by bismuthate
to the same state of oxidation, other than Mn"". Since, however,
at least two persons in addition to Brinton had observed a dis-
crepancy of the order of one per cent between the sodium oxalate
and manganese sulphate values, the subject deserved further
investigation; not alone from the standpoint of the manganese
determination, but also as possibly throwing light upon the com-
position of permanganate solutions and their action as oxidizing
agents. At this point it may be mentioned that the original
observations regarding the reduction and reoxidation of the
permanganate have been confirmed entirely, with solutions
A4, B, E and G, prepared as shown on p. 67.

4. PREPARATION OF MATERIALS AND SOLUTIONS

(a) Water—Water used in the purification of permanganate
and in the preparation of all the permanganate solutions except
I and K was distilled three times, the last two being from alkaline
permanganate. Water used for the rest of the work was ordinary
distilled water of good grade.

(b) Air.—The air used to deliver the solutions from the stock
bottles was washed with acid bichromate solution and alkaline
permanganate followed by a column of glass wool.

(c) Asbestos.—The asbestos used in the filtration of the per-
manganate solutions and in the bismuthate method was digested
for several days with hydrochloric acid, which was finally removed
by thorough washing with hot water. It was then suspended in
water and the finest portions separated and used in this work.
For a few of the experiments this asbestos was ignited, without
making, however, any appreciable difference in the results. A
two-inch platinum cone, arranged as suggested by Blair!, was used
for preparing the filter.

(d) Potasstum Permanganate—Two commercial samples of
potassium permanganate were employed, Baker & Adamson’s
C. P. salt, and Kahlbaum’s “K” grade. A portion of the former
was purified by two recrystallizations in Jena glass flasks, the
solutions being electrically heated, and filtered through ignited
asbestos just before being allowed to crystallize. The fine crystals

1““Chemical Analysis of Iron.” 7th ed. p. 123.
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so obtained were sucked dry on a platinum cone and were then
exposed in a thin layer in the dark for four weeks in a vacuum
desiccator over concentrated sulphuric acid, the vacuum being
maintained at approximately two centimeters. In spite of this
long drying, the material was found to contain 0.389, water as
determined by heating to decomposition and collecting the water
in a weighed calcium chloride tube. When dissolved in pure water
and immediately filtered through asbestos, the solution left a
slight stain upon the filter. After thorough washing this stain was
dissolved off with sulphurous acid, and its manganese content
determined colorimetrically, being equal to about 0.019, i.e.,
a negligible quantity. Numerous attempts to prepare a perman-
ganate solution which would leave absolutely no stain upon as-
bestos proved unsuccessful. Whether such stains were due to the
action of the asbestos itself as claimed by Tscheishvili}, or to
reduction of the permanganate by traces of dust or other reducing
substances, could not be determined. The amount of such reduc-
tion was however negligible, and far less than that observed by
Tscheishvili.

(e) Permanganate Solutions were prepared by dissolving a
weighed amount of the salt in water; and in the case of the commer-
cial samples, filtering through asbestos to remove manganese
peroxide, etc. They were then made up to a definite weight of
solution, since the subsequent analyses were conducted entirely
with weight burettes.

The following solutions were employed in the investigation:

TABLE I. PERMANGANATE SorLuTioNs USED

Solution |Approximate Strength KMnO« H:0 Preserved
A 0.03N Purified Purified Dark
A, 0.03N Purified Purified Dark
B 0+19% KOH | Purified Purified Dark
E 0.1N Purified Purified Dark
G 0.1N B&A Purified Dark
I 0.1N B&A Ordinary Light,
K 0.IN Kahlbaum | Ordinary Light

1J, Russ.: Phys. Chem., Soe., 42, 856 (1910).
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These solutions were preserved in stock bottles provided with
an inlet and exit tube with ground glass joint as in an ordinary
gas wash bottle. To the inlet tube was sealed a U-tube containing
some of the same solution as was in the bottle, thereby preventing
changes in concentration of the latter. The exit tube was pro-
vided with a three-way stop cock and a tip by which the solution
could be delivered to the weight burette by means of purified
compressed air.

(f) Stability of Permanganate Solutions.—At first it was thought
necessary to protect these solutions with black paper, but later
experiments showed that in the course of several months no ap-
preciable decomposition took place in the solutions exposed to
diffused daylight, provided they were first freed from peroxide
and were protected from dust and other reducing substances,
and that only purified air entered the bottles. Solution I, for
example, prepared from ordinary distilled water, and permanga-
nate containing appreciable peroxide, which was removed by a
single filtration through asbestos, did not suffer decomposition
within the limits of observation (one part in two thousand),
on standing for two months without protection from the light;
even though it was intentionally exposed to bright sunlight for
several hours soon after it was prepared. In connection with this
observation, which simply confirms previous work of others!,
it is desirable to call attention to another point in connection with
the stability of permanganate solutions, which so far as I know
has not been previously noted, or published. Under conditions
which rapidly reduce neutral permanganate solutions, e.g., the
presence of dust, reducing gases, or precipitated peroxide, decom-
position is greatly retarded by the addition of a small amount
of alkali. It was upon the basis of this observation, first noted
qualitatively, that solution B was prepared with one per cent.
of potassium hydroxide. Results with this solution were entirely
satisfactory, but since the other solutions, when protected from
reducing substances, were perfectly stable, the use of alkaline
solutions for this work was found unnecessary. Under commercial

1Morse, Hopkins & Walker: Am. Chem. J., 18, 401 (1896). Gardner and
North: J. Soc. Chem. Ind., 23, 599 (1904). Warynski & Tscheishvili-Jour.
Chim. phys., 6, 567 (1908).
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conditions, however, where it is not always practicable to protect
the solutions, the addition of a small amount of alkali will add to
their stability.

(9) Manganese Sulphate.—Pure material was prepared from
300 grams of Kahlbaum’s crystallized manganese sulphate (“Zur
analyse’’), the operations being conducted entirely in platinum.
It was dissolved in water and filtered to remove a small amount
of insoluble matter. It was next saturated with hydrogen sul-
phide, producing a small amount of a black precipitate which
was found to contain copper. Additional hydrogen sulphide
and a small amount of ammonia produced a precipitate entirely
pink, which was filtered out. The hydrogen sulphide was expelled,
a few drops of sodium hydroxide were added and the solution
was boiled and filtered; the precipitate being found to contain
iron. This last operation was twice repeated, the third precipitate
being free from iron. An excess of pure, freshly prepared am-
monium carbonate was then added and the precipitate of MnCOj;
washed with hot water, by decantation and suction, till free from
sulphate. It was dissolved in a slight excess of hydrochloric acid
and crystallized twice as MnCly, 4H,0 (at—5°). The latter crystals
were treated with an excess of sulphuric acid, and heated in a
double-walled platinum dish till almost all the excess sulphuric
acid was expelled. The product was entirely soluble in water, and
contained a slight excess of sulphuric acid as determined in sub-
sequent tests (Table IT A, p. 74).

(h) Sodium Ozalate.—Two samples were employed, one which
had been especially purified by the author for a previous investi-
gation!, and a larger sample prepared especially for this Bureau,
and which was found to have a reducing value equal to the former,
within the limits of one part in two thousand.

(?) Ferrous Sulphate and ferrous ammonium sulphate were
employed indiscriminately after it was found that the solutions
possessed about the same stability. The C.P. salts as purchased
were employed, since their exact composition was not important.
For use with 0.03N permanganate, the solution was prepared
according to Blair, with 12.4g ferrous ammonium sulphate (or
8.8g crystallized ferrous sulphate) and 50 cec. concentrated sul-

!Blum: Jour. Am. Chem. Soc., 34, 123 (1912).
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phuric acid per kilogram of solution. For use with 0.1N perman-
ganate, a solution containing 39.2g ferrous ammonium sulphate
(or 27.8g ferrous sulphate) and 50 cc. concentrated sulphurie
acid per kilogram was prepared. If phosphoric acid was employed,
as recommended by Dudleyl, it replaced half of the sulphuric
acid in the 0.03N solutions; but was added in addition to the
regular amount of sulphuric acid in the 0.1N solutions.

Stability of the Ferrous Sulphate Solution. Incidental obser-
vations upon the change in strength of 0.03N ferrous ammonium
sulphate indicated that the rate of oxidation, though slow, was
erratic, due no doubt to variation in the extent of its exposure
to air. With 0.1N ferrous sulphate and ferrous ammonium sul-
phate, the daily rate of oxidation under the conditions used was
approximately one part in five hundred, i.e., about one per cent
in five days, over considerable periods. This rate will depend
no doubt upon the conditions of its preservation, and is of interest
only as indicating how often its strength should be checked up
for work of any desired degree of accuracy. Ratios obtained at
the beginning and end of various series of determinations showed
that no appreciable change took place in a period of a few hours,
thus confirming the observation of Baskerville and Stevenson2

() Nitric Acid of regular C.P. grade was employed; in the
concentrated form, and diluted to twenty-five per cent and three
per cent by volume. The former two solutions were preserved
in the dark, since it has been recently shown by Reynolds and
Taylor® that nitric acid as weak as ten per cent is decomposed by
light, but that recombination takes place in the dark.

(k) Bismuthate—Two samples of C.P. sodium bismuthate
were employed, one from Baker & Adamson and one from Eimer
and Amend. These two samples differed very markedly in ap-
pearance, the former being dark brown and the other yellow.
In spite of this fact, no difference could be detected between them
as regards their suitability for this oxidation. It is well to mention
however that this compound, of more or less indefinite composition,
is somewhat unstable, and if preserved for over six months should
be tested for its efficiency of oxidation.

!Blair: ‘““Chemical Analysis of Iron,” 7th ed., p. 125.
2Jour. Am. Chem. Soc., 33, 1104 (1911).
Jour. Chem. Soc., 101, 131 (1912).
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(1) Ferric Nitrate—In order to test the effect of ferric salts
upon this method, it was necessary to obtain iron, or some salt
of iron which was free or practically free from manganese. This
proved to be a difficult task, and after testing American ingot
iron, and a large number of ferrous and ferric salts, the only one
found satisfactory was a sample of Merck’s crystallized ferric
chloride, which contained less than 0.0019, manganese. To
convert this to nitrate, it was first converted to sulphate by
evaporation to the appearance of fumes with an excess of sul-
phuric acid, and the sulphate was precipitated with ammonia,
washed and dissolved in nitric acid. The resulting salt was free
from chloride (of which traces interfere in the bismuthate method)
and contained only a small amount of sulphate (which is without
effect on this method).

(m) Use of Weight Burettes.—Simple weight burettes were
made by drawing down the tips of cylindrical graduated separa-
tory funnels (50 and 100 cc.). The increased accuracy gained
by the use of weight burettes is especially desirable in an operation
involving a back titration, and also the ratio of the two solutions
used. Weighings were usually made to 0.01g, except in the case
of the smaller amounts of manganese sulphate solutions, which
were weighed to 0.005g or in some cases 0.001g. The titrations
were usually made in Erlenmeyer flasks of convenient size.

5. STANDARDIZATION OF PERMANGANATE WITH SopDruM OXALATE

Nothing is to be added to the conclusions of McBride,! except
to emphasize their relation to the present problem. The conditions
recommended by him for the standardization of 0.1N permanga-
nate are briefly as follows: Volume of 250 cc. acidity 29, sulphuric
acid by volume, initial temperature, 80°-90°; slow addition of
permanganate, especially at beginning and end; final temperature
not less than 60° and endpoint correction by comparison with a
blank containing a known amount of the permanganate. His
statement that the variation in results over a wide range of con-
ditions does not exceed one part in a thousand, applies to titra-
tions involving the use of about 50 ce. of 0.1N permanganate.
If, however, 0.03N permanganate, commonly used in the bismuth-

Jour. Am. Chem. Soc., 34, 415 (1912).
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ate method, is standardized with sodium oxalate, slight variations
in the conditions may cause a relatively much larger error, es-
pecially if, as is not uncommon, only about 25 cc. of permanganate
is employed. For standardization of 0.03N permanganate, the
conditions of McBride were employed, except that the initial
volume was 75 cc., instead of 250cc.,i.e., the oxalate concentration
was about the same as for 0.1N permanganate. In this way the
uncertainty in the endpoint caused by titrating in a large volume
with weak permanganate, can be reduced to a minimum. For
accurate work, however, the endpoint correction should be made
since the object of this titration is to determine the absolute
oxidizing power of the permanganate. With so small a volume
of solution it is usually necessary to reheat it to 60°-70° before
completing the titration. These conditions, as shown by McBride,
represent a minimum consumption of permanganate, i.e., the iron
or manganese values are a maximum. Any deviation from these
conditions will tend to lower the iron or manganese values, which
it is believed accounts in part for the discrepancy noted by Brinton
and others between values derived from sodium oxalate and from
manganese sulphate. For calculation of the manganese value
from the sodium oxalate, the factor 0.16397 was employed.

6. STANDARDIZATION ON PERMANGANATE WITH
MANGANOUS SULPHATE

(a) Standardization of Manganous Sulphate Solutions.—The
two methods commonly used for determining the strength of a
manganous sulphate solution are (a) precipitation as manganese
ammonium phosphate and ignition to pyrophosphate, and (b)
evaporation of the solution and heating the residue to a certain
temperature. Unfortunately both of these will yield high results
if the solution contains substances other than manganese sulphate;
whether in the original salt or derived from the glass in which the
solution is preserved. But even with pure solutions the results
are of uncertain accuracy, especially in the case of the pyrophos-
phate as above mentioned (p. 3). Weighing as sulphate was there-
fore adopted as the means of securing a known amount of manga-
nese. The chief source of uncertainty here is the temperature of
the final heating, a point upon which the evidence is rather un-
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certain and contradictory. Volhard' was able to obtain constant
weight with a special burner, but not with a Bunsen burner.
Marignac? determined the atomic weight of manganese by
heating the sulphate “nearly to red heat.” Meineke® determined
this element as the sulphate, which, after being heated to a tem-
perature not stated, was completely soluble in water. Friedheim?
heated the salt to 360°-400°, while Gooch and Austin® obtained
constant weight by heating in double crucibles, one centimeter
apart, the outer one being at red heat, a procedure since recom-
mended by Treadwell.® In determining the water of crystalliza-
tion of the various hydrates of manganous sulphate, Thorpe and
Watts” heated the salt to 280°, Linebarger® to 170°-180° and
Cottrell® to 270°-280°, though the latter found that no decomposi-
tion took place at 350°. Richards and Fraprie!® showed, however,
that as much as 0.19; H,O remained in the salt after heating for
one half hour at 350°, but that five niinutes’ heating at 450° pro-
duced complete dehydration without decomposition. Classen!!
and Blair'? recommend heating to dull red; while Fresenius®
declares that accurate results can be obtained only by chance,
as it is impossible to expel all excess sulphuric acid without de-
composing the salt.

The following experiments were conducted to determine the
temperature to which manganous sulphate may and must be
heated, to expel all the water or excess sulphuric acid and to obtain
the normal anhydrous salt. About two grams of the salt was
heated in an open platinum crucible in a small electrically heated
muffle, temperatures of which up to 400° were measured with a
450° nitrogen-filled thermometer, and above 400° with a platinum-
rhodium thermocouple calibrated at this Bureau. The crucible

!Ann. Chem., 198, 318-64 (1879).

?Arch. Sci. phys. et Nat. 3, 10, 25 (1883).
3Chem. Ztg., 9, 1478, 1787 (1885).

*Z. anal. Chem., 38, 687 (1899).

SAm. Jour. Sci., §, 209 (1898).

*Treadwell & Hall: Quant. Analysis II, 104.
"Jour. Chem. Soc., 37, 113 (1880).

8Am. Chem. Jour., 15, 225 (1893).

*Jour. Phys. Chem., 4, 637 (1900).

Am. Chem. Jour., 26, 75 (1901).

114 Ausgew, Meth. Analytische Chem.” I, p. 363.
124 Chem. Analysis of Iron,” 7th ed., p. 126.
B3Fresenius-Cohn: ““Quant. Analysis.” I, p. 297.
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was kept covered in the desiccator and upon the balance, where
it was weighed against a similar crucible as a tare. The results
of three series of heatings are shown in Table II, the figures in
the last column being calculated from the weight which remained
practically constant from 450° to 500°.

TABLE II
TEMPERATURE OF DECOMPOSITION OF MANGANOUS SULPHATE
A
MANGANOUS SULPHATE PREPARED AS ON P. 69
Time Weight of Per cent of Remarks

Temp. Hours MnSO,, g Constant Weight

300° 1 2.3655 100.10

350° 16 49 100.07

420° 2 42 100.04

420° 2 40 100.03

420° 17 37 100.02

480° 4 33 100.00

480° 17 32 100.00

540° 4 31 100.00

550° 18 29 99.99

620° 4 25 99.97  Slight darkening

The final product was dissolved in water and the insoluble
residue filtered out, washed and ignited, yielding 0.0006g Mn;O,,
equivalent to 0.0004g Mn, or 0.0011g MnSO,. The filtrate was
evaporated for series B.

B
Time Weight Per cent of Remarks

Temp. Hours MnSO. g Constant Weight

300° 3 2.3659 100.15

340° it 44 100.10

400° i 4 28 100.03

440° 18 23 100.00

480° 5 22 100.00

480° 1 ff18 22 100.00

570° 15 17 99.98 Slight darkening
570° 18 09 99.95 Decided darkening

A few drops H,SO;+4H,SO4 were added to the final product,
which was then reheated for series C.
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C g

Time Weight Per cent of Remarks
Temp. Hours MnSO, g Constant Weight
300° 4 2.3717 100.40
3202 17 690 100.28
400° 5 41 100.08
400° 17 34 100.05
460° 5 23 100.00
460° 17 23 100.00
525° 5 21 99.99
525° 17 19 99.98
580° 5 17 99.97 Slight darkening
580° 17 08 99.94 Decided darkening

From Table II the following conclusions may be drawn:

1—Manganous sulphate does not undergo any appreciable de-
composition upon prolonged heating to temperatures up to 550°.
2—At temperatures from 550°-600° (from incipient to dull redness)
this salt decomposes slowly. 3—The anhydrous normal salt can
be obtained only by heating, for considerable periods at 450°-
500°, especially if an excess of sulphuric acid be originally
present. 4 — Attempts to obtain the pure salt by heating
directly over a flame, or even in a double crucible, without temper-
ature regulation or measurement, must be subject to consider-
able uncertainty.

Having now a means for obtaining a known weight of manga-
nous sulphate, solutions of known strength (from 0.002 to 0.005
gram manganese per gram of solution) were prepared by dissolving
a known weight of the pure salt, heated to constant weight at
450°-500°, and making up to a definite weight of solution, the
manganese content of which was calculated by the use of the
factor MnSO,—Mn=0.3638. In one case, for example, 5.749
grams pure anhydrous MnSO; was dissolved in water and the
solution made up to exactly 1000 grams; producing a solution one
gram of which contained 0.002091g Mn, which value was confirmed
by evaporation of a weighed portion of the solution and heating
to 475° to constant weight. Determinations made by another
chemist upon this solution,gby evaporation and heating for a
short time to ‘“dull redness,” yielded the values 0.002100, 2092,
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2103, and 2101; the mean value 0.002099 being therefore 0.389
too high, i.e., an error of about one part in two hundred and fifty.
Upon another solution prepared in the above manner, and con-
taining 0.002000g Mn per solution, the same chemist obtained by
direct heating to dull redness 0.002004, 2006 and 2005; i.e., the
results were high, in spite of the fact that in the latter series at
least, very slight decomposition had evidently taken place in the
bottom of the crucible. Apparently therefore those parts of the
salt on the sides of the crucible had not been heated to the neces-
sary temperature for a sufficient length of time to expel all water
or excess acid. In view of these facts, the desirability of substi-
tuting for the manganous sulphate, some other standard, such as
sodium oxalate, is very evident.

(b) Effect of Conditions upon Standardization with Manganous
Sulphate.—(1) Ferrous sulphate-permanganate ratio. This ratio,
which is fundamental for the accuracy of the method, is usually
determined by means of a blank experiment, that is, a determina-
tion is run through in the absence of manganese, under the condi-
tions to be used in the regular analyses. This procedure, which
was evidently devised for the purpose of eliminating errors due
to impurities in the reagents, has been found to be unnecessary,
i.e., the ratio so obtained is the same as that obtained by direct
titration of the ferrous sulphate in the same volume. This is
due to the fact that on the one hand the bismuthate oxidizes readily
any traces of nitrous acid which may be present in the nitric
acid; and that on the other hand nitric acid of the strength present
in the final solution does not have any effect upon the ferrous
salt in the short time necessary for a titration. If, however, the
ferrous salt be titrated in the presence of nitric acid containing
small amounts of nitrous acid, which has not been treated with
bismuthate, an excessive amount of permanganate will be con-
sumed, due to the reducing action of the nitrous acid upon the
permanganate, which takes place more rapidly in the presence
of ferrous salt than in its absence. It must be clearly understood
that conducting the blank experiment in the usual way does not
obviate the necessity of avoiding the presence of nitrous acid in
the solutions of manganese used in the standardizations or analy-
ses; since as indicated by Blair!, nitrous acid will reduce part of

1Seventh Ed. p. 128.
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the permanganic acid, precipitating manganese peroxide, which
is not reoxidized by the bismuthate.

While not strictly necessary, the determination of this ratio
by means of a blank affords a convenient means of testing the
efficacy of the filter, and has therefore been followed in all this
work. The conditions found most satisfactory are as follows.
To 50 ce. of nitric acid (259, by volume), add a small amount of
bismuthate. Shake and allow to stand a few minutes, dilute
with 50 cc. of 39, nitric acid; filter through the asbestos filter
and wash with 100 ce. of 3 9 nitric acid. To the filtrate, which
should be perfectly clear, add a volume of ferrous sulphate approxi-
mately equal to that to be used in the subsequent determinations
(25 to 50 cc.) and titrate at once to the first visible pink. Even
for the most accurate work, no endpoint correction is required
for this titration, provided only that the solutions are always
titrated to the same color, and that about the same volumes are
used in the standardization and analyses. '

(2) Amount of manganese present in a determination.—One of
the serious limitations of this method is the small amount of
manganese generally determined, making it somewhat unreliable
for high-grade materials. Blair recommends the presence of
from 0.01 to 0.02g Mn, involving the use of a sample of manganese
ore of only 0.02g, obtained by taking an aliquot of the solution of
a gram of the ore, Ibbotson and Brearley?! state that the method
is equally applicable for large or small amounts of manganese
without however giving the evidence for this conclusion. Since
with 0.03N permanganate, 0.015 Mn is the largest amount that
can be conveniently determined, the following experiments were
conducted with approximately 0.1IN KMnO, and FeSO, The
results are expressed in terms of the manganese value of one gram
of the permanganate solution. It should be noted that a high
result indicates incomplete oxidation of the manganese by the
bismuthate. In these and the following series the following con-
ditions were tentatively employed, and the variation produced
by a change of one condition was noted in each series of experi-
ments. The manganese sulphate was oxidized at room tempera-
ture in a volume of about 50 ce., containing 259, nitric acid by
volume. An excess of bismuthate (about 0.5g) was added, the

!Chem. News, 82, 269 (1900).
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solution was agitated for one minute, the sides of the flask were
rinsed down with 50 ce. of 39, nitric acid, and the solution at
once filtered with suction through the asbestos filter, previously
The flask and filter were washed several
times with 89, nitric acid of which about 100 cc. was used. The
filtration and washing required from 1 to 3 minutes.
filtrate ferrous sulphate was added immediately in slight excess
which was at once titrated with permanganate.

coated with bismuthate.

TABLE III.

ErrFecT OF AMOUNT OF MANGANESE IN THE PRESENCE
OF VARIABLE AMOUNTS OF IRON

MANGANESE VALUES CALCULATED FROM

SopiuM OXALATE MANGANOUS SULPHATE

0.001090 0.03 0.001088
91 0.03 bt 88
92 0.03 1.0 89
92 0.03 1.0 89
91 0.03 1.0 91
91 0.03 1.0 92

B
91 0.05 90
92 0.05 92
91 0.05 90
92 0.05 87
90 0.05 Sl 90
90 0.05 1.0 89
89 0.05 2.0 90
92 0.05 3.0 89

C
91 0.10 89
91 0.10 89
90 0.10 1161
90 0.10 1089
0.10 97
0.10 96
0.10 1107
0.10 A 1088
av. 0.001091 av. of A & B. 0.001089

[voL.

To the
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From Table III it is evident that for amounts of manganese
up to 0.05g the method is accurate within the limits of error,
i.e. about one part in five hundred, while results obtained with as
much as 0.10g Mn are decidedly erratic, only one half approaching
the correct values. It is apparent therefore that about 0.05g
Mn is the practical limit under these conditions. This amount is
however far more satisfactory than only 0.01-0.02g, and permits
the use of 0.10g of high-grade manganese ore, a decided advantage.
As seen in series A and B, the results with as much as 3g iron
present, are entirely satisfactory. The agreement of the sodium
oxalate and manganese sulphate values will be discussed later. -

(8) Acidity, volume, time of standing, etc. — The results of sev-
eral series of experiments to determine the effect of various
conditions upon the bismuthate method are summarized in the
following table.

TABLE 1V

ErrecT oF CONDITIONS UPON BISMUTHATE STANDARDIZATION
KMnO, Solution K

Series Method Modification el Dbttt i
Al Na:C:04 | Standard—p 6 0.001098
BN MnSO. | Standard—p 9 1098
Cl1 MnSO, Initial conc. HNOs;—109, 3 1114
2 MnSO, Initial conc. HNOs+—409, 3 1098
D1 MnSO, Initial volume—150 cc. 3 1098
E1l MnSO, Shaken with bismuthate 15 sec 3 1097
F1 MnSO, Stood before filtration 10 min. 3 1097
2 MnSO. Stood before filtration 30 min. 1 1097
G1 MnSO. Stood after filtration 10 min. 1 1097
2 MnSO. Stood after filtration 20 min. 1 1097
3 MnSO, Stood after filtration 30 min. 1 1098
H1 MnSO, Stood after addition of
FeSO, 10 min. 1 1096

2 MnSO, Stood after addition of
FeSO, 30 min. 1 1084
o MnSO. Addition of Hs PO—5 cc. 3 1099
Mean of all MnSO, values except Ci&H: 1098

Of the MnSO;, values given in Table IV, the individual deter-
minations of all except those in C; and H,, varied less than one
part in five hundred from the mean, showing that accurate results
can be obtained over a very wide range of conditions. The only
conditions found to produce appreciable errors were (a) deficiency
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of nitric acid, and (b) allowing the solution to stand more than
ten minutes after the addition of the ferrous sulphate, of which
about 10 cc. excess was present. Since there is no ocecasion for
either of these conditions to arise in good practice, the method
may be considered accurate under all ordinary conditions of pro-
cedure, an important criterion for a standard method of analysis.
Use of phosphoric acid.—The addition of this reagent as recom-
mended by Dudley, was found convenient though not necessary;
since with 0.1N solutions, there was no difficulty in obtaining a
sharp endpoint within 0.03 cc. of permanganate, without its use.
If used, it should be added to the ferrous sulphate solution before-
hand, rather than during the titration, since in the latter case a
white precipitate, probably consisting of basic bismuth phosphate,
separates, rendering the endpoint slightly less distinct. With
very large amounts of iron, e.g. 3-5g, such as would have to be
used if Mn in steel were determined with 0.1N permanganate, it
was found that addition of phosphoric acid possesses no advan-
tage, since it tends to produce a pink color, due probably to the
formation of an acid ferric phosphate!, which obscures the end-
point as much as does the ferric nitrate. The use of 0.1N solutions
is therefore recommended only for manganese ores and similar
high-grade products, in which the highest accuracy is desired.
(¢) Probable course of reactions.—From Table IV, some light
may be thrown upon the probable course of the reactions when
manganese is oxidized by bismuthate. At least two reactions are
probable: (a) direct oxidation to Mn"™ and (b) interaction of
unoxidized Mn" with the Mn"", precipitating Mn", which is
then removed from the oxidizing influence of the bismuthate.
If these two reactions may take place, the problem resolves it-
self into a determination of the conditions under which reaction
(a) will be accelerated and (b) will be retarded, so that (a) goes
practically to completion before (b) can take place to an appreci-
able extent. The favorable conditions for (b) as conducted in the
Volhard method, for example, are slight acidity and high tempera-
ture; which should therefore be avoided in the bismuthate oxida-
tion. That this explanation is plausible is shown by a comparison
of C; and C;. That complete oxidation may be effected in a short
1Erlenmeyer and Heinrich: Ann. Chem., 190, 191, (1877.)
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time is indicated in E;; in which connection the necessity for
thorough agitation must be emphasized. Other experiments,
not recorded here, showed that with 0.05g or more of Mn, complete
oxidation could not be effected if the solution was not thoroughly
agitated. In the earlier experiments in this investigation, the
solutions were artificially cooled to about 5°; but after it was found
that results at room temperature, 20°-25° were entirely satis-
factory, artificial cooling was dispensed with.

(d) Conditions recommended.—Correct results can be obtained
‘under the following conditions. To the manganese solution
containing 20409, nitric acid (free from nitrous acid), in a volume
of 50-150cc., add a slight excess of bismuthate (usually 0.5 to 1.0
gram), agitate thoroughly for about one half minute; wash down
the sides of the flask with 39, nitric acid, add a slight excess of
ferrous sulphate, and titrate at once with permanganate. For
iron and steel,0.03N solutions as described by Blair are satisfactory.

For ores and ferro manganese 0.1N permanganate solution
may be employed, and an amount of material containing about
0.05 gram manganese. For the rapid solution of ores, a method
recommended by Blair! has been found convenient. One gram
of the ore is fused in a large platinum crucible with 10 grams
potassium bisulphate, one gram of sodium sulphite and 0.5 gram
sodium fluoride. The heating should be very slow till efferves-
cence ceases. After complete fusion the produet is cooled, then
heated carefully with 10 ce. concentrated sulphuric acid, cooled,
dissolved in water, and made up to a definite volume. The
slight precipitate of barium sulphate usually present will not
influence the manganese determination.

7—AGREEMENT OF VALUES DERIVED FROM SopioM OXALATE
AND MANGANOUS SULPHATE

Consideration of the values in Table V shows plainly that
no greater difference than one part in five hundred exists between
the results derived from sodium oxalate and manganese sulphate
respectively, instead of the former values being one per cent
lower, as claimed by Brinton and others. In fact in the case of
the 0.1N solutions, the only ones in which an accuracy of more

Private communication.
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than one part in five hundred is realizable, the manganous sulphate
values show a tendency to be from one to two parts per thousand
lower than the sodium oxalate results. It is at least interesting,
though perhaps not significant, that if the value 55.00 instead of
54.93 be used for the atomic weight of manganese, the results
with the 0.1N solutions agree in every case to within one part in
a thousand.
TABLE V
CowmparIisON OF Na.C:0( aND MnSO, VALUES

MANGANESE VALUES DERIVED FROM
P eg‘gﬁﬁ%ﬁ;”“e Sodium Oxalate Manganese Sulphate
No. of Detns. 1¢g KMnOs=g Mn. | No. of Detns. | 1g KMnOs==g Mn.
A, 3 0.0003465 3 0.0003469
A, 4 0.0003462 3 0.0003462
B 6 0.0003454 5 0.0003458
E 9 0.001096 4 0.001094
G 7 0.001091 5 0.001090
I 18 0.001091 28 0.001089
K 6 0.001098 29 0.001098

8—ANALYsIS OF PURE PERMANGANATE CRYSTALS

Additional evidence of the correctness of the above values was
found in the analysis of the pure permanganate prepared as
described on p. 10, which contained 0.389, water. The salt should
therefore contain 34.639, manganese, instead of 34.769, the
theoretical content for pure anhydrous KMnO, This difference
with specially purified permanganate indicates clearly the probable
presence of water as well as manganese peroxide in C. P. perman-
ganate, rendering it unsuitable as a primary standard. Man-
ganese was determined gravimetrically by precipitation with
ammonium sulphide; the manganese sulphide being washed with
dilute ammonium sulphide, ignited in a weighed crucible, treated
with sulphurous and sulphuric acids, evaporated, heated to 450°
to constant weight, and weighed as MnSO,. The manganese in
the filtrates was determined colorimetrically. Results of dupli-
cate analyses were 34.709, and 34.669), the mean 34.689, agreeing
closely with the theoretical value 34.63%,. The oxidizing value
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of this permanganate was determined by means of solutions A,
A,, and E (Table V) which were prepared by the solution of an
exact weight of the salt in a definite weight of solution. In A,
and A,, exactly one gram KMnO; was dissolved and diluted to
one kilogram; yielding solutions having an oxidizing value equiva-
lent to 34.65%, Mn (average of all sodium oxalate and manganous
sulphate values for A; and A,). Solution E contained 3.1606g
of the salt per kilogram, and possessed an oxidizing power equiv-
lent to 34.659%, Mn, (derived from the average of all sodium oxa-
late and manganous sulphate values for solution E). Solutions
B, G, I, and K were prepared of only approximately the desired
strength, and the results have no relation to the composition of
the solid permanganate employed. "

9—ANALYSIS OF MANGANESE ORES

TABLE VI
ANALYSES OF MANGANESE ORES

Analsyt Method Ore 1 Ore II Ore 111
A Bismuthate 52.47 52.53 50.50
B Modified Acetate 52.40 52.29 50.52
Author Bismuthate 51.93 52.03 50.12

Analyses of the Bureau of Standards Manganese Ore (Standard
Sample No. 25) by means of permanganate I, gave as the average
of nine determinations, 56.309;, Mn upon the basis of the sodium
oxalate standardization, and 56.209 if calculated from the man-
ganous sulphate. These results are in good agreement with the
mean value 56.369, derived from all determinations upon the
certificate; and with the value 56.33 formerly found by the author
with the bismuthate method, using sodium oxalate as the standard.
Unfortunately comparisons based upon this sample are not neces-
sarily conclusive, since the mean value 56.369, is derived from
results ranging from 56.15 to 56.63, obtained by eight chemists
using a variety of methods, the lack of agreement of which is
illustrated. If the bismuthate results by the author are correct,
a conclusion made highly probable by the work here described,
the value of the ore lies between 56.20 and 56.309, manganese;
and many of the values found by other methods, by the author
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and others, are too high. That the tendency of many commercial
methods is to yield results higher than those by the method here
recommended, is shown in the results of analyses of three man-
ganese oresbythe author and two well known commereial chemists.
The differences here shown, amounting to 0.8 to 1.09, of the
manganese present, are by no means insignificant. The discrep-
ancy between the results by A and the author, both using the
bismuthate method, was found to be due mainly to differences
in the method of standardizing the manganous sulphate solution
(see p. 75). These results show elearly the necessity for a thorough
investigation of other methods for determining manganese, in
order that accurate results may be uniformly obtained.

10—SUMMARY

1—To obtain normal, anhydrous manganous sulphate, the salt
may and must be heated for a considerable time at 450°-500°,
i.e., just below red heat.

2—Standardizations of permanganate solutions (both 0.03N
and 0.1N) by means of sodium oxalate, manganous sulphate,
and solid permanganate agree within the experimental error,
which in the bismuthate method could not be reduced much
below one part in five hundred. Taken together with the agree-
ment of sodium oxalate and iron values, and the experiments
upon the reduction and reoxidation of permanganate, the absolute
accuracy of the above results, within the experimental limits, is
rendered almost certain.

3—In view of the difficulties attending the use of manganous
sulphate, standardization by means of sodium oxalate, undeér
definite but easily realizable conditions is recommended.

4—Results by the bismuthate method, are accurate over a very
wide range of conditions, for amounts of manganese up to 0.05
gram.

5—For accurate determinations on rich ores, ete., the use of
0.1N permanganate is recommended, while for iron and steel the
method described by Blair is entirely satisfactory.

6—The statement of Blair that ‘“this method for materials
containing small amounts of manganese, say up to 2 per cent, is
more accurate than any other method, volumetric or gravimetric”









ON THE DETECTION AND SEPARATION OF ALUMINUM
AND BERYLLIUM BY THE ACTION OF AMYL
ALCOHOL ON THE NITRATES

By Paiuip, E. BRowNiNG AND SiMoN B. KUzIRIAN
Yale University, New Haven, Conn.

PRELIMINARY

The work to be described is a study of the process of dehydra-
tion with amyl alcohol, as applied to the separation of aluminum
and beryllium.

Aluminum nitrate was dissolved in a few drops of water in a
test-tube, about 10 em.? of amyl alcohol was added, and the whole
was brought to the boiling point, 128°-130°. Apparently the
aluminum salt separated completely; and after filtration on a dry
paper the filtrate, upon treatment with ammonium hydroxide,
showed no evidence of aluminum in solution. Beryllium nitrate,
similarly treated, remained in solution; 5 cm.3 of a saturated solu-
tion made in this way proved to contain from 0.10 grm. to 0.13
grm., calculated as BeO.

QUALITATIVE METHOD

Table 1 shows the results of a number of experiments upon the
application of this method to the qualitative separation and detec-
tion of aluminum and beryllium. The aqueous solution of the
salts was in each case evaporated to a few drops, and about
10 cm.3 of amyl alcohol was added. The whole was then brought
to the boiling point, and the complete dehydration was indicated
when the fumes of the alcohol burned quietly at the mouth of the
test-tube. The separation of a solid residue in the liquid or upon
the side of the tube indicated aluminum. The alcohol was then
allowed to stand until cool, and was filtered on a dry paper.
Upon the addition of a drop of ammonium hydroxide to the
filtrate, a precipitate [Be(OH).] showed the presence of beryllium.
Care was taken to treat not more than 0.1 grm. of material with

87
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10 cm.? of alcohol, in order to be well within the limit of solubility
of the beryllium salt in amyl aleohol.

The solutions used were prepared by one of the experimenters,
and the tests were made by the other, without knowledge of the
content of the solution under examination. The method was
thus given an unprejudiced trial.

QUANTITATIVE METHOD

The first experiments on the quantitative side of the problem
were made upon the salts separately.

Solutions were prepared and standardized in the usual manner,
by precipitation as the hydroxides, ignition, and weighing of the
oxides. Portions of these solutions were drawn from burettes into
small counterpoised beakers and weighed, as a check on the
burette readings. In each case the solution was then evaporated
to dryness and the residue dissolved in a few drops of dilute nitric
acid. About 15 cm.3 of amyl alcohol was added, and boiling
was continued until a thermometer placed in the liquid registered
from 125° to 130°. After cooling, the alcohol was decanted
through asbestos felt in a perforated platinum crucible, the crucible
and felt having been previously ignited and weighed.

In the case of aluminum, the residue in the beaker was dis-
solved in dilute nitric acid, and the dehydration was repeated
with another 15 em.® of alcohol. This double treatment was
employed because of the tendency of a separating salt to include
some of the soluble salt, when the two are present together.
After the second dehydration, the aluminum nitrate was filtered
on the felt previously used, having been washed from the beaker
with amyl aleohol contained in a wash bottle. The salt that ad-
hered to the beaker was dissolved in water and dilute nitric acid,
and the aluminum was preeipitated as the hydroxide by ammonium
hydroxide. The aluminum nitrate on the felt was then ignited
to the condition of the oxide, and the aluminum hydroxide belong-
ing to the same determination was added, and filtered on the same
felt, and the whole was ignited to constant weight. Table II
gives the results when aluminum was present alone.

The results when beryllium was present alone are to be found
in Table III. In these determinations two boilings were made,
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the clear liquid obtained was poured upon the weighed felts, and
the felts were washed with alcohol. In a number of cases the
felts were ignited and weighed, and were shown to be free from
beryllium by their unchanged weight. Several methods were
tried for estimating the beryllium in the amyl alcohol filtrate,
such as burning the alcohol and weighing the residue, precipitat-
ing directly with ammonium hydroxide with or without mixture
with ethyl or methyl aleohol, and extracting from the alcohol by
shaking with water in a separating funnel and precipitating from
the water extract by means of ammonium hydroxide. The last
proved to be the most convenient method. Two shakings with
about four times the volume of water gave satisfactory results.
By this procedure the alecohol may be recovered for repeated use.

When aluminum and beryllium were present together some
difficulty was encountered, due, apparently, to the tendency of
the aluminum to include the beryllium, even after two treatments.
However, the results given in Table IV show a rough separation,
and the authors feel confident that further study of the method
will make better results possible.

As a qualitative method the results are entirely satisfactory,
and the process can be recommended for the preparation of beryl-
lium salts free from aluminum.

TABLE I
Al taken Be taken

Calculated as Al{0, Calculated as Be0 Al result Be result
0.1000 0.0000 Decided test No test
0.1000 0.0010 Decided test Fair test
0.0080 0.0020 Decided test Distinct test
0.0040 0.1000 Decided test Decided test
0.0008 0.0000 Faint test No test
0.0008 0.0020 Faint test Distinct test
0.0002 0.0000 Very faint test No test
0.0000 0.0040 No test Distinct test
0.0000 0.0002 No test Faint test
0.0000 0.0000 No test No test
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TABLE II
Al calculated as Al.Os

Taken Found

grm. grm.

0.065 0.065
0.1042 0.1040
0.1039 0.1024
0.1042 0.1050
0.0429 0.0442
0.0421 0.0427

Average error 0.0002+-
TABLE III
Be calculated as Be0

Taken Found

grm. grm,
0.1087 0.1074
0.0313 0.0312
0.1022 0.1025
0.1020 0.1027
0.1021 0.0034

Average error 0.00024 .

Error
grm

0.0002+
0.0002—
0.0015—
0.0008+
0.0014+
0.0006-+

Error

grm.
0.0013—
0.0001 —
0.0003+
0.0007+
0.0013+

In the last three cases Be was extracted from the alcohol by shak-

ing with water.

TABLE IV
Al calculated as Al
Taken Found Error Taken
grm. grm, grm. grm,
0.1048 0.1060 0.0012+ 0.0364

0.0653  0.0675
0.0456  0.0474
0.0625  0.0615
0.0639  0.0644

Average error, Al, 0.00124

0.0022+ 0.0316
0.00184  0.0316
0.0010-—- 0.0407
0.0005+  0.0410

Be calculated as Be0

Found Error
grm. grm.
0.034 0.0024—

0.0320  0.00044
0.0316  0.0000

0.0395 0.0012—
0.0440  0.0030+

Average error, Be, 0.00004 —



THE METHODS OF THE UNITED STATES  STEEL
CORPORATION FOR THE COMMERCIAL SAMPLING
AND ANALYSIS OF PIG IRON!

Tae Cuemists’ CoMMiTTEE OF THE U. S. STEEL CORPORATION

PREFACE

In conformity with the design of the Officials of the United
States Steel Corporation for the standardization of the methods
employed in the sampling and analysis of all materials encountered
in their various lines of manufacture, the Chemists’ Committee
presents this compilation of standard methods for the sampling
and subsequent analysis of molten pig iron.

In selecting the methods, the Committee employed the same
line of procedure as in former cases, viz., the careful consideration
of all the methods employed in each laboratory of the Corporation,
evolving therefrom the several methods herein deseribed, the im-
mediate adoption of which is desired.

The services of Messrs. W. B. N. Hawk, Wm. Brady and C. H.
Rich, a sub-committee appointed for the preparation of this
pamphlet, are gratefully acknowledged.

INTRODUCTION

A quite obvious cause of nonconformity of results of comparative
analyses in the various laboratories of the Corporation has been
an apparent lack of uniformity of method in the sampling and
analysis of molten iron.

This condition is particularly apparent with regard to the
determination of the sulphur, numerous discrepancies in which
would appear to indicate the absence of, and the necessity for,
some uniform method of procedure. The estimation of the sulphur
by the gravimetric method and the determination of the remaining
constituent elements of the iron, are susceptible of a most satis-
factory degree of accuracy. The successful issue of the volumetric

1Copyright 1912 by J. M. Camp, Chairman Chemists’ Committee.
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determination of the sulphur, however, is largely dependent upon
the grade of the iron and the conditions under which the test is
taken. A disturbing factor in establishing a satisfactory standard
of comparative values in such analyses is the loss of uncertain
and varying proportions of the sulphur, due to the formation of
volatile and difficultly oxidizable organic sulphides, upon solution
of white or chilled iron in hydrochloric acid. Comparative tests
by anumber of chemists of the Corporation having shown quite
satisfactory agreement in sulphur values as obtained by the evo-
lution method in sand cast and properly taken so-called chilled
test samples, it has been decided to adopt for all purposes the
more convenient chilled test, which, it is believed, will tend to
conserve the desired comparative accuracy. True values may be
obtained in the crushed shot sample by annealing the powder in
a current of natural gas or under any convenient non-oxidizing
conditions, but the exigencies of the routine of the works labora-
tory, as demanded by the conditions necessarily involved in the
manufacture of iron and steel, would in most cases prohibit this
metallurgical refinement.

The methods of analysis herein described represent the best
present day practice and it is hoped that their adoption will go
far toward reconciling those too often variant conditions, con-
venience of manipulation and accuracy of result.

The solutions as prescribed are indicated in their various
proportions on a one litre basis. It will be found convenient, how-
ever, in most cases to employ in actual practice corresponding
multiples of a greater volume.

SAMPLING

Character of the Sample
Two optional methods are prescribed for taking the test:

1. Plate or Pat Test

With a suitable hand ladle a portion is dipped from the stream
of molten iron and, with the spoon of the ladle resting upon a
clean dry iron plate, a pat of such size as may be desired is poured
thereon.






94 Original Communications: Eighth International [voL.

2. Chilled Mould Test

With the spoon of the hand ladle resting upon the dry clean
mould (later to be described) a portion is poured sufficient to fill
the mould.

The use of the water shot sample is to be considered as in viola-
tion of the standard method. The sand cast sample may be used
but the uniform adoption of the pat or the chilled mould test is
urged.

Number of Samples to be Taken

As tending to a reasonable degree of accuracy, it is recommended
that a portion be secured, timed as nearly as may be practicable
for the middle of each ladle of iron representing the cast. Equal
portions from each of these samples are conveniently combined
for the subsequent analysis.

Preparation of the Sample

The tests are either drilled or crushed as required. If crushed,
only that portion passing an eighty-mesh sieve is used for the sub-
sequent analysis.

Description of the Mould

Two convenient forms of mould are recommended, either of
which may be used to advantage.

The mould (Figure 1) furnishes a test which may be conveniently
broken and crushed. The number of the furnace may be cast in
the mould with Roman numerals or any other suitable form of
designation. The two ridges shown in the test in this figure indi-
cate that the test is taken from furnace No. 2.

The mould (Figure 2) furnishes a test which may be either
drilled or crushed. If the sample is to be crushed, the notched
prolongation “T” is broken and crushed and the main body of
the test reserved for the furnace man’s fracture test. The furnace
number may also be indicated in this form of mould in the same
manner but not so conveniently and only in the main body of
the test.

The moulds are made of cast iron and are illustrated in detail,
with complete dimensions, in Figures No. 1 and No. 2.
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METHODS OF ANALYSIS

Determination of Silicon

Drown’s Method

A single or double factor weight, .4693 or .9386 gram, of the
sample is transferred to a glazed porcelain dish, 15 to 25 cc. of
the silicon mixture added, gentle heat applied to the uncovered
dish, and the solution is evaporated to pronounced fumes of
sulphuric anhydride. The dish is removed from the heat and
allowed to cool, the residue is moistened with 10 cc. of the dilute
hydrochloric acid, 50 cc. of hot water added and the solution
heated without boiling until the soluble salts dissolve. The residue
of silica and graphite is collected on a 9 cm. ashless filter, washed
alternately with hot dilute hydrochlorie acid and water to the dis-
appearance of the soluble iron, and finally with hot water until
free from chlorides. The residue is ignited uncovered in a weighted
crucible at a moderate temperature until the carbon is completely
oxidized, and finally for a few minutes at a higher temperature to
the dehydration of the silica. The residual weight in milligrams
divided by ten and corrected in conformity with the initial weight
of the sample equals per cent silicon.

Ford’s Hydrochloric Acid Method

This well known method is useful in point of rapidity, yielding
satisfactory results in a shorter time than the more refined Drown’s
method. A single or double factor weight of the sample is trans-
ferred to a porcelain or platinum dish with cover glass, 20 or 30
cc. of concentrated hydrochloric acid added and the solution
boiled rapidly to complete dryness; the residue is not baked.
Ordinarily, decomposition is complete by the time the evapora-
tion is effected. To the dry residue in the platinum dish there is
added at once, or in the porcelain dish when sufficiently cooled,
20 cc. of the dilute hydrochloric acid. The solution is heated
gently for a few minutes with the addition of 50 to 60 cc. of water,
and the heating continued until the soluble salts dissolve. The
residue is collected and finally weighed as in the previously de-
scribed Drown’s method. The use of suction in the filtrations and
the ignition of the residue in an atmosphere of oxygen will be appre-
ciated as factors affecting the rapidity of the analyses in both of
the above methods.
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SOLUTIONS REQUIRED
Silicon Mixture

NIt cA G et el v i s 1.20 sp. gr. 750 ce.

SulphuricsActdrf i g Tne o Jaad 1.50 sp. gr. 250 ce.
Dilute Hydrochloric Acid

Hydrochloric Acid ................ 1.20 sp. gr. 500 cc.

BV bCTr el S AR A R 0 £ S et O e e 500 ce.

DETERMINATION OF SULPHUR
Volumetric Method

Evolution Iodine Titration

It is apparent that the evolution method is of comparativegvalue
only and is in no sense to be regarded as yielding the exact measure
of the sulphur content of the iron, a fact of which due cognizance
should be taken by all users of pig iron. Equally apparent, how-
ever, is the undoubted usefulness of the method in connection with
the routine requirements of the iron laboratory and of the various
metallurgical processes in conjunction with which it is used.

The apparatus as recommended for this determination consists
of a flask of suitable form and size, preferably sixteen ounce
Florence ring neck with a two hole rubber stopper equipped with
an ordinary funnel or thistle tube and a short piece of glass tubing
bent at right angles (exit tube) in the respective apertures. The
exit or delivery tube is connected with the absorption vessel in
such manner as to conduct the evolved gases to the bottom of the
vessel. The absorption may be effected either in the beaker in
which the titration is to be conducted, or in a test tube, preferably
10" by 1”, suitably supported.

A minimum of 2.5 grams or a maximum of 5 grams of the sample
is transferred to the flask, the stopper is inserted and the flask
conveniently connected with the vessel containing the absorbent;
40 to 60 cec. of dilute hydrochloric acid are introduced through
the funnel and heat applied, a brisk evolution of the gases being
maintained until the powder is decomposed. The temperature
is then raised until the steam formed has forced the last trace of
the hydrogen sulphide gas into the absorbent. The heat is re-
moved, the apparatus disconnected and the titration conducted.

Ten cc. of the starch solution are added to the titrating beaker
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and the contents of the absorption tube transferred thereto. Both
the absorption and delivery tube are rinsed with cold water and
any adhering precipitate is dissolved by means of a fine jet of the
dilute hydrochloric acid. Care is exercised that the acid solution
be not unduly agitated before the introduction of the iodine solu-
tion. If the absorption is effected in the beaker, the delivery
tube is removed first, cleansed with the acid and water and, with
the precaution suggested above, an excess of the dilute acid is
added. The final volume of the solution should approximate
400 cc. The solution is stirred gently in order to neutralize the
alkali of the absorbent, which, if left undisturbed, reacts with the
iodine with formation of a substitution product from which the
iodine is but partially liberated upon acidifying the solution. The
iodine solution is then added in successive portions, while the
solution is stirred as the color fades, until the addition of a final
drop yields the permanent blue color of the adopted endpoint.
The number of cubic centimeters of the iodine required multi-
plied by .01 is equivalent to per cent sulphur.

The volume of the solution in the absorption vessel is so adjusted
as to insure a sufficient body for the absorption of all of the gas,
and a sufficient excess of the stock absorbent is maintained in
proportion to the total volume of the solution. The proportions
as used in the 10 in. by 1 in. test tube (15 cc. of any of the stock
absorbents diluted to 60 cc.) may be taken as a basis therefor.
If desired, the starch indicator solution may be added to any
of the stock absorbent solutions in such proportions as to furnish
the equivalent of 10 cc. of the indicator in the titration.

SOLUTIONS REQUIRED

Starch Indicator. To one litre of boiling water in a suitable
flask, a cold emulsion of six grams of starch suspended in 100 cc.
of cold water is cautiously added, and the boiling continued five
minutes after the final addition. The solution is cooled to room
temperature, and, with the addition of six grams of zinc chloride
in 50 cc. of cold water, mixed thoroughly and set aside for a day
or two with occasional shaking. After the final subsidence of
the heavier residue, the starch solution is siphoned into the con-
tainer and the settlings rejected. The zinc chloride is added as
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a preservative. Preliminary boiling of the water tends to les e
the fronting or formation of large bubbles on the addition of the
starch.

Standard Iodine. Ten grams of potassium iodide crystals,
followed by 4.5 grams of resublimed iodine, are transferred to a
glass stoppered graduated flask; 25 ce. of cold water are added
and the flask is shaken until the iodine is completely dissolved.
The sotution is diluted to volume of one litre and set aside for not,
less than twenty-four hours before standardizing. The known
sulphur of a standard steel, as determined both by the evolution
and oxidation methods, is used as the basis of standardization
with final adjustment so that 1 cec. is equivalent to .01 per cent
sulphur on the basis of the weight of sample used

Dilute Hydrochloric Acid

EuneentratedFAeids r At Tl Il K T L 500 ce.
D o B e A r B e U S U 500 ce
ABSORBENTS
Ammonzacal Solution of Cadmium Chloride
@adniumalChlom deltle 1L Do L8 5 grams
Water:. .. : - Mot o O A ST A i S i ol 375 cec.
AT S o T o' s e Lt AT S S 625 cc.
Caustic Alkali
Caustic PotashorSoda. ..................... 5 grams
M AT IS NAT AR bl e e s 1,000 cc.
Ammoniacal Solution of Zinc Sulphate
ZnnoRSulplaterWe e Ay L L 10 grams
SO AT BRI AN - ki ek s L L 625 cc.
W00 o < o 4a e e i N ) Sy R 375 cc.

Gravimetric Method

Five grams of the sample are transferred to a clean No. 4
beaker or twelve ounce Erlenmeyer flask, and with the addition
of 100 cc. of concentrated nitric acid, gentle heat applied until
solution is complete. It is sometimes necessary to check a too
violent action of the acid, which might result in loss of unoxidized
sulphur, by placing the beaker or flask in cold water. The solution
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is boiled briskly to low bulk, and after cooling somewhat, 30 cc.
of strong hydrochloric acid added, the solution is again concen-
trated, and following the precautionary addition of one gram of
pure scdium carbonate, transferred to a clean porcelain dish
and evaporated to complete dryness and the residue baked a short
time at a moderate temperature.

The dish is allowed to cool, 35 cc. of concentrated hydrochloric
acid added and heat applied until the soluble salts dissolve; the
solution is again evaporated to complete dryness and the residue
baked as before. This procedure insures the elimination of the
nitric acid. The dish is cooled, 35 cc. of concentrated hydrochloric
acid are added and heat is applied until the soluble salts are again
dissolved. The cover is removed, and with the dish placed upon
a suitable asbestos ring in order to prevent the formation of a
crust of the metallic salts upon the sides, the solution is evaporated
to the first appearance of the separation of the chlorides, which
are then dissolved by the addition of a few drops of concentrated
hydrochloric acid; three drops should suffice. Cold water is added
to volume of about 75 cc., the residue is collected upon an 11 em.
filter and the filtrate received in a No. 2 beaker. The residue
and filter are washed with the least possible amount of the hot
dilute hydrochloric acid, alternated with cold water, to the dis-
appearance of the iron stains and finally with hot water to volume
of about 200 ce. To this cold solution 10 cc. of a ten per cent
solution of barium chloride are added and the solution is allowed
to stand with occasional stirring not less than twelve hours.

When the precipitate. of barium sulphate has subsided, it is
collected upon a 9 cm. close ashless filter, washed with dilute
hydrochloric acid (five per cent) to the disappearance of the
iron and finally with hot water until free from chlorides. The
filter and residue are ignited uncovered in a weighed crucible
at a moderate temperature to the disappearance of the carbon of
the paper and finally at a somewhat increased temperature for
ten minutes. The residual weight multiplied by 13.74 and divided
by 5 equals per cent sulphur. The filtrate is set aside until satis-
fied that no further precipitation ensues.

The carbonaceous siliceous residue of the original solution

“usually retains some sulphur and is ignited in platinum under
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cover of pure sodium carbonate and decomposed by fusion with
further addition of the carbonate and two-tenths gram of nitre;
the subsequent hydrochloric acid solution is freed from its silica
and added to the original filtrate, or examined separately for
sulphur.

It is apparent that absolute purity of reagents and cleanliness
of utensils and the final weighing of the barium sulphate effected
under the most exact conditions, are determining factors in the
successful issue of analyses by this method.

DETERMINATION OF PHOSPHORUS

Volumetric Method
Acid Alkaly Titration

One to two grams of the sample are transferred to a flask,
preferably twelve ounce Erlenmeyer, 40 cc. of nitric acid (1.13
sp. gr) added and heat applied until the sample is decomposed.
The sides of the flask are washed down, one gram of ammonium
persulphate is added and the solution boiled until the combined
carbon is completely oxidized. The residue is caught on an 11 cm.
filter and washed with dilute nitric acid (two per cent) and hot
water to the disappearance of the soluble iron. The filtrate is
heated to boiling in a suitable flask, a slight excess of a solution
of potassium permanganate added and the boiling is continued
until the excess of the permanganate is decomposed. The resultant
precipitate of manganese dioxide is reduced to its soluble nitrate
by means of the chosen reducing agent and the boiling continued
until the excess thereof is decomposed.

With the solution at a temperature of 80° C., 40 to 60 cc. of
ammonium molybdate solution are introduced and the flask is
shaken for five minutes. The precipitate quickly subsides and
is at once collected upon a 9 cm. filter, washed with dilute nitric
acid (two per cent) until free from iron, and then with solution
of potassium nitrate (one per cent) to the removal of the last
trace of free acid.

The titration may be conducted in a beaker or in the flask in
which the precipitation was effected. Care is exercised in the
latter case to wash the flask thoroughly with the neutral wash, as
any acid present of course reacts with the standard alkali. The
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filter and precipitate are transferred to the beaker or flask and the
standard alkali is added in excess sufficient to render easy the
subsequent maceration of the filter, which is accomplished by
breaking up with a clean glass rod, or, if in a flask, by shaking the
flask closed by a clean rubber stopper. When the precipitate has
dissolved and the paper is thoroughly disintegrated, the solution is
diluted and three drops of the indicator are added. The standard
acid is then added to the disappearance of the pink tint, the sides
of the titrating vessel washed down with cold water and, with a
final volume of about 150 cc., the standard alkali is added to the
adopted pink endpoint. The number of cubic centimeters of the
alkali used in excess of the acid, multiplied by .01 or .02, is the
equivalent of phosphorus in hundredths per cent.

SOLUTIONS REQUIRED

Standard Caustic Soda. Six and six-tenths grams of pure
sodium hydroxide are dissolved in 100 cc. of boiled water. The
solution is freed from any carbonic acid introduced by the caustic
alkali, by the addition of about 1 cc. of a saturated solution of
barium hydroxide with subsequent filtration, and the solution
finally diluted to volume of one litre. If desired, a stock solution
may be carried, a convenient aliquot portion of which is diluted
for the working solution.

Standard Nitric Acid. Ten cc. of concentrated acid diluted to
one litre. The acid and alkali solutions are standardized against
the known phosphorus of a standard steel with final correction
so that they are exactly agreeing and 1 cec. is equivalent to .01
per cent phosphorus on the basis of two grams of the sample.

Ammonium Molybdate. To 65 grams of molybdic acid (85
per cent) suspended in 142 ce. of cold water in a suitable flask,
143 cc. of strong ammonia are added and the flask is rotated until
the molybdic acid is completely dissolved. The solution is cooled
and added slowly to 715 ce. of nitric acid of 1.20 sp. gr. while
the acid solution is vigorously stirred.

Molybdic acid is at times encountered which fails to yield a
permanently clear solution of the ammonium molybdate; the addi-
tion of one or more drops of a 10 per cent solution of ammonium
phosphate assists in clarifying the solution. The solution is allowed
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to stand over night, when it is filtered into the container, pref-
erably through purified asbestos and with the aid of suction.
Phenolphthalein. One gram dissolved in one litre of ethyl
alcohol.
Nitric Acid (1.13 sp. gr.)
Nitrie Acid—Concertrated. . ................ 240 cc.

Potassium Permanganate Ozidant. Twenty-five grams to one
litre.
REDUCING AGENTS

Ammonium Bisulphite. Five per cent solution.

Ferrous Sulphate

crrolispSuIphate it o0 e T et 50 grams

ValeRhis s dlil b aalS e ilr dlctntadt b G SR 1,000 ce.
Potassium Nitrite

B tansiMEINIGEIbEr At S £ =l 10 L0 L 50 grams

R Hibe i A S e A SR S ) 2 S s S 1,000 cc

Sugar. Saturated solution.

POTASSIUM PERMANGANATE TITRATION

The yellow precipitate as above obtained is washed with am-
monium sulphate solution, or if desired, dilute sulphuric acid
(2 per cent.) until free from iron and molybdenum salts. Dilute
ammonia (1 part ammonia and 3 parts water) is poured over the
precipitate and the filter is washed with hot water, and the solution
caught in the flask in which the precipitation was effected. The
volume of the solution should not exceed 25 cc. Eight grams of
granulated zine, 20 mesh, followed by 75 ce. of dilute sulphuric
acid are added and the solution is gently boiled until reduction is
complete. The undissolved zinc is then collected upon a glass
wool filter and both flask and filter are washed with cold water.
To the cold filtrate, standard potassium permanganate solution is
added until a slight permanent pink tint is obtained. The measure
of the permanganate solution required multiplied by its value
in terms of phosphorus and divided by the initial weight of the
sample equals per cent phosphorus.
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SOLUTIONS REQUIRED

Acid Ammonium Sulphate
Strong Ammonia:, U= e SN SRR T 15 cec.
Sulphuric Acid (1 part acid to 1 part water)....... 50 ce.
Diluted to one litre.

Standard Potassium Permanganate. Two grams potassium
permanganate dissolved in one litre of water. One ce. equals
approximately .0056 per cent phosphorus on a one gram basis.
The known phosphorus of a standard steel is used as the basis
of standardization.

Gravimetric Method

Weighing as Ammontum Phosphomolybdate

One to five grams of the sample are transferred to a No. 5
glazed porcelain dish with cover glass, 25 to 60 cc. of nitric acid
(1.13 sp. gr.) are cautiously added, gentle heat is applied until
the sample is completely decomposed, and the solution is then
rapidly boiled to dryness. The temperature is raised gradually
with final heating of the uncovered dish over the full flame of an
Argand or Bunsen burner to the complete expulsion of the acid.
After cooling sufficiently to avoid danger of breaking the dish,
30 cc. of concentrated hydrochloric acid are added, heat is applied
until the soluble salts are dissolved, and the solution rapidly
boiled to the first appearance of the separation of the chlorides.
This evaporation is conducted with the same regard to the pre-
vention of the formation of a crust upon the sides of the dish as
in the previously described method for the determination of sul-
phur. The dish is removed from the heat, 10 cc. of strong nitric
acid added and heat again applied for about one minute. Cold
water is added to volume of about 60 cc., the solution stirred with
a clean glass rod and filtered into a suitable flask; the residue,
collected upon an 11 cm. filter, is washed with two per cent
nitric acid and hot water alternately until free from iron, which
insures also the complete removal of the soluble phosphate.

When the iron contains titanium in amount sufficient to inter-
fere with the precipitation of the phosphorus and an exact deter-
mination is required, the residue of silica and graphitic carbon is
ignited in a platinum crucible, the silica volatilized with hydrofluo-
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ric acid in the presence of a few drops of sulphuric acid and the
resultant residue ignited and fused with sodium carbonate. The
melt is boiled with hot water until disintegrated, the insoluble
titanate is collected upon a filter and the soluble phosphate added
to the main solution.

To the clear filtrate with a volume of about 150 ce., 25 cc. of
strong ammonia are added at once and the flask is shaken until
the resultant precipitate has coagulated. The addition now of
25 ce. of strong nitric acid renders the solution clear and furnishes
an excess of about 10 cc. of strong nitric acid — which, it is found,
vields a pure crystalline precipitate of the phosphomolybdate
with no tendency to creep. The relatively large amounts of
ammonia and nitric acid added are prescribed in the case of 5
gram samples and are essential in that they insure a sufficient
proportion of ammonium nitrate in the solution. It is evident
that these additions may be decreased with smaller initial weights
of the sample, but it will be found advantageous to maintain
approximately the excess of 10 cc. of the nitric acid.

With the solution at a temperature of 80° C., 50 to 75 cc. of
the molybdate solution are introduced and the solution agitated
for about five minutes. When the yellow precipitate has finally
subsided, it is collected upon a previously dried and weighed
9 cm. filter, the filter and contents are washed thoroughly with
two per cent. nitric acid, dried for one hour in an air bath at a
temperature of about 115° C. and weighed between watch glasses
with ground edges and enclosed in a suitable clip. It is of course
essential that the light weight of the previously dried paper shall
have been obtained under the same conditions. The increase in
weight multiplied by 1.63 and divided by the initial weight taken
is equivalent to per cent phosphorus.

Weighing as Magnesium Pyrophosphate

The yellow precipitate as above obtained is dissolved on the
filter with hot ammonium citrate solution and the filter thoroughly
washed with hot water, and the solution retained in a No. 0
beaker. To this cold solution, 5 to 10 ce. of the magnesia mixture
are added, the solution is well stirred and allowed to stand in the
cold not less than three hours. The precipitate of magnesium
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phosphate is collected upon a 9 cm. close ashless filter, washed
with dilute ammonia, ignited at a low temperature to the dis-
appearance of the carbon of the filter and finally for ten minutes
at the full temperature of the blast. The weight of the magne-
sium pyrophosphate multiplied by 27.87 and divided by the
initial weight taken is equivalent to per cent phosphorus.

SOLUTIONS REQUIRED
Ammonium Cilrate

OitricrAcTd L TR R e e e L v 50 grams
StEong ATIMONI Ak = . e SR SRl P oe s 350 cc
WAALEE s i eaors & o S b Eel) il VAR g s 650 cc
Magnesia Mixture
Magnesium' Sulphate.. . 050 00 SEE SR aERE R 84 grams
AmmoniumChloridel S § U e 250 grams
AWVater. o 0T, e 0 B St R et S R TR 665 cc
Ammonial) Hime G r AR UEI N R U S U S e R 335 cc

DETERMINATION OF MANGANESE

Walters’ Color Comparison Method

Fifty to two hundred mg. of the sample are transferred to a
suitable tube or flagk, preferably an 8 inch by 1 inch test tube or a
two ounce Erlenmeyer flask, 10 cc. of nitric acid (1.20 sp. gr.)
added and heat applied either in a water bath or on a hot plate
until the sample is decomposed. About one-half gram of moist
ammonium persulphate, or its equivalent solution, is added and
the heating continued until the combined carbon is completely
oxidized. If silica or graphitic carbon separate in amount sufficient
to render it necessary, the solution is filtered into a similar vessel
and the residue retained on a small filter. The filter and residue
are washed with the minimum of water, or the 15 cc. of silver
nitrate solution required for the subsequent oxidation. The silver
nitrate is introduced either through the filter or into the unfiltered
solution, one gram of moist persulphate is added and the heating
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continued until the characteristic pink tint of the permanganic
acid is well defined. The solution is cooled, transferred to the com-
parison tube and the color matched against a suitable standard
which has been treated in exactly the same manner and with the
same relative initial weight. The relative volume of the solu-
tion as required to match the color of the standard is equivalent
to hundredths per cent. manganese.

Volumetric Method

The solution of permanganic acid is transferred to a beaker or
flask, and following the addition of 10 ce. of sodium chloride solu-
tion, the standard sodium arsenite is added to the definite end
point of the disappearance of the pink tint. The volume of the
solution should not exceed 75 cc. If the silver is not precipitated,
the reaction of the persulphate with the silver nitrate renders the
endpoint somewhat fleeting and recurring. If conducted without
delay, however, the titration may be accomplished with perfect
satisfaction. The end point in this case while not so permanent
is perhaps somewhat sharper than in the presence of the chloride.

When desired, a greater initial weight of the sample may be
taken, the solution thereof diluted to a definite volume, the graph-
ite and silica allowed to subside and aliquot portions withdrawn
with a pipette.

SOLUTIONS REQUIRED

Sodium Chloride. Two and one-half grams sodium chloride
to one litre of water.

Silver Nitrate. About 66.5 grams of silver nitrate are dissolved
in one litre of water. Twenty cc. of this diluted to one litre affords
a solution of which 15 ce. is equivalent to approximately .02 gram
of silver nitrate.

Sodium Arsenite. A stock solution is prepared by dissolving
10 grams of C. P. arsenious acid in a boiling aqueous solution of
sodium carbonate (30 grams dissolved in 250 cc. of water), with
final dilution of the cold solution to volume of one litre. Sixty-
two and one-half cc. of this solution are diluted to volume of one
litre for the working solution of which each ce. is equivalent to
approximately one-tenth per cent manganese, with an initial
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weight of two-tenths gram of the sample. The known manganese
of a standard steel or iron is used as the basis of standardization.

Ford’s Gravimetric Method

Five grams of the sample are transferred to a No. 5 glazed
porcelain dish with cover glass, 75 cc. of nitric acid (1.20
sp. gr.) cautiously added and gentle heat applied until the sample
is decomposed, and the solution then rapidly boiled to complete
dryness. The residue is baked a short time at a moderate tempera-
ture. The dish is cooled, 35 cc. of strong hydrochloric acid are
added and heat is applied until the soluble salts dissolve. Cold
water is added to approximately 60 cc., the solution is filtered into
a No. 5 beaker and the residue caught on an 11 cm. filter and
washed with the least amount necessary of hot dilute hydrochloric
acid and cold water alternately, to the disappearance of the soluble
metallic salts. The filtrate is boiled to low bulk, cooled, 50 cc.
of strong nitric acid are added and the solution is again boiled
down to low bulk. The evaporation is repeated with successive
portions of nitric acid to the complete expulsion of the hydro-
chloric acid and with conversion of the chlorides to their corre-
sponding nitrates; the evaporation at this point is carried to the
first indication of the separation of the nitrates as observed in
the formation of a small nucleus of scum floating on the surface
of the solution. After the solution has cooled somewhat, 75 ce.
of strong nitric acid are added and the solution is again brought
to the boiling point. To the boiling solution, crystals of potassium
chlorate (five grams will be found sufficient) are cautiously added
in small portions from a glass spoon, and the solution is boiled
for five minutes.

The solution is allowed to cool before filtering. Filtration is
effected through the medium of an asbestos plug held in a carbon
filtering tube. The asbestos is prepared for use by heating with
aqua regia to remove soluble lime salts and the plug is washed
with strong nitric acid before using. The precipitated manganese
dioxide on the filter is then washed with successive additions of
strong nitric acid (free from nitrous fumes) to the practical elimi-
nation of the iron; the acid is added first to the beaker and trans-
ferred from thence to the filter. After the final washing, suction



1] Congress of Applied Chemistry 109

is continued until the plug is practically dry, when the rubber
stopper carrying the filter is transferred to a clean flask. The
filtering tube is filled with one per cent solution of ammonium
bisulphite and allowed to stand about one minute, suction is then
applied, successive portions of the bisulphite solution being added
until the last trace of manganese dioxide is dissolved; the soluble
manganese salt is finally washed from the asbestos filter with hot
water. The solution is transferred to a No. 4 beaker or, if pre-
ferred, retained in the flask, 10 cc. of strong nitric acid added
and the excess of the bisulphite decomposed by boiling. The
manganese dioxide could be dissolved perhaps more conveniently
by means of hot hydrochloric acid, but the use of the bisulphite
solution obviates the possible danger of contamination by traces
of soluble lime or magnesia, which in some grades of asbestos
seem to be in evidence notwithstanding numerous successive treat-
ments with the hot acid.

The solution is cooled somewhat and ammonia is added to the
point of a faint permanent precipitate, followed by the addition
of 15 cc. of a twenty per cent solution of ammonium acetate.
The solution is boiled two minutes, filtered into a No. 5 beaker
and the precipitate of the basic acetate of iron collected on an 11
cm. filter. The beaker or flask and the filter are washed twice
with hot water, the precipitate is dissolved with hot dilute nitric
acid and the solution returned to the vessel in which the precipi-
tation was effected. The filter is washed with hot water until
free from iron and the basic acetate precipitation and subsequent
filtration repeated.

To the combined filtrates 5 ce. of glacial acetic acid are added
and the solution is again brought to the boiling point; the cover
glass is removed, 10 cc. of a ten per cent solution of ammonium
or sodium phosphate added, and with the solution still at the
boiling point and with constant stirring, strong ammonia is added
to the first appearance of an incipient opalescence. The stirring
is continued until the opalescence has developed into the charac-
teristic crystalline precipitate, at which point the addition of the
ammonia is continued, drop by drop and with constant stirring,
until the total of 25 ce. has been added.

The precipitate is filtered at once upon an 11 cm. ashless
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filter and washed with dilute ammonia water (two per cent)
until free from soluble salts. The filter and residue are ignited in
a weighed porcelain or alundum crucible at a low temperature
until the paper is burned off, and finally at a somewhat higher
but still moderate temperature for ten minutes.
Residual weight x 38.69
5

DETERMINATION OF Toral CARBON

Direct Combustion Method

The direct combustion of the carbon of iron or steel and their
various alloys is fast coming to supersede the more tedious wet
method. Certain limitations of this most excellent method, how-
ever, are to be noted. The inherent difficulty of successfully
burning particles of steel of too great mass is apparent. Certain
samples of both iron and steel or their alloys have been encountered
of such a character as to necessitate the intimate admixture
therewith of a finely divided metallic oxide, or, in the case of certain
irons, fine drillings of low carbon steel to assist in the oxidation.
The powder of the crushed test of white iron requires a somewhat
longer time for complete combustion than the drillings from the
test of gray iron but with proper care may be burned with perfect
satisfaction. An essential requirement in the conditions of the
method is the close control of the temperature which should
approximate a constant of 1000° C. and should not fall below
960 C. A pyrometer couple will be found convenient in control-
ling the temperature.

The combustion is conducted preferably in a fused quartz
tube in either an electric or suitable gas-fired furnace. A platinum
tube may be used but is subject to damage from possible splashing
of the oxidized metal and is, moreover, much more expensive
than the quartz. The use of litharge or other volatile and easily
reducible oxides is, of course, prohibited in the platinum tube.
The quartz tube is 24 inches long by three-quarters inch or seven-
eighths inch inside diameter, free from seams and selected of uni-
form diameter. Platinized asbestos, which may be secured at
either end by short plugs of platinum gauze, is inserted for a space
of five or six inches in the tube immediately following the position

=Per Cent Manganese.
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to be occupied by the boat. The rubber stopper at the end of
the tube may be protected by the insertion of a removable plug
of asbestos conveniently enclosed in a thin roll of platinum gauze.
Platinum, nickel, alundum, porcelain or clay boats may be used.
The dimensions, three to three and one-half inches long, by one-
quarter inch deep, one-half inch wide at the bottom, flaring to
five-eighths inch at the top, all inside measurements, will be found
convenient. Suitable furnaces for either direct or alternating
current, with transformers, rheostats, etec., to suit the individual
requirements may be obtained of the trade.

The oxygen from the high pressure cylinder under control of
the reducing valve is purified by passing through caustic potash
solution of 1.27 sp gr. contained in washing bottles, preferably
two arranged in tandem. A glass tube of convenient form and
size, filled with granulated zinc, may be connected to the exit
end of the combustion tube to retain possible fumes of sulphuric
anhydride formed in the combustion of high sulphurirons. When
the potash absorbent is used, a calcium chloride drying tube pre-
ceding the bulb or bottle is necessary.

Factor weights may conveniently be used in the direct combus-
tion as follows: For the potash absorption and weighing of the
bulb, .2727 gram or .5454 gram, where each one-tenth mg. gain
in weight of the bulb is equivalent to .01 per cent or .005 per cent
carbon respectively. For the barium hydrate absorption, with
ignition of the barium carbonate, .304 gram or .608 gram, where
each one-tenth mg. of the weight of barium carbonate is equiva-
lent to .002 per cent and .001 per cent carbon respectively.
For the titration methods it is convenient to employ for the initial
weight even gram multiples, preferably 250 mg. to 500 mg.

One-quarter or one-half gram or the suitable factor weight
of the sample is transferred to the boat. The boat is partially
filled with ignited alundum depressed in the center in the form of
a V about one inch in length, and in which the sample is spread
in a compact mass. This intimate contact of the particles of
iron conserves the heat for the continuous combustion of the
carbon. The weighed potash container or the Meyer bulb tube,
to which has been added 80-100 cc. of the barium hydroxide solu-
tion or 50 cc. of the standard potash solution, is connected with
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the tube and the boat is carefully pushed to its position in the
center of the heat zone. The stopper of the tube is replaced and,
with all connections tight, the current of oxygen is started at a
rate approximating a continuous bubbling, as observed in the
purifying solutions. It is essential that the tube should have
acquired the maximum temperature before the introduction of
the boat, a condition which will naturally obtain in the case of a
continuous routine of combustion.

The first indication of the oxidation is observed in the sudden
decrease of the bubbling of the oxygen through the absorption
vessel. As the rate decreases the flow of oxygen is somewhat
accelerated until the conclusion of the oxidation process as indi-
cated by the recurrence of the rapid flow through the exit; the
flow of oxygen is then reduced to the normal rate which is main-
tained for ten minutes to insure the complete oxidation of all the
carbon and the final absorption of the resultant carbondioxide.
The absorption vessel is disconnected, the current of oxygen dis-
continued and the analysis concluded by either weighing the
potash bulb; titrating the standard solution of caustic potash;
filtering, igniting and weighing the precipitated barium carbonate;
or titrating the excess of the barium hydrate solution with a weak
solution of hydrochloric acid and without preliminary filtration.

BY INCREASE OF THE WEIGHT OF THE POTASH BULB OR BOTTLE

The perfectly clean and dry bulb or bottle is at once weighed.
The increase in weight as noted in connection with the initial
weight of the sample is corrected to per cent carbon.

The potash container is prepared for use by carefully introducing
the required volume of the solution, connecting with the apparatus
and passing a current of oxygen through the hot combustion tube
to the complete displacement of the air in the container. The
vessel is disconnected and at once weighed. The weight so ob-
tained furnishes the light weight for the succeeding combustion.

TITRATION OF THE CAUSTIC ALKALI

The absorption in this case is effected in a Meyer bulb tube
containing 50 cc. of the potash solution, accurately measured.
he contents of the tube are transferred to a flask, the tube is
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cleansed with freshly boiled water, three drops of the phenol-
phthalein solution are introduced and dilute hydrochloric acid
(one part acid to one part water) carefully added until the color
begins to fade. The more dilute standard acid is then added until
the addition of one drop just discharges the pink tint. The
excess alkali which has not entered into combination with the
carbon dioxide has now been neutralized and the solution is
ready for the actual titration. One drop of the methy! orange or
methyl red solution is added and the standard acid added in
successive portions until the addition of one drop causes the charac-
teristic change from the yellow to the rose tint in the solution.
The measure of the acid required for this titration minus the equiv-
alent required in the blank titration and multiplied by the carbon
value of the solution equals per cent carbon.

If preferred, the titration may be conducted with the phenol-
phthalein indicator, the measure of the standard acid required
to discharge the pink tint being deducted from the blank equiva-
lent and calculated to per cent carbon as above. This method,
however, would not appear to offer any advantage over the other
and obviously requires more of the standard acid.

The blank equivalent is established by passing the oxygen
through the hot combustion tube and into the measured volume
of the absorbent solution with final titration as outlined above.
The carbon value of the acid solution is established by titration
of the measured volume of the potash solution following the
combustion of a standard steel. Additional confirmation may
be had by titrating against a standard solution of sodium car-
bonate. The use of sodium oxalate in this connection is recom-
mended.

SOLUTIONS REQUIRED

Standard Acid, one-sixth normal. Fifteen cc. hydrochloric acid
(1.20 sp. gr.) diluted to one litre.

Caustic Potash, one-sixth mormal. Nine and one-half grams
diluted to one litre. This solution need not of necessity be abso-
lutely one-sixth normal.

Phenolphthalein. One gram dissolved in one litre of ethyl
alcohol.

Methyl Orange. One gram dissolved in one litre of water.

Methyl Red. One gram dissolved in one litre of ethyl alcohol.
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FILTRATION AND IGNITION OF THE BARIUM CARBONATE

The bulb tube is detached from the train, the index finger of
the left hand being simultaneously placed over the e.'t end in
order to prevent the solution from flowing back in the tube.
The solution is filtered through an 11 cm. ashless filter, the filter
and precipitate are washed with freshly boiled water (six good
washings will be found sufficient), ignited in a weighed platinum
crucible at a moderate temperature to the disappearance of the
carbon of the filter and finally at a good full heat for five minutes.
The weight of the barium carbonate multiplied by 6.08 and
divided by the weight taken, or with correction in agreement
with the initial factor weight, is equivalent to per cent carbon.
The solution and precipitate are transferred to the filter either
by way of the bulb entrance with control of the flow by the index
finger upon the open exit end of the tube or by control with the
thumb placed over the bulb entrance with the solution poured
through the exit end. The precipitate may be readily removed
by shaking the tube after successive additions of the water. The
washing is conducted as thoroughly and expeditiously as possible
and care is exercised to avoid the passage of air unduly through
the filter.

TITRATION OF THE EXCESS BARIUM HYDROXIDE

The bulb tube is detached as before, the solution and precipitate
are transferred to a twelve ounce Erlenmeyer flask, and the tube
thoroughly washed with freshly boiled water. Three drops of
the indieator solution are introduced and the standard hydrochlorie
acid is added in successive small portions, while the flask is shaken,
to the disappearance of the pink tint. The agitation of the solution
insures the recovery of any carbon dioxide liberated upon the
addition of the acid. The equivalent of the acid required in a
preliminary blank titration minus the measure required in the
actual titration, multiplied by the factor of the solution as de-
termined by frequent combustions of a standard steel and in
agreement with the initial weight of the sample, is equivalent to
per cent carbon.
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SOLUTIONS REQUIRED

Standard Hydrochloric Acid. FEight ce. of strong hydrochloric
acid diluted to one litre. Freshly boiled water should be used in
making up the solution. One ce. of this solution is equivalent to
approximately .05 per cent carbon on a one gram basis.

Barium Hydroxide. Twenty grams of barium hydroxide
crystals are dissolved in one litre of hot freshly boiled water and
the flask covered and set aside to cool. When the solution has
reached the room temperature, it is filtered as rapidly as possible
through a 25 cm. filter into the container. The solution is pref-
erably withdrawn from the container by means of an overflow
pipette in conjunction with a suitable guard tube filled with soda
lime or caustic potash solution.

Phenolphthalein. One gram dissolved in one litre of ethyl
alcohol.

Solution and Combustion Method

The conditions involved in the operation of this method admit
of the employment of a greater initial weight of sample than in
the previously described Direct Combustion Method.

One gram, or if the barium hydroxide absorbent is to be used,
a ten factor weight (.608 gram) of the sample is transferred to a
No. 2 beaker or four ounce Erlenmeyer flask; 100 cc. of the solution
of copper and ammonium chloride or the potassium salt are added
and the covered beaker is placed on a suitable stirring machine
or stirred by hand, at a temperature of 60 to 70° C. until in solu-
tion; or, if a flask is used, it is placed on a shaking machine or closed
with a clean rubber stopper and shaken by hand until solution is
complete.

The carbonaceous residue is collected upon a filter of purified
ignited asbestos made up in a perforated platinum boat, Gooch
crucible or other suitable form of holder. The residue is washed
by decantation with dilute hydrochloric acid to the disappearance
of color in the washings, then transferred to the filter and washed
with cold water until the acid is completely removed. Preliminary
drying of the residue is not essential in routine work, but where
the refinement of accuracy is desired, it is recommended that the
residue be dried in a hot air or steam bath at a temperature of
100° to 105° C. The residue is ignited in a platinum or silica tube,
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combustion crucible or other form of apparatus and in an atmos-
phere of pure oxygen or air free from carbon dioxide. The appa-
ratus and the subsequent treatment of this carbonaceous residue
may conveniently conform to the description of the method by
direct combustion, and the final measure of the carbon established
by any of the several optional methods therein described.

SOLUTIONS REQUIRED

Copper and Ammonium Chloride. Three hundred grams of
the pure salt are dissolved in one litre of boiling water. After
cooling, 60 cc. of strong hydrochloric acid are added and the
solution is filtered through a purified asbestos plug into the con-
tainer.

Copper and Potasstum Chloride. One pound dissolved in one
litre of water, as above, with subsequent similar treatment.

Caustic Potash. (1.27 sp. gr.). Three hundred grams dissolved
in one litre of water.

DETERMINATION OF GRAPHITIC CARBON

One gram or the ten factor weight (.608 gram) is transferred to
a No. 2 beaker or a four ounce Erlenmeyer flask, 40 ce. of nitric
acid (1.13 sp. gr.) added and gentle heat applied until solution is
complete. The solution is then boiled for a few minutes, the
residue is collected upon a suitable asbestos or paper filter, washed
alternately with hot dilute hydrochloric acid and water until free
from iron and finally with hot water until free from acid. If the
filtration has been conducted through asbestos filter, the residue
may be washed with hot caustic potash solution (1.10 sp. gr.)
to remove separated silica. If preferred, a few drops of hydro-
fluoric acid may be added to the acid solution to dissolve the
silica which might otherwise interfere with the filtration.

The analysis may be concluded in either of the following optional
ways: '

First. The graphitic residue is collected upon a suitable filter,
washed with dilute hydrochloric acid and water and ignited in
the combustion apparatus, and the measure of the graphitic
content established as in the case of total carbon. It will be
found convenient in this case to use the ten factor weight of the
sample.
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Second. The filter and graphitic residue are placed in a crucible
and dried to constant weight at a temperature of 110° C., then
ignited until the graphitic carbon and the filter paper are com-
pletely oxidized and again weighed. The loss in weight minus
the weight of the filter paper when used and multiplied by one
hundred is equivalent to per cent graphitic carbon on a one
gram sample.

DETERMINATION OF COMBINED CARBON
Indirect Method

The per cent graphitic carbon as found above subtracted from
that of the total yields the measure of the combined carbon. If
desired, a direct estimation of the combined carbon may be con-
ducted by the color comparison method.

Color Comparison Method

The relatively exact chemical characteristics and preliminary
heat treatment of the test piece and standard are universally
recognized as fundamental bases of accuracy in the determination
of the combined carbon of iron or steel by the color comparison
method. The universal and continued use of this most convenient
method in the analysis of steel products attests its efficiency
within the close limits of control possible of attainment in the
preparation of the steel standards. The application of the method
to the determination of the combined carbon of the various grades
of iron is much more limited owing to the larger and varying
content of manganese and sulphur, the principal disturbing chemi-
cal factors affecting the color of the solution to be compared. It
is apparent, however, that with a judicious selection of standards
and careful control of all factors involved, the color comparison
method may be applied to the determination of the combined
carbon content of iron with a quite reasonable degree of accuracy.

The method of procedure as recommended is as follows: One
gram of the sample is transferred to a dry clean beaker, flask or
tube, as desired. In the presence of graphitic carbon, the use of
a magnetized spatula or wire in weighing off the sample is, of
course, prohibited. Thirty cc. of nitric acid (1.20 sp. gr.)’are
added and heat is applied until the sample is decomposed. Graphi-
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tic carbon and silica are removed by filtration, and the filtrate
retained in a 100 cc. graduated flask or cylinder. The filter is
washed with cold water to the disappearance of color; the solution
is diluted to volume, thoroughly mixed, and 10 cc. withdrawn
with a pipette and transferred to the comparison tube. The
color is then compared with the color of the solution of a standard
iron in a similar tube and which has been treated in exactly the
same manner and with the same relative initial weight. The simple
calculation involved in the relative volumes of the two solutions
yields the per cent carbon in the sample.

A convenient aliquot portion of the above solution may be em-
ployed for the determination of manganese by the persulphate
color method.

DETERMINATION OF TITANIUM

Five grams of the sample are transferred to a No. 5 glazed
porcelain dish or to a No. 4 beaker, with cover glass; 50 cc. of strong
hydrochloric acid are added and the sample is digested until
completely decomposed. Practically all of the titanium is said
to remain insoluble with the silica and graphitic carbon. The
insoluble residue is collected upon an 11 em. filter, washed a few
times with hot water, ignited in a platinum crucible and the
silica volatilized with hydrofluoric acid in the presence of a few
drops of sulphuric acid. The residue is then carefully ignited to the
complete expulsion of the hydrofluoric acid, which if retained
prohibits the subsequent -colorimetric determination of the
titanium.

Should it be desired to determine the usually quite negligible
amount of titanium in the filtrate from the insoluble residue, it
is recovered as follows: The filtrate in a No. 5 beaker is diluted
to 250 cc. and strong ammonia added to the first appearance of
a precipitate which slowly dissolves upon stirring. Dilute am-
monia (two per cent) is added to a faint permanent precipitate,
which is then dissolved by the addition of 15 cec. of a ten per cent
solution of hydrochloric acid. The precipitate thus formed should
dissolve rather slowly following vigorous stirring of the solution.
One hundred ce. or more of a twenty per cent solution of sodium
hyposulphite are added and the solution in the beaker is stirred
until the iron is completely reduced and the free sulphur begins
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to separate. The solution is then boiled for ten minutes and the
precipitated titanic acid allowed to subside and collected upon an
11 cm. filter. The filter and precipitate are washed free from solu-
ble salts with dilute acetic acid (two per cent) and ignited in the
crucible containing the ignited residue from the previously con-
ducted volatilization.

The combined residues are fused with four grams of sodium
carbonate, the melt is disintegrated by boiling with hot water,
and the insoluble sodium titanate is collected upon a 9 cm. filter
and washed with hot water containing a little sodium carbonate.
Hot dilute sulphuric acid is added to the crucible which is then
heated until the titanate is completely dissolved. The filter is
spread upon the bottom of a No. 2 beaker, the contents of the
crucible transferred thereto, and the crucible washed thoroughly
with hot water. The beaker is then heated until the titanium salt
dissolves, when the paper is removed and its burden of titanium
sulphate returned to the beaker by washing with hot water. The
solution is then transferred to the color comparison tube or if
necessary to a graduated flask and aliquot portions taken. Shreds
of filter paper which may be observed in the solution are removed
by filtration.

In the color comparison, 5 cc. of C. P. hydrogen peroxide are
added to the solution in the comparison tube and the solution is
diluted to a volume yielding a color convenient for the subsequent
comparison. A color equivalent to .005 gram of titanium in 100
ce. of solution will be found convenient. Water acidified with
dilute sulphuric acid (equal parts acid and water) is then added
to the standard tube to a volume allowing of subsequent necessary
increase, 5 cc. of the hydrogen peroxide is added and the standard
titanium solution added from a graduated burette in successive
small additions until the colors agree. The measure of the standard
solution required multiplied by its value in termsfof titanium’_ and
corrected to agreement with the initial volume and weight is equiv-
alent to per cent titanium. If the color of the solution yielded
by a convenient weight of the sample is of insufficient depth for
an accurate comparison, adjustment may be made as follows:
A measured volume of the standard titanium solution, sufficient
to furnish the required depth of color is added to the solution being
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tested and the comparison conducted as above described. The
volume of the standard solution required in the comparison minus
the equivalent previously added to the test solution is calculated
to per cent titanium. The volume of the two solutions must, of
course, be identical in the final comparison.

In preparing the standard titanium solution 1.05 grams of ignited
C. P. titanic acid are fused with ten grams of sodium carbonate.
The melt is digested with 100 ce. of hot water to the complete
solution of the soluble alkali which is then filtered from the insolu-
ble titanate. The residue of sodium titanate is washed with hot
water containing a little sodium carbonate and dissolved from the
filter with 100 cc. of dilute sulphuric acid (equal parts acid and
water) and the solution diluted to one litre. The titanium equiva-
lent of this solution is ascertained by igniting and weighing the
precipitated titanic acid of an aliquot portion following a separation
with sodium hyposulphite as previously described. The ignited
salt will be found to contain approximately 95.6 per cent titanic
acid. One cc. of the solution in the above proportion will there-
for contain 0.6 mg. of titanium.

A gravimetric determination of the titanium in the iron may be
conducted in the same manner, but inasmuch as in the colorimetric
method the titanic acid as separated need be only relatively free
from contamination by occluded salts, it is apparent that the latter
method may be used to advantage, especially where many such
determinations are required.

(DETERMINATION OF COPPER

Gravimetric Method

Five grams of the sample are transferred to a glazed porcelain
dish, 65 cc. of nitric acid (1.20 sp. gr.) are added and the covered
dish is heated until solution is practically complete. Twenty-
five cc. of dilute sulphuric acid (equal parts acid and water) are
then added and the solution is evaporated to fumes of sulphurie
anhydride. Ten cec. of the dilute sulphuric acid followed by 50
cc. of hot water are added, the residue is heated until in solution,
and the solution is filtered into a No. 4 beaker and the filter washed
with hot water. The filtrate is diluted to 300 cc., heated§to boiling
and, with the addition of 25 ce. of concentrated ammonium bisul-
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phite solution, the boiling continued to the complete reduction
of the iron. Thirty cc. of a twenty per cent solution of sodium
hyposulphite are then added and the boiling is continued for five
minutes or until the precipitated copper sulphide has coagulated.
The precipitate is collected upon an ashless 11 cem. filter, washed
with dilute nitric acid (two per cent) and hot water, carefully
ignited and weighed. The weight of the copper oxide as noted,
multiplied by sixteen (80 divided by 5) equals per cent copper.
Too great a temperature in the ignition causes the copper oxide
to fuse on the crucible. As the copper oxide is somewhat hygro-
scopic, as are also some porcelain crucibles, less error is encountered
by igniting in platinum.

The ignited copper oxide carries with it traces of contaminating
iron. If it be desired to correct this usually negligible error, the
impure oxide is dissolved in the crucible with 10 cc. of strong nitric
acid, the solution transferred to a No. 2 beaker and diluted to
100 ce.; the iron is then removed by an ammonia precipitation.
The precipitate so obtained is collected upon a 9 ecm. filter, washed
with hot water, ignited in the crucible in which the previous igni-
tion was conducted and the weight of ferric oxide noted. This
weight is deducted from the weight of the impure copper oxide
and the correction applied.

Volumetric Method

The nitric acid solution of the impure copper oxide in the No.
2 beaker obtained as above described, is rapidly evaporated to the
removal of the bulk of the free acid, and the solution diluted with
cold water to volume of 150 cec. Strong ammonia is then added
from a burette until the addition of a final drop causes the perma-
nent blueing of the solution, after which there is added by means
of a pipette six drops of acetic acid. Ten cc. of a forty per cent
solution of potassium iodide are added and the standard sodium
hyposulphite solution is run in until the color of the liberated
iodine has almost disappeared. Ten cc. of the starch solution are
now added and the addition of the standard sodium hyposulphite
solution is continued to the final disappearance of the blue. The
number of cubic centimeters of the standard solution required
multiplied by its value in terms of copper and divided by five equals
per cent copper in the sample.
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The value of the standard hypo solution is determined by titra-
tion of a solution of pure copper or by titrating the solution of a
steel of known copper content. The apparent large excess of the
potassium iodide employed is because of its relation to the final
endpoint in the titration, the sharpness thereof decreasing in
proportion as the excess of the iodide is decreased; the presence
of ammonium salts in the solution also tends to lessen the per-
manency of the endpoint, hence, the necessity for the preliminary
evaporation of the acid solution.

If necessary, the time required for the volumetric determination
may be materially lessened by initial solution of the sample in
50 ce. of dilute sulphuric acid (one part acid to one part water),
and the evaporation to dryness and filtration from the siliceous
residue omitted. The iron in this case not being oxidized, the
boiling with the ammonium bisulphite is also omitted. The copper
oxide so obtained is contaminated to a greater degree by occluded
iron, which if it be present in the final titration is prejudicial to a
satisfactory endpoint. This iron is, however, readily removed
by filtration following the evaporation of the nitric acid solution
previous to the addition of the ammonia. It is apparent also,
that following the nitric acid solution of the sample, the preliminary
treatment with ammonium bisulphite in the gravimetric method
may be dispensed with, as the reduction may be accomplished by
the addition of a sufficient excess of the sodium hyposulphite
solution at the time of the precipitation of the copper sulphide.
The precipitate formed under such conditions, however, carries
an unduly large burden of separated sulphur, the presence of which
would appear undesirable.

SOLUTIONS REQUIRED

Standard Sodium Hyposulphite. Eight grams to one litre. One
cc. is equivalent to approximately .002 gram copper.

Starch Solution. The solution as used in the volumetric deter-
mination of sulphur.



ANALYSE DE L’ACIDE VANADIQUE COMMERCIAL

Note PrESENTEE PAR G. CHESNEAU

Professeur d’analyse minérale et Directeur du Bureau d’Essais
de UEcole des Mines de Paris

L’industrie miniére livre actuellement par tonnes aux mé-
tallurgistes de 1’acide vanadique destiné & la fabrication du
ferrovanadium it des nombreux alliages vanadiféres de plus en
plus employés dans les constructions mécaniques. Ces acides
vanadiques commerciaux contiennent environ 15 & 209, d’im-
puretés provenant soit des minerais (oxydes de fer, de manganése,
alumine, silice, arsenic, phosphore, etc., soit des réactifs
employés dans le traitement (notamment de la soude qui est
entrainée en quantité considérable avec 1’acide vanadique, lor-
sque celui-ci a été obtenu au moyen de vanadate sodique pro-
duit par fusion du minerai avee du carbonate de soude). Si l’-
acide vanadique a été simplement desséché, il est facilement
attaquable par les acides et 1’analyse ne présente pas d’autres
difficultés que celles, d’ailleurs trés grandes, des séparations
habituelles du vanadium d’avec les autres éléments; mais, comme
il contient alors prés de 109, d’eau les fabricants d’acide van-
adique trouvent préférable en général de Je calciner pour le ren-
dre anhydre, de fagon & augmenter sa teneur en acide vanadique
pur et 4 le rendre directement utilisable dans les traitements
métallurgiques. Or, une fois calciné, 1’cide vaanadique commer-
cial n’est plus que partiellement attaqué par les acides, et son
analyse compléte offre alors de grandes difficultés: il me parait
done intéressant de faire connaitre la méthode & laquelle m’a
conduit leur étude.

1. Humidité; perte au few. IL’humidité se détermine sur 1 gr.
chauffé &4 120° et la perte au feu sur la méme prise d’essai, cal-
cinée au rouge au moufle en capsule de platine tarée; il peut y
avoir gatn au lieu de perte au feu, si le produit commercial a été
chauffé en atmosphére réductrice ou en présence de corps ré-
ducteurs, ayant donné des oxydes inférieurs du vanadium.

123 :



124 Original Communications: Eighth International [vor.

2. Acide vanadique; silice; fer; manganése; chaux; magnésie. 1 gr.
du produit bien pulvérisé est fondu en creuset de platine avec
2 4 3 gr. de carbonate de soude mélangé de 1/10 de nitre. La
masse refroidie est reprise par 1’eau bouillante: Vo Os, Si O
et Al; O; 'passent en solution, tandis que les oxydes de fer et de
manganése restent insolubles avec les carbonates de chaux et
la magnésie.

Le résidu insoluble lavé sur filtre est redissous par 1’acide chlor-
hydrique et analysé par les méthodes habituelles; le paroxyde
de fer obtenu et le filtrat final de la magnésie contiennent quel-
ques milligrammes d’acide vanadique entrainé: on reprend le
peroxyde de fer par fusion au carbonate de soude ét lessivage
4 ’eau chaude qu’on rajoute aprés ’avoir audifiée par 1’acide
azotique, au filtrat de la magnésie également audifié, on concentre
et dans la liqueur réduite & un petit volume on dose colorimét-
iquement & 1’eau oxygénée cette trace d’acide vanadique.

La solution alcaline contenant Vo Os Si O: et Al; Os est audi-
fiée par ’acide azotique évaporée & sec pour insolubiliser la silice,
puis reprise par 1’acide azotique; on filtre la silice puis le filtrat
est rendu faiblement ammoniacal et chauffé; s’il se produit un
précipité d’alumine (ou de PO, Al et AsO, Al) on le filtre cal-
cine et pése puis y dose comme-ci dessus colorimétrique ment
les traces de V: O; entrainé.

Dans le filtrat ammoniacal bouillant on précipite 1’acide van-
adique au moyen du nitrate de baryum par la méthode de A.
Carnot! donnant le corps Vo Os 2B a C qui calciné contient
37, 249, de V, Os. Le précipité n’est pas il est vrai rigoureuse-
ment complet mais cette méthode offre ainsi que je 1’ai constaté,
le trés grand avantage sur d’autres vanadates plus insolubles
que le corps obtenu a une composition bien constante et que
la méthode n’ayant introduit dans la solution que des sels in-
colores il est trés facile aprés avoir concentré et acidifié la li-
queur d’y doser colorimétriquement & 1’eau oxygénée les quel-
ques milligrammes de V; O restés en solution.

Du poids de vanadate de baryum obtenu, on doit, le cas éch-
éant, retrancher sous forme de phosphate et d’arséniate de baryum

!Comptes-rendus de 1'Académie des Sciences de Paris, t. 104, p. 1803;
1887.
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trimétallique les quantités correspondant aux teneurs de P, Os
et As, Oy obtenues plus loin (et dépassant celle qui a pu étre en-
trainée par I’alumine précipitée ci-dessus).

3. Soude. La soude est dosée aisément par la méthode
classique de Lawrence Smith' sur 1 gr. mais en ayant soin
d’ajou ter au mélange de carbonate de chaux (8 gr.) et de chlor-
hydrate d’ammoniaque (1 gr.) 3 gr. de carbonate de baryum
pour retenir strement 1’acide vanadique dans le résidu insoluble;
on obtient ainsi du chlorure de sodium pur et des filtrats sans
trace appréciable d’acide vanadique.

4. Arsenic et phosphore. On fait fondre 5 gr. du produit avec
10 gr. de carbonate de soude la masse est reprise par 1’eau bouil-
lante, on acidifie par HCI, traite & froid par SO, pour réduire
I’acide arsénique & 1’état arsénieux; chasse SO; par la chaleur,
puis fait passer & froid un courant d’hydrogéne sulfuré et dose
enfin 1’arsenic dans le précipité par les méthodes ordinaires.

Le filtrat, bouilli pour expulser H; S, est traité par 2 & 3 cme.
d’acide sulfurique pur, puis concentré i chaud jusqu’a fumées
blanches de SO4 H; pour expulser HCI; on a sinsi un petit volume
de liqueur bleue contenant le vanadium & 1’état d’acide hypo-
vanadique, auquel on ajoute son volume de réactifmolybdique
et quelques grammes de nitrate d’ammoniaque puis chauffe
2 h. &4 40°: Comme & cette température 1’acide hypovanadique
n’est oxydé que trés lentement par 1’acide azotique étendu,
tout le phosphore est précipité sans que la liqueur cesse d’etre
bleue et le précipité de phosphomolybdate d’ammoniaque n’en-
traine pas de quantités appréciables d’acide vanadique.

Cette méthode appliquée & un échantillon d’acide vanadique
commercial, prélevé sur un millier de kilogrammes, m’a donné
les résultats suivants:

Pour 100:
Acide vanadique (V, Og) 84,9
Soude (Na20) 9,6
Peroxyde de fer (Fe;Os) 3,9
Oxyde de manganése (MnzOy) 0,2
Chaux (CaQ) 0,6

tAmerican Journal of Science and Art, t. 1, p. 269; 1871.












APPARATUS FOR THE EXAMINATION AND STUDY
OF THE BEHAVIOR OF VALVE AND CYLINDER
OILS AND OTHER PETROLEUM LUBRICATING
OILS IN SATURATED AND SUPERHEATED
STEAM, CARBON DIOXIDE, AIR
AND OTHER CASES

By P. H. CONRADSON
Chief Chemast, Galena-Signal Oil Company, Franklin, Pa.

The introduction of highly superheated steam in locomotive
and stationary engine practice has brought about the necessity
of adding tests to the ones usually made of cylinder oils, whether
straight petroleum stock, or the mixture of same with smaller or
larger amount of saponifiable fats.

The writer has constructed and used an apparatus for some
time, in the investigation of cylinder oils suitable for the lubri-
cation of valves and cylinders, in connection with the use of
highly superheated steam in locomotive service.

The apparatus consists essentially as follows (See the photo-
graphic cut):

A—Small steam boiler with gas, steam gauge and pipe connec-
tions. §

B—Superheater with armored thermometer ‘“T” and steam
connections (a small circulating water heater with double copper
coils, answers very well).

C—=Slight feed lubricator with connections.

D—Steam vessel (a conical cast iron retort for distilling mercury,
about 95 mm. deep and about 75 mm. in diameter at top provided
with two strong screw clamps to keep the lid tight, answers very
well) surrounded on the outside as indicated in the photographic
cut by a coil of copper pipe 5 to 6 mm. inside diameter, for further
heating of the steam and gases used in the tests: this coil is tapped
into the bottom of the steam vessel containing, upon a suitable
support, a dish about 25 cec. capacity (in ointment box about 5
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mm. in diameter, 18 to 20 mm. high) into which the oil to be ex-
amined either is fed drop by drop from the sight feed lubricator
“C” or a given amount of oil is poured into the cup “I.” Through
the lid is inserted an armored thermometer “T,” shown on photo-
graph reaching down into the dish.

The steam vessel thus arranged and connected up is surrounded
and covered by a suitable asbestos hood. “L,” pipe connections
for the gases used.

E—Glass cylinder of heavy glass about 200 mm. long 18 to 20
mm. inside diameter, containing as shown in the photograph a
small rectangular boat or dish; beyond “E’ is a glass tubing system
“F” connected up with brass fittings; each glass tube is about 500
mm. long, 8 to 9 mm. inside diameter, and at the further end is
attached a steam separator and oil collecting vessel “G,” con-
sisting of an ordinary glass chimney fitted up with brass caps,
and to this by means of copper tubing is connected the condenser
l‘H.}Y

In this apparatus any desired temperature may be maintained
at least up to 1000° Fah., which is 300 to 400 degrees higher than
is required under most exacting service conditions, as far as super-
heated steam temperature is concerned.

In studying the behavior of valve and cylinder oils in an atmos-
phere of superheated steam, the steam is passed from the small
steam boiler through the superheater ‘B’ and into the steam
vessel “D’” through its pipe coil (lamp being lit under “D”),
and out through E, F, G, and H.

When the temperature reaches and is regulated in “D”’ to 400°
Fah., oil is fed drop by drop from the sight feed lubricator “C”
or the cup “I” is filled; the steam is shut off and the valve in the
cup “I” opened, letting the oil run into the dish in “D,” the steam
valve is then very gradually and carefully opened so as to let
through any desired amount of steam.

The temperature in “D” is maintained for a given length of
time at or near 400° Fah., noting if any oil vapors are coming
over; by shutting and opening the steam valve it is easy to see
if any vapors are coming over with the steam.

The temperature is increased in increments of 25 to 50° Fah.,
at a time, until the desired temperature is reached, noting the
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behavior of the oil vapors passing on with the steam through the
glass pipe system, ete. It is interesting to note the behavior of
the eylinder oils containing rather a large percentage of saponifiable
fats or fat oils. These generally come over to a great extent at
much lower temperatures than the main portions of the petroleum
stock oils that are generally used in compounding first-class cylin-
der oils.

In further study of the behavior of oils, the boat in the glass
cylinder “E” may be filled through the cup “I” to the left, and
subjected at various temperatures in slow currents of superheated
steam, carbon dioxide and air or mixtures of these. The glass
cylinder “E” during the last test is surrounded by heavy asbestos
covering to prevent radiation.

The cylinder oils may leave a residue in the dish in “D”’ at steam
temperatures below 700° Fah.; if so, such residue should give a
clear solution in 90 ce. 0.65 sp. gr. (87°B) petroleum ether (Penn-
sylvania) and show no precipitate on standing. At steam tempera-
tures of 850 to 900° Fah., generally all the oil has volatilized with
the steam, and good oils should leave no carbonaceous or coky
residue.

While this apparatus was principally designed for the study and
behavior of valve and cylinder oils in atmospheres of steam at
various temperatures as above indicated, it can very readily be
adapted for the study of other oils at various temperatures in
currents of air, carbon dioxide or other gases or mixtures of these
with and without steam.












APPARATUS 'AND METHOD FOR CARBON TEST
AND ASH RESIDUE IN PETROLEUM
LUBRICATING OILS

By P. H. CoNRADSON
Franklin, Pa.

In the examination of lubricating oils, especially those intended
for gas and oil engines, air compressors, steam turbines, valve
and ceylinder oils, ete., the writer has found that the carbon residue
from the so called ‘“carbon test’’ at times contains other materials
than carbon, such as chemicals from imperfect refining treatment,
which would be considered as carbon unless further examined.

The following method and apparatus as shown in accompanying
photograph have proven satisfactory in most cases.

The apparatus consists of an iron crucible or retort (A) (Skid-
more’s Normal School or similar) of about 200 cc. capacity.
Approximate inside dimensions: diameter on top 80 mm. (3% in.),
bottom 45 mm. (1% in.), height 556 mm. (2} in.). Inside of the
crucible is placed upon a suitable support either a glass crystalliz-
ing dish (B) about 65 mm. (2§ in.) in diameter or a platinum dish
about 70 to 80 cc. capacity; the latter is preferred for further study
of the carbon residue. In the lid of the crucible or retort are
attached two tubes: one, an exit or delivery pipe (D) 7 to 8 mm.
(4 in.) in diameter bent as shown in the cut, and if so desired
attached to a condenser, the other (E) with small bore 2 mm.
(1/16 in.) in diameter. The object of the latter is to blow out the
heavy fumes generally produced, at the end of the distillation
process.

The test is conducted as follows: 35 grams of the oil are placed
in the weighed dish which is set in iron retort or crucible, the cover
with its pipe connections is securely clamped down (C) (an asbestos
washer is found suitable to make a tight joint).

The apparatus thus ready is put on an asbestos block resting
on a tripod and covered as indicated in the photograph with a
sheet iron or asbestos hood (G) and on top of this a clay chimney
(H) so as to distribute the heat uniformly during the process.
To get the upper part of the apparatus hot at the beginning, a
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large gas flame is used at the start for a few minutes, then lowered;
the distillation should be uniform and at the rate of 1 cc. per
minute. The long exit pipe should be kept comparatively cool
with water-soaked waste in case a condenser is not used. At the
end of the distillation, the flame is raised gradually toc make the
bottom and lower part of the apparatus red hot at least when
heavy fire test oils such as cylinder oils are tested, and through the
inlet pipe attached to a rubber tubing is momentarily blown at
the last CO; or other suitable gases to drive out the heavy, dense
fumes or vapors.

After cooling, the dish containing the carbonaceous residue is
weighed, the latter ground fine and leached out first by boiling
with water (water solution is tested with litmus paper for alka-
linity and a few drops with Silver Nitrate solution for chlorides),
next digested and boiled with dilute hydrochloric acid (141),
filtered, washed, dried and weighed again. The difference in
weight, if any, gives approximately the amount of foreign matter
in the carbon residue. The carbon residue transferred back to the
platinum dish is carefully burned off with a little pure ammonium
nitrate. If any residue is left it is weighed and deducted from the
last carbon weight and dissolved in hydrochloric acid. The
water and hydrochloric acid solutions are united and examined,
qualitatively or quantitatively as the case may require, for im-
purities such as iron, alumina, lime, sulphuric acid and soda.
(Some petroleum lubricating oils are compounded with lead,
aluminum, zine, lime or magnesium oleates held either in solution
or suspension or both; before making the above test it is well to
ascertain first if any of these compounds are present).

Carbon Residue Impurities in Carbon
per cent Residue per cent
Turbine Oil 0.02 None
1—Gas Engine Oil 0.53 0.126 NA,SO;4
2—Gas Engine Oil 0.71 0.103 NA,SO,4
3—Air Compressor Oil 0.66 0.092 NA,SO4
4—Motor Oil 0.78 0.059 NAsSO4

Sulphur determination in No. 1 Gas Engine Oil gave according
to Conradson’s method:

In products of combustion (lamp), 0.08% Sulphur.

In wick from the oil (0.0749, SOs), 0.1319%, NA,SO;.



APPARATUS AND METHOD FOR SULPHUR DE-
TERMINATION IN PETROLEUM ILLUMINAT-
ING AND LUBRICATING OILS

By P. H. ConraDSON
Franklin, Pa.

The methods generally used in determining the sulphur in
petroleum, illuminating and lubricating oils do not fully give either
the total amount of sulphur compounds that might be present
or how they occur. The writer has found that in many inferior,
poorly refined or treated petroleum oils large percentages of the
total sulphur compounds present may be due to sulphonates or
sulphates, which altogether escape notice in the so called lamp
methods where the oil is only partly consumed in the lamp; while
in the direct oxidation methods no distinction is made.

In the examination of the illuminating (kerosene) oils used in
railroad service, such as in locomotive headlights or track signal
lamps (long time burner lamps) which latter require an oil with
hardly any diminution in the intensity of light or candle power
for 175 to 250 hours’ continuous burning with no attention; or
lubricating oils, such as used in steam turbines, gas or oil engines,
superheated steam valve and cylinder lubrication, high pressure
air compressors or high vacuum air pumps; it is essential to dif-
ferentiate between the sulphur compounds that might be present
in the oils. Therefore, the writer has found it necessary not only
to burn a larger amount of oil in the lamps, but also to consume
all the oil in the oil fount and make a careful examination of the
sulphur compounds that may remain in the wick from the oil.

The accompanying photographic cut of the apparatus is self
explanatory —using ordinary small kerosene burners with chimneys
well washed and dried cotton wicks about 3 mm. (} in.) in width.
The lamp founts for the illuminating oils are ordinary glass beakers;
for the lubricating oils, funnels having the stems cut off and
fastened to a metal socket. The burners are inserted in a small
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disk (Jid of an ointment box with a hole cut to fit the burner).
Filter tubes of strong glass with stem bent at right angles to fit
snugly over the long arm of the stoppered absorption tubes; the
latter are about 350 mm. (14 in.) in length between the constriction
and exit tube, the diameter about 25 to 35 mm. (1 in.to 1% in.),
and contain small glass beads to a depth of about 80 mm. (3 in.).
(In the cut the second absorption tube of the apparatus to the
right is wrongly connected.)

The products of combustion are aspirated through carbonate
of soda solution containing 6 grams of Na,CO; in one liter of water
and standardized with 1/10 normal hydrochloric or sulphurie
acid. In testing, place 25 to 50 cc. of the soda solution in the first
absorption tube; at the end of the operation the soda solution is
run into a beaker and the chimneys, glass filter tubes and absorp-
tion tubes are rinsed out with water and the solution with the
washings is either titrated, using methyl orange as an indicator,
or the solution may be oxidized with bromine and hydrochlorie
acid. precipitated with barium chloride solution in the usual way.
Calculate to sulphur (S). The wicks are separately treated and
examined for sulphur compounds that may remain in the same
from the oil as hereinafter described.

ILLUMINATING OILS

For low sulphur oils such as kerosenes made from Pennsylvania
crudes, 15 to 20 grams of oil are used.

For kerosenes made from Western crudes containing larger
percentages of sulphur compounds, 10 to 15 grams are used.

For kerosene oils intended for severe railroad service, either
for headlight oil purposes or in long time burner signal lamps,
it is well to make two sulphur determinations, one as above indi-
cated, the other as follows:

425 cc. of the oil are carefully distilled in a 600 cc. Engler’s
distilling flask at the rate of 2 to 4 cc. per minute (the slower rate
at the beginning and at the end), until 400 cc. have come over;
the Engler’s flask is placed on an asbestos gauze and covered over
with asbestos wool up to the top of the neck. The thermometer
bulb as usual is placed opposite the exit tube.

The 25 cec. residue in the distilling flask is transferred to a bottle



‘110 ONILVOINEAT ANV HNILVNINATI[ NI
NOILVNIWYHELA(] ﬁbmmqpm 404 JAOHILAJA] ANV mpﬁﬂﬁc.n—nadx







1] Congress of Applied Chemistry 135

and if as often happens with ordinary or poorly refined kerosene
oils a deposit or sediment is formed, more or less adhering to the
sides and bottom of the flask, it should be carefully removed and
added to the residue in the bottle as follows: Use successively
ethyl ether, chloroform, 959, ethyl alcohol and hot water, as the
case may require. The liquids are united and evaporated in a
small dish and the residue is transferred to the bottle containing
the 25 cc. oil residue with some of the latter. The sulphur com-
pounds are then determined by burning the whole or part of the
above well mixed residue to dryness in the apparatus above
described.
LUBRICATING OILS

Five to ten grams of lubricating oils are burned to dryness in the
lamps as stated with kerosenes. Spindle oils, thin turbine oils
and automobile oils will feed through the wicks until they are all
consumed, with possibly once or twice trimming of the formed
crust; with thick, high viscosity oils, 5 to 8 cc. of highly refined
low sulphur kerosene are added and the mixture is burned to dry-
ness or practically so and then 2 ce. more of the kerosene oil are
added and burned to dryness.

The soda solution and washings are treated as above described,
deducting for the sulphur in the 5 to 10 cc. of added kerosene.

The wicks from the above described lamp tests are treated as
follows: cut same in small pieces, transfer to a 50 ce. porcelain
crucible, add 0.200 gram pure dried carbonate of soda and 5 cc.
1.42 sp. gr. nitric acid, digest on steam or water bath (cover
crucible with inverted lid) till the fibers are disintegrated, then
add 2 grams pure ecrystallized magnesium nitrate, continue
the digestion, gradually raising the temperature on hot plate
or protected gas flame till the organic matter is destroyed and
most of the nitrates decomposed, leaving a white residue; after
cooling add sufficient bromine water and hydrochloric acid, boil,
dilute and precipitate with barium chloride in the usual way and
calculate to sulphuric acid (SO;). This includes the SO; both in
form of sulphate and sulphonates, if both are present; if it is
desired to estimate the latter separately, boil the wicks with 10
to 15 ce. strong barium hydrate solution, dilute to 100 cec. with
boiling water, filter and wash. The filtrate is either oxidized with
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bromine and hydrochloric acid, or evaporated with a few drops
of nitric acid to dryness and slightly ignited, and the residue
treated with hydrochloric acid and boiling water. The insoluble
BaSO; in either case is calculated to SO; in sulphonates.

The remaining wicks with any insoluble barium salts are then
oxidized with nitric acid and magnesium nitrate, the residue is
taken up by boiling with bromine water and hydrochloric acid;
the insoluble if any (barium sulphate) calculate to SO; present
in the oil as sulphates.

The usual precaution of making blank tests with the chemicals
or reagents and wicks should not be omitted.

Sulphur in lamp Sulphur compounds
calculated to in wick from sul-
per cent phona.tes and sul-

g hates calculated to

Iuminating Oils Os. per cent

1 Xerosene Original 0.015 S. None
2 Kerosene Original 0.035 S. Trace
2a Kerosene in 25 cc. Residue 0.038 S. Trace
3 XKerosene Original 0.071 S. 0.0075
3a Kerosene in 25 cc. Residue 0.0135 S. 0.013
4 Kerosene Original 0.018 S. None
4a Kerosene in 25 cc. Residue 0.057 S.
Lubricating Oils

1 Turbine Oil 0.035 SO; None
2 Turbine Oil 0.098 SO; 0.098
3 Engine Oil 0.354 SO; 0.018
4 Machinery Oil 0.345 SO; 0.032

5 Heavy Gas Engine Oil 0.080 SO; 0.074



A STUDY OF THE SENSITIVENESS OF THE BEAD
AND LEAD DIOXIDE TESTS FOR MANGANESE
WITH SPECIAL REFERENCE TO THE
INTERFERENCE OF IRON

By L. J. Cur™MaAN AND A. D. St. JoEN
New York

The object of this work was to determine first the delicacy of
the bead and lead dioxide tests for manganese when this metal
alone is present and second the influence of iron on these tests,
since in the ordinary qualitative procedure, the manganese and
iron are tested for in the same precipitate.

The Bead Test.— The bead tests were made in the customary
way; that is a sodium carbonate bead on a loop of platinum wire
of approximately 3 mm. in diameter with a volume of about
0.03 cc. was fused with a small quantity of the metallic compound,
slightly cooled, and then touched while still quite hot to powdered
potassium chlorate. A special procedure referred to below as
“reheating,” consisted in bringing the carbonate bead containing
the manganese compound and adhering potassium chlorate into
the upper part of the Bunsen flame, heating to quiet fusion?!, and
finally cooling, preferably by contact with a cold surface, such as
a porcelain plate, until almost cold. By this “reheating’ process
a more intense coloration was produced, and in cases where large
amounts of iron were present, it had the effect of concentrating
the coloration in certain parts of the bead notably near the wire.

Tests were first made to determine the minimum quantity of
manganese which would give a green coloration to the bead. To
this end one drop (1.05 cc.) of a standard manganese chloride
solution was carefully absorbed in a sodium carbonate bead that
had been previously fused and cooled; the wet mass was then
slowly and eautiously dried by heating the wire (away from the

! Care must be exercised in this fusion to lose none of the bead through
sputtering which may be caused by the use of too much chlorate or by too
rapid heating.
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bead) and finally fused and brought in contact with potassium
chlorate. This procedure obviated the apparent difficulty of
introducing qualitative amounts of precipitate into the bead and
was the method employed in all the bead tests except where other-
wise stated. The following results were obtained:

TABLE I
SUBSTANCE MnC1:.4H,0
Quantity of Mn Result
0.05 mg. Very good green
0.02 mg. Very good green
0.005 mg. Good green
0.002 mg. Fair green
0.001 mg. Doubtful but fair on reheating
0.0005 mg. Trace of green on reheating — limit

If we consider the volume of the bead 0.03 cc. and its sp. gr.
1. (in order to make a rough comparison with other color reactions
which are carried out in aqueous solution), the limiting test would
show a delicacy of one part in 60,000.

Having determined the sensitiveness of the test when manganese
alone is present, the next step was to investigate the interfering
influence of iron. Accordingly standard solutions of FeCl;.6H,0
and MnCl;.4H;0 were mixed in varying proportions and precipi-
tated by the addition of an excess of sodium hydroxide. A small
portion of the filtered precipitate was taken up on the bead and
the test completed in the usual way. The following results were
obtained.

TABLE II
Parts Mn Parts Fe Result

1 1 Very good
1 2 Very good
1 3 Good

1 4 Fair

1 5 Fair

1 6 Fair

Up to this ratio a small amount of the wet precipitate was used
equal to about one quarter of the bulk of the bead. With in-
creasingly large amounts of iron, however, more of the precipitate
was taken up, and reheating resorted to with the following results.
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TABLE III
Parts Mn Parts Fe Result
1 ; 25 Good
1 50 Good
1 100 Good
1 500 Good
1 1000 Fair

In the last two tests the blast lamp was used, and a quantity
of the precipitate equal approximately to three or four times the
volume of the bead was taken up in small portions, successively
dried, and reheated several times. These results suggested that
the iron did not interfere except in so far as it prevented sufficient
manganese from being introduced into the bead to give the test;
for if the same quantity of precipitate is to be employed in each
test, it is obvious that the higher the ratio of iron to manganese,
the smaller will be the quantity of the latter that will be con-
tained in the portion taken for the test. The tests were therefore
repeated with sufficient manganese (0.005 mg.) in each case to
give a good color and to this amount were added varying quantities
of iron. In these tests the solutions were not precipitated but
absorbed in the bead in the manner already described.

The following results were obtained:

TABLE 1V
Parts Mn Parts Fe Result
1 (0.005 mg.) 100 Good
1 (0.005 mg.) 200 _ Good
1 500 Good
1 (0.005 mg.) 1000 Good
1 (0.005 mg.) 2000 Good

In all the above experiments the beads were reheated; in the
last test, this was repeated several times, potassium echlorate
being added at each reheating. The iron present in the above
tests was vastly more than could be dissolved in the bead and
in consequence appeared as a brown coating completely envelop-
ing the bead and masking the green color due to the manganese;
it was found, however, that by reheating several times with more
potassium chlorate this coating was driven to one side, causing
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the green color beneath to be exposed. It therefore appears
that provided enough manganese is introduced into the bead to
give a fair test, the amount of iron present has no effect other
than to enclose the bead in a brown coating, which difficulty
may be overcome as indicated above.

The Lead Droxide Test.— To determine the sensitiveness of
this test when manganese alone is present, diminishing amounts
of a standard solution of manganese chloride were treated in test
tubes with one to two grams of lead dioxide!, 0.5 ce. conc. nitric
acid and sufficient water to make the total volume 5 ce. The
mixture was then gently boiled, allowed to settle and the super-
natant liquid examined as to color. The following results were
obtained:

TABLE V
Result

5 ce.=5.0 mg. Mn. Deep purple
5cec.=2.5 mg. Mn. Deep purple
5 cc.=0.5 mg. Mn. Deep purple
5cc.=0.25 mg. Mn. Purple
5cc.=0.125 mg. Mn. Purple
5cc.=0.05 mg. Mn. Pink
5cc.=0.025 mg. Mn. Faint pink
5 cc.=0.005 mg. Mn. Very faint pink
5 cc.=0.0022 mg. Mn. Limit

The limit test shows a delicacy of one part in 2,500,000.

The influence of iron on the sensitiveness of the test was deter-
mined by the following procedure: varying mixtures of standard
solutions of manganese chloride and iron chloride were precipi-
tated with a slight excess of sodium hydroxide, the precipitates
filtered and dissolved in a hot mixture of 0.5 cc. cone. nitric acid
and 4.5 ce. of water and finally treated with lead dioxide and
boiled. The same results were also obtained with the solutions
without precipitation, except that the salts used were Fe (NO;)s.
9H,O and MnSO.6H20 in order to prevent the formation of
aqua regia. The following results were obtained:

! Merck’s Reagent PbO: was employed throughout this work and was
found to be free of manganese.

?Noyes, Bray and Spear (J.A:C. S. 30, 556) have shown that the lead
dioxide test is easily sensitive to 0.02 mg. Mn.
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TABLE VI

Parts Mn Parts Fe Result
1 (0.02 mg.) 10 Good
1 (0.02 mg.) 20 Good
1 (0.02 mg.) 50 Good
1 (0.02 mg.) 100 Fair
1 (0.02 mg.) 200 Fair
1 (0.02 mg.) 300 Faint
1 (0.02 mg.) 400 Faint
1 (0.02 mg.) 500 Limit

The last result gave a nearly colorless solution. The effect
of iron in discharging the color due to manganese recalls the use
of manganese dioxide in glass manufacture. The absence of a
yellow color when a large amount of iron is present might be taken
to indicate its decolorization by the presence of manganese; it
appears, however, that this cannot be depended upon for the
reason that an iron solution of the concentration used in the
limiting test was found to be decolorized by the lead dioxide and
nitric acid treatment even when no manganese was present;
hence the nearly colorless solution obtained above is apparently
not due to the mixture of the permanganate pink and the yellow
iron.

It was thought desirable to make a few further tests to deter-
mine the influence of varying amounts of iron upon a larger con-
stant quantity of manganese than that employed above. The
results obtained are given below:

TABLE VII
Parts Mn Parts Fe Color Result
1 (0.2 mg.) 500 Reddish pink Good
1 (0.2 mg.) 1000 Reddish yellow  Fair
1 (0.2 mg.) 2000 Reddish brown  Doubtful®

! The color given by the last test could not be readily distinguished from a
solution containing 400 mg. of Fe as Fe(NOs);in 5 cc. It may also be noted
that a solution of this concentration of iron was noticeably decolorized by the
nitrie acid and lead dioxide treatment.
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From the results of Tables VI and VII it appears that the lead
dioxide test for manganese is unreliable in the presence of three
or four hundred parts of iron, unless a fairly large amount of
manganese is present such as 0.2 mg. when a somewhat larger
ratio of iron does not interfere with the test. On the other hand,
the bead test is efficient with larger amounts of iron provided
enough manganese (0.005 mg.) is introduced into the bead and
provided the precautions cited under Table IV are followed.



THE DETERMINATION OF THE SENSITIVENESS OF
THE HYDROXIDE REACTIONS FOR THE
COMMON METALS

By L. J. CurTMAN AND A. D. St. JoHN
New York

The hydroxide reactions of the metals are perhaps the most
common as well as the most important of those which take place
in the wet way; yet no systematic work has been done to deter-
mine the delicacy of these reactions. The present work was
therefore undertaken to supply this information, the need for which
was felt in qualitative work. From the fact that the hydroxides
studied were formed by precipitation, it might appear that the
desired results could be calculated from the figures for the respec-
tive solubility products of the hydroxides; but it unfortunately
happens that, with few exceptions, these figures have not as yet
been determined; moreover, this information, even if available,
would give but a rough idea of the sensitivity limit, for the reason
that the final result of a sensitivity determination is largely an
optical phenomenon that is controlled by factors some of which
are not included in the law of mass action. Chief among these
factors are those which affect the visibility of the precipitate in
very dilute solutions; such as its form, density, and color. In
order to obtain comparable results, all the experiments were
carried out under uniform conditions. The general procedure
was as follows: In separate experiments diminishing amounts
of metal, in the form of a solution of one of its salts, were treated
in test tubes with a slight excess of a ten per cent solution of either
ammonia or sodium hydroxide, depending upon the solubility
of the precipitate in an excess of either, and the tubes examined
for a precipitate. The final volume in each case, including the
reagent added, was 5 ce. The following results were obtained.

Lead.— A standard solution of lead nitrate containing a trace
of nitric acid was employed in these tests. The precipitant was
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a 10 per cent solution of ammonia. The results are tabulated
below:

Cold Boiled
5 cec.=25 mg. Pb large precipitate large precipitate
5 ec.=12.5 mg. Pb  slight precipitate large precipitate
5ce.= 5.0 mg. Pb  cloudiness small precipitate
5cc.= 2.5 mg. Pb  slight cloudiness slight precipitate

5ce.= 1.0mg. Pb  very faint cloudiness  slight cloudiness
5 ce.= 0.75 mg. Pb just visible cloudiness  limit

The most uniform results were obtained by boiling. The
precipitate was white and divided. The result obtained with
0.75 mg. of lead was just visible without eye strain and represents
a concentration of one part in 6500. No hydrolysis was observed
in blanks either in the cold or on boiling.

Silver.— A solution of silver nitrate was employed in these
tests. The precipitant was a 10 per cent solution of sodium
hydroxide. All samples were boiled. The following results were
obtained:

5ce.=25.0 mg. Ag. heavy precipitate
5ce.= 5.0 mg. Ag. slight precipitate
5ce.= 2.5 mg. Ag. cloudiness
5ce.= 1.0 mg. Ag. slight cloudiness
5ce.= 0.5 mg. Ag. faint cloudiness
5cc.= 0.25 mg. Ag. faint cloudiness
5cc.= 0.125 mg. Ag. limit

The end product was brownish. The limit test was given by
a solution of silver, the concentration of which was one part in
40,000.

Mercury.— (ous). A solution of mercurous nitrate containing
approximately one per cent of concentrated nitric acid, was em-
ployed in these tests. The following results were obtained:
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5 cc.=25.0
5ce.= 5.0
5ce.= 2.5
5ce.= 1.0
5ce.= 0.5
5ce.= 0.25
5cec.= 0.10
5 ce.= 0.05

mg. Hg
mg. Hg
mg. Hg
mg. Hg
mg. Hg

mg. Hg
mg. He

mg. He

5 ce.= 0.025 mg. Hg

NaOH NH,OH
large precipitate large precipitate
heavy precipitate heavy precipitate
heavy precipitate heavy precipitate
slight precipitate slight precipitate
slight precipitate very faint precipi-

or coloration tate whichincreases
on standing.
slight precipitate limit on standing
or coloration two minutes.
very slight precipi-

tate or coloration
very faint precipi-

tate or coloration -
limit. Appears

light gray, away

from the source

of light.

The above results indicate that a ten per cent sodium hydroxide
solution is a more sensitive reagent for the detection of mercurous
mercury than an ammoniacal solution of the same strength.
With the former the limiting test was given by a solution whose
concentration was one part in 200,000 while with the latter re-
agent the limit was one part in 20,000.

Mercury (ic).— The following results were obtained with a
solution of mercuric chloride:

5cc.=25.0 mg. Hg
5ce.=12.5 mg. Hg
5ce.= 5.0 mg. Hg
S5ce.= 2.5 mg Hg
5ce.= 1.0 mg Hg
5ce.= 0.5 mg. Hg
5 ce.= 0.375 mg. He

NaOH NH,0H
heavy precipitate heavy precipitate
slight precipitate fair sized precipitate
slight precipitate slight precipitate
limit slight precipitate
coloration 1 minute
slight coloration 3
minute
limit

The precipitates obtained with sodium hydroxide were yellow
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becoming orange with dilution. With ammonia the precipitates
were white.

The limiting results obtained above show that with sodium
hydroxide one part of mercury in 2000 can be detected while
with ammonia the delicacy is one part in 13,000.

Bismuth.— In the following tests, a solution of bismuth nitrate
acid with nitric acid was used. The following results were obtained
with ammonia as the precipitant:

Cold Boiled
5 cc.=25.0 mg. Bi white gelatinous ppt. white gelatinous ppt.
5 cc.= 5.0 mg. Bi white gelatinous ppt. white gelatinous

precipitate!
5ce.= 2.5 mg. Bi slight gelatinous ppt. white gelatinous

precipitate!
5ce.= 1.0mg. Bi limit - faint precipitate
5 ce.= 0.5 mg. Bi limit

In the cold it was found difficult to estimate the quantity of
gelatinous precipitates; boiling facilitates this. The sensitiveness
of the test in a boiling solution is shown to be one part in 10,000.

Copper.— The following results were obtained with a solution
of copper nitrate using a sodium hydroxide solution as the pre-

cipitant.
Cold Boiled

5 cc.=25.0 mg. Cu. heavy precipitate heavy precipitate

5cc.= 5.0 mg. Cu. light precipitate light precipitate
which settles

5ce.= 2.5 mg. Cu. slight precipitate  slight precipitate

which settles
5cc.= 1.0 mg. Cu. limit faint precipitate
5 cc.= 0.5 mg. Cu. limit

In the cold the color of the precipitates was bluish-white;
when boiled they were black becoming brown on dilution. The
limit test in a boiling solution shows a delicacy of one part in 10,000.

Cadmium.— A solution of cadmium nitrate was employed in

! The precipitate coagulated and settled.
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these tests with sodium hydroxide solution as the precipitant.
The results obtained are given below.

5ce.=25.0 mg. Cd.

5 ce.
5 ce.

5 ce.
5 ce.
5 ce.
5 ce.

5.0 mg. Cd.
2.5 mg. Cd.
1.0 mg. Cd.
0.5 mg. Cd.
0.25 mg. Cd.
0.125 mg. Cd.

Cold Boiled

heavy precipitate heavy precipitate
(white)

heavy precipitate heavy precipitate
which settled

slight precipitate slight precipitate
which settled

cloudiness cloudiness

slight cloudiness cloudiness
faint cloudiness  slight cloudiness
limit limit

In all the above experiments in which less than one milligram
was present in 5 cc., more conspicuous results were obtained on
standing one minute.
possess a delicacy of one part in 40,000.

Iron.— The following results were obtained with a solution of

ferric chloride.

5 ce.
5 cc.
5 ce.
5 ce.

5 ce.

5 ce.

5 ce.
5 cc.

=25 mg. Fe.
5.0 mg. Fe.
2.5 mg. Fe.
1.0 mg. Fe.
0.5 mg. Fe.
0.25 mg. Fe.
0.125 mg. Fe.
0.060 mg. Fe.

The limit tests show this reaction to

The precipitant chosen was ammonia.

heavy precipitate

heavy precipitate

light precipitate

light precipitate which looks like a
coloration

light precipitate which looks like a
coloration

very light precipitate which looks like
a coloration

faint color

limit

On boiling the precipitate becomes darker brown, and is more
noticeable in small amounts. All the precipitates in quantities
greater than one milligram coagulate and settle on boiling. The
limiting test above shows the test to be exceedingly sensitive,
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producing a visible result in a concentration of one part in 80,000.

Aluminium.— All the results given below were obtained with
a solution of aluminium chloride to which a slight excess of am-
monia was added and the mixture boiled in each case.

5ecc.=25.0 mg. Al heavy gelatinous precipitate
5ce.= 5.0 mg. Al heavy gelatinous precipitate
5ce/= 2.5 "mg Al light precipitate

5ce.= 1.0 mg. Al light precipitate

5ce.= 0.5 mg. Al very light precipitate

5 ce.= 0.25 mg. Al. very light precipitate

5 cc.= 0.125 mg. Al faint precipitate

5 cc.= 0.05 limit

With amounts greater than 0.5 mg. the precipitates coagulated
in one or more isolated clots. With smaller amounts, however,
the precipitates do not coagulate in large pieces but remain in a
finely divided state. The delicacy of the test is one part in
100,000.

Chromium.— A solution of chromium nitrate was employed in
the tests given below:

NaOH NH.OH
5ce.=25.0 mg. Cr. heavy precipitate heavy precipitate
(green) (gray)

5cc.= 5.0 mg. Cr. medium sized ppt. medium sized ppt.
5cc.= 2.5 mg. Cr. slight precipitate slight precipitate
5cc.= 1.0 mg. Cr. faint precipitate slight precipitate

5c¢c.= 0.5 mg. Cr. limit very slight ppt.
5 cc.= 0.25 mg. Cr. very slight ppt.
5 ce.= 0.125 mg. Cr. very slight ppt.
5 ce.= 0.06 mg. Cr. faint precipitate
5 ce.= 0.03 mg. Cr. limit

All the precipitates were boiled and allowed to settle. With the
lower amounts of metal the precipitates were slightly coagulated;
while in the limiting tests the precipitates showed a decided
tendency to form in the finely divided state. The limit test shows
a delicacy of one in 170,000.
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Zinc.— The following results were obtained with a solution

of zinc nitrate.

mixture boiled.

5 ce.
5 ce.
5 cc.
5 ce.
5 ce.
5 ce.
5 cc.
5 ce.

25.0
5.0
2.5
1.0
0.5
0.25
0.12
0.06

mg. Zn.
mg. Zn.
mg. Zn.
mg. Zn.
mg. Zn.
mg. Zn.
mg. Zn.
mg. Zn.

Ammonia was used in slight excess and the

dense white precipitate
dense white precipitate
slight precipitate

slight, precipitate

slight, precipitate
cloudiness

faint cloudiness

limit

The limit test shows a delicacy of one part in 80,000.
Nickel.— A solution of nickel chloride was employed in carrying
out the following tests.

5 cc.
5 cc.
5 ce.
5 cc.
5 ce.
5 ce.

5 cc.=25.0 mg. Ni
= 5.0 mg. Ni
= 2.5 mg. Ni
= 1.0 mg. Ni
= 0.5 mg. Ni
= 0.256 mg. Ni
= 0.125 mg. Ni
= 0.06 mg. Ni

5 ce.
Not

The precipitant was sodium hydroxide.
heavy gelatinous precipitate (light
green)
slight precipitate
slight precipitate
slight precipitate
few flakes
few flakes
few flakes
limit

less than 0.5 mg. can be readily distinguished without

boiling.
The limit test shows a delicacy of one part in 80,000.
Cobalt.— For these tests a solution of cobalt nitrate was used.
The reagent was sodium hydroxide.

5cc.=25.0 mg. Co.

5 cc.
5 cc.
5 ce.
5 ce.
5 ce.
5 cec.
5 ce.

= 5.0 mg
= 25 mg
= 1.0 mg
= 0.5 mg
= 0.256 mg
= 0.125 mg
= 0.06 mg

. Co.
..Co.
. Co.
0.(0.
. Co.
. Co.
. Co.

heavy precipitate (blue becoming a
dirty orange), coagulates and settles
on boiling

heavy precipitate

slight precipitate

slight precipitate

very slight precipitate

faint precipitate

faint precipitate

limit
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Not less than 0.25 mg. can be seen in the cold. The limit test
shows a concentration of one part in 80,000.
Manganese.— The following results were obtained with a solu-

tion of manganese chloride.

In each test a slight excess of am-

monia was added and the mixture boiled.
5 cc.=25.0 mg. Mn

5 cc.
5ce.=
5 ce.
5 cc.
5 cc.
5 ce.
5 ce.
5 cc.

5.0 mg. Mn
2.5 mg. Mn
1.0 mg. Mn
0.5 mg. Mn
0.25 mg. Mn
0.12 mg. Mn
0.06 mg. Mn
0.03 mg. Mn

heavy precipitate (orange)
heavy precipitate (red-brown)
medium sized precipitate
slight precipitate (dark red)
slight precipitate (black)
slight precipitate (black)
faint precipitate (black)

faint precipitate (black)

limit

With sodium hydroxide as reagent, the same results were
obtained. With 5.0 mg. and less, the precipitate appears like a

coloration before boiling.

The limit test shows a delicacy of one part in 170,000.
Magnesium.— A solution of magnesium sulphate was used in
these tests with sodium hydroxide as the precipitant.

5 cc.
5 ce.
5 ce.

5 ce.
5 ce.

25.0 mg. Mg.

5.0 mg. Mg.
2.5 mg. Mg.
1.0 mg. Mg.

0.5 mg. Mg.

heavy gelatinous precipitate
heavy gelatinous precipitate
heavy gelatinous precipitate
slight precipitate

limit

The limit test shows a delicacy of one part in 10 000.



A METHOD FOR THE SYSTEMATIC QUALITATIVE
DETECTION OF BARIUM AND STRONTIUM

By L. J. CurmmaN AND E. M. FRANKEL
College of City of New York, N. Y.

The previous work of the authors! has shown that the systematic
qualitative detection of barium is distinctly unreliable. They
have devised a scheme of analysis by which small amounts of
the alkaline earth metals may be detected. The method consists
in the precipitation of the alkaline earth metals, together with part
of the lead as sulphates with dilute sulphuric acid and alcohol, from
a solution of definite acidity. After extracting the lead sulphate
with ammonium acetate, the alkaline earth sulphates are converted
to carbonates by boiling with sodium carbonate solution. The
carbonates are then dissolved in acetic acid and the resulting solu-
tion analyzed in the usual manner. Numerous test analyses
prove the method to be trustworthy.

1J. A. C. 8., 33, 724, 1911.
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THE INFLUENCE OF NON-VOLATILE ORGANIC
MATTER AND CERTAIN ACIDS ON THE PRE-
CIPITATION OF THE AMMONIUM SULPHIDE
GROUP OF METALS

By L. J. CortmMan anp H. DusiN
College of City of New York, N. Y.

The effect of a number of non-volatile organic substances to
prevent or hinder the precipitation of Al, Cr and Fe by NH,OH
was investigated. The following was found to be the order of
interference: Citric acid, tartaric acid, dextrin, sucrose, glucose,
and lactose. The first offered the greatest interference while
sucrose, glucose and lactose interfered very slightly in the pre-
cipitation of the trivalent metals of Group III. Tables are given
showing the effect of each of the above substances under condi-
tions which prevail in qualitative work. A study was also made
of the influence of certain acids in causing the precipitation of the
alkaline earth metals and Mg in the third group. It was found
that two grams of NH,CI which are formed in the course of the
analysis, are sufficient to prevent any interference by boric acid
or borates; with fluorides, however, this was not found to be the
case, even when the quantity of NH,Cl was increased. The
effect of varying quantities of oxalates and phosphates respectively
on the precipitation of Ba, Sr, Ca and Mg in the third group was
also investigated.
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THE SAMPLING OF GOLD BULLION!

By FrebpERIC P. DEWEY?
Mint Bureau, Washington, D. C.

At the Seventh International Congress of Applied Chemistry
I presented a paper® on “The Assay and Valuation of Gold
Bullion” in which are briefly mentioned a few illustrations of
different methods of sampling gold bullion, particularly cyanide
bars. Since then I have carried on an extensive investigation
upon the sampling of gold bullion in relation to its effects upon
the assay results in connection with the statement of accounts
between the smaller assay offices of the United States which pur-
chase gold bullion and the mints where the purchases are re-
deposited.

Under the name of gold bullion are included metals of widely
different composition. We may have practically pure metal,
999.75 fine or even more in gold, alloys of gold and silver with
only trifling amounts of base metal, alloys of gold and copper
with trifling amounts of other metals, ternary alloys of gold, silver
and copper, or gold, silver and lead, and most complex alloys of
5 to 8 or more constituents of ordinary occurrence, besides some of
the rarer metals occasionally. In any or all of these classes we
may have one or more of the metalloids, which may add to our
difficulties.

Of course, with metal 999.75 fine in gold there is only slight
opportunity for different samples to differ in fineness, but on such
fine metal we expect the assays to agree very closely and the sam-
pling must be done with the utmost care. When possible, dip or
granulation samples of the molten metal should be taken, but
when necessary to sample bars the chief point to guard against is
surface dirt.

In the case of four melts of fine gold, which had been carefully

'Published by permission of the Director of the Mint.

2Assayer, Mint Bureau, U. S. Treasury, Washington, D. C.

$Published in Trans. Am. Inst. Mining Engineers Vol. XL, p. 780, and in
Annual Report of the Director of the Mint for the year 1908-1909, p. 25.
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sampled by both dips and chips, one of the chip bars and an inde-
pendent bar were chipped and the chips assayed. Table I sum-
marizes the results:

TABLE 1
FiNE GoLp SAMPLING
Original Sample Bar
Report 2nd Sample 2nd Bar
997.9 fine 997.7 fine 997.9 fine
998. fine
997.5 fine 997.4 fine 997.4 fine
.3 fine
997.4 fine 997.4 fine 997.3 fine
.4 fine
997.2 fine 996.9 fine 996.9 fine

In the case of four melts of much higher grade metal independent
samples were taken and assayed after the melts had been reported
by the Assayer and Table II summarizes the results.

TABLE I1
FiNE GoLp SaMPLING

Original Report Resamples
999.8 fine 999.7 fine
.7 fine

999.7 fine 999.7 fine
.7 fine

999.7 fine 999.7 fine
.6 fine

999.6 fine 999.5 fine
.5 fine

Our standard gold, coin gold, is 900 fine in gold and 100 fine in
copper. When made from pure metals it does not segregate.
Four melts of standard gold were carefully sampled by both dips
and chips and reported by the assayer. Subsequently one of the
sample bars and a second bar were chipped and the chips were
assayed. Table ITI summarizes the result.

TABLE II1
STaANDARD GOLD SAMPLING
Original Report Sample Bar 2nd Bar

900 fine 899.8 fine 899.8 fine

.9 fine
899.9 fine 899.8 fine 899.8 fine
899.8 fine 899.7 fine 899.6 fine
899.7 fine 899.; gne 899.5 fine

.8 fine

In the cases already cited the question of sampling is a very
simple matter and the variations in the results shown may just
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as well be due to the assaying itself as to the sampling. When,
however, we come to consider miscellaneous bullion of more com-
plex composition the sampling assumes greater importance,

If we have a bar of strictly homogeneous metal, manifestly it
would make no difference how the sample was taken, for any
part of the metal would be just the same as the balance of the
metal. Bars that are practically homogeneous are not uncommon,
and such bars would not have to be melted for the purpose of
sampling, provided always that we could be certain that they
were homogeneous.

Only two classes of alloys can form homogeneous bars; those
that are solid solutions and the eutectics, and unfortunately there
are no characteristics by which the homogeneity of a bar of gold
bullion may be readily established. As a general proposition it is
safe enough to assume that a brittle bar of gold bullion will not
be homogeneous. We may, of course, happen to get a bullion of
eutectic composition, which would be both brittle and homo-
geneous, but eutectics undoubtedly form a very small proportion
of the ordinary run of gold bullion. On the other hand it is far
from safe to assume that a ductile bar is homogeneous.

The alloys of gold and silver and gold and copper form continu-
ous series of solid solutions and they may carry small amounts of
other metals without showing marked segregation. Several cases
are shown in the examples cited beyond where there is remarkable
agreement in the assays of different samples of gold and silver
alloys containing small amounts of impurities, thus showing the
practical absence of segregation. Alloys of gold and copper are
quite similar in their heat behavior to the gold-silver alloys, but
I do not happen to have any satisfactory series of samples of these
carrying small amounts of other metals. -

When we come to the ternary alloys our knowledge of their
behavior on heating and cooling is too scant to admit of valid
generalizations and this is even more so with regard to the alloys
of increasing complexity.

Considering now the sampling of general miscellaneous gold
bullion, there is only one universally satisfactory method of taking
a sample of such bullion that shall truly represent the metal
sampled. This consists in pouring a small portion of the well-
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mixed molten metal into water so as to produce small globules or
granulations of the metal. As this is generally done by dipping
out a portion of the molten metal in a small cup such a sample is
frequently called a “dip,” and this name is generally used through-
out this paper. These samples are, however, often called ‘ granu-
lations” and they are sometimes made by pouring directly out of
the crucible into the water, the operation of casting being inter-
rupted for the purpose.

As already indicated, there are indeed various cases where other
styles of sampling may be sufficiently satisfactory, and there are,
moreover, many cases where it is desirable or even necessary to
sample a bar of solid bullion without melting it. In such cases a
chip may be cut off from the bar by an ordinary cold chisel or by
a chisel especially designed for the purpose. Power-driven punches
with especially designed tools may be used. Machines are also
built which bite out a triangular piece of metal by means of a
projection on a lever operated by a cam. Where much chip
sampling is done, especially on small bars, these machines are
great time and labor savers. A third method of sampling consists
in boring into the bar, generally with a power drill, and using the
drillings for the assay sample.

In taking a chip sample there is but little choice in the location
of the sample. It must necessarily be taken from a corner or
along some edge of the bar. In the systematic sampling of large
bars, generally two chips are cut; one from the top and one from
the bottom of the bar and properly identified.

In taking drill samples there is a wide choice in the location of
the drill holes and in the sampling of large bars more or less of a
plan in placing the holes is often followed. It is a common prac-
tice in the mint service to drill half way through a bar at diagonally
opposite corners on top of the bar and unite the drillings for the
top sample. The remaining corners are drilled half way through
from the bottom and the drills mixed for the bottom sample.
Occasionally the four drills are kept separate, especially when
sampling very base bars. Occasionally also holes are drilled near
the center of the bar.

Drill samples are often more satisfactory than chip samples,
especially where large numbers of bars of fairly uniform size and
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composition are sampled in accordance with a well-designed plan.
Drill samples of brittle bars are, however, liable to be unsatis-
factory because the fine and coarse portions may differ considerably
in composition.

In the purchase of gold bullion by the Mint Service of the
United States the size of the deposit has an important bearing
upon the question of sampling. A very large proportion of the
deposits will weigh less than 100 ounces each. Manifestly slight
differences in the samples on such bars will be immaterial. When,
however, the weight of a deposit reaches 300 ounces the samples
become important and with bars weighing 700 to 1200 ounces
correct sampling becomes essential.

Limiting ourselves now for the most part to these large-sized
bars of miscellaneous bullion, I propose to illustrate some of the
general principles underlying the question of sampling gold bullion
by specific cases drawn from actual practice. In considering the
illustrations the assay results given must not be too rigidly in-
terpreted. Besides the variations in the results due to variations
in the samples there are three other variants that must be kept
in mind constantly; the chapter of accidents, the personal equation
of the assayer and the effect of the composition of the metal upon
the assaying as distinct from its effect upon the sampling. This
last point will be especially dealt with by various illustrations.
Making reasonable allowances for these variants it is thought that
the illustrations are sufficiently coneclusive upon the main points
involved.

To begin with, alloys of gold and silver containing only small
amounts of base metal, four bars, each one carrying less than four
base, were chipped top and bottom and each one of the eight
samples was assayed in three laboratories. A fifth bar carrying
ten base was treated in the same way. Table IV summarizes the
results reported.
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TABLE 1V
SamMPLING GOLD-SILVER Arroys Low N Base By CHiprs

Fineness Assays | Fineness Assays | Fineness Assays | Fineness Assays | Fineness Assays
8723 1 875.7 18333 1 1 (83842 2 873.8 1

4 2 Be 142 4 6 3 1 40 1
b5 5 4 oA A b5 4 2 4 1 4 WA 1L

6 2 60 4 2 36152, kD2 o ol
7 3 J SLee 7 3 6 1 A 2 Sl
310 HE A e LTt 7 1 .01/ 21
6 1

il
Total 9 10 10 10 10 10 5 8 9 8
Silver 124 121 114 111 116

Each one of the above bars may be taken as a single product,
but a bar obtained by melting 39 small bars of miscellaneous origin
into a mass-melt exhibits a remarkable agreement of chip samples.
This mass weighed a little over 1300 ounces and was .143 fine in
silver. It was chipped top and bottom at the assay office and
twice at the mint of redeposit. The assay office samples were
assayed in duplicate there and the four mint samples were assayed
in four laboratories. Forty-four assays were made on the six chip
samples. Table V summarizes the results reported.

TABLE V
Sampring A Mass Ment BY CHIPs

1 assayfshowed 679.7 fine in gold

4 8
2 )
2 80.1
5 2
8 3
3 4
4 5
7 .6
5 7
2 .8
1 9
44

A bar carrying over 90 base and weighing 606 ounces was
chipped top and bottom and the samples assayed at the purchas-
ing office. At the receiving mint it was drilled tap and bottom
and the drills were assayed in four service laboratories. Table VI
summarizes these assays.
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TABLE VI
CHip AND DRILL SAMPLES AGREEING
Fineness Chip Drill
741.6 1
7 1
8 1
.9 2
2.0 2
Al 2 3
2 7] 1
3 4
4 5
Total 4 20
Silver 165

A bar weighing over 800 ounces presents another remarkable
case of the presence of considerable base metal without producing
marked segregation. This bar was drilled top and bottom and
the drillings were united to form one sample. Two other sets of
drills, top and bottom, were taken from the same bar and each
sample was kept separate. These five samples were assayed 69
times in five laboratories. Table VII summarizes the results

reported.

TABLE VII

SampriNG Gorp-SILVER ArroY, CoNTAINING CONSIDERABLE Bask,
BY DRILLS

6 assays showed 351.0 fine in gold
10 assays showed .1 fine in gold
13 assays showed .2 fine in gold
14 assays showed .3 fine in gold
15 assays showed .4 fine in gold

6 assays showed .5 finein gold

2 assays showed .6 fine in gold

3 assays showed .7 fine in gold
69

This bar was 604 fine in silver and 44.5 fine in base metals.

Two other bars containing less base metal but also considerably
less gold yielded much less satisfactory results. These bars
weighed nearly 1200 ounces each. They were drilled, top and bot-
tom, and the drillings united to form one sample. One bar was
drilled twice again, top and bottom, and the other three times,
top and bottom, each drilling being kept separate. These twelve
samples were assayed in five laboratories and Table VIII sum-

marizes the results.
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TABLE VIII
DriLy SaMPLING GOLD-SILVER ALLOoY Low 1N GoLp AND Base
Fineness | o] 2nd Drill |3rd Drill | Fineness | poty | 2nd Drill | 3d Drill Jath Dril
T B| T B Tos i B T OH
290.2 2 290.6 1
.6 1 1 2 9 1
i 1 2 i M 1 1
8 1 2 5 1
9 2 2 9 it 2
1.0 3 2.0 i 2 1
1 1 1 1 il 2
a2 2 2 2 29 2
3 2 il 3 1 1 1 [ Sesnl
4 2 LA 2 4 2 Tl 412 3
5 4 1 .5 3 2t 213 3
6 2 1 2 .6 4 4 i R e
o 2 bt 1 4 3 TR LTS S
8 1 8 i ialhdr 1]1
9 1 s 1 9 ] 2
2.0 1 3.0 oY 68 RS |
A 1 1 4 1|1
2 2 2 2 1 4
3 2 1 3 8
4 1 3 .6 1
5 1 9 1
7 1 1
8 1 2
9 1
3.0 1 i)
N | 1
Total 15 14 15 |15 14 16 15 14 (13 14 |15 14
Silver 670 671

On the other hand, a ductile bar 778 fine in gold with only 9 base
yielded unsatisfactory results for this grade of metal. This bar
weighed over 1500 ounces and was drilled top and bottom, the
drillings being mixed for one sample. Being ductile it was chipped
twice top and bottom at the mint of redeposit. These six samples
were kept separate. The bar was remelted with a l<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>