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originality. ‘They may be turning out a machine

to fit the present requirements of a certain kind of

mill, which mill will pay a royalty of sixty dollarﬁ
a month for the use of the machine, but is this th e
best attainable? Should not such requirementsPOLIjEc

be considered merely as a fortunate demand fot -
by-products? Are not the “seconds’ of the (/jsy
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__ EDITORIALS.

EDUCATION. ‘ :

THERE;»}.}_aVe‘,;'.b‘eeri a large number of papers
published  within the past year which dealt with
the preparation of engineers in general, or of chemists
and: chenical  engineers in particular. Most of
them were written by practical engineers. If the
te:achers of the land have read them all, they are
still justified id,‘following their own concepts to a
considerable degree, because of the disparity on
the one side and impracticability on the other.

If the teachers have read but part of them and have-

be_eg deeply impressed, they may be changing
80od plans for poorer ones. They may be making
:the future graduate of their courses still more of a
hand-hook of ready data and of evanescent pro-
.:cesses, of quick conclusions and of decapitated

chemist-plant good enough for the mill which
wants a cheap machine? The broken saggers of a
porcelain factory might be a useful by-product,
but should we forget the making of the porcelain?
+ In chemical industries and engineering, the one
thing "most needful is character; which means
integrity, individuality, energy, push, etc. These

.must be greater than the average to warrant greater

than average success. The memory of the stored

- facts, the familiarity with the prices and names of

common chemicals, the details of their manu-
facture, etc.; need be only an average-grade-acces-:
sory. If a man cannot think independently,:

 cannot talk or.write decently, cannot listen inter-

nally, and finally does not do so frequently and;
better than the average, then the retention of
stored knowledge will be a useless tdsk to him.

It may be maintained that such assets as char-
acter, interest, judgment, etc., cannot be poured

.through ‘a funnel,: that they cannot be driven i

with a hammer, that they are hereditary in the
man or absent forever, but is it true? :Are not:
these  desiderata  largely ' the result ‘of intimate:
contact with such personal qualities as distinct:
from physical contact with 'other .things? They

-are not openly demanded of: the teacher by the.

student as he demands chemical knowledge, nor .
are they likely to be demanded as long.as!every!
man feels that he ‘does not need them. But may.
they be acquired? In practice it is the difference
in these traits which is' of greater influence than
accumulated knowledge, though ‘the latter be ever
so mnecessary. A well-trained engineer in any:
science will very quickly look and act and become
like a well trained chemist if he finds himself called
upon to go deeply into chemistry. A poorly -
trained chemist may have trouble keeping up with:
the office boy on routine steel analysis if he lets him-
self . latibulize. The deciding difference between
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the two is in the personality or character and not
in the stock of knowledge. - It seems as though the
automatic power of centering and maintaining
interest in things was one of the most desired traits
to impart to a very young chemist.

W. R. WHITNEY.

THE NEXT STEP IN PUBLICATION FOR THE
AMERICAN CHEMICAL SOCIETY.

SEVERAL years ago Professor A. A. Noyes pro-
posed a classification of the articles in the Journal
of the American Chemical Society with a separate
paging for each class. A little more than two
years ago the writer presented to the Council of
the Society a scheme for the publication of a set of
separate journals representing the more important
subdivisions of chemistry, The plan proposed was
imperfect in some of its details and it involved a
coordination of conflicting interests which is prob-
ably too Utopian for complete realization. The
American Chemical Society has, however, accepted
the most vital part of the proposal and has es-
tablished a separate journal devoted to the in-
terests of industrial and engineering chemistry.
Every one will, I am sure, agree that the develop-
ment of publication has been so rapid recently that
we should wait till we can see more clearly the
effect of present policies before taking another
step forward. It is, however, wise for us to begin to
consider the direction which future development
should take.

The purposes which have led to the establishment
of the JOURNAL OF INDUSTRIAL AND ENGINEERING
CHEMISTRY are: First, to care better for the in-
terests of a class of chemists and manufacturers
who form a very large group of our membership.
Second, to furnish a more suitable medium for the
publication of articles in this field in the hope that
we may bring a large portion of the best industrial
articles together in a single journal where they will
be easily accessible to the chemists of the country.
Third, to gain new members with the support
which they will give. A fourth reason which
might apply in other cases would be the desire to
combine the articles from some fields of chemistry
which is represented in the Journal of the American
Chemical Society with those published in some
existing journal, with the hope of securing for this
journal the publication of practically all American
work in the field.

All of the reasons given lead many physical

- journal of organic and biological chemistry.
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chemists in America to de51re the pubhcatlon by
the American Chemical Society of a journal of
physical chemistry. The difficulty of separating
general and physical from inorganic articles; as
indicated by German experience, makes it seem
desirable to combine the three classes of articles
in one journal. Such a journal, if established,
would take about two-thirds of the articles which
will probably!be pubhshed in the Journal of the
American Chemical Society during the present year.
Evidently what would be left could no longer be
called, appropriately, the Journal of the American
Chemical Society, and the establishment or adoption
by the society of a journal of physical chemistry
means also the establishment or adoption of a
This
has not, perhaps, been sufficiently consldered by
the physical chemists.

If we assume that the publication of a journal of
physical and inorganic chemistry is desirable, the
next questions are those of practical detail. In the
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. first place it is to be hoped that some arrangement

can be made, satisfactory to the Editor of the
Jowrnal of Physical Chemistry, by which the
articles published In the Journal of the American
Chemical Society can be united with those pub-
lished in the former.

The financial side of the question is best con-
sidered in connection with the different plans
which may be proposed: ;

(1) The journal might be published on a sub-
scription basis. It is extremely doubtful if suffi-
cient financial support could be secured in this
way, but, even if it could it would mean that we
should take away from one class of members of the
American Chemical Society those articles in which
they are especially interested, compelling them to
do without or pay extra for them. It would, i
effect, raise the dues for those interested in physical
chemistry. I am sure this is not desirable.

If two journals were published in place of the
Journal of the American Chemical Soctety, with an
increase of 800 pages of material, and both journals
were to go to all our members the additional cost of
printing would be about $2500. If we add $700
for the salary and expenses of the editor, we have
$3200 a year as the sum needed for the establish-
ment of this journal. This expenditure might be
met by one of the following plans:

(2) On payment of the present dues of $I10
members might be permitted to select any three
of the four journals which we would then publish.
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Any one wishing all four would pay $3 additional.
If we assume that 500 would do this (a liberal
estimate) this would give $1500, while about $2800

would be saved by the decrease of 3500 copies in

the total circulation of the three journals. Such a
plan would, in effect, add $3 to the dues of all who
wished, as now, to have access to original papers
in all fields and would deprive all the rest of the
papers in some one field. The increase would be
especially felt by students and young men just
beginning their professional career. The injury
which would result from giving to the majority
of our members a one-sided literature appears to
me very serious. We ought not to think chiefly

of the members of the council of the society and of
chemists of similar character and position but-

rather of members with limited means and of the
many who are isolated so that the journals pub-
lished by the society are the only ones they can see.
The decreased circulation would also make the
journals less attractive as a means of publication
and might also interfere seriously with advertise-
ments,

(3) An increase of $1 in the dues would somewhat
more than meet the increased expense. It seems
to be generally agreed that such a plan is wholly
inadvisable and that the dues must not' be in-
creased again for any purpose.

(4) Add 640 new members. - Even with the
four journals it would cost only about $5 to print
an extra copy of each, pay the postage, and pay the
additional expenses for the secretary, local sections,
eétc, Hence each new member adds $5 to the
funds available for publication.

(5) Secure an endowment for publication. Every
one will admit, I think, that the maintenance of
our publications is of very great importance for the
future of chemistry in America and it does not seem
too much to hope that some of the leaders of in-
dustries which have profited so largely by our
science may yet contribute liberally to their sup-
Port. What has been accomplished during the
Past two years is certainly a sufficient basis for an
€arnest appeal.

It seems to be clear from what has been said that
We ought to wait for the publication of a journal of
physical chemistry till it is possible, financially,
to do this and send the journal to all of our mem-
bers. For the first time in the history of chemistry
the American Chemical Society has succeeded in
u_niting all classes of chemists in a large organiza-
tion which cares adequately for the interests of
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both pure and applied science. Those of us who
attend the general meetings of the society see very
clearly the advantages which come from the asso-
ciation and acquaintance of chemists with radically
different habits of work and points of view. But
we must remember that, after all, these meetings
reach only a small fraction of our membership,
while the journals now go to all of our members.
We have recently provided, by the establishment
of this Journal, a more suitable form of publication
for articles in industrial and engineering chemistry.
I am sure that industrial chemists would be the last
to say that we ought not to continte to provide,
as in the past, for the suitable publication of re-
searches which have been undertaken without
reference to any industrial application.
’ ' W. A. NovEs.

SAMPLING.

MRr. BaiLEy has done a service to analytical
chemistry by his careful physical and mathematical
investigation of sampling, the results of which are
published in this number. While the work con-
cerns itself with the sampling of coal, the results
are of wide application. In the past, and at the
present time, in thousands of cases the analysis
has to bear the criticism which should fall upon
improper sampling. The analyst, who is not his
own sampler, can analyze only the sample which
is delivered to him. Almost any analyst can re-
late how samples representing carload lots of coal
were delivered to him in pint milk bottles and
lubricating greases in candy sacks. Members of
the engineering profession are not altogether
blameless in encouraging faulty sampling, and
occasionally the chemist himself is deserving of
censure in this regard. The simple truth that a
correct analysis is dependent upon a correct sample,
would appear to be sufficiently axiomatic to re-
quire no demonstration.

W. D. RICHARDSON.

ORIGINAL PAPERS.

THE SYNTHESIS, CONSTITUTION, AND USES
OF BAKELITE.!

By L. H. BAEizLANn, Sc.D.

Received February 8, 1909.
Since many years it is known that formaldehyde
may react upon phenolic bodies. That this re-

1 Read before the N. Y. Section of the American Chemical Society
on February 5, 1909



150

action is not so very simple is shown by the fact,
that according to conditions of operating or to
modified quantities of reacting materials, very
different results may be obtained; so that bodies
very unlike in chemical and physical properties
may be produced by starting from the same raw
materials. Some of these so-called condensation
products are soluble in water, other ones are crystal-
line, while some others are amorphous and. resin-
like. Then again, among the latter resinous prod-
ncts some are easily fusible and soluble in alcohol
or similar solyents while other ones are -totally
insoluble in all solvents and infusible. This paper
will deal with a product of the latter class.

The - complexity of my subject compels me to
make a brief historical outline which:will allow us
to form a clearer idea of the scope of my work and
differentiate it from prior or contemporary at-
tempts in subjects somewhat similar.

~ That phenols and aldehydes react upon each
otheriwas shown as far back as 1872 by Ad: Bayer
and others.? ;

The substances obtained by these investigators
were merely of theoretical interests and no attempt
was made to utilize them commercially; further-
more their method of preparation was too ex-
pensive and too uncertain and the properties of
some of their resinous products \\ere too undecided
to suggest the p0551b1hty of utilizing them for
techmcal purposes.

‘ Until 1891 attempts at synthesxs with formal-
dehyde were generally limited to the use of its
chemical representati\"es either methylal, methylen
acetate, or methylen- -haloid-compounds.

With the advent of cheap commercial formal-
dehyde, Kleeberg? took up again this subject
using formaldehyde solution in conjunction with
phenol and in presence of strong HCL Under
spontaneous heating he obtained a sticky paste
which soon becomes a hard 1rregular mass. The
latter is infusible and insoluble in all solvents and
resists most chemical agents; boiling with alkalies,
acids or solvents will merely extract small amounts
of apparent impurities.

As Kleeberg could mnot crystallize this mass, nor
purify it to constant composition, nor in fact do
anything with it after it was once produced, he
described his product in a few lines, dismissed the
subject and made himself happy with the study of
nicely crystalline substances as are obtained by the

1 Ber., 5, 1095; 19, 3004 and 3009; 25, 3477; 27, 2411..
: Annalen, 263, 283 (1891).
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action of formaldehyde and polyphenols,
acid, etc.

The mass obtained after Kleeberg’s method, is a
hard and irregular porous substance containing
free acid which can only be removed with difficulty
after grinding and boiling with water or alkaline
solutions.  ‘The porosity of the mass is due, as we
shall see later, to the evolution of gaseous products
during the process of heating.

In 1899 Smith,! realizing probably that Klee-

gallic

berg’s method does not lend itself to molding

homogeneous articles, tried to moderate the violent
reaction by using a solvent like methyl-alcohol or
amyl-alcohol in which he dissolves the reacting
bodies, as well as the condensing agent, muriatic
acid. Even then the reaction is too violent if
formaldehyde be wused, so he does not use formal-
dehyde, but instead he takes expensive acetalde-
hyde and paraldehyde, or'expens:ive polymers. of
formaldehyde. After the reaction, he slowly evap-
orates the mixtures and drives off the solvent at
100° C.  He thus obtains, by and by, a hardened
mass in sheets or slabs which can be séwed cut or
In ;his. German patent spec1ﬁcat10n2 he
insists on the fa.ct that i in his process the methyl- or
amyl- alcohol not only act as solvents but participate
in the reactlon and he states that this is clearly
shown by the color of the final product, which is
dependent on the nature of the solvent he em-
ploys. He mentlons that his drying requires from
12-30 hours; my own experience is that it takes
several days to expel enough of the solvent; and
even -after several months, there is still a very
decided smell of slowly hberated solvent During
the act of drymcr_I_ observed in every instance
warping and irregular shrinking of the mass which
thereby becomes deformed and makes fhis method
unfit for accurate molding. :

In 1902 Luft,?® tried to overcome these dlfﬁ-
culties in a somewhat similar way. Like Klee-
berg he uses a mixture of formaldehyde, phenol
and an acid; but recognizing the imperfectioné of
the product and desiring to make of it a plastic
that can be molded, he mixes the mass before
hardening, with suitable solvents such as glycerine,
alcohol or camphor. He virtually does the same
thing as Smith with the difference, however, that he
adds his solvents after the main reaction is partially
over and uses his acid condensing agent in aqueous
solution. His aim, as clearly expressed in his

! Engl. Pat., Arthur Smith, 16247, August 9, 1899.
2D. R. P. A. Smith, 112685, October 10, 1899.
! D. R. P. Adolf Luft, 140552, April 29,1902; U. S. P. 735278.
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‘patent specifications; is to"obtain a‘mass ‘which’ re-
mains “transparent and more or less plastic.”” After
‘pouring his mixturein'a sititable:mold he dries at a
temperature - of “about 502 .C.i:He' too' insists on
‘the  advantages  of - using *solvents ‘and-in his
‘German patent: (page 1, lin€é 44): he states' that
from 2 to 10 ‘per cent. glycérine must remain‘in’the
-mass; moreover he arranges matters so as to retain
in his mixture all the expensive ‘camphot.  The
whole process ‘of Liift Jooks'clearly: like an“dttempt
~to make a plastic similar to’ celluloid and'to prepare
it'and to use itias the latter. “T'he ‘similarity’ be-
comes greater by the use of camphor and the same
'solvents as in the celluloid process.” i

1" have prepared ‘Luft’s product it is- relatlvely
“brittle, very much' less tough ‘and flexible ‘than
celluloid;" it “does” not mielt- if “heated although it
softens decrdedly, acetone’ sWells it -and - suitable
solvents can extract free camphor and glycerme
from it.

* And now we conie to an’ attempt of another kind,
namely the formation of Soluble’ synthet1c resins,
better known as shellac’ 'substitutes.

~ Blumet! 'Boils a mixture of formaldehyde phenols
and an “oxyacid,” preferably ‘tartaric ‘acid" and ob-
“taing ‘4’ fusible, alcohol soluble “résinotis materral
which he* proposes as a shellac” stbstitute. ” “This
substance is “soluble ‘in “caustic”soda ‘lye;‘it can be
melted repeatedly, and - behaves'like any “Soluble
fusiblenatiiral  resin. Blumer in his orlgmal
“English *“patent” “application” puts great ‘stress
on the' use of an oxyacid and seems to thmk
‘that ‘the'” latter part1c1pates prommently in" the
reactlon He ‘uses it in the proportion: of one imole-
cule “of acid’for two molecules -of phenol and two
molecules of formaldehyde.

‘Nathaniel* Thirlow, working in" my laboratory
on the same subject, has conclusively shown several
years ago that’ the identical material can be ob-
tdined by the use of minute amounts’ of inorganic
acids; he has shown furthermore that equlmolecular
Proportions are not necessary; in fact they are
wrong and harmful if the reaction be carried on
in such ‘a way that no formaldehyde' be ‘lost; he
showed also ‘that in order to obtain a fusible sol-
‘uble resin, an excess of phenol over equimolecular
‘Proportions ‘'must be used, unless some formalde-
hyde be lost in the reaction.

S0 as to avoid confusion, I ought to mention
here that Blumer and Thurlow’s resin is relatively
Very brittle, more so than shellac and that no

! Engl. Pat., Louis Blumer, June 5, 1902, No; 12880.
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amount of heating alone’ changes it into an in-

-soluble, infusible product.

“As -to " the 'real’ chemical constitution of this
interesting product which'I have tried to establish
by-indirect synthesis, I shall’'read a paper on this
subjectat one‘of the next meetings-of ‘this society.
‘CUADbout a year later, Fayolle!' tries'to make ‘gutta-
percha “substitutes' ‘by  modifying Luft’s method:
he “adds" large jamounts” of glycerine: to the sul-
phuricacid used ‘as eondensing agent, and: obtains

‘a'mass that remains plastic and can-be’softened

rand knedded *whenever heat’is applied. ’ On -trial,

“this! method “gave ‘me a briftle ‘unsatisfactory sub-

stance of ‘which it is difficult, if not impossible, to
wash: away:the free acid without: removing at the
same'time much' of the glycerine..- - Inithis relation,
Luft’s way:of adding. the glycerine.after: elimi-
nating:theracid; seems more logical.? wstath
Later,® the same:inventor modified. his method

.by adding a considerable:amount of pitch (“brai’’)

and: oil thus trying to. make another gutta-percha
substitute which also softens when -heated :and
remains plastic. ..

In 1905 Story mod1ﬁes all above methods in
the followmg way ‘He dlscontmues the use of
condensmg agents and of added solvents but he
takes a decided excess of phenol namely 3 parts of

140 . per cent. formaldehyde and 5 parts of 95 per

cent, cresol or carbohc acid; by this fact the latter
is present in excess of equlmolecular proportlons
He boils this mixture for 8-10 hours, then con-
centrates in an open -vessel whlch drlves off. water

and some formaldehyde and, whlch mcreases Stlll

more the excess of phenol; after the mmture has
become . viscous he potrs it into suitable molds,
cools down and afteryards hardens by slow drymg
below 100°C., or as stated in his patent at about
80°C. His product is mfusxble and msoluble
But this method has some very serious drawbacks
which I shall descnbe summarily and which Story
himself recognized later.® i

His process is necessarily slow Leaving out of
consideration his long prehmmary boiling, the
hardening process. at temperatures below 100° C.
is really a drying process where the excess of phenol
that provisionally has acted as a solvent is slowly
expelled. This assertion I have been able to
verify beyond doubt by my direct experiments

! French Pat., E. H. Fayolle, 335584, September 26, 1903.

2 See also addition patents to original French Pat. add. Pat. 2414,
February 8, 1904 and 2485, February 18, 1904. Fayolle.

3 French Pat., E. H. Fayolle, 341013, March 7, 1904.

4 Engl. Pat., Henry Story, 8875, 1905.

5 See his addition Patent, Belgium 210965, bentemhcr 30, 1908.
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where hardening was conducted in closed vessels
at below 100° C. and where I succeeded in collect-
ing phenol with the eliminated water. The evap-
oration or drying process may proceed acceptably
fast for thin layers, or thin plates, but for masses
of a somewhat larger volume, it requires weeks and
months; even then the maximum possible hardness
or strength is not reached at such low temperatures.
All this not merely involves much loss of time,
but the long use of expensive molds, a very con-
siderable item in manufacturing methods; further-
more, during the act of drying, the evaporation
occurs quickest from the exposed surface, thus
causing irregular contraction and intense stresses,

the final result being misshapen molded objects,

rents or cracks.

Story states that if pure phenol be used the
reaction proceeds very slowly; I should add that in
that case the reaction does not take place, except
very imperfectly, even after several days of con-
tinuous boiling. FEven then in some of my own
experiments made with pure commercial crystal-
lized phenol and with commercial 40 per cent.
formaldehyde, I obtained products. not of the
insoluble type, but similar to the soluble fusible
products of Blumer and Thurlow.

Taken in a broad sense, Story’s process is very
similar to Luft's with this difference however, that
he foregoes the use of an acid condensing agent
and instead of using a solvent like alcohol, glycerine
or camphor, he uses a better and cheaper one,
namely an excess of phenol. In further similarity
with Luft and Smith’s his method is, as he ex-
presses himself in his patent text,
process.

Like Smith and Luft he is very careful to specify
temperatures not exceeding 100°C. for drying off
his solvent.

Shortly after Story filed his patent, Delairel
obtained a French patent for making soluble and
fusible resins either by condensing phenols and
formaldehyde in presence of acids, in about the
same way as Blumer or Thurlow and then melt-
ing this product; or by dissolving phenol in caustic
alkalies wused in molecular proportions, then pre-
cipitating the aqueous solution with an acid and
afterwards resinifying the reprecipitated product
by heating it until it melts. I should remind you
that the French patent laws allow patents without
any examination whatever as to novelty. And I
should state also that DeLaire simply uses here

1 French Pat., DeLaire 361539, June 8, 1905.

a drying
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the old and well-known processes of Lederer' and
Manasse® which consists in making a phenol-
alcohol by the action of formaldehyde on an aqueous

solution of a phenolate and subsequent treatment
with an acid.

It is a well-known fact that these phenol-alco-
hols, for instance saligenin, if heated alone or with
an acid, will give partial anhydrides such as
saliretin and homosaliretin,® C, H 0, or CgH,
(OH)CH,0C,H,CH,0H,* fusible and soluble in
alcohol, or caustic soda, and prccipitable from the
latter by the addition of chloride of sodium.

Trisaligenosaligenin, C,gH,,05 or 4C7H302—‘3H20,5
and heptasaligenosaligenin, C;H; 0, or 8C,H;O,—
7H,0,° are both higher anhydrides of similar
resinous character, the first one obtained by the
action of sulphuric acid on saligenin, the latter by
the action of acetic anhydride.

The direct homolog of saliretin, which is methyl-
saliretin or homosaliretin, has properties similar
to saliretin, melts at 200° or 205°C. and is less
soluble.”

No wonder then if the English® and the German
patents® of DeLaire vary considerably in text and
claims from the French patent; the claims are
reduced merely to a method consisting in resinify-
ing phenol-alcohols by heating them under reduced
pressure or vacuum. The resins of DeLaire are
fusible, soluble products, having all the general
properties of saliretin and homosaliretin.

In order to complete my enumeration of methods
where alkalies are used, I ought to mention two
processes which aim at products very different
from those which we have in view. Speyer !° pro-
duces an antiseptic which easily gives off CH,O.
For this purpose he uses naphthol or polyphenols
like resorcin or pyrogallol and adds an excess of
ammonia and of formaldehyde. This gives him
an insoluble powder which easily liberates CH,O and
NH,. Itisa well-known fact that ammonia reacts
on formaldehyde and produces hexamethylentetra-

! Journal Praktische Chemie [2], vol. 50, page 224.

2 Ber., 1894, 2409-2411; D. R. P. Bayer, 85588; U. S. P., Manasse,
526786, 1894,

3 Beilstein, Organ. Chemie, Vol. 2, 1896, page 1109,

* R. Piria, Ann. Chem., 48, 75; 56, 37; 81, 245; 96, 357. Moitessier,
Jahresbericht, 1886, page 676.

5 K. Kraut, Ann. Chem., 166, 123; Gerhardt, Ann. Chim. Phys. [3],
7, page 215.

¢ F. Beilstein and E. Séelheim, Ann. Chen., 117, page 83.
7 C. Schotten, Berichle, 1878, page 784.

8 Engl. Pat., DeLaire, 15517, 1905.

¢ D. R. P., DeLaire, 189262, July 19, 1905.

19 D. R. P., Arthur Speyer, 99570, November 2, 1897.
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min, C,H,,N,,* which easily acts upon acids and
forms again CH,O, NH, and methylamin.?

Two recent patents relate directly to the manu-
facture of soluble fusible resins. One of Farben-
fabriken I'ried. Bayer & Co.*® uses orthocresol so
as to obtain an odorless shellac substitute,

| The other issued to Grognot' also for a shellac
substitute, adds glycerine first, then after the
reaction is over distils the solvent off.

After I had filed my own patent claims in the
U. S. which gave me International Convention
privileges, Helm® described, -after me, amines or
ammonium salts as condensing agents for the
manufacture of synthetic resins with phenols and
formaldehyde. He does not clearly indicate the
chemical or physical properties of his resins. He
furthermore makes the rather ambiguous state-
ment that ammonium nitrate can be used as well
as aniline. I have shown (see below) that in the
case of ammonium nitrate the end-product may
be a fusible soluble resin, while in the case where
aniline is used I obtain finally an insoluble in-
fusible resin. 2

It is true that Helm uses large amounts of aniline
and nitrate of ammonium; his indicated propor-
tions are very close to molecular proportions and
this undoubtedly has, as I will show later, a great
- influence on the nature of the resulting products.

Knoll,® who also applied for patents after the
filing date of my U. S. patents, uses sodium
sulphite or mneutral, or acid or alkaline salts as
condensing agents; disregarding again the fact
established by me, that according to whether an
acid, a base, an acid salt, or an alkaline salt be
used, the resinous products may be totally different.

This will close my review of the work done by
others and I shall begin the description of my own
work by outlining certain facts, most of which seem
to be unknown to others, or if they were known
their importance seems to have escaped attention.
Of these facts I have made the foundation of my
technical processes.

As stated before, the condensation of phenols
with formaldehyde can be made to give, according
to conditions and proportions, two entirely differ-

1 Wohl, Ber., 19, 1892; Tollens, Ber., 17, 653.

? See also Moschatos and Tollens, Ann. der Chemie., 272, 280.

3D. R. P., Farbenfabriken vorm. Friedr., Bayer-& Co., 201,261,
April 16, 1907.

- 4L. Grognot, U. S. P. 391436, 1908. %

3 Engl. Pat,, Louis Helm, 25216, November 13, 1907.

® Eng. Pat., Knoll & Co., 28009, December 19, 1907; Swiss Pat.,
Ditto, 40994, December 7, 1907.
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ent classes of resinous products. The first class
includes the products of the type of Blumer, De-
Laire, Thurlow, etc. These products are soluble
in alcohol acetone or similar solvents, and in
alkaline hydroxides. Heating, simply melts them
and they resolidify after cooling. Melting and cooling
can be repeated indefinitely but further heating
will not transform them into products of the sec-
ond class. They are generally called °‘shellac
substitutes,” because they have some of the general
physical properties of shellac.

The second class includes the products of Klee-
berg, Smith, Luft, Story, Knoll as well as my own
product, in so far only as their general properties
are concerned; but each one of them may be
characterized by very distinct specific properties
which have a considerable bearing on any technical
applications. Broadly speaking, this second class
can be described as infusible resinous substances,
derived from phenols with aldehydes; some of
them are more or less attacked by acetone, by
caustic alkalies or undergo softening by applica-
tion of heat. At least one of them is unattacked
by acetone and does not soften even if
heated at relatively high temperatures. None of
them can be re-transformed into products of the
first class even if heated with phenol.

These insoluble infusible substances can be
produced directly in one operation by the action
of formaldehyde on phenols under suitable con-
ditions, for instance the process of Kleeberg (see
above). Or they may be produced in two phases
(see Luft and Story above), the first phase con-
sisting of an incomplete reaction giving a viscous
product that is soluble in alcohols, glycerine,
camphor or phenol, and which on further heating
or after driving off the solvent may gradually
change into an infusible product.

In order to be able to stop at the first phase, the
condensing agents may either be omitted (see
Story above) or they may be used moderately
(see Luft above) or they may be diluted with
suitable solvents, for instance methyl- and amyl-
alcohol (see Smith above) or with glycerine (see
Fayolle above).

In all these processes there is a further treatment
by which the solvent is driven off during a
drying process. For example, in the process of
Smith or Luft, alcohol or glycerine is thus ex-
pelled partially; and in Story’s process the excess
of phenol is driven off in the same way by slow
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drying under 100°C. In all these drying pro-.
cesses, some of the solvent is left, either purposely,
so as to insure flexibility or plasticity; or it is left
involuntarily, because at temperatures of '100% C.
or below it is impossible to expel the totality of

these solvents, part of whxch are stubbornly re-
tained by the mass. : : s

If T except the processes of Blumer, T hurlow or
Del aire, and generally those which have id view
fusible and soluble resins, in all above-mentioned"
patent specifications temperatures of Ioo° Cior
much below are insisted upon: : :

And yet I have convinced myself by often re-
peated experiments  that temperatures above
100° C. and considerably above 100°C. are best
suited or mdrspensable for the complete and rapld
transformation into a final insoluble,
product of exceptronally desirable qualrtres IF
this be so why have my predecessors not used
temperatures above 100°C.2H 1

Why do some of them recommend temperatures,‘

as low.as 80°C..(Story) and:even 50°C. (Luft)?

Why do .they prefer to make this, final hardening,
a long and slow operation which does not. give the:

best;,. the . hardest, . the most resisting: product?
(See confirmation of my statement by Story in
Belgian . addition patent 210963, September . 30,
1908.), o8 ; ; v AR
“For: the simplesreasonthat if their mltlal mass
be heated at too high a temperature it: gives: off:
gaseous products, mainly composed of formal-:
dehyde; this:-produces bubbles in the mass, ‘makes
it spongy, porous, ‘and unfit for commercial use,

More direct e\perrments have proved to'me that
durmg the first stages of the'process, we have fo'
deal “with a phenomenon that” has all’the “char-

acteristics of chemrcal dlssouatxon mth llberatlon
of CH,O. '

If the mmal mass be heated at temperatures
above 100° C. the tension of this gas becomes very
pronounced. At 100°C. the tension’ may become
as high as 1 kilogram per square centimeter (above
atmosphenc pressure) but this tension subsides as
soon . as the fmal product is formed

1 shall e\plam later how- -I have. utxhzed thrs
kno“ledge to good advantage, and how I counteract
this . dissociation’ simply  by: ekercrsmg ‘a . com-.
pensating external pressure. . ey ;

In the historical part of my'paper, reference has:
repeatedly.:been made to the use of condensing)
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agents.. We have seen how Kleeberg, Smith, Luft,
Fayolle, Blumer and Thurlow use acid condensing
agents. QOthers like Speyer, Hentsche, TIederer,
Manasse, Delaire, use alkalies, but every time in-
relatively large proportions: practically one mole-
cule: or over; but the products thus obtained are
of a nature very different from the substance I am
about to describe. ;
Story, on . the other hand, adds no condensing
agents whatever. True, he is able, with commercial
impure carbolic acid, to,obtain a reaction after about-
8-10 hours’ ‘boiling, and - this heating process, has
then to be. supplemented by much longer drym<r
But if - his process be carried out with pure or.
crystallized phenol, it takes many days of con-.
tinuous boiling before a reaction sets in; ev en then
the product obtamed is of a dub1ous character\
hovering between a resm of class “one" (fusrble and

- soluble) and a resin of class two (mfusrble and in-

soluble). It is' more lxkely ‘to" be a” ‘ fusible ‘and
soluble résin “if for some reason’ or another’ thef
process has been carned out “withan' excess”of
phenol or if,’ some Way or another, too much CH, O':'
has - escaped in ‘the after concentration: For' ST
stance by following hig descrrptron and borlmcr for:
5 days in a return condenser a m1\ture of 50° gr.’
pure crystalline phenol and 30 gr.' 40’ per cent.”
commercial formaldehyde,” then concentrating in’
an open dish, T obtained the fusible solible resin of
Blumer” or Thurlow which “on further heating’ re-
mains” fusible ‘and does ‘not change into the' in=
soluble “infusible product: as' describéd "by Story::
I obtain'the same result’if the boiling be carried
on in presence of a small amount ‘of ‘dny acid, any’
acid 'salt, or any salt which on.hydrolyzing: may
split; so as to ‘give: a preponderant acid reaction.:
This effect is: shown by: salts of: mineral acids-and
heavy ‘metals; it is shown even. with: ammonium>
chloride, and on acting upon formaldehyde liberates:
free hydrochloric acid.? ‘ -

On the other hand, if T use an alkalme salt or a‘
salt, which on hydrolyzing splits‘into ‘a:weak acid
and ‘a strong base, as for instance sodium -acetate,
I obtain under the same circumstances a resin of:
the insoluble, infusible variety .even-if to - some:
extent, a:slight ‘excess of phenol has been used,
showing:- conclusively - that  within certain limits
the :amount of phenol does not ichange ‘the general
character,of the reaction. All what may happen
in that case is that the final product.is: rendered
impure ‘by-some excess ‘of  phenol ~which- can- be>

' I'See Cambier;  Brochet, Compt. rénd., 120, 557. 1.
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driven off afterwards by a drying process 51m11ar
to that of Story.

I have obtained similar results with many other

~ alkaline salts as for instance ammonium carbonate,

sodium carbonate, potassium carbonate, sodium
bicarbonate, potassium bicarbonate, trisodium
phosphate, borax, potassium cyanide, sodium

silicate, soap, etc.

In the same way I have used sodium sulphite,
which on acting on CH,O liberates sodium hy-
droxide according to following reaction:

CH,0 + SO,Na, + H,0 = CH,(OH)SO,Na + NaOH.

I might say that a similar effect is obtained from
all substances which can act directly or indirectly
as bases. :

In other terms: the quality as well as the quantity
of condensing agent has an enormous mﬁuence
on the nature of the final products.

For the manufacture of Ainsoluble, . infusible,
condensation products of formaldehyde and phenol,
bases used in moderate amounts have very decided
advantages. They accelerate the reaction without
degenerating same into a violent and irregular
process. The relatively small amount of base
which may remain present in the finished product,
either in combined or uncombined form, does not
involve the same objectionable features for its
technical uses as the presence of free acid.

Furthermore, for some reason or another acid
condensing agents seem to favor the formation of
soluble and fusible resins, while for some other
reason, bases seem to favor the formation of in-
soluble, infusible resins.

Moreover, by the use of small amounts of bases, I
have succeeded in preparing a solid initial con-
densation product, the properties of which simplify
enormously all molding operations-as we shall see
later.

I have tried all organic or inorganic bases which
I could obtain readily. I have tried the hydroxides
and carbonates of the alkali metals, the hydrates
of alkaline earths, ammonia and its alkaline salts,
hydroxylamin, organic amines, pyridine, carbam-
ide  and other amides of weak acids; and the
effect, with slight variations, is always about the
same; it is quite natural, that for reasons of economy
or expediency, I should prefer the commercnally
more available bases. e

I wish it distinctly understood that in order to
obtain my  technical effect I-use the bases in rel-
atively small quantities, say less than one-fifth
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of the amount which would be required to trans-
form the phenol into phenolate.

If larger amounts of base be used, the results are
technically much inferior; in fact the process
changes gradually into such as give phenol-alco-
hols or compound condensation products of ammo-
nia or amines with formaldehyde, all products very
different from those I desire to make.

I have good reason to believe that in my process
the bases only act as catalyzers and intervene only
temporarily in the reaction. They seem to be
expelled in free condition during the last stage of
the process. For instance if I use ammonia, I
find this ammonia back in the free state in the final
hard condensation product.

A careful study of the condensation process of
phenols and formaldehyde, made me discover that
this reaction instead of occurring in two stages
can be carried out in three distinct phases. This
fact is much more important than 1t appears at
first sight. Indeed it has allowed me to prepare a
so-called intermediate condensation product, the prop-
erties of which simplify still further my methods of
molding and ‘enlarge very much the scope of use-
ful applications of my process.

The three phases of reaction can be described as
follows:

First phase. The formation of a  so-called
anatial condensation product which I designate as A.

Second phase. The formation of. a so-called
intermediate condensation product, which I designate
as B. :

Third phase. The formation of a final con-
densation product, which I designate as C.

As to the properties of each of these condensa-
tion products I can define them in a few words:

A, at ordinary temperatures, may be liquid, or
viscous, or pasty, or solid. Is soluble in alcohol,
acetone, phenol, glycerine and similar solvents; is
soluble in NaOH. Solid A is very brittle and melts
if heated. All varieties of A heated long enough
under suitable conditions will change first into B
then finally into C.

B is solid at all temperatures. Brittle but
slightly harder than solid A at ordinary tempera-
tures: insoluble in all solvents but may swell in
acetone, phenol or terpineol without entering into
complete solution. If heated, does not melt but
softens decidedly and becomes elastic and some-
what rubber-like, but on cooling becomes again
hard and brittle. - Further heating under suitable
conditions - changes it into  C.. Although B is
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infusible it can be molded under pressure in a hot
mold to a homogeneous, coherent mass, and the
latter can be further changed into C by the proper
application of heat.

¢ 1s infusible, insoluble in all solvents; unat-
tacked by acetone, indifferent to ordinary acids,
or alkaline solutions; is destroyed by boiling con-
centrated sulphuric acid, but stands boiling with
diluted sulphuric acid; does not soften to any
serious extent if heated, stands temperatures of
300° C.j at much higher temperatures begins to be
destroyved and chars without entering into fusion.
1t is a bad conductor of heat and electricity.

The preparation of these condensation products
A and B and their ultimate transformation in C
for techmical purposes constitute the so-called
Bakelite process. This can be described easily:

1 take about equal amounts of phenol and form-
aldehyde and I add a small amount of an alkaline
condensing agent to it. If necessary I heat. The
mixture separates in two layers, a supernatant
aqueous solution and a lower hiquid which is the
nitial condensation product. 1 obtain thus at
will, either a thin hiquid called Thin A or a more
viscous mass, Vascons A or a Pasty A, or even if
the reaction be carried far enough, a Solid AL

Either one of these four substances are my
starting materials and I will show you now how
they can be used for my purposes.

If 1 pour some of this 4 into a receptacle and
simply heat it above 100°C., without any pre-
caudon, I obtain & porous spongy mass of C.
But bearing In mind what 1 sad prei‘iously
about dissociation, 1 learned to avoid this, simply
by opposing an external pressure so as to counter-
|et the tension of dissociation. With this purpose
in view, I camy out my heating under suitably
raised pressure, and the result is totally different.

This may be accomplished In several ways but is
done ordinarily in an apparatus called a Bakelizer.
Such sn apparatus consists mainly of an interior
chamber in which air can be pumped so as to bring
its pressure to 50 or better 100 Ibs. per square inch.
This chamber can be heated externally or inter-
nally by means of a steam jacket or steam coils
to temperatures &s high & 160° C. or considerably
higher, so that the heated object during the proce;\‘.
of Bakelizing may remain steadily under suitable
pressure which will avodd porosity or blistering
of the mass.

For instance i I pour higuid 4 into a test

tube and i T heat in & Bakelizer at say 160~
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180° C., the liquid will change rapidly into a
solid mass of C that will take exactly the shape of
its container; under special conditions it may affect
the form of a transparent hard stick of Bakelite.
It is perfectly insoluble, infusible, and unaffected
by almost all chemicals, an excellent insulator
for heat and electricity and has a specific gravity
of about 1.25. ;

It is very hard, cannot be scratched with the
finger nail; in this respect it is far superior to
shellac and even to hard rubber. It misses one
great quality of hard rubber and celluloid, it is not
so elastic nor flexible. TLack of flexibility is the
most serious drawback of Bakelite. As an insu-
lator, and for any purposes where it has to resist
heat, friction, dampness, steam or chemicals it
is far superior to hard rubber, casein, celluloid,
shellac and in fact all plastics. In price also it
can splendidly compete with all these.

Instead of pouring liquid A into a glass tube or
mold I may simply dip an object into it or coat it
by means of a brush. If I take a piece of wood,
and afterwards put it into a Bakelizer for an hour
or so, I am able to provide it rapidly with a hard
brilliant coat of Bakelite, superior to any varnish
and even better than the most expensive Japanese
lacquer. A piece of wood thus treated can be
boiled in water for hours without impairing its
gloss in the slightest way. I can dip it in alcohol
or other solvents, or in chemical solutions and yet
not mar the beautiful bnlliant finish of its surface.
But I can do better, I may prepare an A, much
more liquid than this one, and which has great
penetrating power, and I may soak cheap, porous
soft wood in it, until the fibres have absorbed as
much liquid as possible, then transfer the im-
pregnated wood to the Bakelizer and let the syn-
thesis take place in and around the fibres of the
wood. The result is a very hard wood, as hard as
mahogany or ebony of which the tensile- and more
specially the crushing strength, has been con-
siderably increased and which can stand dilute
acids or water or steam; henceforth it is proof
against dry rot. I might go further and spend 2
full evening on this subject alone and tell you how
We are now bringing about some unexpected
possibilities in the manufacture of furniture and the
wood-working industry in general. But I intend
to devote a special evening to this subject and show
you then how with cheap soft wood we are able to
accomplish results which never have been obtained
even with the most expensive hard wood.
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In the same way I have succeeded in impregnating
cheap ordinary cardboard or pulp board and
changing it into a hard resisting polished material
that can be carved, turned and brought into many
shapes. I might take up much more of your time
by simply enumerating to you the applications
of this impregnation method, with wood, paper,
pulp, asbestos, and other fibrous and cellular
materials; how it can be applied for fastening the
bristles of shaving brushes, paint brushes, tooth
brushes, how it can be used to coat metallic sur-
faces with a hard rusisting protecting material;
how it may ultimately supplant tin in canning
processes; but I have no doubt that your imagina-
tion will easily supply you a list of possible technical
uses even if I ‘defer this subject for some other
occasion. :

As to Bakelite itself, you will readily under-
stand that it makes a substance far superior
to amber for pipe stems and similar articles. It
is not so flexible as celluloid, but it is more durable,
stands heat, does not smell, does not catch fire and
at the same time is less expensive.

It makes excellent billiard balls of which the
elasticity is very close to that of ivory, in short it
can be used for similar purposes like knobs, buttons,
knife handles, for which plastics are generally
used. But its use for such fancy articles has not
much appealed to my efforts as long as there
are so many more important applications for
engineering purposes.

Bakelite also acts as an excellent binder for all
inert filling materials. ‘This makes, that it can be
compounded with sawdust, wood pulp, asbestos,
coloring materials, in fact with almost anything
the use of which is warranted for special purposes.
,I cannot better illustrate this than by telling you
that here you have before you a grindstone made
of Bakelite and on the other hand a self-lubricating
bearing which has been run dry for nine hours
at 1800 rev. per minute without objectionable
'heating and without injuring the quickly revolv-
ing shaft.

If T mix Bakelite with fine sand or slate dust I
can make a paste of it which can be applied like a
dough to the inside of metallic pipes or containers,
Or pumps, and after Bakelizing, this gives an acid
Proof lining very useful in chemical engineering.

Valve seats, which are unaffected by steam,
steam-packing that resists steam and chemicals,
have heen produced in a similar way.
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Phonograph records have been made with it,
and the fact that Bakelite is harder than rubber,
shellac, or kindred substances indicates advan-
tageous possibilities in that direction.

For the electrical industry, Bakelite has already
begun to do some useful work. There too its
possible applications are numerous. Armatures
or fields of dynamos and motors, instead of being
varnished with ordinary resinous varnishes, can
simply be impregnated with A, then put into a
Bakelizer and everything transformed into a solid
infusible insulating mass; ultimately this may
enable us to increase the overload in motors and
dynamos by eliminating the possibility of the
melting or coftening of such insulating varnishes
as have been used until now. But the subject of
dynamos and motor construction is only at its
very modest beginnings and I prefer to mention
to you what has been already achieved in the line
of molded insulators of which you will find here
several very interesting samples.

This brings me to the
Bakelite.

For all plastics like rubber, celluloid, resins, etc.,
the molding problem is a very important one.
Several substances which otherwise might be very
valuable are useless now because they cannot
economically be molded. The great success of
celluloid bas mainly been due to the fact that it
can easily be molded. Nitrated cellulose alone,
is far superior in chemical qualities to celluloid,
but until Hyatts’ discovery, it could only be given a
shape by an evaporation process and its applica-
tions were very limited. The addition of camphor
and a small amount of solvent to cellulose nitrate
was a master-stroke, because it allowed quick and
economic molding. -

subject of molding

In the same way white sand or silica would be an
ideal substance for a good many purposes, could it
be easily compressed or molded into shape and into a
homogeneous mass. But it cannot; and therefore
remains worthless. And. that is the main differ-
ence between a plastic and a non-plastic. It so
happens that Bakelite in C condition does not
mold; it does not weld together under pressure
even if heated; only with much effort is it possible
to shape some kind of an object out of it, but some-
way or -another the particles do not stick well to-
gether; in other terms it is not a true plastic. There-
fore the molding problem has to be solved in the
anterior stages of the process. We have seen how
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Smith, Luft, and Story tried to solve a similar
problem by the admixture of solvents and subse-
quent evaporation, but we know now that these
very solvents imply most serious drawbacks.

I have already shown you how T am able to mold
and harden quickly by pouring liquid A into a
mold and heating it in a Bakelizer. But even that
method is much too slow for most purposes.
Furthermore, molds cost money; any rubber or
celluloid manufacturer will tell you that the item
of molds represents a big portion of the cost of his
plant. If an order for 10,000 pieces has to be
delivered and it takes an hour for molding, it will
require between three and four years to fill this
order with one mold and if the mold costs $100
it will require $5000 for molds alone if the order
has to be finished within 20 days. For that very
reason I have devised my molding methods so as
to use the molds only during the very minimum
of time. I have succeeded in doing so in several
ways. Ome of the simplest ways is the following:

As stated before, the use of bases permits me to
make a variety of A that is solid although still
fusible. The latter is as brittle as ordinary rosin
and can be pulverized and mixed with suitable
filling materials. A mixture of the kind is intro-
duced in a mold and put in the hydraulic press,
the mold being heated at temperatures preferably
about or above 160-200°C. The A melts and
mixes with the filler, impregnating everything; at
the same time it is rapidly transformed into B, But
I have told you that B does not melt, so the molded
object can be expelled out of the mold after a very
short- time and the mold can again be refilled.
All ‘the molded articles are now in B condition;
relatively brittle but infusible. At the end of the
day’s work or at any other convenient time all the
molded articles are put in the Bakelizer and this
of course without the use of any molds; in this
way they are finally transformed in “C’’ Bakelite
of maximum strength and hardness and resisting
power. :

The process can still be further simplified. In-
stead  of using A, we can use B and mold
it in the hot press where it welds and shapes
itself.  After a very short time, the B be-
gins to transform into C and can now be expelled
from the mold. If the transformation in C is not
complete, a short after-treatment in the Bakelizer
will finish everything. I have succeeded thus in
reducing the molding to less than two minutes for
small objects.
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The valuable properties of B may be used in

many other ways; for instance A may be poured
into a large container and be heated slowly at
70° C. until it sets to a rubber-like mass and shows
that it is transformed into B. This block of B if
warm has very much the consistency of printers’
roller-composition, but is brittle: when cold. = The
warm flexible mass can now be removed from its
container or, divided, cut, or sawed to any desired
shape and the so-shaped articles can be simply
placed in a Bakelizer; no melting nor deformation
can occur, so we need no mold while maximum
heat is applied to bring everything in ‘con-
dition C.
* I could multiply these examples by numerous
other modifications of my process but I believe
that what I have said will be enough to convince
you of its many uses; we are studying now applica-
tions of Bakelite in more than forty different
industries on some of which T shall report on some
future occasion. ; - ;

The chemical constitution of Bakelite and the
nature of the reactions which occur in the Bakelite
process are -problems: which 1 have endeavored to
solve. This subject is not by any ‘means an easy
one. Indeed, we have to deal here with a product
that cannot be purified by crystallization nor
other ordinary methods, which is insoluble, does
not melt nor volatilize; in other terms, it is not a
product which is amenable to our usual methods
of molecular weight determination. Its chemical
inertness makes it unfit for studying possible
chemical transformations and unless - my friends,
the physico-chemists, will come to my aid, discover
some way for establishing some optical properties
or other physical constants, we are very much at a
loss to establish the molecular size of my product.

But I have been so fortunate as to be able to
obtain some insight into its chemical constitution
by a rather round-about way: Indeed, I have suc-
ceeded in making Bakelite by indirect synthesis.

As stated previously, oxybenzylalcohol if heated
at 150°C, or in presence of acids, gives various
partial anhydrides, called saliretin , which may
resinify further if heated at higher temperatures.
Saliretin products are more or less soluble in alco-
hol and acetone and in NaOH solution, from which
they may be reprecipitated by means of NaCl.

We have already seen that DeLaire in heating
phenol alcohols in vacuum obtains soluble resins.
But I have heated saligenin in sealed tubes under
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pressure ‘at 180° C. for 8 hours; with and without

the addition of small amounts of ammonia. In,

both cases I obtain a substance which is hard
when cold, but’ which : softens: when  heated,
but does not melt. It swells in acetoné and.in
NaOH and dissolves partially. . This substance is
not my  intermediate condensation - product B,
because no amount of heating can transforni it in C.

If, however, T heat oxybenzylalcohol in presence
of enough CH,O or its polymers in a sealed tube at
180° C. for 8 hours, I obtain a substance entirely
similar; to Bakelite in properues and in::chemical
composition, . ; 12 i

By varymcr the proportlons and repeatmv the
experiment a great number of: times I sticceeded
in-establishing . that, unless I use at least r mole-
cule:of CH,O for:6 molecules:.of ,oxybenzylalcohol
I do not.obtain Bakelite but a product conta.mmg
saliretin compoundsi: «: i i 5oy a1

-« The:same: result oceurs by. heatmg 6: molecules of
phenol and 7 molecules of CH O in:presence of a
small amount of a base.
+If - use  somewhat less: formaldehyde ‘or if {for
some réason or anotheér:all the formaldehyde does
not-enter into reaction,’I obtain a-substance -which
may still:be-attacked by acetone; probahly because
it contains: uncombined phenol:lor . sahretms after
the reactioniisiover. vii fafitg 9d o :

-+ But« I have found that all. these substanees,
Whether ithey: are obtained by!heating 6: miolecules
of. phenolsalcohol with: at least one molecule: of
CH,0, or whether: they are-obtained by the:action
of ‘phenol on formaldehyde under heat and.pressure
il presence of small amount of bases,-can be purified
and -hrought: ito: about: constant: composmon as
followst1ie) teai2uo smmos Lidatics ST

The substance: is pulvenzed washed w1th 5cper
cent, "KOH: solution, with: dilute. HCI, with-alcohol,
with acetone:and ﬁnally dried te-constant “elght
Mvaeuoscs oo SRS SR e

- The powder SO obtamed st111 contains traces of
potassium; -which 51 did not. succeed in:elimina-
ting. «'The amount: of’ same 'is very small;. about
0.09 per cent: of ash, but it seems to cling tenaciously
to. the product and makes it somewhat hygroscopic
making .« weighing: :for - analytical purposes -:very
d fficult, -and acconunts for:some -variations in. the
Tesultss:iy bl B B '

The: organic - combustxon of all these products

gave:the followmv results:

C = 77.48 77.88"

1 mole CH,0 .1/ (% H= 5.9 $5597
6 mole salxgqnm OLi1giser /s 16:15 i
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e C = 76.47 76.35
A3HO01E CH a0 e b A v e et 3
4 mole snlizgenin. eTTAL S o s niete s et e : { R s )
Ry O =18.09 18.25
C = 76.59 76.57
:; ;:Z}g S:lligcc)l.li.'; ..... 25a laubintiialn o th bnce 470l H= 5.97 - 5.97
aligenin 450 TR Rise i O ='17.44 17.46
1m0 le phen O] e s C = 77.48 76.61
1etnole’ CH a0 St il st s hatabis st et o's H = 5.60 5.80
and 1 per cent. _Nllg .............. O = 16.92 17.59
102 CC S D henO) e s et s s s Ty e o le s C =177.92 75.62
10 ce. 40 per cent. formaldehyde...%.... H =571 “ 5,78
and J4 per.cent. NHa.. ouranasueressrss O = 16.37 18.60 1

. If we take into consideration the great diffi-
culties encountered in purifying. methods, these
results seem to indicate that we have to deal here
with a definite: organic substance: of constant com-
position, which according to its methods of prep-
aration may- exist with impurifies mixed in various
proportions. These jimpurities are- probably : free
phenol;; or free CH,Q. or. saliretin products, |
- From the indirect; synthesis of Bakelite:by means
of: oxybenzylaleohol and CH,0, I.am, led to con-
sider Bakelite in its simplest form as.a: polymerized
oxybenzyl - methylen - glycol — anhydride, which,
in case of orcinary. phenol, might be represented by
the following formula: - '
/ i n(CysHyO,).

The react1on being represented by
n(6C HO, + CH,(QH),); = n(CwHSBO,) +. 7L(7I‘Iz())
--This » formula -corresponds:: ac:éptably = to. the
analytical results if:we take.in:consideration the

diﬁiculties of purification. = : ads 0 dind
i Sar raiin Bals P sosin:

C'xlculated..‘........., o m 1744 L5750 1681 - .
_ Found (memge) ...... = 77.68 5.96 16.36" 4

: (with product of 6 mole saligenin +:1 mole CHx0); == 21’ |
‘T considert Bakelite:.C! as!a' direct polymer of
another anhydride whichis represented: by:.my
intermediate condensation .product:or ‘Bakelite iB.
Bakelite B is a. more .completé anhydride -than
Bakelite ‘A. As to.’Bakelite A I.am unable. to
arrive ‘at ‘a-constant! composition; for:the (reason
that it easily gives off ' water, changing gradually: its
composition’ until heating:converts-it slowly into B,
after -passing through various mixturesof A and B.
My supposition has a strong appearance.; of
probability by-the’ following ‘experiment: i
If T put a mixture of :phenol and formaldehyde in
proper proportions and with some small amount:of a
base in a‘ sealed:‘glass:tube: and heat just long
enough to produce - Aithe formerly thomogeneous
liquid ‘mixture’ separates’ into?twoilayers. The
initial’: condensation: product ‘A : forms a lower
stratum, anda supernatant layer.of liquid‘indicates
the elimination of water.~! The:same thmg occurs if

1 Beginning oxidation during drying. i e
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anhydrous phenol is heated with paraform in
presence of a small amount of base.

If this A, first properly freed from any physically '

retained water, be introduced into another sealed
tube and heated further, I may succeed, with some
precaution as to the duration of heating, in stopping
just in time so as to transform everything into B,
the intermediate condensation product. I then
see that a new amount of water is set free which
-will assemble on top, giving evidence of further
dehydration. At the same time we notice that
the mass B has not contracted in volume to any
‘important extent.

If now this B, properly freed from water, be
heated in another sealed tube, it will be trans-
formed finally into C. But this time we see no
further elimination of water. On the other hand
there is a decided contraction of volume.

This contraction of volume, together with the
remarkable increase in physical and chemical
inertness, points out towards the probability that C
is simply the polymer of B.

I am fully supported in this belief by the fact
that analysis has shown me that B and C contain the
same percentage of carbon, hydrogen and oxycen.

With homologs of phenol we obtain the direct
‘homologs of these anhydrides; for instanceé with
orthocresol we get the polymer of ortho-methyl-
oxybenzyl-methylen-glycol-anhydride.

It may be of interest to remind you that many
years ago, Oscar Low! called our attention to the
great importance of formaldehyde as a starting
point of synthesis in plant life. By the photo-
chemical action of sunlight on CO, in presence of
water-in chlorophyl, oxygen is liberated and pro-
duces CH,0. This is the beginning of a process of
further synthesis building up more complicated
bodies.

If we accept these premises then the theory of
the Bakelite process is easy to explain:

Stage A.—Formation of a partial anhydride of a
phenol alcohol and methylen
glycol containing, hydroxyl groups,
which can fix NaOH.

Stage B.—Formation of a higher anhydride by
further  elimination of  water.
This higher anhydride seems no
longer to possess hydroxyl groups,
but by addition of NaOH may still
form alkaline compounds. ‘This in-
duces me to believe that in some

1 Ber., 22, 475 and 23, 388 and 480.
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way or another- we shall suceed in
obtaining alkali compounds of the
kind which on being treated with
dilute acids will regenerate A.
Until we have anything better, I shall propose
the formula:

7
s G
g

|
CH,
0 C|°H‘

NG |
N CH,
O |
N CoH,
N i
S
N0 CH,
G,H,

Stage C.—Polymerization of the B product re-
sulting in greater chemical inert-
ness and disappearance of active
corners of the molecule.

I shall also call your attention to the fact that
the willow tree.produces in its cells, salicin, which
is the glucoside of saligenin; this same saligenin or
oxybenzyl alcohol in presence of more CH,O has
given me Bakelite.

On the other hand Bertrand,' and Vichirch and
Stevan® and more recently R. Majima and S. Cho®
have called our attention to the phenolic nature
of resinous substances, specially Japanese lacquer.
The latter substance has some analogy with Bake-
lite and exudes from the Rhus vernicifera Dc. which
is a plant that is somewhat related to our American
“poison ivy.”

! Ann. Cliim. Phys. [6].12, 115 (1898); Bull. Soc. Chim. [3], 11, 614
and 717 (1894).

? Tschirch und Stevan, Arch. d. Pharm., 243, 504 (1905).
3 Ber., 15, November, 1907, page 4390.
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So after all, the synthesis accomplished in my
laboratory seems to have a decided similarity to
some intricate biological processes that take place
in the cells of certain plants.

In order not to increase too much the length of
this paper, I have merely given you the brief out-
lines of years of arduous but fascinating work, in
which I have been ably helped by Mr. Nathaniel
Thurlow and more recently also by Dr. A. H.
Gotthelf, who attended to my analytical work.

The opened field is so vast that I look forward
with the pleasure of anticipation to many more
years of work in the same direction.

I have preferred to forego secrecy about my
work relying solely on the strength of my patents
as a protection. ‘

It will be a great pleasure to me if in doing so,
I may stimulate further interest in this subject
{ among my fellow chemists and if this may lead
them to succeed in perfecting my methods or in-
crease still further the number of useful applica-
- tions of this interesting compound.

(CONTRIBUTION FROM THE ARTHUR D. LITTLE LABORATORY OF ENGI-
NEERING CHEMISTRY.)

ACCURACY IN SAMPLING COAL.!

By E. G. BalLEY,

In 1899 the American Chemical Society was
presented with a ‘“‘Report of the Committee on
Coal Analysis;” and so far as the chemical analysis
i concerned the method recommended by this
committee has been very closely followed by the
majority of laboratories. In many specifications
for the purchase of coal on the analysis and heat
unit basis, it is stated that the sample shall be
analyzed in accordance with the method adopted
by the American Chemical Society, while the
greater number of these specifications merely men-
- tion the sampling of the coal delivered and do not
state definitely how the sample shall be taken
and quartered down. ;

One specification covering the delivery of about
200,000 tons of coal per year states: ‘‘Sampling
Will be done by a representative of the company
and contractor may have a representative present.
.Sample will be taken from each delivery and kept
an hermetically sealed jars.”” Another specifica-
‘tion on which almost twice this amount of coal is
purchased describes the sampling as follows: ‘‘A
small quantity of coal will be taken from each

! Read before the Industrial Division of Amer. Chem. Soc., Balti-
" More, December 31, 1908,
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weighing hopper just before the hopper is dumped,
while the lighter is being unloaded. These quan-
tities will be thrown into a receptacle provided for
the purpose, and when the lighter is empty the
contents of the receptacle will be thoroughly
mixed, and a sample of this mixture will be taken
for chemical analysis.”

The specifications on which the United States
Government purchase state: ‘‘Samples of the
coal delivered will be taken by a representative of the
Government. ... The sample taken will in no case
be less than the total of 100 pounds to be selected
proportionally from the lumps and fine coal, in
order that it will in every respect truly represent
the quantity of coal under consideration.

“In order to minimize the loss in the original
moisture content, the gross sample will be pulver-
ized as rapidly as possible, until none of the frag-
ments exceed one-half inch in diameter. The fine
coal will then be mixed thoroughly and divided
into four equal parts. Opposite quarters will be
thrown out and the remaining portions thoroughly
mixed and again quartered, throwing out opposite
quarters as before. This process will be continued
as rapidly as possible until the final sample is re-
duced to such amount that all of the final sample
thus obtained will be contained in the shipping
can or jar and sealed air-tight.”

In one instance, the Government found 46.23
per cent. ash in a sample of coal delivered to a
public building. The contract was based on 4.78
per cent. ash, and they obtained samples as low as
6.70 per cent., while the average for 1o samples
was 11.58 per cent. ash. Referring to this in-
stance, Mr. Woodwell, in a paper before the Amer-
ican Society for Testing Materials, says: ‘‘More-
over, the coal passed the visual inspection of offi-
cers charged with the duty of checking the weights
and of noting the presence of slate, dirt, etc.”

The United States Geological Survey has analyzed
and tested some ‘‘bone coal,”” and their analyses
show only 45.43 per cent. ash in West Virginia
11-B and 28.08 per cent. ash in West Virginia
No. 24.

The ‘‘bands’ or streaks of ‘‘bone coal” found
in the Pittsburg seam as mined in West Virginia
contain only 25 to 3o per cent. ash. A sample of
‘‘bone coal” from Pennsylvania was found to con-
tain 30.56 per cent. ash. It is very difficult to
conceive that a coal higher in ash than ‘‘bone coal”’
would be delivered by any coal company, and
still more improbable that any inspector would not
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detect the nature of such material from:the most
casual inspection. It seems more likely that such
results were due to a mon-representative sample.

Coal which undoubtedly did:mot: vary more than
> per cent. in actual quality was delivered under
one of the other specifications, and the analyses
show a variation of over 15 per cent: ash:in indi-
vidual samples.. Rt aR

In another instance, coal ‘was dehvered from
one cargo to a state institution during two consecu:
tive months, and one sample was -accumulated
throughout' each month.: The: second : sample

showed over 20 per cent. more ash thaniidid:the

first. This resulted in a. penalty of -over: $1.50
per ton on all coal delivered for the month.. ‘The
coal was all burned, so there was no chance to: ob-
tain a check sample, and the coal contractor:had

§

EEaERES TR {SEUREANEINANRUNERI DN T T

it.is impossible to:go 20 or 3o per cent. below the
standard, while samples have shown this much above.
- The impression -seems to exist among many chem-
ists, coal buyers and even coal companies, that:the
quality of coal from any one mine or region may
vary a great deal more than is actually the case.
‘The -chemist may notice’ that certain. results seem
discordant- and check the analysis,  from his pul-
verized laboratory sample, and find that his-analy-
sis' is:.correct. ~How many times does he check
the taking and- quartering down:.of: the 'original
sample?; Here:is where the: discrepancies and in-
consistencies .are-usually: found; not in the quality
of ‘the coal itself or in: the chemical analysis:

- It is not intended to convey the impression that
the quality of coal itself does: notrchange, for it
certaihly is affected by the care of preparation, as
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Fig. 1.

m)thmtT to do but accept the reduced prlce thus
losmo' more. than all the proﬁt on_the entire year's
contract because of this one sample. ,

It is not strange that the. coal compames are
reticent about taking contracts on the analysis. and
heat unit basis, when thev are at the mercy of non-
representative samples If there were only a cor-
responding error of samplmg in the « opposite d1rec—
tion, the results might average up very well in the
end, providing a sufficient number of samples had
been taken, but with a specified ash of 8 per cent.,

well as local 1mpunt1es whxch vary to some eX-
tent even in the same mine. It is. because of. these
var1at1ons and the dxﬂerent quahtv and character
of coal . coming from different mines and regions
that the coal is. analyzed but until the necessity
of talqng Iepresentative | samples 1sl reahzed by
EVery one cormected thh .the testmg, buymor a.nd
sellmg of coal the errors in, samplmg will . over-
shadow the vanatxons in quahty MY DL AT sien
, CAUSE OF ERRORS IN SA\MPLI\IG.L faatTong

The Word error as. used here. does not apply to
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that class of analyses which have been so' often
used for advertising purposes and have been made
from selected samples. It applies only: to cases
where two or more samples are separately taken
from some one lot of coal of which each sample is
supposed to be representative. The error of an
individual ash determination is the difference be-
tween its percentage of ash and the average of all
samples taken from the one lot of coal. !

It has been found that these errors follow the
probability curve so closely that the probable error
of sampling by a certain method may:be calculated
by the method of least squares; just as the surveyor
or physicist calculates the probable error of a num-
ber of observations or determines the limit of ac-
curacy of a certain instrument. el

Table I gives the errors on alarge number of
‘check samples from different sources.
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areas A B H and E D N in the regions of greater
error. ‘The probable error in the two instances
are represented by the distances O Q (0.33) and
O E (0.73). This means that the area Q K I, M P
is equal to the sum of the areas H B K Q and
P M D N lying outside of the probable error, or in
other words, there are as many errors greater than
0.33 as there are less than this amount. The pos-
sible error or u, is the error that is likely to occur
only once in 10,000 analyses, and would be repre-
sented on the curve as the point where the vertical
ordinate is ‘0.019%,:. As this data follows the
probability curve very closely, the formula for
probable and” possible error can be safely applied
in determining the reliability of different methods
of sampling:.

~In this table the last three colummns, denoting
the determined error and the calculated errors, are

TABLE L.
ACTUAL ERROR AND PROBABLE ERROR 1N PERCENTAGE OF ASH RESULTING FROM DIFFERENT METHODS OF SAMPLING COAL.
Calculated.
—— —_
Probable  Possible
Weight Number Lots Maximum error error
of original of of Average  error by in ash in ash
Item No. Authority. sample 1b.. samples. coal. ash, analysis. . u.
1 Boileritests byrauthor & i iliisie i it 125 16 1. 10.68 3.24 0471 45 402
2 Pennsylvania Railroad Co., locomotive tests. . 60 17 1 7.83 3552 1.21 6.19
3 Pennsylvania Railroad Co., locomotive tests. . 60 80 1 6.25 2.60 0.50 2.83
4 U. S. Geological Survey, car samples......... 100 to 800 120 34 10.17 4.10 0.73 4.16
B 5'_ U. S. Geological Survey, car samples, between
SYeand 107, ashtiit i e e st ol 100 to 800 48 13 6.71 2.06 0.56 3.19
-6 U. S. Geological Survey, car samples, between
10%:and 115 Zrash #iin s ulen s 100 to 800 64 19 11.88 3.11 0.76 4.34
7 A. D. Little Laboratory (all check samples)... 600 181 56 8.28 1.58 0.33 1.86
8 A. D. Little Laboratory, under 10% ash 600 160 46 7.52 1.58 0.33 1.88
9 A. D. Little Laboratory, over 10% ash....... 600 21 10 11.78 0.93 0.30 1.68
10 A. D. Little Laboratory, sampled from vessel. 600 136 37 7.42 1.58 0.34 1.96
11 A. D. Little Laboratory, sampled from cars.., 600 18 7 10.02 0.93 0.33 1.88
12 A. D. Little Laboratory, sampled from piles. . 600 27 12 9.95 0.57 0.22 1527
13 A. D. Little Laboratory, sampled from cars.. . 250 62 8 7.98 1.61 0.41 2.36
Original‘samplc.
—— “*Size- : ¥
**Size- weight”’ “*Size- *Size-
4 weight” Broken to. Quar- per - Crushed to, Quar- weight”” Pulver- weight’
No. Size, per cent. inches tered to. cent. inches. tered to. per cent. ized to. per cent.
1 Loy BT T 3/4 5 1b. 0.5 % 50 grams 0.22 80-mesh 0.0021
2 and 3 A R G a g sV **Almond’” 5 1b. POspesfan i il L per ekl PR )Y LS ket S e e st A )
456 134 0.23-0.03 871 25-50 1b. 0.02-0.01 B4 2-10 1b. 0.01-0.002 60-mesh 0.005!"
7-12 ... About 0.1 2-mesh . 4 1b. 0.05 8-mesh 100 grams 0.012 80-mesh 0.002!
13 About 0.2 2-mesh 2 Ib. 0.10 8-mesh 100 grams 0.012 _80-mesh 0.002!

The results of items Nos. 4 and 7 have been
Plotted in Fig. 1. These curves involve no math-
ematics whatever, but represent the per cent. of
analyses in which the errors fall between o and o. 2
0.2 and 0.4, etc., both above and below the aver-
age. The significance of two probability curves
Plotted to the same scale, is that their -areas are
equal, and curve with the highest apex corresponds
to the largest number of small errors. Whatever
area B K I, M D C one ‘curve one may have above
another near the zero axis must be equaled by the

' AR : ; 1
Based on one gram sample taken from bottle for analysis.

given in percentages based on the coal as 100 per
cent., and not on percentages of the amount of ash
present in the coal. In each of these cases the
average of all samples made on the same lot of
coal was determined, and the error of each indi-
vidual sample from this average was taken. The
sum of the squares of each of these errors was sub-
stituted in the following formula:

e B
(1) r=o0.6745 \/n_—-‘:(
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‘¢ is the probable error.
‘2" is the individual error.
2" is the sum of the squares of the individual

i

g3
errors. :
“n” is the number of samples analyzed to ob-
tain the averages from which the errors were de-
termined.
The formula used for calculating the possible
error is:
372

W —3.:84 .\(-—

n—1I

$6 003

%" represents the possible maximum error
likely to be encountered once in 10,000 different
samples. :

The other symbols correspond to Formula 1,

the only difference being the change in the constant.

The ‘‘size-weight” percentage referred to in the
lower part of Table I is the percentage of the lar-
gest pieces of slate to the total weight of the sample
previous to its last division or quartering. This
ratio or percentage appears to be the most impor-
tant factor to be considered in the sampling of
coal. . ;

Item No. 1—Table I represents 16 samples
taken from one car of Pennsylvania coal after it
had been carted from the car and shoveled into a
shed. During one boiler test when about three
tons (including the samples), were taken from the
pile, one shovelful was put into each of 16 barrels
after every filling of the wheelbarrow. In this man-
ner sixteen separate samples were accumulated,
each consisting of one shovelful for each wheel-
barrow-load taken from the pile, and any one sam-
ple should represent at least the three tons of coal
taken from the bin, if this method of sampling is
to be relied upon, and 125 pounds original sample
is sufficient. This coal probably contained some
pieces of slate weighing as much as one pound.
These sixteen analyses are given complete in Amer-
ican Soctety of Mechanical Engincers Transaciions,
Vol. 27, page 630.

The data represented by Items 2 and 3, Table I,
are taken from ‘‘Locomotive Tests and Exhibits”
by the Pennsylvén’a Railroad System,” Louisiana
Purchase Expositios, 1904. This report states:
“The coal finally selected came from the Scalp
Level mines (near Johnstown, Pa.), owned by the
Berwind-White Coal Mining Co.” Some of this
coal was also used by the U. S. Geological Survey
at St. Louis and according to their reports the
coal came from Eureka No. 31 mine.

The method of handling and sampling the coal
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used at the Pennsylvania Railroad testing plant,
is given in their report as follows: ‘‘All coal was
brought to the plant in low side gondola cars, and
was shoveled over the sides of the car into boxes
of a capacity of about 1000 pounds each. After
dumping and before sprinkling, a small sample
was taken and placed in a covered box.......
About 60 pounds of coal were taken as a sample;
this was crushed to the size of an almond and re-
duced by quartering to about five pounds. It
was then ground fine and reduced to half a pound
by further quartering, after which it was pulver-
ized and a regular chemists’ sample taken.’”

FEach analysis given in this report is supposed
to represent the coal used on a test, which varied
from 1300 to nearly 15,000 pounds, averaging
6739 pounds. While the quality of coal used on
any one test may not have been exactly the same,
yet there can be no doubt but that 7,000 pounds
taken from any part of the cars shipped from this
mine would contain a more uniform ash than is
shown by the analyses of the individual 6o-pound
samples. A careful study of these results shows
that there is no apparent relation between the
variation in ash and time, as the results of con-
secutive tests show great variations, for instance,
7.25, 11.35, 7.63 per cent. ash. Averaging the
different series of tests the ash is 7.83, 6.30, 6. 10,
6.23, 6.31, 6.27, 6.25, and 6.30, indicating that
after the first series of tests the quality of coal
itself ran remarkably uniform. It appears that
the coal received subsequent to the first series of
tests had been better prepared, as the ash aver-
ages about 1.5 per cent. less. The errors are
greatly reduced, indicating that the amount of
slate and impurities has a great deal to do with the
accuracy of sampling in addition to the ‘size-
weight” per cent. 3

The data for Item No. 4 was taken from Pro-
fessional Paper No. 48 of the United States Geo-
logical Survey and includes all analyses made of
the different car samples taken at St. Louis during
the period covered by this report. These results
have been tabulated on pages Nos. 281 to 284.
The errors have been determined from the aver-
age of all plant samples as a basis, which is proba-
bly not absolutely correct, conmsidering the fact
that the car samples were taken by a different
method than were the samples from the steam,
coke and gas plants—the principal difference
being in the size of the initial sample. The car
samples consisted of from 200 to 800" pounds orig-
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inal sample, while the samples taken from the gas
plant were said to weigh about 1oo pounds. This
report also states that the samples from the steam
plant were collected in galvanized iron cans which
were about 18 inches in diameter and 30 inches
high. On this basis, the capacity of these cans
would be a little over 200 pounds; but it is not
stated whether or not these cans were completely
filled during each test. Apparently no mention
has been made of the quantity of coal taken from
the original sample in the coke plant.

From these various plants, the samples were
quartered down by the conical pile method to 50
or 25 pounds and were then turned over to the
chemical laboratory, where they were further re-
duced in size and quantity, as indicated in the
lower part of Table I. All of this coal had been
crushed to about 1!)4 inches previous to any of
the samples being taken.

Mention is made in several of the recent publica-
tions of the United States Geological Survey that
there is a decided tendency for the heavier pieces,
such as slate and pyrites, to settle to the bottom
of the car. If this is true, it is probable that some
of the errors here indicated may be somewhat
greater than was actually due to the sampling.
However, the same tendency holds true in the
case of the other sets of samples presented in this

table, and the comparison is undoubtedly justi-
fied.

Items Nos. 5 and 6 include the same data as is
Iepresented by Item No. 4, except that the results
have been classified according to the average ash
content in the various coals. It is noted from
this comparison that the probable error in the
coals containing between 5 and 10 per cent. ash is
0.56 per cent., while it is 0.76 per cent. ash in the

coals containing over 10 and less than 15 per cent.
ash.

Item No. 7 includes all of the check samples
Which have been made in a commercial laboratory
during the past year. One hundred and eighty-
one samples from 56 different lots of coal are rep-
fesented. In these 56 different Iots, there were
only 14 varieties of coal included. The different
lots represent either individual vessel cargoes, car-
loads or piles. It is noted that the maximum
error found: in these 181 samples is 1.58 per cent.,
while the probable error of each individual sam-
ple is 0.33 per cent.

Items Nos. 8 and g give the same analyses classi-
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fied as to percentage of ash, and it is noted that

there is practically no difference.

Items Nos. 10, 11 and 12 give the same analyses
classified as to vessel, car and pile samples, and it
appears that the probable error is less in the latter
case than in the vessel and car samples, which are
practically the same.

Item No. 13 includes 62 samples which have
not been included in any of the above items. This
coal was discharged at tide-water and loaded into
railroad cars. A ‘wheelbarrowful was taken from
each car of coal as it was received at the plant,
from which a sample was worked up and analyzed.
The eight different lots indicate the number of
cargoes received, while in fact there were only
three kinds of coal and 42 of these analyses were
made on one kind only. The averages of the five
or more samples from each different cargo of this
one coal varied only 0.8 per cent.

The important point brought out by Table I
is the decreasing error with the larger original sam-
ples.” For instance, the comparable cases where
the writer was personally familiar are Items 1, 11
and 13.

Wt. original Actual Calculated pos- .
Item. sample, 1bs. error. sible error.
1 125 3.24 4.02
13 250 1.61 2.36
11 600 0.93 1.88

Likewise, the results from such reliable labora-
tories as the Pennsylvania Rcilroad and United
States Geological Survey show similar error when
only 60 and 100 pounds have been taken as orig-
inal samples. It should be understood that the
car samples taken by the Government have proba-
bly been as well or even better taken than those
from Little’s laboratory; but the wide range of
error is undoubtedly due to the samples from the
steam, gas and coke plants, where only 100- to
200-pound original samples were taken.

EXPERIMENTAL SAMPLING.

After realizing the importance of keeping the
ratio of the largest pieces to the weight of the
sample, or the ‘‘size-weight’’ per cent. low, a series
of experiments was made in order to determine
how the variation in percentage of ash was affected
by this ratio. The coal selected was a Pennsyl-
vania semi-bituminous coal which was known to
contain about 5 per cent. of ash in the form of
slate and impurities in addition to the intrinsic
ash of the coal itself. This coal contained very
little pyrites-or sulphur, as indicated by the follow-
ing analysis: ;



166
G L e T A A R 0.56%
AV D S | L i s e e 15.86%
Fixed carbonis ¥ S F SR N 72.08%

Sulphur. .

About 29 pounds of this coal were taken orig-
inally, and all of it was put through a 2-mesh
sieve. It was then ‘‘quartered’” or divided by
means of a riffle sampler; this was repeated until
about 144 grams remained to be divided. This
remaining amount was divided and one-half (72
grams) of it was pulverized to 8o-mesh and put
into a bottle; the other half of this, instead of be-
ing returned with the large part of the original
sample, was divided, making two 36-gram sam-
ples, one of which was pulverized to 8o-mesh and
bottled, while the remaining 36 grams were divided
again, and one of the 18-gram samples pulverized,
while the other was returned to the original sam-
ple. The original sample was again divided in
the same manner and the complete operation re-
peated five times, thus giving five 72-gram, five 36-
gram and five 18-gram samples. The remaining
original sample was then screened through a 4-mesh
sieve, and all that was too large was broken in a
mortar until all of it passed through 4-mesh. Fif-
teen more samples were obtained from this coal
in the same manner employed to get the fifteen
2-mesh samples. All of the remaining original
sample was then put through an 8-mesh sieve and
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the entire operation repeated and carried one step
further, making twenty 8-mesh samples, five each
weighing about 72, 36, 18 and 9 grams.

A second and third series of samples were also
obtained from the remaining original 8-mesh sam-
ple, but the second series was carried down to a
1-gram sample, and the third series was divided
down to a o.3-gram sample. In the third series,
the samples of 2 grams and smaller were divided
by quartering on glazed paper with a spatula; all
other divisions were made with the riffle sampler.
The samples of 2 grams and less were not pulver-
ized, but the entire amount of coal contained in
them was weighed up and burned in platinum

- crucibles.

The fourth series, conmsisting of ten 144-gram
samples, was later made from the original sam-
ple, and from each of these 8o-mesh bottle sam-
ples ten grams were taken and a composite sam-
ple mixed. Ten analyses were made from this one
composite sample, after which it was further pul-
verized in an agate mortar until it all passed through
a 200-mesh sieve. Eleven more analyses were then
made from this sample. In all there were 193 sam-
ples made from this one original 29 pounds of coal.
The phase of sampling which is particularly con-
sidered in this paper is the percentage of ash, con-
sequently the ash only was determined from each
of these samples, excepting a proximate and B. T. U,

TABLE II.

ASH DETERMINATION WITH DIFFERENT * ‘S1ZE-WEIGHT PERCENTAGES.”

Com- Com-
Weight of sample gram. v o0 oicanionns posite. posite.
All through sieve before dividing........ Ry Ak
Size-welght' per cent..iiiiiicisrnann 0.0002! 0.00141
Pulverized Lot S s S s e 200-M0 S0-M.
AShpe cent i G S T e i Ry &
11.50 A
11.50 11.34
11.48 11.48
11.54 11.62
11.48 11.50
11.48 11.48
11.54 11.40
11.48 11.36
11.30 11.60
11.54 11.40
11.48 11.42
ANBTRRE L LIRS PR e e S e S e e 11.50 11.46
Maximum error from 1150 . o . Lol 0.04 0.16
Exror of average frome IS0 L i ool .00 —O.0¢
Calculated
£ 0% ProRNADIE CIXOL. (.t i L e e 0.02 0.07
WX DOSSTDIS CLRORLL <k Sa S R ey o e 5 0.40

¥ Based oz ooe gram taken from bottle for analysis.

144

7251 35.2 17.15 85 s 73 () 4.52

8-M 8-M 8-M 8-M 8-M 4-M 8-M
0.00835 0.0167 0.0341 0.070 0.136 0.150 0.266
8S0-M.  SO-M.  S0-M.  80-M. 80-M.  80-M. 80-M.
. 10.21

s < 10.60

11.08 12.06 11.96 11.58 10.76

X 11.58 12.10 11.06  11.04 : 10.48
11.78 11.92 12.30 11.28 11.6%

11.72 12.16 12.14 11.88 11.74

11.82 12.04 12.60 11.10 11.22
11.38 1124 11.20 11,30 12.06 11.33
11.28 11.68 ~ 12.02 12.04  11.46 11.40
11.78 11.20 12.06 12.70 11.04 o 11.33
11.46 11.52 11.08 11.90 12.44 : 11.20
11.38 11.30 11.88 11.66 11.54 10.27
11.30 11.64  11.30 11.18 11.26 11.98 12.32
11.16 11.66 11.26 11.26 11.52 12.32 11.28
11.00 11.10 11.36 10.66 11.58 11.95 11.40
11.16 11.48 10.90 12.06 11.44 12.30 11.32
11.40 11.04 10.98 11.34 10.80 12.16 10.32
11.33 11.46 11.62 11.68 11.47 12.14 10.65
0.34 0.46 0.66 1.20 0.94 0.82 1.29
—0.17 - —0.04 +0.12 +0.18° —0.03 +0.64 —0.85
0.18 0.19 33 143 0.34 0.58
1.04 1.05 1.87 2.48 1.91 3.28
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: ..+ TABLE II.—(Continued.) Y
Weight of sample gram, .......o.oo0ven.. 36.4 2,2615 18.2 1.1368 “71.8 0.5867 S5 33 0.3001 17.8
All through sieve before dnxdmg ....... 4-M. 8-M. 4-M. 8-M. 2-M. 8-M. 2-M. 8-M. 2-M.
“Size-weight”iper centh . it .. 00 00 +.305 0.53 0.61 1.06 1.16 2.045 2.35 4.00 4,65
5 A Not pul- Not pul- Not pul- Not pul-
Pulverizeditos i T o Pl 80-M. verized. = 80-M. verized. ' 80-M. verized. 80-M.  verized. 80-M.
AShE per: cent I N T A A A : 10.47 :
11.39
; 9.74 -
\ 1193t
5 10.45
10.91 10,29 1"
' 9.57 73 12.41
10.37 . 9.32
110:88 10.06 :
110,40 11103 80 Faat st md g
P AR B 1053058 e 10.73 10.79
PR 19230 et o 1279 10.66°
11.23 12.79:|- 13.50 13.48
110.20 10.11 9.14 12.18
9.61 Al 11,34 T YesaTy g IIN SN 15280
- 11.64 - 114977 11.64 - 12,09, - 11.88 . , 10.06- =~ 11:68 ~- 11,527 . 15.56
12.92 10.55 11.84, 12.97 10150580010°74 21451 2080 8 71 e oty 60
< : 10.76 11.55 10:70° 71 9.72" " 13780 12.01° “''11.72 9,58 " gi8d\
1 12181 10182 1202005 11.74631+41030; ::12:00 5> 1121005 111420, 213.32, ,:12.78:;>
a1 e 12-88 £10.92.1 11, 76 7.60  11.24 1191  11.36 8.95 9.18 ,
AVETage (i v hititn o bie s T ch it e o e Eyave el 728 20,8851 1 54 10.65 11,90  11.19 12.01 + 11.50 11-22
Maximum error from 11. so : 1475 1.93 . 0.80 3.90° 2.30 2.36 2.62 1136 4.06
“Ertér of | dverage from’11.50 900 22 9H 0124 0,04 110185 (1014010207315 S+ 0.5 17100007 <0128
alculated R ol Ve I T FTRES T m T
.1 or probable error '7 0.60 1.01° 0.90 1.65
.':~uorpossxb]ecrror' S 3.41 5.72 [i65.14 "9.40:1
determmatron that was made from the 2oo mesh would “have  been” more concentrated, e’spe’c’ially

composrte sample
bumed to" asll in platmum cruc1bl
gas muﬁ}e - -

‘Each ash determination made is grven in Table
I and arranged in columns accordmg to the’ “sxze-
weight per cent. *‘The percentagés of ‘ash ifi each
column are in order as determined. The average
of the eleven 200-mesh composite ash determina-’
tions has been taken as representing the true aver-.
age ash contained in the coal as it was taken from '
the ten 144-gram, 8-mesh samples after they had
been pulverized to S8o-mesh. It is noted that the
maximum error of individual samples from the
true average of 11. 50 gradually increases with the

Size-weight”’ per ‘cent. ‘The probable and possi-
ble errors have been calculated according to for-
mulas (1) and (2); and these valties also increase
with: the increasing: percentage of the largest piece
to the weight of sample. It will be noted that the
probable error of taking one-gram quantities otit
of the 200-mesh sample is 0.0z per cent. This
Is PrObabl) the limit of accuracy of weighing on
the balance; as a 13- -milligram rider is used and it
is Customary to weigh no closer ' than 0.2 milli-
§ram, consequently, no possible error was calcula-
ted in this instance. -

Had' the importance of obtaining a large number
of results been fully realized at the start, the work

es placed m ai

with the larger *‘size- welght” percentages “which
would have resulted in a tore umform incfease in
the mdrvldual errors as well as the values calcu-
lated for ““»’” and * : : s :

“This work mmht be cntlcued by ‘some because
of its being carried ‘otit on a comparatively Sniall

-'scale, but when the results compare as favorably

~as they do, whether 2-mesh samples weighing
17.8. grams or 8-mesh samples weighing, only 0.3
gram are used, as noted in the last two’ ¢olumns
of Table II, there can be little doubt that it would
hold true from the largest sizes of commercial coal
down to a sample as small as 200-mesh.

It will be noticed from these ash determinations
that even in cases where the ‘‘size-weight’” per
cent. is comparatively high and variations of over
5 per cent. occur in ten or more analyses, there
may be cases where three or more consecutive de-
terminations agree within o.50 per cent. Too
often have chemists supposedly determined their
range of error by making only a few check deter-

- minations. Two analyses or check samples are of
little value in arriving at the limit of accuracy in
any case; ten checks are not conclusive, butit-would
be better to repeat the determination .50 0L 100
times at least.

In Fig. 2 the results of Table II have been plotted
in terms of ‘‘size-weight’’ . percentage, and: per-
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centage of ash. The analyses given in the first
and third columns are left out because of the im-
possibilty of putting so many points in such a
small space. Also, the results of the second col-
. umn are indicated by two short horizontal lines ex-
tending to the left of the vertical axis and repre-
sent the extremes only. The lines showing the
limits of the plus and minus errors have been drawn

evidently one in ten thousand and probably- would
not have been approached again even had a thous-
and samples of this class been analyzed.

The points with large circles connected by a
broken line represent the average ash of each set
and are found both above and below the true aver-
age line, with some surprising variations.

The lower full line curve of Fig. 2 represents
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Fig. 2.

through the exterior points of the various sets of
analyses, connecting the greatest errors, rather
than in and out, as it would necessarily have had
to be drawn in some instances where too few re-
sults were determined under one set of conditions.
One exception had been made in the instance of
the 7.60 per cent. ash on a sample where the “‘size-
weight” per cent. was 1.06. This one point is

the variations in the individual analyses plotted
from the horizontal axis.’ :

The triangular points are plotted from (‘‘%”)
the possible error in 10,000 as given at the bottom
of Table II.

The curve A B has been drawn with respect to
these points, giving some weight, also, to the nature
of the variation curve as actually determined.
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This possible error curve represents the error from
the average only, while the determined variation
curve is the sum of the plus and minus errors.
Had more determinations been made in the several
cases, the possible error or (‘‘u’’) points would un-
doubtedly have fallen more consistently.

From these results, it will be at once realized
that the ‘‘size-weight’’ per cent. should be less
than o.1 per cent., if errors of 2 per cent. are not
to be exceeded or the probable error is to be less
than 0.4 per cent. ash with a coal that contains
about 5 per cent. ash in the form of slate and for-
eign impurities when quartered.

Fig. 3.

Fig. 3 gives the possible error curve from Fig. 2
drawn to a larger scale, and according to this, the
“'size-weight”” per cent. must be as low as o.orl
per cent. if an error of 1 per cent. in ash is not
to be exceeded. Even with this small ratio, the
probable error is almost 0.2 per cent.

APPLICATION OF THE LAW OF PROBABILITY.

Fig. 2 shows that the error does not increase di-
rectly with the *‘size-weight’’ per cent., but it
tises very rapidly from the origin, making a curve
similar to a parabola. When the ‘‘size-weight”’
Per cent. is 0.5 per cent., the determined varia-
tion in ash is 3.5 per cent., or seven times the
variation due to an odd piece of slate going into one
sample ons time and into another the next. It, there-
fore, indicates that it is not a question of one piece
of slate or high ash coal that causes the error, but
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several individual pieces which, according to the
law of chance, fall more on one side than on the
other. : :

In order to determine the extent of this varia-
tion, a series of experiments was made as follows:

‘Sixteen small pieces of coal (4-mesh) were placed

in a can containing a quantity of sand and the mix-
ture divided in the riffle sampler. The number of
pieces of coal falling on the right-hand side of the
sampler were counted, and this half divided again,
and the operation repeated until no coal fell on the
right-hand  side.  Theoretically each division
should have halved the number of pieces of coal,
giving 8, 4, 2, 1, 1 or o for the successive divisions,
but out of 100 times there were only two sets of
divisions where these conditions were fulfilled,
and from 100 sets of similar divisions with 32 pieces
of coal, corresponding conditions were not ful-
filled at all. Some of the results obtained were:
After 1st 2nd 3rd 4th Sth 6th 7th 8th

Division.
4 3 0 ;
11 8 6 3 2 2 1 0
7 2 1 1 0
9 5 3 2 0
12 4 1 1 1 0
8 5 5 0

After 100 such sets of divisions had been made
with both 16 and 32 pieces of coal, it was realized
that the first division of each set was of the great-
est importance, and that a large number of separate
divisions was necessary to determine the law gov-
erning the error; consequently 1300 divisions
were made, using 8, 16, 32, 64 and 128 pieces. With
a fewer number of pieces—four, for instance—
it took only a few divisions before the extreme
possible variation was reached, viz., either getting
4 or o pieces on the right side from the first divi-
sio. ’

While the riffle sampler is pretty well known, it
might be well to describe the one used in this work.
It consists of a series of 20 troughs ¥4 -inch wide,
made of tin and soldered together so that each ad-
jacent omne slopes in the opposite direction at an
angle of about 30 degrees from vertical. The sam-
pler is put over the sides of two rectangular cans
setting close together, and the sample to be divided
is poured from a similar can on to the tops of the
20 troughs. The top edges of these troughs are
level, so that the flat stream of coal falling on the
sampler is divided into 2o streams Y-inch wide.
Each alternate twentieth part of the entire sam-
ple goes into one of the collecting cans, while the
other can receives the other half. In dividing
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down a sample of coal for analysis, the ‘sample’

may be divided several times, resulting in' 14, 14,
18, etey, ofi theroriginal until the sample:is reduced
to the desired ‘quantity. :The: term~dividing has
been used in' preference to ‘‘quartering,’’ because
in this case the sample is in reality-divided into’ 20
parts'instead:offours v Hen oinnta sl Lok Lo

- The results of the ‘Several hundred d1v1sxons
made of the different numbers of counted pleces
of coal are given in Table III (T

& ’ TABLE III

SHTFIVANT R e St G T
FTER BEING DIVIDED
¥0\'AR|F1-LBSA\APLBR A > Jp BN |

=

Number of pieces coal (1) 4 8 16 82 - paliir{agy

2 Times divided........... 58 100 200 300 400 300
3 Theoretical number after SRl ia s Ry x
divisiontSe S e ot e B gl o g o 9o TR )
4 Average of all divisions, = .
o) o S e e 1.86 3.92 8.04 16.61 32.33 65.88
5 Per cent. above or below : 3 :
T3 e vt g T o —3:5—1.0 +0:3 +1.9 +0.5 +1.5
6 Smallest number pieces : . : s
s found o n i a S0 A 3 LI ] GER )
-7 Largest .number pieces = - - SEARET
found SIS o 4hTi8 SNI2A 0003 g3 e eg
-8 Maximum variation. Num-. -~ ’ :
ber pieces....... Gt 4 S o] P 2270533
9 r of probable error—for- e L i AN 0
: : mizla: (1) e raf b S 09GN 17 P 1672061 3570
10w or _possible crror—for- Pt : :
: mula (2),; % - 4.00 16.63_ 9.51 14.90 21.80

11 u' or possxble error from SXEEG -
g cmpmcalformuln (3). 3.94: 6,40 9.88:14.80 21.77.

12 Per cent. . Item (I1) to ; AR, :
e (T g fasteei e s - 49 3- 40.0 :30.9 23.2 17.0"

F ‘rom Items 4 and 5

theoretxcal average.

The important item in- thlS table is 8 or the

maximum variation in the number of pieces of coal
falhng on one side of the sample at different times
as compared thh the. total nurnber of pieces in
the sample divided. The data from these divi-
sions make it possxble to plot ver} good probablhty
curves, as seen in Fig. 7

Items 9 and 10 have been calculated by substi-
tuting the individual errors of the several hundred
divisions in formulas (1) and (2), which have been
previously explained and used in calculating the
probable and  possible errors of the commercial
samples.” Item o, after being dxv1ded by two in
order to change it from variation to error, has been
plotted in I'ig. 4 as “ maximum error found.” The
probable error as well as the probable error in 10 ,000
determinations have been plotted to the same scale,

From the possible error curve as plotted in Fig,
4, it appears that. this curve is similar to a parab-
ola, .consegeuntly a formula has been derived by

it will be noted that the aver- -
ages of all d1v151ons are reasonablv close to the
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substituting the s different values of » and n
from Ttems 1 and 10, Table III, in:the formula

u=a an b\'n

and solvmﬂr for the constauts a and b by the method
of least squares Thls results in formula

0 (Pt 0 wos

‘Where « is the possible’ error in number of pieces
above or below the average, n is the number of
pleces of coal contamed in the sample’ before it is
divided:

2.10 \p =—i2.01.

" Fig 4.

i

It is noted from Item 12 and the curve on Kig. 4,
plotted: from these results, - that in spite of: the
ihcreasing: error in the number of- ‘pieces with: the
greater number of pieces divided, the: percentage
of error to the total number of piéces divided grows
less. From this fact, together with formula (3),
we readily see that in the case: of sampling coal the
important point lies in the number of pieces of slate,
bone or coal having higher than.the average per-
centage of ash. If a certain lot of coal contains 2
certain percentage of ash in the form of slate, etc,
the error in sampling will be greatly diminished as
the pieces of slate are broken finer and the number
of them thereby increased. It seems reasonable
to assume that the weight of the average piece of
slate in a sample of coal would be about one-half
that of the largest pieces, although this might be

greater or less, depending upon how:the sample was
broken up- » ;
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If a = per cent. ash due to slate, free im-
purities, etc., in sample to be di-
i vided
p = “size-weight’” per cent. or per
cent. of largest pieces of slate in
sample to be divided
n = number of - pieces of slate, or
equivalent, in sample to be di-
vided
u = error possible to occur once in
10,000 pieces of slate after
dividing -
e = error possible to occur once in
10,000, per cent. ash to sample
after dividing
r = probable error, per cent. ash to sam-
S ple after dividing.
- Assume p/2 = weight of average piece of slate or
~equivalent, 2
thena = npf2 andn = 2a/p e
also e = 2 up/2 ande =iup

Now as % = 2.10Nn — 2. 01 (formula 3)i

AT by substltutlng this value of u
A in the’

and the value of n
formula
= up we have i
b p (2. 10\‘_27——201)or
) e 297~'a1>——2011> e
. The maximum error hkely to oc-
: cur one time ‘in 10,000 iS 5.7
times greater than the probable
error, therefore

i (5) 7= o.5224ap.—0.353 b |
“From these formulas it is apparent that the error
n sampling is dependent upon the percentage of ash
i the form of slate, etc., and the ‘ size-weight”’
percentage, and by assuming: different values for
a and ‘p:the possible and: probable errors have been
calculated and plotted in Fig. 5: TRt

Curve “AB’* from' Fig. 2 has also been plotted
in Fig. 5 to the same’ scale, and it is noted that it
follows the 5 per cent. ash calculated error curve
very closely excepting where the *size-weight”’
percentage is below 0.2 per cent. FEven here, the
curves are of the same general nature and rise very
abruptly from the origin; indicating that in order
to keep the error within any reasonable limits, the

“size-weight’ percentage must be very small.

Lt is very reasonable to expect that the possibility
of error would increase with the percentage of ash
existing in the sample as slate and other such im-

PercenT £RROR m
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purities. It does not follow that the error is neces-
sarily greater in sampling a high ash coal as com-
pared with a low ash coal; for if the coal contains
a high intrinsic ash it is already more or less uni-
formly mixed throughout the coal. It is the
difference between the total ash in any given lot of
coal and the intrinsic ash, or that contained in the
purer lumps of coal, which affects the error of
sampling for any given size and weight of sample to
be divided. :

The difference in the percentage of ash in car
samples and mine samples is a very good indication
of the amount of ash that causes the variation in
sampling.

:
i
:
:
2

. Fig,. S

In Bulletin 316 of the United States Geolog1ca1
Survey, Mr. Burrows has compared the ash in mine
samples with the ash in the run of mine, screened
coal and slack shipped” under inspection from ‘the
corresponding mines.

From 87 mines the average ash in the run of mine
samples was 2.67 per cent. higher than in the cor-
responding mine samples. In the 67 cases of
screened coal being loaded, the ash averaged 3.06
per cent. higher, ‘and from 15 slack samples the ash
was 5.97 per cent. higher than in the corresponding
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mine samples. In several individual instances the in individual cases very readily, and in no case will
ash in the car samples was more than 10 per cent. it be definitely known before the sample is taken.
higher than in the mine samples. Of the 23 coals washed in the 1.35 specific gravity
United States Geological Survey Bulletin 323 solution, only three contained over 7 per cent. ash
also gives data bearing on this point. On pages in the washed coal, and in some cases this intrinsic
30 to 35 the results of washing 23 different coals in  ash is as low as 1.52 per cent.
a solution of 1.35 specific gravity are given, and the In Bulletin 316, Mr. Burrows also classifies the
difference _bet“{veex_l-,_,;the ash in the original sample sample of run of mine coal according to the ash in
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Fig. 6.
and that part of the coal which floated in this solu- the mine samples.
tion was 4.75 per cent. In several instances the
difference exceeded 10 per cent. ash.

While the ash due to slate and impurities may
vary from less than one per cent. to over 10 per
cent. in commercial coals, the average appears to be
somewhere near 3 per cent.; but considering the

In the case of 35 coals, where
the ash in the mine samples was less than 7 per cent.
(averaging 4.80), the car sample contained 2.97
per cent. more ash, while with the 47 samples,
where the ash in the mine samples was more than
7 per cent. (averaging 9.50), the car samples showed

e ! . only 2.69 per cent. more ash than did the correspond-
number of instances where the difference is greater ing mine samples. This indicates that the total

than this ‘amou.nt, it seems advisable to assume 5 ash is no indication whatever of the amount of ash
per cent. for this value, as it cannot be determined existing as slate, etc. It is largely dependent upon
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the nature of roof, floor and partings found with
any seam of coal, together with the care in mining
and preparation of .the coal. The percentage of
slate and free ash increases as the sample is broken
and crushed to the smaller sizes, as the breaking
frees thin streaks of slate, bone and pyrites from
the Iumps of coal to which they may have been
attached in the original sample.

Throughout all of the e\perlmental work presented

in this paper, the dividing of the samples was done
i error ‘of the average of any number of observations

on the riffle sampler, but two samples of coal con-
taining 16 and 32 pieces of coal, painted white,
were each mixed and quartered 100 times by
means of a spatula, and the number of pieces Q‘f
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From
the variation in the sums of the number of marked
pieces in the two opposite quarters, the probable
error was calculated. A probability curve was
drawn from the 32-piece sample and shown in Fig. 7
In comparison with the probability curve from 300

white coal in each quarter were counted.

divisions of 32 pieces with the riffle sampler. It will
be noted that there seems to be a little greater error
by the quartering method. The pieces of marked
coal in two adjacent quarters were also added, and
from the results obtained the discarding of two
opposite quarters seems to give little, if any better
results than if the conmical pile had been simply
halved. However, this phase of sampling was not
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investigated with sufficient thoroughness for any
definite conclusions to be drawn.

AVERAGE OF ANALYSES.

Many laboratories have realized the large errors
likely to occur in individual samples and have
attempted to obtain:the true quality of any lot of
coal by taking sevclal duplicate samples and averag-

‘}ng the results of the several separate analy%es

: Accordmg to the law of averages, the probable

is' e\pressed by 7, =1/3n where 7 is the probable
error of the,mdnldual “observations and u is. the
number of observations averaged; so the probable
error of the average of four samples is only one-half
the probable error of the individual samples, provid-
ing the same method has been used in taking each
sample. The same is true of the possible error.

From the 1300 divisions and counting of the num-
ber of pieces of coal, the results were averaged by
twos, fours, sixes, eights, tens, etc.; and the probable
error of the averages determined. It was found
that the above formula held true to within reason-
able limits, hence it was used in calculating the
values which have been plotted in Fig. 6. This
set of curves is the same as the curve of Fig. 5 ob-
tained from formula (4), where @ = 5 per cent.,
except the values of e for corresponding ‘size-
weight’’ percentages which have been divided by
the square root of the . number of sam_ples
averaged.

This set of curves indicates that if the possxble
error is to be less than one per cent., the “size-
weight”” percentage must be less than o0.024 per
cent. if one sample only is taken, while if 10 samples
are taken the ‘size-weight’’ percentage may be
0.33 per cent. in each sample and still be assured
that the possible error will be only one per cent.
In order that these conditions may be fulfilled, the
one sample should be 13.7 times larger when origi-
nally taken from the lot of coal than is each of the
10 samples. The result would be that 27 per cent.
less coal need be taken and broken up for the original
10 samples than in the one individual sample.
Similarly, 47 per cent. less coal need be taken
originally, providing it is divided into 20 separate
samples. As the greatest difficulty is in taking
and quartering down the original sample, it might
often be better to take several original samples,
and to mix them after they have been quartered
down to a comparatively small size, making one
sample for the final pulverizing and analysis.
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WEIGHT OF VARIOUS SIZES OF COAL AND SLATE.
In order to determine the weights of the largest

pieces of slate that would pass through different

sizes of bar screens and sieves, pieces of both slate
and coal were weighed for the different sizes from
4-inch screen to 8o-mesh per inch sieves. The
results are given in Table IV. On ac-

il : : = count of the few pieces of slate larger
T i than 2-inch screen, their weights are
FT : S : - rather discordant when compared with
s : = . > the weights of coal of the same size,
S s consequently, in plotting Fig. 8 it was |
= = assumed that for sizes larger than 2% |
1

HH

essaE

. inches the weight of the slate was 2.25
‘ : s : S S - times that of the coal.  The specific grav-
S R ity of the coal, slate and pyrites was
I g determined as follows: Coal, 1.36; slate,
HHEHH 2.55; pyrites, 4.28; thus making the ratio
HEH 55 of the specific gravities of slate to coal
HEE 1.87: 1. It is'noted from Table IV that
gnit the ratio of the weights of slate to |
coal is greater than this in each case,
where a sufficiently large number of
pieces were weighed, until they were
broken to 8-mesh. This is probably due
to the slate usually occurring in the form
of flat pleces and in breaking the slate
it tends to form ]oncr slender pleces
rather than cubical, as does the coal;
while’ the pyrites may exist in more ot
 less lens-shaped pieces, yet in breakma it
forms more nearly cubical pxeces So that
its weight was taken as 3.15 times the
weight of the different sizes of coal. The
- ash or iron oxide resulting from the
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burning of pyrites is a littlé: more than that'due to probable erroriwould be 0.18 per cent.; and from

a piece of slate of corresponding size.

Fig. 3 the ““size-weight'’ percentage should be o.or

‘Some of -the slate:used for these ,experiments was per cent. in.order that.this.degree of accuracy would
found ‘to lose r1:per cent.upon being: heated in the be assured. The ‘‘size-weight’ percentage is based

muffle. Figs. 9 and 10 give the weights of

different sizes of coal and slate betweén 2---
mesh and 8o-mesh from Table:IV.: In Fig. 3 e
9 the results are plotted to nominal sizes of -~
sieves, but, Fig. 10 takes account of the
actual size of .the openings. - The lengths of- i
the sides of the larger openings fwere meas-
ured with a microscope in the sizes from 20. "

to.200-mesh. . ¢ 30, o1
visieye. Ll E Lo Length of side. .
Mesh. i 7 3 inch'. SREs
boRISien ST B S OB 0 050
Synbaae PSRRI 1as S0
-~ '85 3 (8 l‘. ;‘ ¢ 1) - .0"10' RS i
10 2 S 01076 :
203 el Sziv i T i 0:b358. Tt
A0 e 0. 01 64
60 Sy ~0.0134
tHliiiiso FETLi SR EiBIER 070089 121
F100 hen s TRy 1:0,0060. - &
: 200 SRl R s ] 0. ooso, ;

The welghts of the Vanous sxzes of coal i

slate or pyntes can be read from the curves -
of I‘1gs 89 and 10, whlch have been drawn:

lthrough the pomts of a1veratre welght

several instances the largest Ppieces . were .

wexghed up separately and usually were a

httle hlgher than the results read from the :

curves for correspondmnr sxzes

WEIGHT AND SIZES OF SAMPLES
. From. the féregoing data we are enabled
to take and quarter down a sample of coal
and be assured that the possible error may
be within certam required limits. While

accuracy of 0.25 per cent. would be desira- |
ble, it is seen from Fig. 3 that in order to

be certain that errors would not exceed
- this amount, the “size-weight’’ percentage
must be 0.001 per cent. In sampling run
of mine coal, where pieces of slate weigh-

ing s pounds are often encountered, the

original sample would have to consist of
no less than 223,000 pounds; or if the coal
had been previously crushed to 2 inches, the
original - sample should contain 37,000
pounds. Samples of this size are practically
out of the question considering the expense
necessarily involved as compared with the
value of the material being sampled.

Any sample, however, should be within one
per cent. of the true ash, in which case the
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on the sample about to be divided, and the same
piece would be double this percentage of one-half
of the divided sample; so that in taking the original
sample the largest piece need be only 0.02 per cent.
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within the required limit of

of the

error.

total and still be

TABLE V.

Size of slate,
inches.
4
3

XX

2
1
1
1

R

Lbs.

6.7
2.5
0.75
0.38
0.24
0.12
0.046

0.018

(a) Size of slate contained in coal and amount of originul'snmple
required to insure the error of sampling being less than 1 per cent. ash.
Weight largest

piece of slate.

Original sample
should weigh.
Lbs.
39,000
12,500

3,800
1,900
1,200

600
230
90

(b) Size to which slate and coal should be broken before
quartering or dividing samples of various weights:

undoubtedly the weakest point in the exist-

2008 Weight of saniple Should be
HHH ] to be divided. broken to
I Lbs. inches.
5 H 7500 - 2
3800 1%
/ 1200 1
©007 | 460 3%
: f HHT 180 %
HH | r 40 2-mesh
i : 5 g
HEHE i S /i gEiee % sL
tH : i ] % 10 “
i : / i ;
R00e |+ 33338 1 23 (¢) Limit beyond which sample should not be divided
: / when crushed to different sizes in laboratory:
; : Should not be divided
ESE 3 3 ¥ : ] Size of coal. to less than
1 L H : / ] i Mesh. Gram.
P ol Sea0 be % J. <
L 2 8300
O e T 4 1100
THE T 8 ; 120 [ Should be pul-
:‘kﬁ : t ; ¥ 3 ¥ 10 55 { verized to at
SE H f 20 3 | least 60-mesh
i Table V gives data which will be found
RO i : fa very useful as a guide in sampling coal
- a5 ¥ Fa N4 I $ - .. -
g i 3 ] it under various conditions. From this table,
< R : SR 7 : which is based on a size-weight’’ percent-
s : HHEH e i age of 0.01 and coal containing 5 per cent.
;...w HHEHEE il 7 e — ash as slate and free impurities, the import-
& i : S = ance of taking a large initial sample will be
+ i = realized. The size of the original sample is

ing methods of sampling coal, and the ab-

surdity of a 100-pound sample is apparent.

In collecting the original sample, the coal

should be taken in fairly large increments.

The taking of handfuls or small shovelfuls

of run of mine or large-size coal makes it

practically impossible to obtain a really rep-

resentative sample in the beginning. In-

crements of 15 to 20 pounds are none too

small in order that the lumps and fine may

be proportionally represented. However,

e s asar s ST sans
3 s

unless the importance of the ‘size-weight”

percentage is realized by the chemist, a




BAILEY ON ACCURACY IN SAMPLING COAL.

sample—no matter how well taken from the original
lot of coal-—may be ruined by quartering to a
smaller quantity than is proportional to the size
to which it has been crushed. ;

The methods used by the average person in taking
samples to be sent to commercial laboratories is
sufficient explanation for the lack of confidence
they have in the analysis as made by the chemist.
While the complete history of the sample is seldom
available to the chemist, yet he can determine the
relation between the size and weight of the sample
as it comes to him. From a large number of such
samples received during the past year, there
have been less than 3 per cent. of them where the
largest pieces were 0.02 per cent. or less of the total.
Table VI gives a classification of the condition of
commercial samples as received from various
sources.

TABLE VI.
Per cent of sam-
ples received from
outside parties.

“‘Size-weight” per cent.
of sample as received.

Less than 0.1 12
Between 0.1 and 0.5 13
o 03 sewics 1.0 20

52 1320 2.0 24

5 230850 3.0 13
3.0 4.0 3

4.0 13.6 15

Oftentimes some of the above samples have been
half of a sample which has been divided between
two laboratories, and when the results show a wide
variation, as they naturally would, it is impossible
to convince the person sending the samples that
the fault is more likely to be in the dividing of the
sample than in the analytical work. For his own
protection, the chemist should determine the exact
condition of any such sample when received at his
laboratory and report same on the certificate with
the analysis. This relieves him of much controversy
and has been found to be a very effective method
of showing the public the folly of paying $5 to $25
for the analysis of a 25-cent sample.

SUMMARY.

I. The present methods of sampling coal are
almost as various as is the number of persons taking
such samples, with the result that errors of 3 to 5
Per cent. in ash are of ordinary occurrence and
extreme errors of 15 to 30 per cent. are fre-
quently encountered.

2. The method of taking a sample must be
specified in every detail in contracts between the
two parties buying and selling coal on an analysis
and heat unit basis before satisfaction, and justice
will be given to both parties.
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3. The errors in sampling evidently follow the
laws of chance when any one method is used, and
from the calculated probable errors a comparison
of the accuracy of different methods can be made.
See Table I and Fig. 1.

4. The most important factor causing errors in
sampling is the size and number of pieces of slate,
pyrites, bone and other impurities in proportion .
to the weight of the sample when originally taken
or when divided or quartered. This ratio has been
termed the ‘‘size-weight’”’ percentage, and the
results of 193 analyses from different samples of
the same coal show that there is a decided increase
in the percentage of error in ash with the larger
‘“size-weight’’ percentage. See Table IT and Figs.
2 and 3.

5. From over 1300 divisions of samples contain-
ing marked pieces of coal it was found that the
variation in the number of pieces in each half

“ varied according to the law of probability, and that

the variation increased with the number of pieces
in the sample divided. From this data an em-
pirical formula was deduced, which showed that
the error in dividing a sample is a function of the
percentage of ash due to slate, etc., and the “size-
weight’’ percentage. The error calculated by
means of this formula checked remarkably clase
with the results of actual analyses. See Table IIT
and Figs. 4, 5 and 7.

6. The average of any number of samples re-
duces the error in proportion to the square root of
the number averaged, providing all samples have
the same ‘‘size-weight’’ percentage; or, if a certain
degree of accuracy is required a less aggregate
weight of original sample need be taken when two
or more samples are obtained and averaged, see
Fig. 6.

7. The weight of various sizes of slate and coal
was determined by weighing up a large number of
each, passing through a screen or sieve of one size
and over the one of the next smaller size. The
sizes ranged from 4 inches bar screen to an 8o-mesh
sieve. This data is given in Table IV and Figs. 8,
9 and 10.

8. A knowledge of the relation existing between
the ‘‘Size-weight” percentage, amount of ash
due to slate and the possible error, makes it feasible
to intelligently take a sample of any coal with an
assurance that the results will be accurate within
certain limits. See Table V, also Figs. 2, 3, 5 and 6.

9. The deductions from the experiments and
data reported in this paper explain the cause of
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many samples varying so widely in quality, even
though taken from the same car or lot of coal,
the most common fault being that the original
samples taken have been too small. The absolute
necessity of taking large samples will lead to mechan-
ical or automatic sampling in many places.

10. The chances of error in the chemical analysis
are insignificant when compared with the errors
in the existing methods of sampling coal. The
chemist should be responsible for the sampling in
every possible instance.

11. Almost every one who has given any consider-
ation to the sampling of coal or other similar
material, has said that a large sample should be
taken and that it should be broken or crushed fine
before the successive quarterings. How large,
and how fine, have been left to the judgment of the
individual taking the sample, and it is the object
of this paper to answer these questions with some
degree of accuracy. As this datais of a preliminary
nature, it is hoped that others will not only verify
these results, but add to them, in order that the
sampling of coal and other material may be reduced
to a more scientific basis. :

THE COMMERCIAL MANUFACTURE OF
AMORPHOUS CALCIUM PHOSPHIDE.
By CHARLES E. MUNROE.

Received January 8, 1909.

In 1891, I was directed to prepare calcium
phosphide on a limited commercial scale. The
Howell Automobile Torpedo had then been de-
veloped to such an extent that it had been tenta-
tively accepted as a service weapon, and officers
and seamen gunners of the Navy were being trained,
by target practice, to become skilled in its use.
As devised, this torpedo was so constructed that,
as ready for service, it would, when stationary
or running at low speed, fill with water to such
an extent as to sink the torpedo and drown its
priming charge and detonator so as to render
them harmless, for, if in action a live torpedo
failed to hit the enemy at which it was aimed and
became vagrant, it would prove a menace to
friend as well as foe. Although, in target practice,
the war heads were not used it was necessary that

otherwise the torpedo should be arranged and °

should operate as in action. But the sinking
of the torpedoes at the end of their runs was,
owing to the difficulty of locating them in deep
water, a serious impediment to practice, as they
were expensive. Hence, it was most desirable

to recover them. Various devices were invented
with the object of surmounting this difficulty.
The one which proved most efficient was the in-
serting in the nose of the torpedo of a can of cal-
cium phosphide, with holes punctured in the top
of the can, for as the torpedo took the water the
reaction of the phosphide with the water entering
the can gave rise to a cloud of smoke, which was
visible by day, and a faintly luminous flame, which
was visible by night, and these phenomena enabled
one not only to easily follow the course of the
torpedo during its run but also to locate it with
great accuracy after it had sunk. It:thus became
easily possible to recover the torpedo by grappling.

As there was, previous to the erection of this
furnace, no manufacture, so far as was known,
of calcium phosphide in this country, it was im-
ported from Europe at a cost of $2.25 per pound.
Quite apart from the high cost a difficulty was
met in importing it, owing to the custom’s officers,
who insisted on breaking open the sealed packages
and inspecting their contents greatly to the disgust
of both the inspecting officers and the importers,
though for different reasons, and to the damage
of the material. For these various reasons, I
was directed to manufacture it and the material
was then supplied by the Government to the com-
pany furnishing the torpedoes.

From the literature it was learned that Dumas*
placed fragments of quicklime in a retort set hori-
zontally on a grate and disposed phosphorus at
the extremity of the neck, which was closed with
a stopper. When the lime had been heated to
redness the phosphorus was passed over it in the
state of a vapor, thus producing calcium phosphide.

Thenard? made use of a clay crucible, of about
1 liter capacity, pierced at the bottom by a hole
I to 2 cm. in diameter. The neck of a glass flask,
of about 250 cc. capacity was passed through the
hole in the bottom of the crucible and luted in
place, and the whole arranged in a furnace with
a double grate so that the flask hung suspended
above the lower grate. The flask was filled with
phosphorus and the crucible above it with quick-
lime. When the lime had been heated to redness,
heat was applied to the glass flask and thus the
vapors of the phosphorus were passed through
and about the lime. The operation lasted 30 to
40 minutes and about 500 to 600 grams of the
phosphide were obtained.

! Aun. Chim. Phys. [2], 83, 363 (1826),
2 Ibid. [4], 14, 12 (1845).
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A preferred form of crucible recommended by
Thenard, was one which was divided into two
parts by an earthenware grid, the lower section,
about 1/3 to 1/4 the height of the crucible, being
used to hold the phosphorus. Such a crucible
is pictured by Pelouze et Fremy?! but they effected
the division by placing a small crucible inside
the large one and placing the grid on the small
one. However, they continued the use of a furnace
with two grates.

Gattermann and Haussknect? made use of a
covered Hessian crucible, resting on.the grate of
a crucible furnace, in which to put the lime, and
when the latter had been brought to a glow, they
dropped in sticks of phosphorus by means of a
vertical iron tube which passed through the covers
of the furnace and crucible, and reached to within
2 cm. of the bottom of the crucible, the upper
end of the iron tube having a glass tube fitted into
it by means of an asbestos packing.® They used
about 500 grams of lime and added to it 350 to
400 grams of phosphorus.

This was the state of the art as I found it at the
time of beginning this work. Experiments were
made with glass and earthenware vessels, but
they proved unsatisfactory. Tests were then made
with an iron tube, butt-welded at one end, and
this 'resisted the action of molten and vaporized
phosphorus so well that crucibles were made from
5 inch wrought iron tubes with welded bottoms,
their dimensions being as follows: depth inside
6 inches, outside 7 inches, diameter at top, inside
5 inches, outside 5 5/7 inches. They were provided
with_grooved lids, 1/4 inch thick and 6 inches
outside diameter, which were fitted with asbestos
gaskets. = A slotted lug was welded on each side
of each crucible and a wedge-shaped iron key was
provided so that by driving it through the slots
the cover of a crucible was easily fastened on tightly
and firmly. Through one side of the cover a
wrought iron pipe, 12 inches long, and 1 inch in
diameter, was swedged, the lower end of the pipe
being flush with the inside face of the crucible cover.
This pipe was provided with a cap 4 inches long
and 1 1/4 inches inside diameter. Three of these
pots are shown in the photograph. They held
about 1500 grams of lime each. They were heated
with coal in an ordinary square crucible furnace.

1 Traite de chimie, 2, 558 (1865).

2 Berichie, page 1175 (1890).
. 3 This apparatus, except for the glass extension tube, is practically
lt.icntical with that of M. Silas shown in Mémoires Militaires et Scien-
tifique, 5 [XXXII], pp. 9. 1877.
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The lime used was ‘‘black marble lime, wood-
burned.” It was of high quality and it was broken
into lumps 1 to 1 1/2 inchesin diameter. The
crucible was charged with the lime, the cover put
on and keyed, and the. whole lifted by the feed
pipe and embedded in the fire in the furnace. When
the crucible had become heated to between a dark
and cherry redness the cap was lifted from the
feed pipe, sticks of dry phosphorus were dropped
in and the cap replaced. So soon as fuming ceased,
which with the right proportion of phosphorus
was almost immediately, the crucible was lifted
from the furnace and allowed to cool with the cap
on so asto prevent air from reaching the phosphide
in any considerable volume during the cooling
process. The operation required about 1/2 hour.
With 1400 grams of lime to the pot and 200 grams
of phosphorus added about 1600 grams of phos-
phide were obtained. With a larger quantity of
phosphorus the yield was no greater as the excess
of phosphorus fumed off. Using four pots, an
unskilled workman, after short practice, turned
out 28 pounds per short day. The cost, counting
labor and materials, was 20 cents per pound. The
same pots were used, without repairs, for some
eight years.

The phosphide produced in this way was very
active, giving off spontaneously inflammable hy-
drogen phosphide promptly on contact with water.
A perforated tin container holding a pound  of
this amorphous calcium phosphide, when sub-
merged in 18 feet of sea water, gave a flame, which
rose some two feet above the surface of the water,
and voluminous smoke, and it continued inter-
mittently to give off flame and smoke for over
five hours. It was found to be more satisfactory
in its behavior than the imported article. Portions
of it made 17 years ago seem to-day to beasactive
as when freshly manufactured.

Since this work was accomplished, H. Moissan'
has obtained calcium phosphide by reducing
tricalcium phosphate with carbon in an electric
furnace, and also by the action of phosphorus
on metallic calcium. The product thus obtained
was crystalline and it reacted with water to produce
phosphine (H,P), which was not spontaneously
inflammable, while the product obtained by the
action of phosphorus on lime, after the manner
described above, is amorphous and reacts with
water to produce hydraphosphine (H,P,), to which
is attributed its property of generating a spon-

1 Comptes rendus, 128, 787 (1898).
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taneously inflammable product. E. Renault! has
also obtained the crystalline calcium phosphide
in the electric furnace, carrying out the operation
in both iron and carbon crucibles, but he states
that under certain circumstances he obtained,
from the tricalcium phosphate, a phosphide which
yielded both H,P and H,P,. This is quite to be

expected for I recall that when operating the plant
at Spray, N. C., in 1895, for the production of
calcium carbide I noted the presence of calcium
phosphide in the product, due to reduction of

itself for its simplicity, low cost of installation,

the wide accessibility of the apparatus and materials
used, and the ease with which it can be carried
out by unskilled labor.

With this manufacture in successful operation
in the Navy there was naturally a desire to further
utilize the product in the solution of other naval
problems. It had then been recognized that the
electric search lights installed in the Navy were
not an unmixed blessing for while they might
be used in locating the enemy they never failed

calcium phosphate in the lime, and I attributed
the spontaneous inflammation of the acetylene,
and other gases, produced by the:reaction of the
carbide with water, to the simultaneous formation
of hydraphosphine.

No doubt if there were any considerable demand
for amorphous calcium phosphide it could be most
economically met by electric furnace methods,
but as the uses for this material are limited the
method I have described is sufficient and commends

! Compies rendus, 138, S33-884 (1898).

also when in use to locate the vessel that carried
them, and therefore they failed in enabling one
to take the ememy by surprise. It was evident
that this defect could be remedied by means of
a self-igniting light which could be thrown, say
in a shell from a gun, among the enemy. With
this in view, experiments were made with the
product from this furnace but though perfectly
clear, yet quite dark, nights were chosen for the
tests, when the vessels in the harbor were at anchor
with some of their sails spread, and the seamen
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gunners who laid the test shells were clad in white
duck working suits, yet the intrinsic luminosity
of the phosphide flame was so slight that no useful
result was obtained. Quite recently, however,
according to reports, this result has been suc-
cessfully accomplished and we find in calcium car-
bide,  mixed with calcium phosphide, a material
which, when thrown to a distance, will, when
alighting in water, produce a self-igniting flame
which has a high intrinsic illuminating power.

* But the economic use to which this material
has been longest put and even to-day, probably,
the chief use to which it is put, is as an attachment
to life-saving emergency buoys which are carried
aboard passenger vessels in locations from which
they may be readily thrown at the call of ‘‘Man
Overboard,” for though the flame given by the
phosphide is dim yet it is often sufficient to
enable the person struggling in the water
to locate the buoy. This application is de-
scribed in great detail in De lapplication de
phosphure de calcium a l’appareil éclairant des
bouées de sauvetage,' and it therefore will not be

enlarged upon here.
THE GEORGE WASHINGTON UNIVERSITY.

THE TEMPERATURE OF THE LEAD BUTTON
IN CUPELLATION.

BY RoBERT H. BRADFORD, Pi.D., Prof. of Metallurgy, State School of
Mines, University of Utah.

Received December 24, 1908.

Excellent work with the assay furnace was done
by early investigators. They had no means of
ascertaining exact temperatures, and hence in
their writings they attempt to describe the desired
temperatures by the appearance of the objects
to the eye, using such color terms as would most
nearly apply to the degree of heat under consider-
ation. They recognized the importance of em-
ploying proper muffle temperatures in cupellation,
as is indicated by the following careful descrip-
tion of the same given by an early text-book on
assaying:> ‘““When the interior of the muffle is
reddish white the matters to be cupelled may
be introduced. When the cupels are filled, the
furnace is closed, either by the door or by pieces
of lighted fuel, so that the fused metals may become
of the same temperature as the muffle. When this
point has been gained, air is allowed to pass into
the furnace; the metallic bath is then in the state

! Mémoires Militaires et Scientifiques, 1878, XXXII.

? John Mitchell: “Manual of Practical Assaying,” 2nd edition, p.
368-370 (1868).
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termed ‘uncovered; that is, it presents a convex
surface, very smooth, and without slag. When
the air comes in contact with it, it becomes very
lustrous, and is covered with luminous and irides-
cent patches, which move on the surface, and are
thrown toward the sides. These spots are oc-
casioned by the fused oxide of lead which is con-
tinually forming, and which, covering the bath
with a very thin coating of variable thickness,
presents the phenomenon of colored rings.

“As silver is sensibly volatile, it is essential,
in order that the smallest possible quantity be
lost, to make the cupellation at as low a tempera-
ture as may be. On the other hand, the heat

‘ought to be sufficiently great, so that the litharge

may be well fused and absorbed by the cupel.

“Experience has proved that the heat is too
great when the cupels are whitish, and the metallic
matter they contain can scarcely be seen, and
when the fume is scarcely visible and rises rapidly
to the arch of the mufflee On the contrary, the
heat is not strong enough when the smoke is thick
and heavy, falling in the muffle, and when the
litharge can be seen not liquid enough to be ab-
sorbed, forming lumps and scales about the assay.
When the degree of heat is suitable the cupel is
red, and the fused metal very luminous and clear.”

Modern texts are less elaborate in their descrip-
tions, yet they lay especial stress on the importance
of maintaining proper temperatures in the assay
muffle.

The modern pyrometer, for accurately measuring
high temperatures, has recently come to fill a
long-felt want in many metallurgical operations.
Since the need of employing definite temperatures
in assaying is generally recognized, one would
expect that the pyrometer would be employed
more commonly in the muffle, and greater accuracy
observed in stating degrees of temperature. It
is gratifying to see some recent magazine articles
and texts on assaying employing exact figures for
representing temperatures required for the various
operations in the furnace.

It is difficult to reconcile some explanations of

_ cupellation phenomena, based on pyrometer read-

ings, with certain well established facts. The
lack of sufficient exact data may account for some
apparent discrepancies, as the following instance
will show. One very recent manual of assaying’
in describing the process of cupellation says:
“Little flakes of PbO form on the surface of the

1 C. H. Fulton: ‘*Manual of Fire Assaying,” 1907, pages 70, 71.
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molten lead and slide down the convex surface
of the button, and are absorbed by the porous mass
of the cupel. If the temperature of the cupella-
tion is between 700 and 7350°C. as it should be,
this litharge is solid, as litharge melts at go6° C.”
The same author says further that the actual tem-
perature of cupellation has never been determined,
and that a determination of the temperature
of the cupelling lead will, in his opinion, very much
modify the present theory.

If it is necessary as stated by Mitchell to have
the driving lead button constantly hot enough to
Keep the litharge in a molten condition, in order
that the oxide shall be absorbed by the cupel,
then the temperature of 700 to 750°C. as used
by Fulton cannot be high enough, if applied to
the button, because litharge freezes at go6°C.

‘pyrometer, illustrated in Fig. 1.
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the minimum temperature of a cupelling button,
that the series of experiments herein reported
were undertaken. The instrument used in the
experiments was the Le Chatelier thermo-electric
It consists of
a platinum wire and a go%, platinum 109}, rhodium
wire twisted or soldered together, forming a thermo-
electric couple, the loose ends of the wires being
attached by means of copper leads to a galvanometer
of high resistance. The cool ends of the wires
were kept at a known temperature by being im-
mersed in water along with a thermometer. The
twisted junction of the wires was readily placed .
in any position in the muffle. In order to calibrate
the instrument the deflections and cold junction
temperatures were taken with the twisted junction
at certain known temperatures. A curve was

Fig. 1.

Since it IS necessary to have a draught of air
through the muflle In order that oxygen may be
suppliad to the cupelling button and since the air
1S cool as it enters the mufile, the temperature
of the air above the button is considerably lower
than that of the mufile itself or of the cupel intedor,
and very much lower than that of the cupelling
metal. In previous magazine articles and fext-
book descriptions the recorded temperatures are
apparently those of the surrounding atmosphere
rather than the lead button, and very lLittle infor-
mation is on record concerning the temperature
of the droving button.

It was with the object in view of determining

then plotted, showing the relationship between
deflection and temperature. From such a curve
any deflection of the galvanometer was interpreted
in degrees Centigrade.

When the bare pyrometer wires were brought
in direct contact with the driving lead they were
immediately alloyed and fused. To prevent this
destruction of the wires when employed with molten
lead the couple was protected at the hot junction
by a thin coating (see Fig. 2) of fireclay. This
coating was made on the spot from moistened raw
material. It was made thin so that it would offer
but kittle interference with the surface oxidation
of the lead button. The temperature of the heat-
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ing button was determined by placing the protected
couple well within the molten lead, then reading
the galvanometer and the cold junction thermom-

eter, and interpolating on the calibration curve

to find the degrees Centigrade.

The minimum temperature "of the lead button
itself requisite for starting cupellation was in-
vestigated by introducing buttons into cupels
placed at varying distances from the front of the
muffle and hence at varying temperatures. Pyrom-
eter readings of the heating metal and the cupel
interior were carefully taken in each instance.

Before driving commenced it was found that the
temperature of the molten metal rose to 9oo® C.
orabove—approximately to that of melting litharge.
If the heat conducted from the cupel or radiated
from the muffle was not sufficient to raise the
temperature to that of melting litharge the button
froze and would not ““ uncover.”

In order to confirm the temperature readings
of the cupelling metal the degree of heat of the
interior of the cupel was determined by boring
a small hole into the dry cupel with a one-eighth
inch drill bit, and inserting the junction of the
pyrometer wires well within the cupel. Holes
‘were drilled to points beyond the centers of the

cupels, and were made at different levels in the-

different cupels, from directly underneath the
bottom of the cup-shaped depression, to the bottom
of the cupel directly above the supporting muffle.
The method of getting the temperature of the
cupel interior is illustrated in Fig. 2.

CLAY
PROTLOTION.
s A LEAD R Vy
oS e ] BUTTONS i

A

Fig. 2.

The temperature of the interior of the cupel
was readily ascertained by the method previously
described. 1In every case in which the cupel had
f)een properly pre-heated beforehand, as is done
I ordinary practice, the temperature directly
under the button, although lowering as the lead
melted, rose to goo® C. or above before cupellation
commenced. Below this point and nearer the
muffle the temperature was usually a few degrees
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higher when the button opened. The melting
metal had taken its heat from the upper layers,
cooling these more than those near the bottom.

The temperature within the cupel and near the
molten lead remained at go6° C. or above so long
as the button continued to drive. If the button
froze the temperature of the interior rapidly lowered,
showing that its heat had been, in great part,
derived from the heat of combustion of the driving
lead. Upon freezing, the temperature of the button
rapidly declined because its heat of combustion
had been cuit off.

If the interior of the cupel was well below 9go6° C.
when the button was introduced and the cupel
and contents then pushed back into the mufile,
the button began to drive when the heat radiated
from the arched roof of the muffle gave the litharge
coating of the lead a temperature of 9o6°C. The
bare couple could be safely placed in contact with
the litharge in the above instance. The button
rapidly heated to a much higher temperature
if left in this position as cupellation proceeded.
An intensity of heat resulting from the above
conditions is not safe to use, owing to the excessive
losses in silver and gold. Good practice would
require that the cupel and contents be drawn
forward to a cooler part of the muffle.

The temperature favorable for the formation
and retention of ‘‘feathers’” of litharge was de-
termined by placing the bare couple among the
crystals as they formed around the button. The
temperature of the forming crystals in every in-
stance was below 9o06° C. as measured near the
driving lead. So long as the button continued
to drive, the cooler the surrounding air and cupel
surface, the more favorable was the temperature
for the formation of the litharge crystals. After
the cupellation was finished these crystals could
be heated to 8350 to 890° C. for many minutes
without showing any tendency to fuse as indi-
cated by their sharp edges, and without volatiliz-
ing to any considerable extent. If their tem-
perature was raised to the melting point of litharge
they immediately fused and were absorbed by
the bone ash cupel.

The results of these experiments seem to es-
tablish the following facts:

When once the lead commences to oxidize
rapidly and the molten litharge escapes into the
cupel, the temperature of the button immediately
rises owing to the heat of combustion of the oxidizing
lead, and the heat from this source is sufficient
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to keep the button driving, 1. e., to keep the litharge
molten and thus in a condition to run down the
sides of the button and in most part to be ab-
sorbed by the cupel—even though the cupel and
contents are drawn forward to a cooler position.
With a gentle draught through the muffle the
temperature one-quarter inch above and near
the front of the cupel may be maintained as stated
by one text,! as low as 625-650° C. and cupella-
tion continued, although the danger of freezing
is very much lessened if the temperature is kept
between 650° and 750°. So long as the heat of
combustion of the driving button is able to main-
tain the temperature of the lead at that of melt-
ing litharge the -cupellation proceeds. If the
cupel is brought so near the mouth of the muffle
that the transference of heat from the button is
sufficiently rapid to overcome the heating effect
of the combustion of the lead, the button cools;
and when its temperature goes below the freez-
ing point of molten litharge, it freezes, i. e., solid
litharge covers the molten lead and cupellation
ceases. :

If the surrounding air is kept well below the
temperature of muelting litharge, the surface of
the cupel around the driving button becomes
cooled below that temperature, and the molten
lead oxide as it runs off the convex surface of
the lead, solidifies, and crystals of litharge, or
“feathers” form. These thin crystals volatilize
slowly after forming, but do not disappear as a
rule unless the temperature of the cupel surface
is raised above 906°C. when they melt and are
partly absorbed by the bone ash of the cupel.

UNIVERSITY OF UTANH,
SALT LARE CiTy.

A NICKEL CRUCIBLE FOR THE DETERMINA-
TION OF CARBON IN STEEL.

By Henry E. K. RUPPEL.
Received November 27, 1908,

The high price of platinum crucibles for carbon
determinations led the writer to seek some sub-
stitute to supplement the work of the Shimer
crucible in regular use in his laboratory. Nickel
naturally suggested itself for this purpose on ac-
count of its inexpensiveness, its high melting
point and its resistance to oxidation. Crucibles
of this material have been used for the past year
for the determination of carbon in steel and the
results, obtained both by direct combustion of

! Richard W. Lodge: ‘“Notes on Assaying” (1905), page 60.
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the steel and by solution in potassium copper
chloride, have been so satisfactory that it seemed
advisable to publish them together with a de-
scription of the apparatus.

At the beginning, a word should be said in re-
gard to the conditions under which such crucibles
can be used to advantage. A conservative esti-
mate of the life of these crucibles is about thirty
to fifty determinations when the solution method
is used. On account of the low cost of these
crucibles they can be used to advantage in those
analytical laboratories where the number of car-
bon determinations performed is limited and the
high initial cost of platinum precludes its use,
especially in college laboratories where a single
crucible may serve the needs of an entire class.
They may also find a place as supplementary
crucibles in steel laboratories where carbon de-
terminations are a matter of daily routine. Since
such crucibles are used up in time, it is necessary
to make them as simple as possible and to provide
for a separate water jacket not directly attached
to the crucible.

The principle of a water-cooled stopper for plat-
inum crucibles to be used in the determination
of carbon in steel was first published by P. W.
Shimer! and several forms are at present on the
market. Although the present paper is intended
solely to show that satisfactory results can be
obtained with a nickel crucible, nevertheless the
writer feels justified in giving a somewhat detailed
description of the cooling apparatus as the de-
sign is particularly adapted to the simple form
of nickel crucible employed.

The apparatus is shown in Fig. 1 and 2.
Fig. 1 is a top view and Fig. 2 is a vertical section
through the dotted line x 5. It consists of three
parts; the nickel crucible 4, the cover C and the
water jacket B. The nickel crucible is 1 7/8
inches deep, 1 9/16 inches in diameter at the mouth
and is provided with a flange about g9/16 inch
wide. These crucibles are now supplied to.us
in one piece, although we have used ordinary
nickel crucibles to which a brass rim was soldered
with silver solder. The area of the bottom was
made comparatively large so that all the car-
bon might be in contact with the bottom of the
crucible, even though the asbestos pad was made
slightly large as sometimes happens. When this
occurs with the platinum crucible, in which the

! “Carbon Combustion in a Platinum Crucible,” J. Am,. Chem.
Sec., 21, 7 (1899). P
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area of the bottom is small, the asbestos pad as
well as the asbestos used to wipe out the funnel,
extends up the sides of the crucible. In such
cases we have sometimes encountered unburnt
carbon.
using a deep crucible which can be heated to a
cousiderable distance from the bottom. It might
be stated against this that an asbestos pad made
in an ordinary funnel is not too large to fit com-
fortably in the bottom of the regular platinum
crucible. On the other hand, the filtration be-
comes slower as the area of the pad decreases.
- We use a special funnel which will be described
later and which offers a comparatively large area
for filtration.

£
- ‘
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The crucible rests upon the water jacket B,
which consists of an annular machined bronze
casting 2 3/4 inches outside diameter, 1 9/16
inches inside diameter and 5/8 inch high with
walls about 1/8 inch thick. This jacket is pro-
* vided with two 3/8 inch holes, each of which is
surrounded by a boss b. The holes are slightly
counter-bored and the collars of the brass tubes
F and F’ are inserted and fastened with ordinary
solder. The brass tubes are all turned from solid
stock and are 1/4 inch outside diameter with 1/8
inch holes. Three brass rods S, 3/16 inch in
diameter and threaded at each end, are perma-

This difficulty is further obviated by °
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nently soldered to the ears, corresponding to M
(Fig. 1) with which the jacket is provided, and pass
through holes in the corresponding parts of the
cover which is keyed down by means of the winged
nuts K.

The cover C is also cast of bronze and machined.
It is 2 3/4 inches in diameter, 7/8 inch high with
walls about 1/8 inch thick. It is supplied with
three semi-circular ears M, 3/4 inch in diameter,
through which holes are drilled to admit the rods
S. In making these castings it was necessary
to provide two 3/8 inch holes through which the
anchors of the core might be passed. One of
these holes is closed by the brass plug O (Fig. 2),
the other is counter-bored and the collar of the
brass tube H inserted and soldered. The joint
between the crucible and the cover is made
tight by means of a rubber gasket 7 such
as is used for ordinary glass preserve jars.
The air enters the crucible by tube D (Fig. 1),
which extends 1 1/4 inches below the cover,
and leaves by the tube E. The top ends of these
tubes were bent in an ordinary blast lamp after
filling them with sand. When in use tubes F and
H are connected by means of a rubber tube. The
water, supplied by an eighth-inch tap, enters
the jacket at F’ and leaves the cover through the
tube NN. :

The cost of the nickel crucible is one dollar and
ten cents. The cost of the completed jacket and
cover, exclusive of patterns, is ‘about seven dol-
lars.

The determinations given in Table I were made
by dissolving the steel in double potassium copper
chloride solution, filtering on ignited asbestos,
and burning in a current of air. The crucible
was supported through a hole in a piece of as-
bestos board 1/4 inch in thickness and was heated
to bright redness for 3/8 to 1/2 inch from the
bottom by mean of a small upright blast lamp.
The time of heating was half an hour for steel and
three-quarters of an hour for cast iron. Instead
of using an ordinary funnel for filtering the carbon,
we employed a modified form of the funnel gen-
erally used to support a Gooch crucible, in which
the height of the funnel above the stem is about
one inch. A copper wire is made into a close
spiral at one end and passed through the stem
of the funnel, loose asbestos is added, followed
by a suspension of asbestos in water. After ap-
plying the suction, the asbestos is gently tamped
down with the flattened end of a glass stirring
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rod. The finished pad is from 3/4 to one inch
in diameter and about 1/4 inch thick. “This pad is
placed in the crucible with the carbon down and
the crucible is filled loosely with ignited asbestos.
The bottom is protected by means of sheet plat-
inum shaped so as to fit snugly inside and to ex-
tend about 1/4 inch up the sides.

The combustion train consists of a small pre-
heating furnace containing a twelve-inch porce-
lain tube filled with copper oxide, followed by
a Liebig bulb containing potassium hydroxide
solution and a small guard tube. Next in order
comes the crucible, a small furnace with a twelve-
inch porcelain tube containing copper oxide, a
tube of beads moistened with water, a Marchand
drying tube and the Geissler bulb and guard tube.
The writer prefers the small porcelain tubes to
the brass tubes frequently used and employs
them with the platinum crucible. The above
procedure is the one regularly used on carbon
steels in his laboratory.

In Table I, column 1, are given some of the
results obtained with the nickel crucible, column
2 contains the corresponding results - obtained
with the platinum crucible, except in the case
of cast iron, in which the results given in column 2
are the average of the results of various chemists
on standard foundry iron. The results are rep-
resentative and were not selected on account of
their agreement. Blanks can be easily obtained
showing an increase in weight of less than 0.5
milligram and the results agree closely with those

TABLE 1I.
1. 2;
Nickel crucible. Platinum crucible,

Sample. Per cent. Per cent.
1 1.119 1.114
2 1.082 1.081
3 1.185 1.187
4 1.132 1.115
S 1.023 1.022
6 1.090 0.070
7 1.118 1.098
8 13127 1.141
9 1.074 1.077
10 1.108 1.084
11 1.052 1.053
12 1.133 : 1.132
13 1.086 1.087
14 0.936 0.936
135 1.163 1.163

16 Cast iron A 3.63 3.67

17 Cast iron D 3.01 3.00

Blanks (15 minutes)
~
- (30 minutes)..o.o.i i

"
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obtained by means of the platinum crucible. Many
of the samples were mixtures from several rolls
so that some of the variations may be due to im-
perfect mixing.

In Table II, column 1, are given the results ob-
tained by direct combustion of steel in a current
of oxygen. In column 2 are given the correspond-
ing results found by dissolving the steel in potas-
sium copper chloride and burning the carbon in
air.

To prevent the caked iron oxide from adhering
to the platinum shell, which protects the bottom
of the crucible, it is filled to a depth of about 1/16
to 1/8 inch with ignited aluminum oxide, which
is tamped down in the middle with the flattened
end of a glass rod. Three grams of steel are care-
fully placed on the aluminum oxide so as not to
touch the sides of the platinum. After filling
the crucible with loose asbestos the steel is burned
for thirty minutes in a current of oxygen. Air
is then passed through the apparatus for at least
thirty minutes to remove the oxygen. The sam-
ples used for the direct combustion of steel con-
sisted of pieces about 1/16 inch square and about
0.006 inch thick. The iron oxide is readily re-
moved at the end of the determination by with-
drawing the platinum shell from the crucible,
To prevent the platinum from adhering to the
crucible it is advisable to remove it occasionally,
especially while the crucible is new.

TABLE II.
1% 25
Direct combustion, Solution method.
Sample. Per cent. Per cent.
1 1.123 1.137
2 1.151 1.144
3 1.144 1.133
4 1.176 1.163
S 1.153 1.163
6 1.109 1.114
7 0.841 0.834
8 1.261 1.276

The following figures give some of the blanks
obtained by passing oxygen through the apparatus
for thirty minutes and expelling the oxygen by
forcing air through for the same time:

+0.9mg.,, +0.8 mg., -+1I.1mg.,
+0.4mg, +0.3 mg.

When the direct combustions in oxygen were
first tried, the air was allowed to pass through
the combustion train for only fifteen minutes to
expel the oxygen, but the results obtained in this
Way were always too high. That this was mainly
due to the presence of oxygen in the Geissler bulb
is shown by the following experiments. After

+0.7 mg.,
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attaching the weighed Geissler bulb to the train,
oxygen was passed through at the rate of three
bubbles per second for thirty minutes, followed
by air at the same rate for fifteen minutes. The
Geissler bulb was then detached and weighed,
after standing in the balance case for fifteen min-
utes. The increase in weight was 7.4 mg. in one
experiment and 5.2 mg. in another. While the
bulb was in the balance case, air was passed through
the rest of the train in order to remove any oxygen
which might have been present. The Geissler
bulb was again attached and air allowed to bubble
through for fifteen minutes more. After allow-
ing the bulb to remain in the balance case for
the usual time, its weight was found to be prac-
tically the same as at the beginning of the ex-
periment. ‘This would seeni to indicate clearly
that the oxygen is not completely removed by
passing air through the apparatus for fifteen min-
utes.

Many chemists do not expel the oxygen in this
way but prefer to weigh the bulb containing oxygen
instead of air; this would, of course, shorten the
time considerably.

In conclusion, the writer desires to express
his sincerest thanks to Professor Henry Fay for
his interest and to his assistant, Miss Caroline
E. Shute, by whom many of the determinations

were made.
Boston, Mass.

DETERMINATION OF IRON IN BRASSES
AND BRONZES.
By I. M. BREGOWSKY AND L. W. SPRING.

Received January 15, 1909,

At various times we have had occasion to com-
pare our analyses of brasses and bronzes with
those of other chemists, on the same samples.
It has practically always been noticeable that
while the other chemists check us within fairly
close limits on tin, lead, copper and zinc—the
main constituents of brass, they nearly always
either fail to mention the iron content, or report
it as “‘a trace” or give some such value as 0.06
Per cent., or possibly o0.20 per cent.—seldom more.
With samples on which our determinations of
iron have shown the iron content to be far above
“a trace” in any sense of the.term, the chemist
f)f a well-known railroad made no mention of iron
1n his report, and a prominent commercial chemist
reported “‘a little iron present’” on ome of the two
samples, and did not mention iron in the report

on the other. With another sample on which
we got 0.75 per cent. iron, a metal refiner offered
to wager us a snug sum that there was not over
0.006 per cent. of iron present. His chemist had
reported a content of 0.003 per cent.

Now iron in the amounts present in the com-
mercial copper alloys may or may not be consid-
ered to be a factor of importance in the usefulness
or working of the alloy, yet the chemist should
know what the iron content is, or at least know
how to determine it when he wants it. There
is little that is new in the method and many will
say that such accuracy is unnecessary. How-
ever, when occasion requires some may profit
by a knowledge of it.

F'resenius’ “Quantitative Analysis,” Cohn edition,
1904, p. 681, says that the stannic oxide obtained
upon the ignition of the metastannic acid pre-
cipitate is impure, containing part of the iron,
besides other impurities, and gives directions
for separation. We have found, as a rule, ap-
proximately half of the iron content of the brass
in the ignited stannic oxide, unless the iron in
the alloy is high. The remainder will be found
by precipitation with ammonia either before or
after the copper is separated, if sufficient time
be allowed for it to come down. Our procedure
is as follows:

A gram of the magnetted borings is dissolved
and run down in nitric acid (1.42), the metastannic
acid filtered out as usual and ignited to stannic
oxide in a clean weighed porcelain crucible. After
weighing the stannic oxide, one gram of c. p.
sodium carbonate and o0.25 gram of sublimed
flowers of sulphur are added, the crucible covered
and the mixture fused at a very low heat until
the excess of sulphur is burnmed off. Crucible
and cover, when cold, are immersed in 50 cc. of
distilled water in a No. 1 beaker and warmed to
disintegration of the melt. They are then rinsed
and removed. If the solution is blue or green,
it indicates dissolved iron which can be thrown
out by addition of a little ammonium chloride,
leaving the solution a light yellow. The ferrous
sulphide is filtered out, rinsed with hydrogen
sulphide water, dissolved from the filter, and the
iron determined by titration or gravimetrically.
The iron figured to ferric oxide should, of course,
be deducted from the weight of the stannic oxide.

The lead and copper are removed and deter-
mined by any of the usual methods. The fil-
trate is brought to a boil, the iron oxidized with
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a few drops of nitric acid and an excess of am-
monia added. The solution is kept just at the
boiling point for an hour or so. A bubble going
up occasionally does no harm, but hard boiling
does not allow the iron hydroxide to settle and
undoubtedly has led many to believe that none
was present. In an hour, the bottom of the beaker
will show a considerable precipitate of iron hy-
droxide. It is filtered out, washed well with hot
water, and determined volumetrically or gravi-
metrically.
used and their iron content allowed for.

We ofien analyze magnetted drillings from
brasses from many sources and seldom find one
with an iron content of less than o.40 per cent.,
and many run to 0.9o per cent. and above. Below
are given some of our analyses showing the total
iron found and the relative amounts found in the
stannic oxide and the main solution. Many of
these samples have been analyzed by other chem-
ists who, in their original analyses, found little
or no iron, but who now by this method check
the results here given.

BRASSES AND BRONZES (FINISHED GOODS) OF VARIOUS MANUFACTURERS,

Sample No.
13 2. 33 4. S. 6. 75
Per. . Per.. Per PeriiaPer i Periv Per
cent. cent. cent. cent. cent. cent. cent.
Iron from SnOs..... 0.30 0.25 0.34 0.32 0.16 0.63 0.16
Iron from main solu-
HOI e e e o 0.63 0.26 0.43 0.28 0.20 0.84 0.25
Total iron. . eeiinas 0.93 0.51 0.77 0.60 0.36 1.47 0.41
Sample No.
8. S 10, 11. 12, 13.
Per Per Per Per Per Per
cent cent. cent. cent. cent. cent,
Iron from SnOs...... 0.35 0.18 0.57 0.04 0.12 0.31
Iron from main solu-
tion v v SRS 0.49 049 = 0.43 10.36 0.22 1.01
Total iron......... 0.84 0.67 1.00 0.40 0.34 1.32

Nos. 6 and 13 were not manganese bronzes
but ordinary brasses.

Brass ingots we have received from refiners
gave:

Sample No.

14, 15, 16. 17. 18. l;

Per Per Per Per Per Per

cent. cent, cent. cent. cent. cent.

Iron from SnOs...... 0.39 0.37 0.24 024 0.22 0.33

Iron from main solu-

U (o B R 0.34 0.33 0.28 0.98 0.49 0.32

Total iron.. . eue.s « 0.73 0.70 0.32 1.22 0.71 0.65
Samples of brass borings received from metal

dealers, after removal of the free iron by magnet,
gave:

Blanks should be run on all chemicals
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Sample No.
20. 21% 22. 23. 24,
Per Per Per Per Per
cent. cent.  cent. cent. cent,
Iron from SnOsz..vvsuvennn.. 0:;20550:28%=0:21 0.28 0.29
Iron from main solution..... 0.35 0.35 0.63 0.43 0.32
Total iron; SRR s tetets 0.55 0.63 0.84 0.71 0.6l

These results are sufficient to show that the
ordinary copper alloy contains considerably more
than “‘a trace” of iron. How necessary it is in a
technical analysis to determine this iron is, of
course, for the individual chemist or metallurgist
to say. They also show that the quantity of iron
carried down by the tin is, in the main, proportional
to the amount of tin in the alloy.

Sample above No.

11, 12, 13. 8. 23 10. 6.
Per cent. of tin in the

alloyshs msiliiogas 1.13 2.28 3.34 8.20 6.04 5.97 5.67
Per cent. of iron in SnO; 0.04 0.12 0.31 0.35 0.25 0.57 0.63

Undoubtedly the varying gelatinous condition
of metastannic acid also influences the quantity
of iron which is carried down.

CRANE Co. LABORATORY,
CHICAGO, January, 1909,

(CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE NORTH
CAROLINA AGRICULTURAL EXPERIMENT STATION.)

THE COLORIMETRIC DETERMINATION
OF NITRATES IN SOIL SOLUTIONS
CONTAINING ORGANIC MATTER.

By W. A. SyME.
Received December 9, 1908,

The accurate determination of nitrates in soil
solutions by the colorimetric method with phenol-
disulphonic acid and ammonia is a matter of some
difficulty on account of the large number of in-
terfering substances which may be present in the
solution. Chlorides may cause a loss of nitric
acid when the phenoldisulphonic acid is added
to the residue left on evaporation. Iron salts
affect the color. Nitrites interfere by producing
a yellow color with the reagents like that caused
by nitrates. These disturbing factors can be
removed to a considerable extent—the chlorides
by adding silver sulphate, the iron salts with
sodium carbonate, and the nitrites may be de-
termined separately by the Griess method.

The presence of organic matter in the soil ex-
tract causes trouble in several ways. In the first
place, the solution may be so intensely colored
that it cannot readily be decolorized with carbon
black; secondly, the organic matter may reduce
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the nitrates, thereby causing a loss of nitric acid;
and thirdly, the strong acid acting on the organic
matter produces substances of foreign color which
cannot be matched by the pure nitrate stand-
ards. :

The object of the work reported in this paper
was to see if potassium permanganate could be
used to remove organic matter from soil extracts.
The extracts were prepared for some work on
nitrification now in progress in this laboratory,
the method of preparation being as follows: 400
grams of soil were shaken four hours with 1200 cc.
of water containing a little chloroform. The
solutions were filtered through a porcelain tube.!
The filtrates were strongly colored when the soils
contained much organic matter. The solution
from soil 1867, a soil from a compost heap and
the one most favorable for the nitrification ex-
periments, was very rich in organic matter and
could not be satisfactorily clarified by shaking
with carbon black. When this solution was evapo-
rated to dryness, the residue treated with phenol-
disulphonic acid and made alkaline with ammonia,
the resulting solution had a brownish yellow color
quite different from the clear lemon-yellow given
by a pure nitrate solution.

The method for treating this solution, and others
of the same kind, was as follows: Heat 50 cc.
or any convenient portion to 60—70° and add 1 cc.
of dilute sulphuric acid (1:5). Add from a burette
a dilute solution of potassium permanganate (5
to 10 g. per liter) until in excess and heat fifteen
minutes on a water-bath, adding more perman-
ganate from time to time, if necessary, to have
an excess. Remove the brown precipitate by
filtering into an evaporating dish, make the fil-
trate slightly alkaline with sodium carbonate
and evaporate to dryness on the water-bath. Add
water to the residue and filter into a 50 cc. flask,
wash the residue on the filter, and dilute to the
mark, We now have 50 cc. of a colorless soil
solution nearly free from organic matter. Ni-
trates can now be determined by the usual colori-
metric method, remembering that if nitrite were
present in the original solution, it would be oxi-
dized to nitrate.

If a soil solution, after treatment in the way
described, is evaporated and the color, developed
in the usual way, is compared with that given
by a portion of the same solution not so treated,
the difference is very marked.

1 Bulletin 31, Bureau of Soils, p. 12.
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The evaporation of the soil solution with sodium
carbonate removes manganese and iron, but enough
nitrous acid may be taken up from the air to give
an appreciable color with the nitrite reagent.

Carbonaceous matter was not entirely removed
by the treatment with permanganate, though
the coloring matter was destroyed and the residue
left on evaporating the solution to dryness on the
water-bath was colorless. The quantity of car-
bonaceous matter left by the permanganate was
not enough to cause a serious trouble when the
phenoldisulphonic acid was added. The effect
of the permanganate treatment can be readily
seen by evaporating equal volumes of the same
soil solution with and without permanganate
and comparing the residues as to color, quantity
of organic matter and behavior on ignition.

The method was tested by having an associate
prepare a number of solutions by adding known
quantities of nitrate to soil extracts containing
organic matter and giving them to the writer
for analysis. The results were satisfactory in
every case, and the method is now used in this
laboratory.

Experiments were made to find out whether
nitrate is formed by the oxidation of the organic
matter by the permanganate. Soil extract 1931,
containing orgainc matter but no nitrate or nitrite,
was treated with permanganate. No nitrate was
found after the treatment. A trace of nitrite
from the air was found after evaporating the alka-
line solution, but none was found in the acid solu-
tion before evaporation.

A liter of a colored soil extract was heated and
acidified, permanganate was added in excess to
the hot solution and the brown precipitate was
filtered off. The filtrate was made alkaline with
sodium carbonate, divided into two parts, and
evaporated. In omne part, nitrogen was deter-
mined by the Kjeldahl method and in the other
part by the Kjeldahl method modified to include
nitrates. The same quantity of nitrogen was
found in the two portions, showing that there
had been no nitrate formation. This experiment
was repeated with a pasture soil containing 50
per cent. volatile matter chiefly in the form of
cow manure and vegetable mould. The result
was the same, namely, there was no nitrate forma-
tion from the action of the oxidizing agent on
the organic matter. It is therefore safe to use
permanganate for the purification of soil extracts.

WEesT RALEIGH, N. C.
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THE DETERMINATION OF BENZOIC ACID IN
TOMATO CATSUP AND OTHER FOOD
PRODUCTS.

By RODNEY MoTT WSST
Received December 20, 1908.

The determination of benzoic acid is attended by
peculiar difficulties in the case of many of the food
products in which it is used as a preservative.
Methods have been found to be unreliable, especially
as applied to tomato catsups, when acceptable in
their application to other food-stuffs. The semi-

solid consistency of the catsup leads to the forma-

tion of emulsions during extraction with volatile
immiscible solvents which can be broken only with
great difficulty.
preservative is thus rendered tedious and uncertain.
In every instance, too, the extracted benzoic acid
is so badly contaminated with more or less of a
highly colored oily extract as to preclude the pos-
sibility of obtaining reliable results, either by
weighing or titrating, without further purification
of the acid. Numerous methods have been devised
for obtaining the benzoic acid from food-stuffs in a

- pure state. In order to outline brefly the ground
which has been covered by the various'investigators
their methods may be classified as follows:

I. Methods depending on the complete extraction
of the benzoic acid, without previous treat-
ment of the sample other than acidifying,
and on subsequent purification of the acid in
the crude extract, by
. Sublimation, followed by
{a) Direct weighing or titration of the subh-

mate,! or
(&) Collecting the suoblimate i alkaline
solution and subjecting to further
treatment.?
2. Precipitation of the benzoic acid as
{a) Lead benzoate?
(&) Copper benzoate, or'
{¢) Silver benzoate?®
II. Methods depending on a preliminary treat-
ment of the catsup in order to remove or
render insoluble all substances which inter-
fere with the extraction of pure benzoic
acd, such &8s
AL QAL TS YOfanl Methods for the Determination of Beozoie
AGE™ Bell 107, U. 'S Dep't of Agz. Bor of Chem Jokes Hortvet
sd Ralod Foagland: Report of the Chemist State of Mic= Dairy and
Tood Cormmsiston, 1907,
2 lis:-\* S. Readt Jour, Zmur. Chove. Soc., 39,1626,
Higer's Datersacangen, 2 el R 135

SR Boess Jowr. S (e, I T,
3 Iiyer:s Procondings of She 2. Q. A T,

A complete extraction of the

1. Saturating the sample w1th common salt
and filtering,*
Making alkaline, evaporating to dryness and
extracting the dry material with ether,?
or
3. Distilling, either

(a) Direct, or

(6) With steam.®

None of the proposed methods falling in class I
remedy the defects due to the emulsions formed
during extraction. It is necessary, too, preparatory
to sublimation, to dry the crude extract thoroughly
at ordinary temperature, preferably in a vacuum,
while the sublimation process itself requires careful
attention and a large amount of time and patience
for successful results. In precipitating the benzoic
acid as metallic benzoates, each method presents
its own difficulty, such as solubility of the benzoate
in an excess of the precipitant, solubility in the
alcohol used for washing, or contamination of the
precipitated benzoate with foreign matter from
the crude extract. By following the methods of
class II, the troublesome emulsions are avoided
but the method of LaWall and Bradshaw (1 under
II) requires a filtration which is nearly as trouble-
some, which can not be accelerated by means of
the suction pump on account of the gelatinous
character of the suspended matter and which if
carried out on the ordinary paper filter often re-
quires several hours for its completion. Further-
more, it was found in this laboratory that the
method seldom gave an extract of benzoic acid
that, without purification, could be weighed with
reliable results.

It is well known that benzoic acid is volatile at a
temperature much below its melting point and that
it distils readily with steam. Steam distillation,
however, as it is ordinarily conducted, is a tedious
operation and for the quantitative recovery of
volatile substances a large distillate is necessary.
Moreover, Hortvet' shows conclusively that the
official method of steam distillation is entirely un-
reliable for a quantitative determination of the
volatile acids in wine, depending to such an extent,
as it does on the conditions of distillation that
concordant results can not be obtained by two

IC. H. LaWall and H. A. Bradshaw: dwmer. Jour. Phaorm., 171-
152 {(ES0S8).

A Wynter Blyth: *‘Foods, Their Composition and Analyss.™
E. Mobler: Bull Sec. Ckxn 3, 4140

3 Seggested by AL E. Leach, Mass, State Board of Health Report
for 19050

{+47%e Determizmation of Total, Fived and Volatile Acds in Wize,”
Texs Joomxar., I, 1, 3138

(8]
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different operators or even by the same analyst
using the same piece of apparatus. He shows in
addition, however, that the apparatus he recom-
mends enables a comparatively large amount of
volatile acid to be carried over by a volume of
distillate not so large as to interfere with subsequent
operations. This being true for the volatile acids
in wine, ‘it was hoped that it would prove equally
true for the small amounts of benzoic acid usually
found in catsup and other food products

A few slight modifications were made in Hortvet’s
wine apparatus (see figure). The tube leading
from the outer to the inner flask was made slightly
larger in diameter and was introduced half way up
the side of the inner flask. ‘This makes it possible
to connect the apparatus in such a way that at the
beginning of the operation the water in the outer
flask will reach to the height of the contents of the
inner flask. The whole apparatus was made
somewhat shorter, the inner flask proportionately
larger in diameter, and the outer flask was provided
with a side tube closed with a rubber tube and
pinch-cock by means of which the steam pressure
might be relieved at any moment without danger
of drawing the material under examination back
into the outside flask.

oo erae

Determinations with this apparatus were made
on water solutions of benzoic acid of known strength
1 order to ascertain the per cent. of the acid re-
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coverable, under given conditions, in 100 cc. of
distillate. These results, as shown in Table I, are
calculated to sodium benzoate, the form in which
the acid is usually added to food products. The
figures in column 2 were obtained by acidifying
10 cc. of the water solution, extracting direct with
ether, evaporating the ether and determining the
equivalent of the resulting benzoic acid volumet-
rically. The figures in column 3 were obtained
similarly by extracting the 100 cc. distillate obtained
from 10 cc. of the sample. In every instance the
residue in the distillation flask was tested for the
presence of benzoic acid with negative results. In
the case of solutions 8, g and 10 the loss was caused
by the deposition of the acid in the condenser in
such large amounts that the following distillate
failed to carry it all through into the receiver.
The maximum weight of the acid which can be
completely carried over by 100 cc. of distillate can
be safely placed at 50 mg. In cases where a deter-
mination shows more than that amount the results
should be checked by a second determination on
half the usual quantity taken for analysis.

TABLE I.
Grams of Mg. of ben-

Grams of sodium zoic acid

sodium benzoate Per cent. obtained

benzoate found in sodium in 100 cc.

No. of in 100 cc. 100 cc. benzoate distil-
sol. of sol. of sol. recovered. late.
1 0.097 0.097 100.0 8.24
2 0.194 0.194 100.0 16.47
3 0.274 0.274 100.0 23,18
4 0.374 0.374 100.0 31.72
5 0.468 0.468 100.0 39.65
6 0.562 0.562 100.0 46.81
7 0.770 0.770 100.0 65.27
8 0.979 0.972 99.3 82.35
9 1.375 1.354 98.4 114.68
10 1.440 1.411 98.0 119.56

The subjection of a sample of catsup to a similar
distillation with steam resulted in indifferent
success. Although a distillate was obtained which
was readily extracted with ether, the extract was
badly contaminated with coloring matter and
volatile oils from the tomatoes and spices. In
order to destroy these volatile substances, con-
centrated sulphuric acid was added to the catsup,
prior to the distillation, in sufficient amount to
thoroughly char the vegetable tissue. The distillate
obtained under these conditions was free from all

. coloring matter and oil and was found to contain,

in addition to the benzoic acid, only acetic and such
other volatile acids as are readily soluble in water.
The distillate was extracted with ether without the
least tendency toward the formation of an emulsion
and, after the evaporation of the ether, a white
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crystalline residue of benzoic acid was obtained
which agreed very closely both i weight and
acidity with the amount of acid omnginally added
to the catsup as benzoate of soda. Chromic acid
was zlso tried in place of the sulphuric acid but
 with no apparent advantage. The method in de-
tail for catsup follows: ;
About 10 grams of the sample are accurately
weighed into the inner flask of the apparatus, 1.5 to
20 grams of parafin added to check excessive
foaming during distillation and the flask is connected
with the condenser. Tem cc. of concentrated
sulphuric acid are dropped in through the dropping
funmel at a rate sufficient to complete the addition
in from two to three mimutes, the flask is gently
agitated to thoroughly mix the comtents and is
then allowed to stand for five or ten minutes after
all apparent action of the sulphuric acid kas stopped.
150 cc. of distilled water are measured into the out-
side flask of the apparatus which is then connected
as shown in the dizgram, the water is slowly brought
to a boil, and the boiling s continued until roo cc.
distillate have been collected. The distillate is
_ filtered into a2 separatory funnel and the onginal
receiver and filter are rinsed with two 1o cc. portions
of water. Complete extraction is effected with
three portions of ether using successively 50 cc.,
30 cc. and 20 cc. The combined ether extracts
are shaken out with water until a2 25 cc. portion
of wash-water requires not more than a drop of
decinormal alkali for neutralization, indicating the
complete removal of the watersoluble volatile
acids. The ether extract is transierred to a wide-
mouthed extraction flask which has been pre-
viously weiched and the ether is distilled as quickly
as possible on the water-bath. At just the point
where ebullition of the ether ceases the fask 15
removed from the water-bath, air is blown I to
remove the last traces of ether, the flask with its
contents is placed In 2 desiccator and dred over
might or until constant in weight and weighed.
The number of grams of benzoic acid found mul-
tipked by the factor 1.18 will give the equivalent
sodium benzoate. Considerable time may be saved,
however, if the deterrmmation is made volumet-
nically.  In such case the filitration of the distillate
may be cmmitted as well as the weiching of the flask
and drying and final weighing of the acd. The
crystals of benzoic acid are dissolved m a few cc
of carefully peuntrabized alcohol and the solution is
titrated with decinormal alkali using phenolphthalen
as mdicator. The number of cc. of standard

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY.

Mar_, 1909

alkali required multiplied by the factor o.0144
gives the equivalent sodium benzoate in grams.
The burette can be read to 0.05 cc. which is equiva-
lent, in a decinormal solution, to 0.00072 gram of
sodium benzoate. Hence, on a 10 gram.sample,
the results will be accurate to 0.01 per cent.

Expernence with the method has shown that the
following cautions should be observed: :

1. The paraffin used should yield no volatile
ether-soluble substance on distillation with steam
under the conditions of the method described
above.

2. Excessive foaming is likely to occur when the
steam begins to pass into the inner flask. Careful
reculation of the flame at this point is necessary.
The foaming may be caused by distilling too soon
after the addition of the acid, by an insufficient
amount of paraffin or by an unusual amount of
sugar in the catsup. A little care in manipulation
will suffice in nearly every case to prevent the foam
from passing over into the condenser. :

3. Whenever for any reason the flame is with-
drawn, the outlet tube in the outer flask must be
opened or the material under distillation will be in
danger of being drawn back into the water.

2. Distillation must not be carried on at too slow
a rate or the condensation in the inner flask will
be excessive and the results will be low. One
hundred cc. distillate should be obtained in from
25 to 30 minutes, at which rate the volume of the
catsup-sulphuric acid mixture is not materally
increased.

5- It has been found that, ordinarily, four 50 ccC.
portions of water will remove the acetic acid from
the ether extract of the distillate to such an extent
that a fifth 25 cc. portion will require not more than
a drop of the decinormal alkali for neutralization.
The acidity of the last portion should always be
tested, however, and the washing continued if
necessary. There is no appreciable loss during
washing if care is taken that the separation of the
ethereal and aqueous layers is complete before
drawing off the Iatter.

6. The method given for the evaporation of the
ether, although it requires close attention, consumes
only from three to four minutes. The boiling
ether keeps the temperature down to at most 40° C.
The flask should never be left on the bath an
instant aiter the ether ceases to beil or loss of
benzoic acid will occur.

7- 1 the determination is to be made gravimet-
rically the ether extract should be filtered through
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a dry filter into the tared flask. This will remove
a large amount of the moisture with which the ether
is saturated and greatly facilitate the drying in the
desiccator subsequent to the evaporation of the
ether. :

8. The alcohol used in dissolving the benzoic
acid preparatory to titration should always be
neutralized just previous to its use as acidity
develops on standing.

In order to test the method more thoroughly in
its application to catsup, tomatoes were obtained
and some catsup was made and bottled in the
laboratory. One portion was kept free from a
preservative; to the others were added respectively
0.10, 0.25 and 0.50 per cent. of sodium benzoate.!
Table IT shows the results obtained on these catsups.
Duplicate volumetric determinations (1 and 2 in
table) were made in each case. Determinations
3 and 4 were made on the same distillate: 4 is the
equivalent of the benzoic acid actually weighed
while 3 is the result obtained by calculation from
the acidity of the weighed residue.

TABLE II.
Per cent. of sodium benzoate found.

—

No. Per cent. By calcu-

of  of sodium By calculation from  lation 4 months
sam- benzoate acidity of residue.  from wt. after
ple. added s T <2 of res. bottling.

1. 2 37 4. S5

I 0.00 0.00 0.00 0.00 0.00 0.00

IT 0.10 0.10 0.10 0.09 0.09 0.10
IIT 0.25 0.24 0.23 0.24 0.25 0.25
1V 0.50 0.47 0.46 0.47 0.47 0.47

The general belief that during the aging of a
catsup the amount of recoverable benzoic acid
gradually decreases led to a further determination,
four months after bottling, on each of the three
samples to which the preservative had been added
n the laboratory. The results obtained are shown
in the last column of Table II. The figures indicate
that, during four months at least, no change in the
benzoate occurs which renders its recovery by the
proposed method incomplete. It is conceivable,
however, that reactions might take place between
the benzoate and the ingredients of the catsup by
means of which compounds of the acid or of deriva-
tives of the acid would be formed which would fail
to yield the benzoic acid under other conditions
than the destruction of the vegetable tissue and
oxidation with concentrated sulphuric acid.

Some samples of wine of known purity, to which
definite quantities of benzoate of soda had been

1 7

The benzoate used was assayed for purity and the necessary
amount in addition to that calculated on the basis of 100 per cent.
pure was added to the catsup to give the required per cent.
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added in this laboratory, were also subjected to
the steam distillation method. The results, with-
out exception, were too low. The only way in
which these low results could be explained was by
the presence of alcohol, which under the influence
of the concentrated sulphuric acid might con-
tribute to the formation of ethyl benzoate. Three
solutions of benzoic acid were made up by dis-
solving known amounts in about 10 cc. of 95 per
cent. alcohol and making up to 100 cc. with water.
The benzoic acid was then determined in each of
these solutions by distillation and by direct extrac-
tion with ether. The results are shown in Table

III.
TABLE III.
Benzoic Found by

acid distilla- Found by
added, tion in extraction

No. gram. 100 cc. of sol.

1 0.08 0.07 0.08

2 0.16 0.14 0.16

3 0.24 0.16 0.24

Direct extraction in the case of the wines
was found to give too high results and consequently
a method based on such an extraction could not
be considered reliable. It was found necessary,
therefore, to dealcoholize the wine, after rendering
alkaline with a few drops of a saturated solution
of sodium hydrate, before subjecting to distillation.
The results obtained on the wines of known benzoate
content by the various methods tried are shown in
Table IV.

TABLE IV.
Grams of benzoate found in
100 cc.
By dis- By
tillation distilla-
Grams of with- By dis- tion
benzoate By out tilla-  after
soda direct dealco- tion  dealco-
added ex- hol-  with hol-
Kind of to trac-  iza- dilute iza-
wine. Source. 100 cc. tion. tion. acid. tion.
Claret Garrett & Co. 02002552055 0.00 > 0.00
Claret Same 0.11 0213320510520 21052051 1
Claret Same 0.20 0.22 0.16 0.16 0.20
Claret Same 0.29 0.30 0.23 0.23 0.28
Claret Same 0.39  0.42 . 0.32 0.33  0.39
Sherry Cal. Wine Assn.  0.58 0.58 0.42 0.48 0.58
Riesling  Same 0.29 7 0.32° 0,24 0.24 .0.29
Sauterne Irondequoit

Wine Co. 0.20 0.21 0.16 0.17 0.19

In the case of substances containing alcohol,
then, a convenient volume is made alkaline with
sodium hydroxide, dealcoholized in the usual way
on the water-bath, made up to the original volume
and a 10 cc. sample taken for distillation. Where
it is necessary to take the sample by weight instead
of measure, dealcoholize the weighed portion as
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described and transfer to the distillation flask with
as little distilled water as possible. Substances
containing large amounts of fat, such as milk and
milk products may be very successfully subjected
to this distillation process for benzoic acid. With
apple cider no difficulty was experienced when
extracted directly with ether and the results were
equally as good as by the distillation method but
the latter is recommended as being safer in every
case. A “hard” cider should, of course, be de-
alcoholized as in the case of wines. Jellies and
jams having a high sugar content will be found
to give the most trouble by excessive foaming.
It will be found necessary to add the sulphuric acid
very slowly and in beginning the distillation a great
deal of patience will be required before the car-
amelized sugar is completely carbonized.

It is suggested that each analyst, before making
a determination by the proposed method, test his
apparatus with one or two solutions of known
benzoate content and make sure that the time and
other conditions of distillation are sufficient to give
the desired results. In making up the test solutions
for this purpose it must be borne in mind that very
little of the sodium benzoate on' the market is
actually chemically pure. An assay of the benzoate
should always accompany the preliminary tests
of the apparatus.

In conclusion, the writer wishes to acknowledge
the many helpful suggestions, contributing to the
accomplishment of the above results, which have

been made by Mr. Julius Hortvet, chief of this
laboratory.

CHEMICAL LABORATORY,
STATE OF MINNESOTA,
DARY AND FOOD COMMISSION.

ADDRESSES.

TO WHAT EXTENT SHOULD COLLEGE TRAINING
CONFER PRACTICAL EFFICIENCY ALONG
TECHNICAL LINES ?!

By Lours M. DENNIS.

For many years there has existed among employers in
manufacturing and business pursuits a wide-spread scepti-
cism concerning the value of the services of the recent col-
lege graduate. That this scepticism still exists is shown
by the very wording of the topics that have been assigned
to the distinguished speaker? who has preceded me and to
myself. In the field of technical chemistry this doubt con-
cerning the value of the college-trained chemist has been
due chiefly to (1) the failure on the part of the employer to

1 Read before the Section on Education, American Chemical Society,
Baltimore meeting, Dec. 29, 1908,

! Dr. Wm. H. Nichols; see February number THis JOURNAL.

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY. Mar., 1909

realize the value of chemistry in the conduct of his process;
(2) the distrust shown by the ‘“‘practical”’” man toward one
whom he regards as a mere theorist; (3) the inadequacy of
the training of many of the young men who have gone
directly from the laboratory into technical practice; and (4)
the belief on the part of many employers that if a young
chemist lacks experience in their own or in allied processes,
his services must necessarily be of but little value to them.

- The first of these causes is rapidly disappearing, and the
old commercial processes that were governed by guess work
or inherited formula are suffering so seriously either through
high cost of production due to waste and ignorance, or
through inability to march with the times along the line of
scientific development and improvement, that they are
being forced to appeal to the chemist for aid in preserving
their very existence. It is interesting to note this change of
attitude on the part of many chemical manufacturers and to
observe their rapidly growing respect for the well-trained
chemist whom they had formerly looked upon as a sort of
mysterious corpuscle existing in a malodorous medium and
highly charged with negative usefulness.

The distrust shown by the ‘‘practical’”’” man toward the
theoretical chemist is still widely existent, but the rapid
replacement in many branches of manufacturing of the man
who has grown up in the works by the younger college
graduate who brings into the process a sound theoretical
training is evidence of the fact that the day of guess-work
management is rapidly passing. We may therefore consider
that the two chief causes for the feeling on the part of the
employer that the recent graduate in chemistry is lacking
in practical efficiency are the inadequate training of the
chemist himself and the demand by the employer that the
chemist possess practical experience.

Let us first briefly consider this question of the training
of the chemist. There is no doubt that the’ scepticism of
the employer concerning the value of the young chemist’s
services has frequently found full justification in the small-
ness of the benefit accruing to the employer from those
services. The young graduate, however, has not been
wholly or even largely to blame: the fault lies partly with
those entrusted with his preparation for his calling and
partly with his future employer. On the one hand, he was
told by the enthusiastic but narrow-visioned teacher that
early specialization in some particular branch of chemistry
was essential to later success, while from the employer came
the warning that he wished only such young men as had
extensively specialized in that part of the college curriculum
that related particularly to the employer’s line of manu-
facturing.

There further existed in the minds of many educators
and manufacturers the idea that the only use of a chemist
in an industrial plant was as an analyst. What was the
result? The college graduate went out into practice
thoroughly acquainted with but a small portion of the field
of chemistry and wholly ignorant of allied branches.
Naturally he sought and by his teachers was recommended
for a position in which this limited information could be
utilized. If such an opening occurred he entered upon his
work under what he and his employer regarded as most
favorable auspices, and his progress was quite satisfactory
until he began to meet problems outside of his specialty.
He has been trained, let us say, as an analyst, and fails t
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solve a works problem because of his ignorance of physical
chemistry; he has specialized in physical chemistry and is
unable to test a lubricating oil; he has devoted his attention
to organic chemistry and cannot ascertain the reason for the
perversity of a certain reaction because of his unfamiliarity
with the analysis of complex gas mixtures, or with the
application of the spectroscope or microscope in chemistry.
He is familiar with the main branches of chemistry but
cannot advise as to the construction of new apparatus be-
cause of his inability to read an engineer’s drawing; he is

~asked concerning the installation of electric power in his
laboratory or in the works and sadly shakes his head, there-
by calling to the mind of his employer the remark of Rufus
Choate to the jury when he had been exasperated by re-
peated objections from the Bench. ‘ You may have noticed,
gentlemen of the jury, that his Honor shakes his head, but
there’s nothing in it.” Under such circumstances it is but
natural that the employer should lose faith in the college-
trained chemist. In business life, it is results that count,
and the graduate failed to produce them. Of course I do
not here refer to the genius, for he will rise superior to the
limitations of his training; nor to the weak student, for his
budding aspirations should early have been blasted by a
rigorous faculty.

If then the employer is to be led to look with less distrust
upon the college-trained man we must first of all make sure
that that training is suitable and adequate. Of course,
the college cannot give the student brains, but it can teach
him to use his brains. As Lorimer says: ‘“College does not
make fools, it develops them; it does not make bright men,
it develops them.” i

The question before us here to-day is: “Can proper
college training in chemistry confer upon the graduate
practical efficiency along technical lines?”” Before entering
upon the discussion of this question, let us first seek accurate
definition of it. Turning to the dictionary, we find: “Effi-
ciency”—*that which produces results. Energetic and
useful activity.” ‘Practical’’ is defined as “capable of
applying knowledge to some useful end.” The properly
trained chemist should then be ‘‘capable of applying his
knowledge to the production of results.” Does that imply
that his college training must necessarily embrace specializa-
tion in the field that he is to enter? Not at all. In the
first place it should be remembered that the student in
average circumstances is able to devote but four years to
his college training. All of us wilt undoubtedly agree that
two years of general culture study before the four years of
special work would be of inestimable advantage to the
student in fitting him for that enlightened citizenship which
should be the aim of higher education, but for the majority
of the young men who enter college these additional two
years are wholly out of the question. The problem that
concerns the educator is, then, in this limited time so to
shape the work of the future chemist as to develop mental
alertness and the ability to reason clearly and correctly,

and to equip the student with a knowledge of the different .

branches of chemistry and of allied subjects broad enough to
enable the graduate successfully to cope with the diverse
problems of chemical practice, and to-employ in their solu-
tion the most efficient line of attack. Narrowness of train-
ing such as would necessarily result from extensive specializa-
tion during the college course would so limit the student’s
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ability correctly to interpret his observations that graduates
under this system might be likened to the blind men who
were asked to describe an elephant. One felt his side and
said he was like a wall; another his trunk and pronounced
the elephant a snake; the third happened to seize hold of
his tail and declared that he was like a rope; while others,
grasping an ear, a tusk, and a leg, likened him to a fan, a
spear, and a tree. Doubtless each one of us could cite many
instances of false conclusions drawn by the chemist because
of lack of broad information. Like the illustrious Liebig
when he had isolated bromine but thought it was merely an
oddly behaving chloride of iodine, the chemist of narrow
training ‘‘constructs a theory’’ that, while it suits him,
leads him far astray.

Breadth of training should be the principle underlying
the college curriculum in chemistry and to make clear my
views upon this subject, permit me briefly to outline the
course of study that experience has led me to believe to be
essential to the success of the chemist in technical practice.
The elements of the leading sub-divisions of chemistry it-
self, inorganic chemistry, analytical chemistry, organic
chemistry, physical chemistry, and - industrial chemistry,
should be thoroughly covered, and to these should be added
some acquaintance with sanitary chemistry and agricultural
chemistry. Especial attention should be paid to the in-
struction in analytical chemistry, for if a chemist is to succeed
he must be an expert analyst. But the curriculum that
offers extended courses in quantitative analysis to the ex-
clusion of other branches of analytical work will be of much
less value to the student than that which broadens his train-
ing as an analyst by affording him detailed instruction in
gas analysis, organic and sanitary analysis, assaying, and
thorough laboratory practice in the employment for analytical
purposes of the spectroscope, the polariscope, the colorimeter,
and the microscope. Although this variety of instruction
along analytical lines will necessarily curtail the work in
advanced quantitative analysis, yet to my mind it un-
doubtedly yields better results than does long practice in
quantitative analysis alone. The capable student who is
familiar with the scientific basis of quantitative analysis
and with typical determinations will readily grasp new
methods and be able to carry them through with accuracy.
The equipment of the chemist should not, however, be
limited to chemistry alone. He must be well grounded in
certain allied lines, chief among them being physics,
mineralogy, and economic geology. He should also be
acquainted to some extent with the principles of construc-
tion and of power transmission. I do not mean that he
should be an expert engineer, but he should be qualified to
pass intelligently upon questions of construction and design
and to outline to the engineer in an understandable manner
his wishes and needs in the mechanical development of the
process in which he is interested. For these reasons his
course should further include mechanical drawing, the
mechanics of engineering, a full year of work in the mechani-
cal laboratory, and instruction in the theory and use of the
dynamo.

Such a curriculum will leave the student some spare time
for other work during the four years, and that can best be
utilized by giving him in his Senior year a small problem to
investigate. The primary object of this research should
be the training of the young man in methods of investiga-
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tion. By that I mean the manner in which a problem is
attacked, the searching of the literature for light upon the
point in question, and the exercise of his varied information
in the solution of the difficulties that may arise. This
undergraduate research should be carefully differentiated
from the more elaborate investigation of the graduate student
in which discovery is the chief end in view. If time per-
mitted it would be of almost inestimable gain to the student
to carry out more ambitious and extended investigation,
for I am convinced both by observation and by the almost
unanimous testimony of graduates in chemistry who have
gone into technical practice, that thorough drill in research
far surpasses in practical value any other of the college
courses. For this reason it is most desirable that not only
the prospective teacher but also the young man aiming at a
technical career should, whenever possible, continue his
university work until he has obtained the doctor’s degree.
When he then enters commercial practice, the better class of
positions with correspondingly larger remuneration will be
open to him, and what is of chief importance to the em-
ployer, his practical efficiency will be markedly greater
than that of the student who has completed only the under-
graduate course.

Toward the beginning of my remarks I stated that the
demand by the employer that the young chemist possess
practical experience might be classed as one of the principal
causes for the existence of the idea that the college-trained
chemist lacks practical efficiency. The relationship between
these two may seem to be remote, but the perusal of many
letters from manufacturers asking for chemists shows that
employers frequently confuse the efficiency that results from
suitable college training with the efficiency that follows
upon long acquaintance with their particular process. If
we accept the definition that “ practical”” means “capable of
applying his knowledge to some useful end’” the properly
trained college graduate should show this quality at the very
outset of his technical career. But his practicality must
not be expected to be identical in nature with that gained by
another through long experience in the works. If we give
him time and opportunity the college-trained chemist will,
I feel confident, develop a general practical efficiency wholly
satisfactory to the employer both in quality and extent, and
in the meantime, he will be able to produce results of a value
sufficient to justify his retention and advancement. The
confusion of scientific efficiency with works efficiency reacts
in undesirable manner upon the training of the chemist,
because it imbues the teacher with the idea that works
efficiency is obtainable through college instruction and for
that reason leads many educators to incorporate in the
curriculum laboratory courses in technical processes. Per-
sonally, I believe this is a serious mistake. In the first
place, the introduction of such instruction forces out of the

curriculum some of what I regard to be the far more profit-.

able lines of work above-mentioned. In the second place,
the attempt to familiarize the student with a technical
process by having him carry out the reactions of the pro-
cedure in a beaker or a pot cannot but fail to give him an
adequate idea of the process when it is performed on a
manufacturing scale. If the student is well-grounded in the
theories underlying the leading commercial processes and if
he has listened to lectures by experts upon the apparatus and
the methods that are employed in the handling of large
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amounts of material, he ought to be able to grasp the details
of any manufacturing process in a comparatively short time.
A further unfortunate result of this point of view of the
employer is that it leads him to believe that because the
collegian’s training has been chiefly along theoretical lines,
the young man can be useful to the company only in the
analytical laboratory and is unfit to be sent out into the
works. I realize that the answer to this will be: “But we
have tried the college-trained man in the works, and he has
not ‘made good’ ”. To this I reply: ‘“Get the right kind of a
man and try again.”” If you are still doubtful as to his
possible value adopt some such plan as that recently followed
by a large manufacturing concern. They had not pre-
viously employed a chemist, but sharp competition and the
desire to improve their process led them to ask us to rec-
ommend one. A young man was sent to them directly
from the laboratory. The concern naturally was sceptical
as to his ability to master the intricacies of their process and
acting, I think, with great shrewdness, they ordered him
at the outset to ‘‘go into the works and, without asking
questions, steal our process if you can.” He set to work
and, when ready, submitted his report in writing. That he
succeeded may be inferred from the fact that he soon received
a hurry call on the telephone from the general manager
asking him if he had kept a copy of the report. Upon re-
plying that he always copied his letters he was ordered to
tear out the copy from his letter book and destroy it at
once. After relating to me his experience, the young man
added: “And now I wish to make a confession. When I
was a student in the laboratory I used to wonder why such a
variety of work was prescribed and I often thought that a
great deal of it was a sheer waste of time. I take it all back
now. There was not a course in the whole curriculum that
I did not draw upon in solving the details of that process.”

No one realizes more fully than do I that academic theories
of chemical education that are evolved in ignorance of the
needs and demands of industrial practice must almost of
necessity fail to efficiently equip the young chemist for a
technical career. But conference and codperation between
educator and employer coupled on the one hand with wil-
lingness to shape the training to meet the requirements
of the chemical industries, and on the other hand with
readiness to give to the young man full opportunity to show
what he can do and to remunerate him in proportion to his
worth, will certainly result in distinct and far-reaching gain
to our chemical manufactures and will demonstrate that the
proper kind of college training does ‘“‘confer practical effi-
ciency along technical lines.”

THE ATTITUDE OF TECHNICAL INSTITUTIONS TO
POST-GRADUATE STUDY.!
By WiLLiaM McMURTRIE.

The subject assigned to me in this discussion seems to
have been somewhat mixed. I have been asked to discuss:

(1) To what extent is post-graduate training recognized
or desired by employers of chemists?

(2) What should be the attitude of technical interests
toward post-graduate work?

(3) What should be the attitude of technical institutions
toward post-graduate study?

! Read before the Section on Education, American Chemical Society.
Baltimore meeting, Dec. 29, 1908,
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It matters little how the subject of our discussion is stated,
* it really becomes, what shall be the training or education of
young men whose life work shall be the applications of chem-
istry or physics or both, in the industries. It is a question
which the experience of a century at least has scarcely
solved.
varied, the results to be attained too mainfold, the condi-
tions available, too perplexing, the personal equation too
persistent. Shall the training be confined to the storage
of the facts and laws of chemistry and physics in the minds
and memories of the young students trusting to the ex-
igencies which may arise, to find their application and that
when the exigencies do arise the facts and laws will be brought
forth and be wisely applied? Or shall we first cause storage
of facts, principles and laws and afterward offer training
in the methods whereby these shall be applied and employed
in the solution of the problems likely to arise in the industries
and to demand treatment with satisfactory results. What-
ever may be said, the latter is what employers expect and
demand. The questions which arise must be answered
promptly and accurately. The amount of knowledge a
man may have acquired and may possess is little appreciated
unless it can be applied usefully and effectively. Com-
plaint is not uncommon that young men from the technical
schools are overeducated, overtrained; educated above and
beyond the positions they must occupy and the work they
have to do. While this is unfortunate in form of state-
ment, it nevertheless expresses a fact. Many young men
are profoundly educated in theories and laws and at the
same time acquire little or no appreciation of the practical
value of these theories and laws even in the advancement
of the science to which they relate and certainly not in the
solution: of the problems of the industries and the arts of
life. There is therefore, whether recognized or mot, a de-
mand for something beyond the regular course of study
of the university or the technical school. Something beyond
the mere cramming with facts and academic training, to the
exclusion of the systematic utilization of knowledge in the
promotion of knowledge. Here, then, is the problem
propounded to the educator for solution: How shall young
men be educated and trained to meet the demands likely
to be presented to them by the chemical industries? In
the chemical industries it is natural that a profound knowl-
edge of chemical laws should be required but in addition
to this there must -be provided a sound knowledge of such
I'c.lws of physics as may be necessary to the physical applica-
tion of chemical laws. In the undergraduate school, first
the laws of chemical action and the properties of matter,
theoretical and descriptive chemistry, the methods of
chemical analysis, qualitative and quantitative, must be
taught, and it is well-known that one of the first steps in
laboratory instruction in these methods is an introduction
to the form of apparatus to be employed in the practice of
experiment and analysis. Then comes the application of
the laws of ‘chemistry and of the properties of matter to the
met-hods of operation to be used. Now since manufacturing
Ot industrial chemistry is really analytical chemistry in a
large way, similiar lines of instruction and training must
aEP‘Y In preparation for the industries. If acquaintance
“’_lth the beaker, the casserole, the filter, the evaporating
filSh, the distilling apparatus, the balance must be provided
n the analytical and research laboratory: if here must be

The elements which enter into the answer are too-
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taught the sources and mode of application of heat, the
transfer of liquids, separation of vapors, liquids and solids,
all these processes made in a small way in the laboratories
must be made large in the works. Operations made in a
large way must be studied and the means for effecting them
made familiar. The operation of the chemist in the labora-
tory must become the operation of the engineer in the works.
The industries demand that the men who shall control shall
have some of that capacity known as engineering, shall know
something of the materials and methods of engineering,
of the larger apparatus to be employed and its management
and have ability to apply the laws of physics in the larger
operations of the works. Chemistry and engineering must
therefore be combined in some measure at least, in the
training of the men who will become most successful in
meeting the demands of the ‘“technical interests,” and
whether this is recognized generally or not, it is certainly
desired by employers of educated chemists.

But the common complaint of the institutions and their
teachers is, that the customary four years allotted to the
undergraduate course is too brief for all that is demanded
and required. Here, then, is the problem to be solved:
what shall be provided in the undergraduate course or
school and shall post-graduate study and training be pro-
vided and carried on under the direction and management
of the educational institution, or shall the training which
might be provided by post-graduate study be deferred and
be supplied by actual practice in the works? How and by
whom shall this very important question be answered?
The demand of the present and of the immediate future, is
for men who are able to work independently, to take care
of the problems arising, and work them out to successful
issue, with profitable result, directors in the industries and
employers have little time, energy or freedom from detail,
to devote to the training of young men in fundamental
principles. Yet experience can be had only in practice
and this must be paid for in the time, energy and material
apparently wasted by young men in the earlier periods of
their life work.

But the question still persists: Could the young man
working under intelligent direction in the systematic applica-
tion of the principles he has been taught save time? Will
the work of one, two or three years under intelligent and
patient training of competent teachers save time of the
young man and his employers and relieve both of embarrass-
ment, loss and disappointment?

The laudation of the German Chemical Industry has ex-
tended to all nations and is probably justified. In some
of the most successful branches of the German Chemical
Industry the practice is to take into the works only men
who have served as ‘‘privatdocent’” in the university or
technical school, and to become privatdocent the candidate
must generally have taken a course in post-graduate work in
investigation and in the solution of problems, work leading
to the doctor’s degree. First a training for systematic
applied work, then experience in teaching. The value of
the latter in the preparation of young men for life work is, I
believe, too little recognized. It is certainly true that one
of the most excellent means of securing a thorough and
fundamental knowledge of a subject is found in an effort
to impart such knowledge to others.

I have said elsewhere that an important adjunct to the
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successful application of knowledge is a trained 1magmutxon
Not an imagination “like the baseless fabric of a vision”

nor “'such stuff as dreams are made on,” but an imagination
based upon knowledge which furnishes a vision of what
may be accomplished and suzgetts means for accomphsh-
ment.

S0 it scems to me that the proper function of the under-
graduate school is to communicate knowledge of facts and
methods and that the function of the post-graduate school
is to furnish training in the application of knawledge to the
solution of problems, to the training of the imagination and
thus to meet the demands which the industries, consciously
or not, are making.

A most usetul beginning in such work has been made in
the laboratories for research in industrial chemistry lately
established in some of the leading technical institutions.
Here the subjects for research, the applications of knowledge
are not of an abstract but of a concrete character, and pro-
¥ide training in work which may produce results immediately
useful in the arts of life.. Here the problems arsing in the
industries in every~day work are solved by students, under
direction of men who have themselves been trained in the
solution of such problems. By such work the imagination
IS stimulated and at the same time trained and directed in
proper channels—habits of application established which
must be froitinl later on.  The designers of thess Iabora-
tores and the anthorities who have ordered their organiza-
. tion and establishment, as well as the industries which have

pattonized and encouraged them all deserve the highest
prase. It is & step in the right direction snd ome which
st be taken in other educational institutions if the proper
and most effective training of young men for the industries
S 10 bhe secared.

What then shonld be the attitode of the industries to post-
gradmte work? I amsoer, anhesitatingly, faveradle. What
shoelid be the attivade of the techmical Institutions to post-
Traduate work? 1 smswer, without hesitation, jazoradle.
Post-graduate work shoeld be exrmestly encomrazed from
both sides, from the edocatioms] snd from the Tndwstria),
wnd pattieshaly from the latter. It hos been folly rec-
urizd Wt Gotmnm inmstitatiors by providinr in the
rohral seheols comrses ading t the derree of “doctor of
npuneeming.” wnd im e waversity by the estabichment of
Shetka @muﬂmﬁ&:g‘mmmﬁgﬁm Im ol
edentiomal fetivations the attaimmemt of the dervee of
Aior—a duzmee mot Nty sppreciated mor gEbY mﬂ
xn@mm\\-mvmm\xmkmmwmmhn&\ o
SHlts, wonk dievered o e appicution of komidse 3zd nh:
wi)&:mm@k poobliems.  The mdestnes im Goamany ave wiss

i heosing for kit engiirees amd directons Shese win
!hnw resed Qeromek Ge - office of povatdocent amd Bowe
,mu}mmmmwmmnmmamm%
< wnem. UMat mem mmie hemome Sooowssiie]l wethomt s
ooy extumdd ndl proRumd tmannn S messied i ths
QU &ﬁk@ek&g@vmn&zmm\t\ Bt
exon sdh men wanld be hetter exupred for ther wenk: by
The tndning previdad e the umdenrradiante amd postomndimie
SO aindl thaingh Ezzs.;tmm\ cumpaiiied by then mevessites

22 e tghein W R sk withont #t ther wemid sewe mimch
Do sondl less off SR Davce Mol . Wiy of Shos wim,
Ry stocessia] in e Sndaseries amd 3n P e ek n S
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country have a right to speak feelingly and affirmatively
upon this point. :
~May young men be overtrained? Surely in the labora-
tories and in the class-room as in the gymnasium and
on the athletic field; and they may be weakened,
from a practical standpoint, by their training. Yet even
these are often carried by their enthusiasm to eminent
success. ‘‘Fools rush in where angels fear to tread” applies
equally well in the world of science and industry as else-
where, and the struggle to get out after the rush in has pro-
duced some of the best results the world has seen, though
the influence and the method may not always have been
recognized or acknowledged. Each one who has had ex-
perience may furnish evidence of this fact. Effort to correct
errors of one’s own making often leads to splendid results.
*“‘Necessity is the mother of invention’ and the needs of a2
man in deep trouble makes him devise means which other-
wise remain dormant and without utilization. Yet errors
should be avoided, and the more thorough training should
lead to this

Will the institutions meet this demand for better trained
men? Will the new courses necessary to it be established?
Of this there can scarcely be a doubt. The institutions are
looking for the Sign and will respond to it when it is plain.
But what of the industries? Will the leaders make the sign
prominent and clear? Will they do their share? Do they
know what their share is? And do they appreciate their
responsibifity?

First the institutions must know what is needed and the
knowledge can be acquired only by close relations with the
mdostries. Teachers should have ready =zccess to the
imdustries and their work for themselves and their students.
Problems should be submitted to the research lzboratories
and needed mea2ns and matenals provided. Such codpera-
tion must certainly lead to important. progress not only m
the mndustrres, bat in the related sciences and progress under
sach crommstances IS inevitable.  May the influences which
comtrol have free course and be pot only justified bat glori-

fed.

THE U. S. PATERT SYSTEM: ITS USE
AXD ABUSE.

At the meetims of the New York Section of the American
Chermcal Society, held at the Chemssts’ Ciub, on Jammary
Sth, the reweral subject for the evemny was “The T. S.
Prtemt System: its Use and Abose”  The papers presented
were =S follows: F. L. Allen (fate Comm'r of Patemts) “Io-
trodmction: Historica! and Descoiptive’ s W. Hastines Sweoar-
o {of the New York Bur, hite of the Exarmmme Corps,
U S Patemt (L) “Patents, Trade Secrets amd Trade
Naowes <5 Factors m Indestriz] Developmment—their Relstive
Ferethons”  Lonss © Rm&m&e\a\mtszﬂ
Some Defects I he Practice of oor Patent Systess =od
Srrcested Remedies™ B G Hese, PR D, “Some Sox-
LIRS 33 o Destable Inmprovements?” L. B Buekelend,
Scix, “The Tovestor's Stxmdpormt™ - Al of these papers,
with the excepitom of that of Mr. Allen wio om aooomst of
Hless was tmnble 1o prepare B meomeript for pobibo-
Som, willl he pobited I these cofemos The sohiect S
munmgm@m&m\enmﬁmm*k\tﬁ
Mmmzﬁnmmx’:&.&m@m\m&zwm
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the operation of the new English patent law, and also be-
cause of the fact that the rules of practice of the U. S. Patent
Office are at the present time undergoing revision. 7The
following notice appeared in the December, 1908, issues
of the Official Gazelte of the U. S. Patent Office:

It is considered advisable to publish a revised edition of

the Rules of Practice of the United States Patent Office,
because of the changes which have been made in such rules
since the publication of the last edition. In view of this
fact and in order, if possible, to simplify and improve the
rules governing the practice before this Bureau, I desire to
obtain suggestions as to amendment of the present rules
and would be glad to hear from those interested upon the
subject. It is not proposed to make radical amendments
to the present rules, but simply to embody such changes
in or additions to the rules as will be beneficial both to the
Office and to applicants.

All suggestions should be submitted prior to January 1,
1909. EpwWARD B. MOORE,

Nov. 27, 1908. Commissioner.

“PATENTS, TRADE SECRETS AND TRADE NAMES AS
FACTORS IN INDUSTRIAL DEVELOPMENT—THEIR
RELATIVE FUNCTIONS.”

By W. HASTINGS SWENARTON.

The general conception of our laws relating to patents,
is that of Statutes of Monopolies. At the present time
when monopolies, not comparisons, are odious, even patents,
which are often described as the only legal monopolies in
‘the United States, are fast regaining the once notorious
reputation of true monopolies, which culminated in the en-
actment of the famous English Statute of Monopolies. That
a patent is not a monopoly (and all that can be said of pat-
ents applies equally well to Trade Secrets and Trade Names),
is readily appreciated when one considers the true monopoly
as recognized by the common law. According to Black-
stone, a ““monopoly” is defined as ““‘a license of privilege,
allowed by the King, for the sole buying and selling, making,
working, or using of anything whatsoever, whereby the
subject in general is restrained from the liberty of manu-
facture or trading which he had before.” ‘A patent,” on
the contrary, to quote from Robinson on Patents, “lays no
burdens upon the people, except that of remaining for a

while without that which they never yet enjoyed.”

When one recalls the unexampled progress, directly at-
tributable to the inventions of American citizens, which has
been coincident with the growth and development of our
patent system, even long prior to this era of massive aggre-
gations of capital, he is a poor patriot indeed if he does not
t.hrill with pride and lose all thought of the idea of monopo-
lies, as he approaches in turn stich epoch-making inventions
as the steamboat of Fulton, Stephenson’s improvements
I the steam engine, including the tubular boiler and the
smokestack-exhaust, McCormick’s harvester, Bigelow’s car-
pet loom, the telegraph of Morse, the pneumatic process
first invented by the American, Kelly, for manufacturing
Bessemer steel, the Hoe press, the Otis elevator and the
Howe sewing machine, the Westinghouse air-brake, the open-
hearth steel process of Thomas, at last a substantial rival of
Kelly’s Bessemer process, the Bell telephone, Edison’s in-
Candescent lamp and the multitude of others of equal or
greater importance.
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In addition to the direct influence of the United States
patent system, through its patents, upon the commercial
expansion of the United States, it is interesting to consider
at this time the report of the Commissioner of Patents for
the year 1848, particularly since the United States is now
recognized universally as the greatest agricultural country
in the world. This report which, as is evident, was a report
of the Patent Office as well as the annual agricultural re-
port, there being no separate department of agriculture at
that time, stated:

““Much complaint has been made by inventors on account
of a small portion of the Patent Fund employed each year
for the agricultural report, and I have heretofore sym-
pathized in such complaint. Mature reflection, however, has
convinced me that no injustice is done to the interests of
inventors, by such an application of the Patent Fund, but,
on the contrary, the interests of the Patent Office and of
the inventors themselves have been subserved by it.

‘“The Agricultural report of the office, by its wide dis-
semination throughout the country, has contributed much
to increase the reputation and influence of the Patent Office,
and to spread more widely among the people a knowledge
of the new inventions and improvements which have been
made during the year. And thus it promotes the interests
of inventors, by contributing to the more rapid introduc-
tion and sale of their machines and improvements.”

The United States Patent System comprehensively pro-
tects inventions which are disclosed, through its Letters
Patent, and to a lesser degree, through its caveats, or what
might be termed its letters de cachet, or sealed and undisclosed
documents. Similarly its certificates of registration more
adequately secure Trade Marks to their respective owners
or proprietors. Trade Marks (herein considered as a species
of trade names), as well as trade secrets, in addition to the
protection afforded by the United States Patent System,
have long been recognized under the common law as property
rights.

While both trade secrets and trade marks are of ancient
origin, the legal recognition and protection, under the com-
mon law, of trade marks, long preceded that of trade se-
crets. In fact it is virtually but a century since the courts
have extended their protecting arm to cover the property
rights known as trade secrets.

The trade mark is a development of the ancient shop sign.
Even the Egyptians are known to have displayed inscrip-
tions denoting their trade in conjunction with an emblem
to further indicate it. Also among the ancient Greeks
signs were employed to proclaim their calling. In the ruins
of Pompeii and Herculaneum discoveries are reported of
representations of varioys kinds, let into the pilasters at
the side of an open shop, as, for example, a goat by a dairy;
a mule driving a mill at the baker’s, and at the door of the
schoolmaster’s, what has been termed, ‘‘the not overtempt-
ing allurement to knowledge,” comprising the representa-
tion of a boy receiving a good birching. These trade em-
blems were doubtless introduced into England at the time
of the Roman invasion.

Originally, owing to the limited number of traders, the
signs were indicative of the trade, and were employed in
the same capacity as we now use street numbers. Grad-
ually, as competition increased in these particular trades,
and the shops became designated by street numbers, -the
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sign-board fell into disuse. Then it was that the trade mark
came into active use, being merely in the beginning a trans-
fer, so to speak, from the door of the shop to the article of
merchandise.

Even the piracy of trade marks is of early orgin, as wit-
nessed by the following preface occurring in Alder’s “Livy:”

*Lastly, I must draw attention of the student to the fact
that some Florentine printers, seeing that they could not
equal our diligence in correcting and printing, have resorted
to their usual artifices. To Alder’s ‘Institutiones Gram-
maticae,” printed in their offices, they have affixed our well-
known sign of the Dolphin wound round the Anchor! But
they have so managed that any person who is in the least
acquainted with the books of our production, cannot fail to
serve that this is an impudent fraud, for the head of the
Dolphin is turned to the left, whereas that of ours is well-
Kknown to be turned to the right.”

A critical review of famous trade marks would indeed
form an interesting lesson in psychology, and would doubt-
less supply a fund of useful information to the MEemory Sys-
tem doctrinaires.  Without a detailed review of the multi-
tude of priceless trade marks already in existence, a single
reference to the influence of a recently adopted trade mark
will possibly be of interest. The National Biscuit Com-
pany, since its formation in 1808, has extended its reputa-
tion chiefly through its trade marks, and if reports can be
credited, the company attributes its commercial success
to that unique example of a psychological trade mark
- “Uneeda™

The passage of the Pore Food Laws Has been already a
boon to the manufacturers of pure food, and with the main-
tenance of quality, their trade marks will ever stand fore-
most in the minds of the eighty million consumers of this
country, who will, it is hoped, never agsin have occasion
to buy standard commodities subject tot he doctrine of
aveal empior (let the buyer beware).

No consideration of the influence of invention upon in-
dustry can be complete without a review of the functions
of trade secrets. A trade secret M3y COmpHse a process
which produces an old product that is producible by other
Xnown methods in S0 nearly an identical condition as to
prevent the determumation of the method of production,
even when the product is subjected to the most careful
scrutiny. - Such processes obvioasly would not indude the
Hall aluminum process, Kelly's Bessemer process, or Mushet’s
Tecarburizing | process for the production of steel. and the
Thomas openbearth steedl process Even more recently
than the abore is the patented Knietsch contact pIocessS
for the manufacture of sulphor thoxide. While all of these
PrOCesSes do ot necessarily produce prodocts that would
invanably reves] whether or not a definite PIOCSSS was em-
ployed in their production, pevertheless each one at feast
Toquires 2 partionlar type of apramtes of @ substantally
PRODANRAL malure, o that its indefinite conceaiment within
R plant would be rendered &ificnlt, or e the product IS of
R Dature o indicate whether or mot & certain patented pTO-
s has been employed. The Bell process of telephony
1S another exumple of 3 provess winch. by virtes of the fact
Tt substantilly permanent spramses i TogumTed o per-
form the s, s sdmitably adapted for the protecton af-
forded by the Umited States Patent Systemn thromeh its
Latters Patent.
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A typical example of the type of process which one must
perforce protect as a trade secret, or else dedicate to the pub-
lic by virtue of the fact that it is not susceptible of patent
protection, is the process of treating tin scrap, which was
involved in the recent case of the Vulcan Detinning Com-
pany vs. The American Can Company, wherein the process
in issue was apparently non-patentable, and yet extremely
useful. It consisted of the employment of old processes
in a system of apparatus which was peculiarly arranged as
to the disposition of the various elements of the system,
and also as regarded the relative distances of each element
from certain other elements. In addition, apparently the
size of the apparatus and the employment of a steam ham-
mer, as one of the elements of the system, were important
features. In spite of the fact that the title of the Vulcan
Detinning Company to the process was clouded by virtue
of its having acquired the process from parties who had
surreptitiously obtained it from a German manufacturer,
the court held that since there was an apparent breach of
trust involved in the acquirement of knowledge of the pro-
cess through a former officer of the Vulcan Detinning Com-
pany, that the American Can Company should not only be
enjoined, but should account for all profits made thereunder.

No trade secret can be considered as coming under the
protection of the common law unless it is really treated as
a secret as such, and unless all parties who are cognizant
of it, know that it is a secret, and are either employed in a
confidential capacity, whereby they are stopped from
denying their responsibility of keeping the secret, or are
under contract, oral or written, and express or implied,
not to divuige it. It need not, so far as the present status
of the law on this subject is concerned, be either new, or
sufficiently novel to be patentable. 3

The influence of trade secrets upon industry has been
marked, from the earliest times. The guilds of the middle
ages are famed for guarding inviolably their trade secrets.
In fact, in many European countries, inventors were often
compelled to hold as trade secrets and assume the risk of
their secret being discovered, inventions which might have
‘been patented, owing to the stringent requirements and high
taxes imposed by foreign governments upon patents. In
the great steel centers, at the present time, quite 2 different
welcome awaits the rival steel manufacturer, in so far as
-obtaining ICCess to these mammoth workshops is concerned,
as distinguished from the reception which would have been
tendered him but fifteen years ago.  All spedially built and
pecubiarly assembled machinery, used exclusively within
the plant and not purchasable in the open market, as well
as all secrets relating to the more economic production of
Steel, are now carefully guarded.

It is oiten 2 nice question for the manufacturer, to deter-
mine whether to protect his invention as a tr=de
SSCIRL, Of 10 procure 2 patent thereon. The mere fact that
2 soond Inventor may at any time enter the field, and ap-
ply for, and secure the grant of, a patent, is'a metter of
serions import and worthy of the most carefnl considera-
ton. This has cocurred often in the past. and for tis rea-
Son, it s In some cases advisshle to file 2 caveat in the con-
Scdentizl archives of the Patent Qibce, renmewiny it from year
T ¥RAT &S IS term expires in order to prevent the issoe of
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a patent to a subseqeuent applicant, and yet withal avoid-
ing the publication of the secret until such time as the com-
petitor appears in the field. Of course the caveat should
contain as full and complete a description as any patent
specification, if one would insure himself against the grant

of a patent to a subsequent applicant, and since most trade.

secrets are carefully guarded in some secret archives, com-
monly of a corporation, it is obvious that no rights are sacri-
ficed by the filing of a caveat as aforementioned.

In respect of the three classes of property rights mentioned,
either the manufacturer, the merchant, or the inventor,
in some cases has a misconception of, or fails to realize,
the protection afforded by the United States Patent Sys-
tem to each property right as aforesaid. The moral effect
of a patent, and of a certificate of registration of a trade
mark, upon the public generally, and upon competitors in
particular, is often of considerable value. This is even
true in the cases of what are termed ‘‘paper patents’” or
“paper trade-marks,”’ that is, patents and trade-marks
which are of such a nature as to be almost certain of being
ultimately upset in court. When one realizes the time and
money often required under the present administration
and enforcement of our Patent Laws to defeat a patent or
a certificate of registration, is it any wonder that corporations
and individuals who are cognizant of this fact, do not hesi-
tate to secure every possible degree of protection for their
products which the common law or the United States
Patent System affords them? Similarly in the case of the
trade secret, there is no question but that the moral
effect of a caveat upon the employees and competitors would
result in increasing the loyalty of the employe and discour-
aging the competitor against infringing upon the rights of
his rival, who had thus endeavored to protect his trade
secret.

Many there are who still believe with the Examiner who
was appointed to the Patent Office in 1854, and who upon
resigning shortly after declared: ‘‘I believe in a little while
there will be nothing for the Patent Office to do, as every-
thing is already patented, and I am going to get out of this
and engage in some permanent business.” It appears to
be the same old story ‘‘that familiarity breeds contempt.”
On the other hand, the following effective tribute, which is
probably the most unbiased and spontaneous that has ever
been paid to the United States Patent System, was de-
livered by Mr. Karekiyo Takahashi, the special commis-
sioner appointed by the Japanese Government to gather
data regarding our Patent System as practiced in the year
1899. In response to a query as to why the people of Japan
desired to have a patent system, he said: :

“I will tell you. You know it is only since Commodore
Perry in 1854 opened the ports of Japan to foreign com-
merce that the Japanese have been trying to become a great
nation like the other nations of the earth, and we have looked
about us to see what nations are the greatest, so that we
could be like them; and we said, ‘There is the United States,
not much more than one hundred years old, and America
Was not discovered by Columbus yet four hundred years
ago;” and we said, ‘What is it that makes the United States
such a great nation?’ And we investigated and found
that it was patents, and we will have patents.”
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SOME DEFECTS IN THE PRACTICE OF OUR PATENT
SYSTEM AND SUGGESTED: REMEDIES.

By Louis C. RAEGENER.

Mpr. Chairman and Gentlemen:

In addressing you to-night I am taking a position some-
what similar to that of the illustrious Andrew Carnegie.
After the tariff had given him personally all the protection
he required, he came before the world and proved that
protection for him at least was no longer necessary.

In my opinion the practice and procedure of trying a
patent case is antiquated, time-consuming, abnormally
expensive and generally unsatisfactory; final judgments
are practically unobtainable, and pecuniary judgments so
rare that any well-advised infringer need hardly fear them.

Once upon a time—so long ago that the memory of man-
kind runneth not to the contrary—our U. S. Supreme Court
formulated rules of practice and procedure. If these rules
are followed, the testimony in a patent suit can be ready
for the court at the end of six months. Practically, how-
ever, it takes from a year to eighteen months to reach this
point. The testimony of witnesses is taken at the lawyers’
offices, usuzlly on the typewriter. If taken stenographically,
the stenographer benefits more by that method than the
lawyers, because the lawyers and experts as a rule charge
per diem, and of course the longer it takes, the more per
diems.

The worst feature of this method of taking testimony is
that it is practically legally impossible to stop either the
witness or counsel from padding the record with testimony
that would never be admissible were the trial in open court
and questions could be ruled upon forthwith. The record is
unconsciously padded in this way by nearly everybody.
Firstly, it is in the direction of everybody’s interest to do so;
and, secondly, it requires less brain work to stuff the record
than to concentrate one’s thoughts upon what is strictly
relevant and competent—thereby condensing the record.

It is not unusual for an expert witness to favor the court
with his views on the witness stand for weeks and months
at a time—and, by the way, eminent counsel once defined
an expert to be one who swears expertly.

The legal taxable costs for a deposition of this kind to the
successful party are $2.50. Of course this may have been
a fair compensation a hundred years ago, but it does not
compensate a day-laborer to-day for a day’s work.

It is not at all unusual for a suit involving fairly important
issues to cost each side at the rate of from ten to twenty
thousand dollars per year.

After all the testimony has been taken it is printed, an
oral argument takes place, printed briefs are submitted,
and after the close of the arguments, if not before, the court
goes to sleep, forgets the oral arguments, and after the lapse
of considerable time renders an opinion resulting in a decree
dismissing the complaint or directing an injunction and an
accounting.

There is usually a stay of the accounting pending an appeal
by the unsuccessful party to the Circuit Court of Appeals
for that Circuit; and if the decree of the court below is
affirmed, testimony for an accounting is taken before a
master, and again all the elements combine to protract
examinations and increase expenses. Except in extraor-
dinarily important cases it is best to drop the accounting.
The defendant is usually an irresponsible corporation or has
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lost or burned his books of account. The burden of proof
is very heavily on the complainant, and the law very jealously
protects the poor infringer against unjust attacks. If you
are lucky you get a judgment which is not reversed on ap-
peal; you must be still luckier if you collect it; and if the
expenses of obtaining and collecting such a money judg-
ment are less than its face value you are indeed a fortunate
man.

- I always believed with old Galileo that the earth does
move, and if I succeeded in getting an injunction I usually
had enough of my client’s money by that time and was
anxious to turn to the next job.

I have, however, heard of others occasionally collecting
a judgment of some magnitude.

Now, having obtained your injunction in this United
States, which is generally believed to extend from the Atlantic
to the Pacific and from the Gulf to Canada, you might be
foolish enough to think that your patent is valid and will
henceforth be cheerfully respected. If you think that, you
are wofully mistaken, for, mark you, there are nine Circuit
Courts of Appeals of the United States of codrdinate jurisdic-
tion. For instance, the Second Circuit takes in New York,
Connecticut and Vermont; but New Jersey and Pennsyl-
vania are in the Third, and what is law in the Second Circuit
in any particular case is not necessarily the law in the Third,
as the latter tribunal will frequently—*'always with a heavy
heart, however”’—intimate, when coming to a diametrically
opposite conclusion from that reached by the Second.

So that if you get an injunction in New York City against
the ‘“Excelsior” corporation with a capital stock of five
hundred dollars, the incorporators can.go to Hoboken and
incorporate as the Hoboken Excelsior Co., and everything,
every detail that I have told you about the conduct of a
lawsuit must be done all over again at similar expense of
time and money.

The usual result is that the last Circuit Court of Appeals
differs from the first, seldom that it agrees with it, and of
course only when it cannot help itself. Otherwise it would
surrender its own judgment, which those of you who are
married all know is supposed to be wrong.

Now you are worse off than you were before. Before
you began your first successful suit you could at least threaten
or bluff with the patent and occasionally find an honest
man who might give you a cent or two more for a patented
article just so that he might feel that he was not a fort

jeasor every time, but now you are ridiculed and laughed at.

When I began the practice of the law over thirty years
ago, appeals from the Circuit Court were as a matter of right
to the U. S. Supreme Court. It did take two or three years
before your case was reached, but when it was reached
you got ‘‘a square.deal’” whether the decision was for or
against you. It was the end—but now there is never an
end in sight for the unfortunate patentee.

Some genius, who in my opinion ought to be crucified,
invented the present system of appealing to the Circuit
Court of Appeals and inserted a provision that no appeals
from these Courts lie to the U. S. Supreme Court. It is
true you can petition the U. S. Supreme Court to review a
decision of the Circuit Court of Appeals, but as this august
tribunal is exceedingly busy with many matters of the
greatest importance most of such petitions are denied with-
out an opinion, and the result is that whenever a diversity
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of opinions exists between two Circuit Courts of Appeals
as to the validity of a patent, and a petition for certiorari is
denied you can keep on litigating and guessing which of
the two Courts is right, and the chance is one guess will be
about as good as the other.

There have been attempts to create one Court of Appeals
at Washington to which all appeals in patent cases would
lie; but as the creation of such a court means the dispensa-
tion of patronage, I dare say that another decade or so will
expire before such an improvement can go into effect.

I have narrated facts to you. How to cure these ills I
am not prepared to say. In the earlier years of my practice
I did not appreciate the great crime committed against the
interests of the people, and now I am too old to make an
effort to change them; but like Carnegie, to some slight
extent I must admit that I have benefitted by these pro-
tracted and iniquitous laws.

VYou can readily see what such a condition of affairs leads
to. Asa young man I took for granted that all judges were
honest and learned. I have never since had reason to
change my mind as to the integrity of the judges, but the
capacity and ability of judges in patent causes is as varied
as the colors of the rainbow.

That patent lawyer is indeed inexperienced and careless
if he does not carefully select his tribunal, so far as it is
possible, for among the judges there are some who are so
opposed to monopolies and patents that a mere look at the
red seal and blue strings of Letters Patent incites them to
such wrath that the patent is instantly doomed.

Please don’t think for a moment that this is a joke, be-
cause nobody has ever yet been able to define what is in-
vention or discovery and how much or how little genius
must be shown, how laborious and how brilliant the work
must be to dignify it with the name invention, and therefore
any “learned” judge can always decree that the claims
of the patent are void for lack of patentable novelty, and no
tribunal can really settle that question in any particular
case except a court of last resort like the U. S. Supreme
Court.

Therefore it does make some difference whether you go
before one court or another, even admitting that both courts
decree according to their conscience; but after all, if the
court of last resort finally finds in your favor, it is a poor
consolation to say the judge meant well. It would have
served your interest much better if he habitually meant
ill and at the same time decided correctly in every instance.

While I have pointed out to you the abuses from which
you as inventors and patentees suffer in the attempt to
enforce your rights, I shall before closing call your attention
to a ridiculous abuse from which of late the poor public
suffers.

An infringer is called a forf feasor, and that is a bad enough
name; but a contributory ‘infringer is the worst specimen
of humanity imaginable.

This theory of contributory infringement is, like alfalfa
or Indian corn, the peculiar growth of our country, and I
advise some of you patentees to cultivate this theory and
profit thereby.

Under the law as made by the courts to-day you can sell
your patented engines, your aluminum, your carbide and
other patented products, upon condition that the purchaser,
as long as he uses your patented device or process, shall
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buy his flour, eggs, oatmeal or soap, his rat traps, furniture
or whatever you please, from you or your agents; and if
any wicked provision or hardware dealer should be mean
enough to sell any of these articles to your venders with
knowledge of these restrictions he becomes a contributory

infringer, and you can annoy him and sue him and make .

him account for your losses.

This country never does anything by halves. It gives
the worst protection possible to the patentee seeking to en-
force the rights plainly given him by the statutory law;
on the other hand, by trick and device not found in the
statutory law or in the patent laws of any other country, it
enables him to hamper trade in the most beautiful manner
possible.

Of course this theory of contributory infringement does
much to make patent laws unpopular, and in the end the
honest patentee will suffer.

You might ask me what remedies I have to suggest for all
or some of these evils.

I can only say that in England all patent suits are tried
in open court and more quickly disposed of in consequence.
The successful party recovers, say, two-thirds of his real
expenses paid to lawyers and experts—but I do not profess
to be accurate on this point.

In Germany, I understand, every patent is absolutely
valid after five years, and during the five years practically
valid unless a proceeding is brought during this period in the
Patent Office to vacate the patent.
| Of course neither in Great Britain nor Germany are there
nine courts of last resort and of codrdinate jurisdiction.
The necessity for establishing one tribunal of last resort,
be it a special Court of Appeals or be it again the U. S. Su-
preme Court, seems to me so self-evident that no man of
ordinary intelligence can doubt it.

That the public would benefit by the taking of testimony
before judges with some power to rule upon the evidence
goes without saying, even if this would necessitate the ap-
pointment of a score or more of additional judges.

The theory of contributory infringement will probably
be exploded sooner or later or confined within reasonable
limits by the U. S. Supreme Court.

The abuses to which I have called your attention will
}mdoubtedly be remedied in time, and probably by the bar
itself; but you inventors are more interested in a speedy
correction of these abuses than the bar, and united action
on your part would undoubtedly do more to bring about the

needed changes than waiting for some one else to do the
work.

141 Broapway, NEwW YORK,
January 8, 1909.

THE UNITED STATES PATENT SYSTEM, ITS USE
AND ABUSE.
SOME SUGGESTIONS AS TO DESIRABLE IMPROVEMENTS.
By B. C. HESSE.
: The United States Patent System has been so successful
In the attainment of the primary object of a patent system,
namely the stimulation of invention that changes therein
should not be made without full consideration.
The full, free and untrammeled exercise of the monopoly
granted by the Federal Government to an inventor in re-
turn for a complete disclosure to the public of his invention
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should be interfered with to the smallest extent consistent
with full protection of the public’s rights and further, the
monopoly granted to the individual should be protected to
the fullest extent consistent with the public’s rights.

My experience has led me to the conclusion that at some
points the inventor’s monopoly when fully exercised tends
to inflict a damage upon the public and that, on the other
hand, failure of the public to make effective the monopoly
granted tends to inflict, in some instances, unnecessary
penalties upon inventors.

The chemist is concerned with all the subject matter
which can be the object of patent protection, namely, new
and useful arts, machines, manufactures and compositions of
matter; fuller protection for the chemist is hardly conceivable.

When an inventor, chemist or other, obtains a patent it is
supposed to be for something new and useful and he may
reasonably be expected to exploit that invention so that the
public can benefit by having access to it or to the use thereof
subject to such restrictions as the inventor may regard as
reasonable for his own protection and remuneration.

When, however, such inventor allows his invention to lie
idle and without performing any useful function and with-
out reasonable prospect thereof either by offering it to the
public for its use or by acting as a protection for related
inventions which he is actively exploiting and bringing to
the public, then such inventor is, in my opinion, transgressing
the spirit underlying the Patent System. He is reserving
for himself a field of endeavor which he has agreed to exploit
and is not exploiting and by his reservation is preventing its
exploitation by others. To this extent he is retarding
progress.

A partial remedy for this might be a low annual tax, say,
$15 or $25 or some other sum not high enough to stand in
the way of any invention giving any reasonable promise of
remuneration yet high enough to make it appear unprofitable
to many to retain reservation in fields which they are either
unwilling, unable or incompetent to develop. To this ex-
tent reservation would be curtailed and the return of res-
ervations to what might be called the “public domain”
would be affected, for exploitation by the public as occasion
might arise.

It would serve no good purpose, at present, to enumerate
such instances but certainly all who have read the numerous
patents as they appear in the Official Gazeite have been struck
with the idea that a great many patents have little or no
utility, present or prospective, and many of those coming
into contact with inventors and patentees have met with
many cases where the ability to develop or exploit, or the
ability to get others to develop or exploit is lacking or has
been wholly exhausted and have also’ met cases where the
ideas embodied in such patents could, with profit to the
public, be adapted to use by others but which have not
been so adapted or developed in other arts because of such
patents.

When an applicant for a patent has succeeded in over-
coming the objections, if any, raised to such application by
the Patent Office (which is, in effect, acting for the public)
it would seem reasonable that the ground covered by the
patent so issued be regarded as conceded by the public to
belong to the inventor and that any one contesting the
legality of such reservation should be compelled to remain
out of the field until he proves the contrary.
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Experience, however, has led the courts to adopt a differ-
ent view and in the majority of cases a patentee has to con-
tend for the legality of his reservation, sometimes, if not
generally, expending the greatest part of his energy in a
litigated case in proving his title, as it were, while curtail-
ment of the granted monopoly is going on without restraint.
The reason for this seems to be that the courts have come
to the conclusion that our system of preliminary examina-
tion does not, in fact, properly safeguard the interests of the
public; the reasonableness of this is clear on considering the
practical impossibility of any one man, or set of men of
reasonable proportion, to be so fully acquainted with the
entire art involved in all inventions made and operated,
as to give, in all cases, a decision which is bound to be just.
The remedy, therefore, would seem to lie in the direction of
improving or elaborating our system of preliminary ex-
amination because I believe an absolute abandonment of
preliminary examination to be necessarily vicious.

The remedy which I beg leave to suggest is that after an
application has been passed to allowance in the Patent
Office the public, or so much of it as is interested, be given
access to the disclosure of the invention and a reasonable
time within which to oppose the final grant of the monopoly,
as is done in Germany, or a patent might issue subject to
the conditions that if it be successfully opposed by the
public within a reasonable time from the date of issue, say,
one year, the scope of the patent will be diminished to the
extent the opposition succeeded or revoked as the case
may be; a patent obtained under either mode to be given
‘the right of preliminary injunction in its favor and all in-
fringement or alleged infringement thereof to cease or to be
prohibited pending final adjudication of the validity of the
grant.

Of these two propositions I am inclined to favor the first
because so long as the grant of a patent is withheld ex-
ploitation is not likely and enterprises based upon what
may be false foundations will be less likely to be started,
as might well be the case under the second suggested remedy
thus causing avoidable, and therefore unnecessary, losses
and disappointments.

By this means the inventor, on the one hand, would re-
ceive a patent effectively shutting off infringement and
consequent interference in his granted monopoly until his
opponents have properly proven the illegality of the patent.
The public, on the other hand, would be spared the issue
of a very considerable number of patents presumably in-
valid and by exercising its rights to oppose the grant of
patents of doubtful validity would save to itself many
opportunities of endeavor and development and the ex-
pense and annoyance ‘of proving in court the invalidity of a
granted patent together with the annoyance and inter-
ference which an invalid patent is capable of producing.

In return for this, the inventor would probably be re-
quired to have his monopoly date from the date of the dis-
closure of the invention to the public-at-large by the Patent
Office, the time required to overcome the opposition by the
public being very likely a proper charge against the patentee’s
term of monopoly. :

It should be noted that it is not contemplated to take
from the public the right to attack the legality of the grant
of the patent but that that right remains fully open to the
public throughout the entire life of the patent, subject to
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the condition that the patentee’s rights must be fully re-
spected until he is proven to be in wrongful possession.

This covers all the changes that I feel I should care to
suggest.

There is another suggested change that is agitating a
great many inventors, economists and the public generally,
which is the so-called working of patents.

Personally, I am unfavorable to a compulsory working
of any patents; personally, I believe that a patentee ought
to be permitted to practise his invention where it best suits
his convenience and the trade conditions he has to encounter;
so long as he gives the public access to his invention, directly
or indirectly, he has in my present opinion carried out the
spirit underlying our Patent System. If circumstances
are such that it is not profitable or possible to exploit the
invention a patentee should not be compelled to work his
patent in spite of such adverse conditions.

The foundation of the agitation for the working of patents
seems to be a supposed loss of income or advantages to the
public-at-large said to be due to inventions protected by
United States Patents but imported from abroad, the correct-
ive idea being that the country would be benefitted by hav-
ing such patented articles or processes produced or practised
within the United States. If that be the true reason then
it seems to me to be foreign to the purpose and intent of the
patent law and very probably antagonistic to a full and free
exercise of its contemplated and proper functions. There
may be other ways, perhaps by levying a special tariff on
goods imported from abroad and patented in the United
States, to accomplish this object, such levy to be reviewable
by the Secretary of the Treasury and rescindable upon
satisfactorily showing that the goods cannot be economically
produced in this country. To attach a condition of work-
ing a patent, no matter how limited, under penalty of rev-
ocation or other restriction of the granted monopoly is,
in my opinion, not the best way to accomplish the desired
end and, T believe, not in harmony with the purposes and
spirit of the Patent Law.

THE UNITED STATES PATENT SYSTEM, ITS USE
AND ABUSE

THE INVENTOR’S STANDPOINT.
By DRr. L. H. BAEKELAND.

The patent laws of the United States have been conceived
with an unparalleled spirit of liberality towards the in-
ventor. The law-giver in framing these statutes had cer-
tainly in mind to offer to the inventor the maximum of
protection for his intellectual property. In no other country
whatever is a patent obtainable at such a small cost; nowhere
is the intended protection extended for as long a period as
in the United States; nowhere is the real and first inventor
so much guarded against possible disclosures or unfair in-
discretion of others. In most other countries the patent
laws seem to have been conceived with the main idea of
bringing in a source of revenue for the government. In
most of them additional taxes are levied every year which
make the burden of the struggling inventor a very heavy
one and seem to discriminate in favor of the rich man or the
rich corporation who can afford to pay the yearly tribute.

My relations with the United States patent examiners
have shown me that with very few exceptions these officials
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are able, earnest and fair. They can compare very favor-
ably with the best of all other countries. Their honesty
of purpose and conduct has never been questioned by any-
body except by people who instead of investigating the
subject, merely limited themselves to sneering at them.

In late years one single case has transpired of a subordinate |

assistant examiner who seems to have tried to get appointed
to the patent office staff with the very purpose of committing
a dishonest act, hoodwinking the vigilance of the chief of his
department. That such abuses have not occurred oftener
is a real wonder when we take into consideration that the
corps of examiners are an underpaid, ill-recognized, un-
rewarded set of fine men. Their devotion to their work with
no hope of reward beyond a meagre salary is a fine example
of good citizenship.

I know of many a time when views contrary to these were
expressed by some impatient inventors who happened to
believe that everybody in the world and especially patent
examiners ought to be as thoroughly acquainted with their
inventions as they themselves were. To such of my mis-
guided friends, I must recall the fact that the patent ex-
aminer here in the United States or any other country is a
man at whom are flung every day new ideas widely differ-
ent in scope, in direction and in details. Many of these
ideas are undigested or unclearly expressed. Other ones are
the result of months and years of mature and deliberate
specialization and it is hardly to be expected that a man,
however open-minded he may be, should at the first glance
be able to penetrate the subject as deeply as the intelligent,
specialized inventor. The standpoint the examiner takes
in a case where things are not very clear is that of a rep-
resentative of the average uninitiated public whose interest
he has to protect as well as that of the inventor. His atti-
tude is best summed up in slang: “I am from Missouri,”
and it becomes the task of the inventor of ‘showing’’ and
“showing why.”

In several of my experiences with the patent examiners
here and abroad, I have felt very thankful for the objections
which were made to my texts and to my claims because I
was shown either that I was not sufficiently explicit or
concise, and by making the required amendments, I avoided
much future trouble in the eventuality of an infringement.
It may be a consolation to the United States patent ex-
aminers to know that their colleagues of other countries,
for instance England, Germany and Austria, are criticized
just as much by some dissatisfied and narrow-minded in-
ventors, although their attitude is just as fair, unbiased
and open-minded.

Summing up, I could hardly suggest an improvement
in the United States Patent law without curtailing the
privileges and interests of the poor inventor.

If T venture to make one suggestion, it would be to pro-
Pose an act of reciprocity, which would consist in exacting
compulsory working of all patents taken here by non-citizens
of the United States and whose countries have patent laws
With a clause for compulsory working which means great
hardship for the American inventors who take out patents
abroad.

On the other hand, it is very unfortunate that although
the laws for filing and registering a patent in the United
States are almost all that can be desired, I must lift my voice
of protest when it comes to testing the rights of the in-
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ventor before the courts. Here the poor inventor is entirely
at the mercy of a legalized system of piracy as carried out by
infringers helped by all the tricks of lawyers, and let me say
to the shame of our own profession, helped very often by
experts who will back the lawyer to confuse an issue before
a judge who most of the time is already incompetent on
account of lack of theoretical or practical knowledge in the
art. This game is so successfully played, that I know of
rich companies here in the United States whose main method
of procedure is to frighten, bulldoze and ruin financially the
unfortunate inventor who happens to have a patent which
he is not willing to concede to them on their own terms;
that is to say, for next to nothing.

I could cite you several examples of prosperous com-
panies where the money paid in salaries for the technical
or scientific_staff and for royalties is a mere bagatelle if
compared to the fortunes paid annually to their lawyers
who happen to look after their patent litigations.

Thus has it come about that an otherwise liberal patent
law intended for the protection of the poor inventor has
become a drastic method for building up powerful privileges
in the interest of big capitalistic combinations.

The sooner we have a special and adequate patent court
to which all patent litigation can be referred and which can
operate without the absurd delays and abominable expenses
now involved in patent suits, the sooner will cease this
arrogdnt frustration of the generous efforts of those who
framed our patent laws.

NOTES.

PHOSPHORUS FOR THE HEMPEL PIPETTE.

The method of preparing sticks of phosphorus for use in
the Hempel pipette for the determination of oxygen, as
usually described, does not take advantage of a little device
which suggested itself to me some years ago and which I
find exceedingly satisfactory.

I proceed as usual until the liquid phosphorus is expected
to solidify in the glass tube. Phosphorus is very prone to
undercooling and it often requires considerable patience to
await its solidification. When, however, the liquid phase is
brought into contact with the solid phase equilibrium is
promptly established and the column of liquid phosphorus
solidifies the very instant the temperature of the normal
point of solidification is reached. Contact can readily be
insured because the liquid phosphorus usually protrudes
slightly from the end of the glass tube and if a piece of solid
phosphorus is suspended by a wire in the cooling bath one
can easily bring solid and liquid together while the latter is
cooling.

It will be found that this little device not only simplifies
and expedites the whole operation but insures greater uni-
formity and far greater yield of perfect sticks.

H. AvcusT HUNICKE.

MITCHELL-WALKER MOISTURE TEST.

During the past year we made investigations in rapid
moisture determinations in dairy products. We personally
examined a number of the tests on the market and consulted
the reports of other chemists on the other tests in vogue.
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The beaker test, consisting of weighing into a cup a quan-
tity of butter, heating till foaming ceases and re-weighing,
we considered a good test but open to inaccuracies when
used by the ordinary creamery man. Some of its disadvan-
tages are, the necessity of weighing very accurately, thus
involving a sensitive and comparatively expensive balance;
uncertainty as to the right moment to stop the heating, and
to re-weigh the dehydrated butter; necessity of calculating
the percentage of water from the weights.

Gray's Test involves a fragile glass contrivance and gave
results from 0.5 to 1.0 per cent. too low. The test is also
rather expensive to operate. The “improved” Gray’s Test
proved to be still more fragile and awkward to clean, but gave
more accurate results due to a modification in the scale.

Other tests presented undesirable features in one form or
another.

We devised a test, attempting to conform to the following
requisities:

1. A rapid and reasonably accurate method. 2. An
inexpensive form of apparatus both to purchase and to use,
3. A durable form of apparatus and one easy to clean. 4.
A method that requires no great amount of attention or care
. in operating, and that can thus be used by the average
factory man. 5. An apparatus that can, if damaged, be
easily repaired at small cost. 6. A method equally suitable
for testing butter, curd and cheese.

QOur apparatus consists of a thin, copper still attached by
a friction joint to an upright brass condenser fitted with a
block-tin inner tube. A glass receiver reading directly in
percentages and with a stop-cock near its lower end, hangs
from the lower end of the condenser. This apparatus is
supported on an upright brass rod to which is also attached
an adjustable copper spirit lamp.

In making a moisture determination in butter, ten grams
of the sample are weighed into the copper still counterpoised
on a small balance. Ten cc. amyl acetate are added. The
still is then connected with the condenser and heat applied
by the adjustable lamp till water and amyl acetate cease to
drop from the lower end of the condenser. The graduated
receiver is then removed and the percentage of water read
off directly at the line of demarcation between the lower
layer of water and the upper layer of amyl acetate. In test-
ing curd and cheese, five grams are used instead of ten, and
the percentage read off on the scale opposite the butter scale.

For the sake of economy the amyl acetate is collected and
dehydrated in the still and used over again.

The average cost per test is less than half a cent. The
time required for a test, including the weighing of the sample,
is about ten minutes.

The test serves also for moisture determinations in such
substances as oils, fats, wood pulp, bread, flour, ete.

The results obtained by this apparatus seldom vary from
the gravimetric results more than two-tenths of a per cent.,
and usually not more than one-tenth. The apparatus is
simple in all its parts, and practically indestructible, since it
is made almost entirely of metal.

Descriptive bulletins may be obtained upon application

to W. O. Walker, Eastern Dairy School, Kingston, Ontario,
Canada. J. W. MiTcHELL,
W. O. WALKER.
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A CONVENIENT FUNNEL FOR INTRODUCING
DRY REAGENTS OF POWDERS INTO
BOTTLES AND FLASKS WITH-

OUT LOSS OF SUBSTANCE.

In order to avoid loss of small amounts of such finely
powdered materials as flour, etc., when introducing them
into bottles and flasks, after weighing on the balance, it has
been found very convenient to make cones or stemless funnels
from celluloid film. The celluloid film required should be
transparent and about the thickness of a calling card. It
can be obtained from dealers in art goods. A paper cone is
first made of the proper size and then the celluloid is cut,
using the paper asa pattern. The lap-joint along the side can
be made perfectly tight and smooth by applying the proper
amount of acetone to effect a softening or partial solution of
the celluloid CHARLES H. BRIGGS.

Thne HOWARD WHEAT & FLOUR TESTING LABORATORY,
Minneapolis, Minn., Jan. 7, 1909.

TILLANDSIA USNEOIDES.

Tillandsia usneoides, called Spanish moss, Florida moss,
New Orleans moss, long moss and black moss, is very common
in Louisiana. It is an epiphyte and grows on both dead and
live trees. It can be found growing on trees that have been
dead for years. On trees having a dense foliage it does not
grow so well, as sunlight is one of its requirements for exist-
ence.

Many people claim that it kills the trees and they regard
it as a parasite. Billings' says that Spanish moss does not
injure the trees on which it grows and he has demonstrated
that it depends wholly upon air, sunlight and rain for its life.

In the winter when the pastures are poor, farmers often
chop down trees and allow the cattle to feed on the moss.
In order to ascertain the feeding value and the composition
of this plant the following analysis was made:

COMPOSITION OF TILLANDSIA USNEOIDES (SPANISH MOSS).

Complete analysis.

IV ater Sy e e O R e 69.500
yolatilemattersmt o el el i e A 28.903
Siltcon:dioxide 510} IR oo ot i fs sl s sl e 0.590
Iron and alumina oxides (FexOz and AlgOz)..vevnnevunrnnn.. 0.286
Ehosphoric acidi(Pe0s) atie LUl i 0.032
Calcium. oxide (CaO )it s o ve i sl i s S 0.058
Sulphuritrioxide (SOz) i MBS g ias sl s s e 0,184
Potassiumoxide (RO} iASepit el i s i i ia 0.313
Sodum:oxide (NagQ) Fealesiiapestssiis Lea il B 0.381
Sl
:Eotal ioseo el et aile vl ey e W 100.449
Feed constituents.
Water-
Natural state. free bases.

Proteins il e r s e 3.68 12.07

Ether extract Siiii a0 ont? 1.06 3.47

Carbohydrates, s0r i Cale i o 15395 52,29

R Der i e R TN 8.24 27,02

Water ol i e e 69.50 s
ASh e SR Ve R el 1.57 i B
otal ot oSt 100.00 100.00

L Botanical Gazetie, 38, 99-121.
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Fertilizer constituents.
Water-

Natural state. free basis.

Phosphoric acid sttt rinnai i 0.032 0.105
INTEYOZ@IN Faikva s stotars s0sioia otots: sictaletatototets 0.588 1.928
R T S i O i 0.715 2.343
Potasht i M e s S TSl 0.313 1.026
Water. .. oo A e N A o O Lt 69.500

J. E. HALLIGAN.
LOUISIANA EXPERIMENT STATION,
BATON ROUGE, LA.

SIMPLE SPECIFIC GRAVITY APPARATUS FOR
PORTLAND CEMENT.

Apparatus—The apparatus consists of a 150 cc. flask
having a mark and the neck above flared out, a 20 cc. pipette,
and a Fahrenheit thermometer inserted in a cork. The
internal diameter of the neck of the flask at the graduation
should not be less than 8 mm. nor more than ro mm. The
pipette is set upright in a filter stand to drain when not in
use. The flask need not be accurate but the pipette must be
calibrated.

Calibration.—Clean pipette perfectly, and dry. Make a
mark 10 or 15 mm. above the graduation and another the
same distance below the graduation. Fill to upper mark,
with distilled water at 60° F. from a beaker and empty back
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again. Drain 10 minutes, blow out, and fill again. Empty
into a weighed flask, drain 10 minutes, and blow out into
flask. The weight of water delivered is that of the volume
drawn up with the walls wet. TFill to lower mark, weigh,
draining and blowing out as before. The difference between
the two weights is the weight of the volume between the
two marks. The position of the true graduation mark is
then easily found and etched or scratched on, for example:

Distance between marks: it St sl
Volume to upper mark. . ........voonnn. 205321 cc,
Volume to:lowerimark: .o Sinii it iuaial
Volume between marks............o....
Volume for 1 mm. 20 (0.56)............ 0.028 cc.
Volume of true mark above lowest mark, .

Distance of true mark above lowest mark. 0.028 (0.24) 8.5 mm.

Use.—Fill the flask nearly to the mark with kerosene oil.
Take the temperature with thermometer, remove, and make
up exactly, reading the bottom of the meniscus. Wipe the
inside of neck free from oil. Blow out the pipette and with-
draw 20 cc. of oil from flask, draining the outside of the
delivery tube against neck near mark before removing,
empty and hang up to drain. Weigh out 65 grams of cement
to o.1 g. and pour from glazed paper into flask until the oil
nearly rises to the mark. Use a small camel’s hair brush to
brush the cement with all adhering oil down the neck. Ro-
tate flask to remove air till all the cement is suspended and
cautiously add cement till the mark is reached. Rotate
again, take temperature, and weigh the residue to o.1 g.
The weight of cement used divided by 20 gives the specific
gravity. Correct for temperature change, 1° F = o.01 sp.
gr. When the temperature rises add the correction; when
it falls, subtract. The flask can now be shaken out, rinsed
with oil, and filled nearly full as before, ready for the next
determination. The pipette needs only to be cleaned when
cement or dust is seen on the inside.

Results.—The difference in temperature between the
pipette and the oil in the flask should not be too great. The
cement is usually warmer than the oil and apparatus even
after standing together some time, probably due to the
slow hydration of lime. The effect of the difference in the
coefficient of expansion of various samples of oil is negligible.
The coefficient for 1° F. is taken as 0.00050, that of glass is
neglected. A sample of oil in use gave a coefficient of 0.00053
with the pycnometer, using two temperatures, In calibrat-
ing, the correction in volume for the density of water at
60° E. is practically equal to and counter-balanced the
difference in volume between oil and water retained in the
pipette, so that both can be ignored.

0Oil retained in pipette................. 0.06-0.07 cc.
Water retained in pipette.............. 0.04-0.05 cc.
Correction for 20 gr. at 60° F.......... 0.02 cc

Errors—Any one of the following errors represents a
difference of 0.01 sp. gr.

0.2 g. cement used.

0.065 cc. oil displaced.

1° F. change in flask.

6.5° F. change in pipette.

1 mm. meniscus above or below mark on flask.

0.00010 variation in coef. of exp. through 5° F. change.

FRANK GOTTSCH.
MT. PROSPECT LABORATORY,
Brooklyn, N. Y.
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AN UNUSUAL INCRUSTATION ON
GENERATOR COILS.

(CONTRIBUTION FROM THE LABORATORY OF THE YORK MANUFACTURING
CoMPANY, YORK, PENN.) .

There was recently submitted to our laboratory, for analysis
and explanation, a scale or incrustation of unusual character.
It had been formed on the coils of pipe in the generator of
a relrigeration plant built on the absorption system. The
condition; in this plan of refrigeration are as follows. The
generator is very similar in construction to a tubular boiler,
the tubes being of two-inch iron pipe through which steam cir-
culates. These steam coils are surrounded by strong aqua
ammonia, 20° to 22° Bé. in strength, from which the heat
of the steam coils drives the gaseous ammonia which is to
be condensed and used as a refrigerant. The aqua ammonia
comes to the generator at a temperature depending upon
the cooling water used in the condenser, not often being
lower than 55° Fah. and ranging at times up to 75° Fah,

The scale under consideration was formed on the outside
of the steam coils and hence was deposited from the aqua
ammonia and therefore represents materials dissolved by
the latter. The incrustation had a maximum thickness of
about one-sixteenth inch, was of an olive-green color on the
outside surface, rusty from the iron pipes on the inside sur-
face and of a somewhat varying light green on a broken
cross section. Its texture presented a stony, somewhat
crystalline appearance, its hardness was about 5, and its
specific gravity 5.117.

The surprising feature of this material appeared upon
analysis, which resulted as follows:

Insoluble matter...i.co i, .. 0.26%
Organic (oily matter)............ 0.59
Copperoxides e S ey 0.65
HerTiC OXide iR e 6.32
Zinc oxide s i e as 92.00
Lotal S o s i 99.98

It was found upon inquiry that at the plant in question
some of the parts had been made of galvanized iron. The
aqua ammonia coming in contact with these galvanized
surfaces dissolved off some of the zinc and this in turn was
deposited on the surface of the steam coils under the influ-
ence of the heat. The ferric oxide came from contact with
the iron pipes.

In this connection it may be of interest to note that the
action of anhydrous liquid ammonia upon galvanized and
tinned iron pipe was made the subject of experimental
investigation in our laboratory several years ago. The re-
sult of that inquiry, briefly stated, is that a galvanized sur-
face is readily corroded by the ammonia while a tinned
surface is but little affected.

The apparent lesson to be drawn is that galvanized iron
should be avoided in all ammonia fittings.

C. H. EHRENFELD,

TO DETERMINE FAT IN SWEETENED CON-
DENSED MILK,

Weigh out 25 grams of the sample, dissolve in water and
make up to 100 cc. Transfer 6 cc. to a double tube milk
flask provided with a small bore tube graduated to give per-
centage of fat for 5 cc. milk. Add 4 cc. of ether and 4 cc.
acetic acid (8o per cent. or more absolute acetic acid). Acetic
acid of this strength will dissolve the curd but has no effect
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on the sugar, Place the flask in a vessel of warm water and
heat until the ether is expelled. A layer of milk fat will
now be seen floating on the surface of a clear and colorless
liquid. Fill the flask with hot water thus raising the fat into
the graduated tube. The percentage of fat can now be
read, the sample whirled in a centrifugal machine and another
reading made. Multiply the reading by.four.
C. B. COCHRAN,

A 'QUICK METHOD FOR THE DETERMINATION OF
ARSENIOUS OXIDE IN PARIS GREEN AND
OTHER IN5SECTICIDES.

Among the numerous metliods that have been suggested
for the analysis of the common insecticide, Paris green,
are the methods of Thorne, Smith?! and Avery.2

By the use of any of these metiiods it is possible to ob-
tain very accurate results. In the Smith method, however,
the determination of the end-point offers some difficulty,
and in both the Smith and the Avery methods, the expendi-
ture of considerable time is involved. :

The following method is presented because of its sim-
plicity, and because of the rapidity with which it may be
cairied out. With the standard iodine solution already at
hand, it is possible to perform the analysis within about
twenty minutes, or within one-fourth of the time required
for the work when either of the other methods is employed.

The details of the method are briefly as follows:

A 2 gram sample of the insecticide is weighed out and is
placed in a 250 cc. measuring flask with 25 cc. of water,
and 25 cc. of concentrated hydrochloric acid. The flask
is then heated to a temperature of about 80° C., until the
sample has dissolved, which usually requires about five
minutes. Care should be taken not to heat the solution
to the boiling point, since it is possible that small amounts
of arsenious chloride might be lost at this temperature.
After the solution has been allowed to cool, it is diluted to
250 cc., and 25 cc. portions are removed for analysis. Each
of these portions is placed in an evaporating dish, is diluted
with about 300 cc. of water, is treated with an excess of
solid sodium bicarbonate, and is finally titrated with the
standard iodine solution, using starch as the indicator.
The end point in the titration may be observed most readily
when a porcelain evaporating dish is used as the containing
vessel. In standardization of the jodine solution, 1 gram
of pure arsenious oxide should be weighed out and carried
through the procedure adopted in the analysis of the sam-
ple of Paris green,

In order to compare the accuracy of the new method
with that of the two others, parallel analyses of two differ-

ent samples of Paris green were conducted. The results
obtained are recorded in Table I.

TABLE I.
Percentage
of As:0;.
Num- By method By method
é;etr of of Smith. of Avery. By new method.
eter- r— { e e e
mina- Sample Sample Sample Sampl
tion. A, B. A? B.p S Safn.ple Smﬁl.ple
1.. 354.47 52.02 54.62 52.10 54.51 52.00
25:5°54053 52.02 54.58 52.08 54.51 52.00
3.. S54.51 52.16 54.68 52.08 54.52 52.16
455 Ho'w 24 via'a By 54.51 52.05
Ave. 54,50 52.10 54.62 52.08

54.51 52.05
1 J. Am. Chem. Soc., 21, 769 (1899).

* Bureau of Chemistry, Bulletin No. 107, p. 26 (1907).
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The results obtained in standardizing the iodine solution
with pure aresenious oxide are given in Table II.

TapLe II,

Grams of As:0; equivalent to one cubic centi-
meter cf the iodine so.ution.

Number of By method By method
determination. of Smith. of Avery. DBy new method.
T rerevsterss . 0.00289+ 0.002896 0.002898
7 A AT 0.00289+4 0.002896 0.002897
s omas . 0.002895 0.002896 0.002898
AVerage:i i i vee 0.0028947 0.002896 0.0028977
C. C. HEDGES.

CORNELL UNIVERSITY,
December, 1908.

NEW PLANTS.

THE INDIANA STEEL COMPANY’S PLANT AT
GARY, IND.!
By W. D. RICHARDSON.

The commencement of operations in the largest metal-
lurgical plant which has ever been planned and constructed
is an event well worth recording not only in commercial,
technological and engineering literature but in chemical
literature as well. While to the superficial observer it
may appear that in the working of a plant such
as that at Gary, mechanical problems overshadow the
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Fig. 1.—Map showing location of Gary. -

chemical at every point, this is not strictly the case. The
science of metallurgy embraces both mechanical and chemical
methods, and while in the mills mechanical methods pre-
dominate, in the operation of blast furnace and open-hearth
furnace chemistry comes to the fore. That the chemical
operations of the blast furnace, although carefully studied
for long periods of time, may yet be fundamentally improved,

! For further descriptions, particularly of the mechanical features
f the Gary plant, consult the Iron Age, Jan. 7th and Jan. 14th, and
following numbers: The Iron Trade Review of Jan. 7th and succeed-
ing numbers; System, Jan., '09, and Engineering Record, July 20, Aug.
17 and Nov. 2, 1907.
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is well attested by the recent successful introduction of the
Gayley dry blast in various furnaces throughout the country.
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Fig. 2.—Sketch map of Gary—general plan of the new steel plant.
Furnaces, mills and shops already completed or under way are indi-
cated by solid black lines; future construction and extensions by dotted
lines, To avoid confusion, duplicated railroad tracks are eliminated,
the simple lines in and out of the open-hearth buildings representing
six service tracks. Note how furnaces and mills have been placed to
facilitate switching.

The builders of the Gary plant have done more than
construct a steel works. They have in two or three years
converted a waste of dune-sand and scrub oaks into a habi-
table region and laid the foundations of a prosperous and
well-paved modern city. :

The Indiana Steel Company is a subsidiary of the U. S.
Steel Corporation. In 1903 the corporation set aside $10,-
000,000 for building the Gary works. In 1906, $21,500,000;
in 1907, $18,500,000; a total of $50,000,000. No appro-
priation was made for 1908, inasmuch as the total amount
expended even up to the present time is not greatly in excess
of $40,000,000. The original announcement stated that an
appropriation of $75,000,000 was contemplated from first
to last. The Indiana Steel Company is a separate corpora-
tion, but is organized as a subsidiary of the Federal Steel
Company. The operation of the plant, however, is carried
on under lease to the Illinois Steel Company.

The President of the Indiana Steel Company is Mr. Eugene
J. Buffington. The plant was designed and is being con-
structed under the direction of Mr. G. G. Thorp, Vice-Presi-
dent, Mr. A. B. Neumann, Chief Engineer, and Mr. W. P.
Gleason, General Superintendent. ;

Location and Area—The plant is located at the southern
point of Lake Michigan, in Lake County, Indiana, about
forty miles from the center of Chicago. The approximate
area occupied at the present time is about 700 acres, and
the area available for future extensions amounts to 1000
acres.

Water Supply—The water supply is derived entirely
from Lake Michigan, being taken from a crib one and one
half miles from shore, through a six feet tunnel. The water
gravitates to the pumping station, from which point it is
supplied to the plant by means of horizontal-shaft direct-
connected motor-driven centrifugal pumps. These are two
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complete plant is thirty-two, with a total H. P. of 64,000.
The electric power plant equipment consists of horizontal

domestic pumps driven by 2350 H. P. motors and two fire -
pumps driven by 175 H. P. motors, the combined capacity
being 20,000,000 gallons in 24 hours.

Power—There are sixteen batteries of boilers of 400 H. P.
each, heated by blast furnace gas, on the plant. This gas

Fig. 3—Chemical laboratory. Fig. 4+ —Pumping station.

averages in heat value 95 B. T. U. per cubic foot. Steam
is used on the plant to drive two 2,000 K. W, turbines which
were installed temporarily, and prior to the starting of the

twin-tandem Allis-Chalmers gas engines, direct-connected.
At present seventeen of these engines are installed, with
2 total of 60,cco H. P, housed in a building 966 feet long

Fg S.—Blust furnaces from water front.
g3S enginedniven generators. Steam is also used on the
plant in anghary blowing engines, pumps, turbines, hammers, .
§as producers, ete.  Of blowing ensines for the blast furnaces
there are eight Westinghonse and eight Alhs-Chalmers

by 103 feet wide. It is planned to duplicate this plant
with another of the same size and this will give a total of
thirty-four gas engines, with 120,000 H. P.

Fig. 6 —Unloaders snd cre bridges.

Fig. 7.—Ore bins.
honirontal twin-tandem of 2000 H. P. each. They are Blast Furmaces—Of a total of sSixteen blast furnaces,
operated by blast furnace gas and AVErage 30,000 cubic  each of a capadity of 450 tons per 24 hours, planned for the®
feet of sir per minute, each. The number planned for the plant, four are operating at the present time and four are
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under construction. There are four stoves to each furnace
and for the eight furnaces either operating or mow under
construction, there are provided fourteen dust catchers.
The flue dust delivered by them amounts to about two
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Supplementary to the blast furnace installation, a pig-
casting equipment has been erected of sufficient capacity
for handling the entire output of the blast furnaces.

The course of the gas after leaving the blast furnace is

Fig. 8. —Blast furnaces under construction

carloads per furnace per day. The flue dust is not sintered.
For each pair of furnaces there are provided three primary
8as washers. From the primary washers the furnace gas

Fig. 9.—Blast furnaces and stoves under construction.

Passes through a large main to the secondary washers.
Two types of these are used, vertical tower washers and
centrifugal washers, and for each furnace there are provided
4o of each type.

Fig. 10.—Furnaces, stoves and primary washers.

as follows: It first passes through the dust catchers, then
through the primary washers, and after leaving -the primary
washers a fraction amounting to 30 per cent. of the total
or 6,750,000 cubic feet per hour passes to the hot blast stoves.
From the same point 714 per cent. or 1,700,000 cubic feet
per hour passes to the boiler house. The remainder passes

Fig. 11.—Blast furnace showing skip incline, stoves and dust catchers.
Compliments of Allis-Chalmers Co.

to the secondary washers where 2!4 per cent. or 600,000
cubic feet per hour is used up. From the secondary washers
the gas enters the gas holder, of a capacity of 200,000 cubic
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feet. From the gas holder the gas passes by mains to the
blowing engine house and the electric power station. In
the former 1224 per cent. or 2,800,000 cubic feet per hour
is used. 225 per cent. or 600,000 cubic feet per hour is used
for auxiliaries for blast furnaces themselves. The total
consumption for blast furnaces then, exclusive of the stoves,
is 15 per cent., or 3,400,000 cubic feet per hour. The re-
mainder or 45 per cent. of the total, amounting to 10,000,000

Fig. 12.—Dust catchers, Comp]imoms of Allis-Chalmers Co.

cubic feet per hour, is used in the electric power station.
The above figures are based on the production of eight blast
furnaces delivering 3600 tons of pig iron per 24 hours. It
is estimated that these eight furnaces will produce 22,450,000
cubic feet of gas per hour.

The Gayley dry blast has not yet been introduced at Gary.

Open-hearth Furnaces—At present there are finished
twenty-eight open-hearth furnaces each with a capacity of
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60 tons.
when completed, will give a total of eighty-four.

There are under construction fifty-six more which
For each

Fig. 13.—Primary gas washers.

open-hearth furnace are provided five Morgan gas producers,
The first open-hearth plant will be in operation by the time
this article is published. In the completed plant there will

Fig. 14 —Back of blast furnaces.
and secondary gas washers.

Gas mains leading to boiler house
Compliments of Allis-Chalmers Co.

be a rail mill with a capacity of 100,cco tons per month.
This 's now ready to operate. A billet mill, an axle shop,

ANALYSES OF IRON ORES.

D1y Bastis, Per cent.

Ores. Fe. P. Mn. Si0..  AlOgz. FeoOs Ca0. MgO. MnO. .05 Vol. Moist.
Chapiniyeedy 59.46 0.066 0.21 5.50 1.60 85.66 1.50 3.24 027 0,151 2.40
Bernhart 56.66 0.059 0.26 13.30 1.80 80.94 1425 0.28 0.34 0.135 2.20
Vermont 59.46 0.075 A2 T 5.26 2075 84 .94 0.61 0.14 1.64 0.171 4.86
Group 4, 57.58 0.063 1.10 6.20 2593 82.26 0.50 0.36 1.42 0.144 6.66
Group 3 s S7.86 0.085 Ny 6.17 2.80 82.66 0.65 0.37 2.C 0,195 S5.40
Ve b aas; S e OO0 L 0.145 0.10 3.86 1.01 93.73 0.57 0.35 0.13 0.332 0.30

Original Basis.

Chapin s itioss R e M) 0.062 0.20 DELD 1250, 80.14 1.40 3.03 ¢.26 0.142 2.25 6.43
Bernhart s Gaasiis S51.59 0.054 0.24 1211 1.64 73.70 1.14 0.25 0.31 0.124 2.00 8.95
Vermonte i isr s 51.70 0.065 1.10 4.57 2.41 73.86 0:53 0:12 1.42 0.149 4.22 13.05
Group 4....... > 49.34 0.054 0.94 5.31 2.17 70.49 0.43 0.31 1521 0.124 5.71 14.31
Group 3Gl ru e 50.10 0.074 1.26 S:34 2.42 71.57 0.56 0.22 1.63 0.169 4.68 13.42
el L oy 65.04 0.144 0.10 3.83 1.00 92.91 0.56 0.35 013 0.330 0.30 0.87
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a plate mill and a merchant mill are all under construc-
tion.

Raw Materials and Products.—The ores used in the plant
will be from the Messaba, Menominee, Marquette and Ver-
million districts. Average analyses from typical mines in
these districts are as above, on the dry and original basis.

The ores are all delivered to the plant by the Steel Cor-
poration’s steamers. The coke used is from the Connells-
ville, Penna. district, and analyses about as follows:

Per cent.

................................ 0.83
.......... 88.42
............................ 0.75
................................ 5.98
................................. 0.60
.............................. 0.45
e 0301
.............. 0.04
................ 0.17
..... 0.22

At the present time dolomite is used in the blast furnaces
and hence the slag cannot be used for cement-making purposes.
In case it is desired to produce cement from the slag, the
change to calcite can readily be made. The dolomite comes
from McCook, Iil., and from Gary, Ill. The following is a
typical analysis:

Per cent.
Moisture s e s v ae ia17550.
D102 P A R Sboanmng Seeet 0053
Fes037and AloOg, .« esiiesisisiaciossiisissias 0.59
Pl F o S e S e vy 0.01
O I S S O L S D DG LR A 29.60
M O R T T L P A T S RO RS 21.60
D SR B R LR 0.041

The coal used in the producers at the open-hearth plant

is Dering No. 2 lump, from Westville, Ill., and analyzes as
follows:

Fig,
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Per cent.
M Ol St e e s SR s 3 8.50
sVolatilelcomt e st s s risls 37.01
RixXed carb o s e et las o v st A hee 46.88
A Sh7Easiee T OB BT e e aTa e arete 7.61
St ST ienesy (" s beTele kY et Re s tobp T sT ateint Platerinzass 1.44
B TEUT s Rt e wee R O OV LR B 11,970

The limestone spalls for the open-hearth plant comes from
the well-known quarries at Bedford, Ind. A typical analysis
is as follows: ¢

Per cent.
S10g3 8 st ani: S R Co e P TS ok 0.63
‘AlaOstand i IesOatiianiitis e iiaai s 0.46
IS I LR A s E e RHTT) A Sri CX A . 0.008
(O Y0 S e i ey s RO T o ot o : 54.90
b O A (o BB B A SO GG 0.51
N e AT U e N NN e S 3L Sycisd EEaiatey 1 e PV 0.055

Flue dust from the blast furnaces shows on analysis:
. Per cent.
................................ 7.63
................................. 53.88
............................... 3.51
el e el b S 0.062
................................. 0.82
o0 52
........................... 0.27
.................................. 8.36
Chemical Laboratory.—Mr. H. C. Thomas is chief chemist
at the Gary plant and has been instrumental in designing
one of the best iron and steel laboratories in the country.
The chemical work, excepting the gas analysis work which
is handled in the gas laboratory located at the blast furnaces,
will be performed in one central laboratory. This is a three-
story and basement brick and concrete building with 10,000
square feet of floor space. In the basement of the building
are located the heating plant and power machinery for
the laboratory, the acid storage, the photographic room
and dark room, record room, vault and toilet room. On

15.—Partial view of installation where 17 Allis-Chalmers twin-tandem gas engines are direct-coupled to Allis-Chalmers generators, each unit

being of 2,500 kw. capacity. Photograph taken during erection. The installation also includes 8 Allis-Chalmers twin-tandem, gas-driven

blowing engines, making 25 units in all,




THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY. Mar.; 1909

”
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Fig. 16.—42-inch gas engine cylinder, Allis-Chalmers.

Fig. 17.—Crank shaft of 5000 H. P. Allis-Chalmers 4-cycle, ih)uble-
acting t‘win-_tan‘deni gas engine—weight of this part, 85 tons.
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Fig. 18.—Cross-section of blast furnace.

Fig. 19.—Open-hearth furnace, charging’end.
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Fig. 21.—Open-hearth furnace,
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Fig. 22.—View from slip.
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Fig. 23.—Open-hearth fur.nncc. discharge end.

the first floor is the office of the chief chemist and the clerk’s
office, the main iron and steel laboratory, balance room and
store room. On the second floor are located the laboratory
for blast furnace and open-hearth materials: a laboratory
for special work such as alloys, foundry work and waters;
a laboratory for research work; a muffle room, balance room,
store room, library, office and toilet room. The third floor
is at present unfinished, but will be finished as the space is
required. The building is so constructed that new stories
can be added whenever necessary. No sampling is being
“done in the laboratory, but is handled in a special sampling

plant located at the ore docks. This is a building 50 X 40
feet, containing 30 2-ton drying bins, 6 5x5 feet hot plates,
2 Allis-Chalmers grinders and one Allis-Chalmers and one
Dodge crusher. Just now the sampling is performed Py
hand, the mechanical sampler not having as yet been in-
stalled.

The writer desires to express his thanks to Messrs. G. G-
Thorp, Vice-President of the Indiana Steel Co., H. C. Thomas,
Chief Chemist Indiana Steel Co., and Wm. Brady, Chi?f
Chemist Illinois Steel Co., for the data furnished for this
article.
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8 Blast Furnaces=3800 T. Pig Iron per
24 Hrs

Gas prod, per Hr. =22 450,000
T =100, lent -to-
230,000 B. R P. {in Gas Engines.)

30%0 Used Here
or 8,750,000 cu. ft.
per Hr.

T.5% Used Here
or 1,700,000 ca. ft.
per Hr. For Spare Steam
Blower, Pressure and
other Pumps, steam for
Gas Prod. heating of
bldgs, ete.

Fig. 24,

H
Total B.F.
. 1

2.5%0 Used Here and;,
in Primary Washers,
or 600,000 cu. ft.
per Hr.

12.50%/0 Used Here or 2,500,000
cu, ft. per Hr. 250 used for
auxiliaries for Blast Furnaces
themselves (in gas engines) or

Remaining 4500 available for
other purposes or 10,000,000 co.
ft. per Hr. Equivalent to 11_0-1;
000 B.H.P. (in gas engines) wit

€00,000 cu. ft. per Hr. Total for
furnace operation 13 per cent.
or 3,400,000 cu. ft. per Hr.

Diagram for blast furnace gas.

¥ d
gas at 80 B.T.U. per cu. ft. an
10,000 B.T.U. per B.H.P. bour
gas consumption.
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THE FINK SMELTER.
By W. C. EBAUGH.

Much interest has been aroused in metallurgical circles
by the test made with the Fink smelter at the Boston Con-
solidated Company’s plant at Garfield, Utah. The suc-
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shape of truncated cones placed base to base, connected at
one end with the central flue and at the other with a chimney.
In the plant at Garfield, which is estimated to have a daily
capacity of one hundred tons, these cylinders are nine feet
in length, nine feet in maximum diameter, and taper to seven
feet at the ends. The lining reduces the maximum internal

cessful operation of the ex-
perimental furnace during its
trial run—when concentrates
containing about twenty per
cent. of copper were reduced
to blister copper in a short
space of time—has led the
more enthusiastic and hope-
ful smeltermen to assert that
a revolution in the treat-
ment of fines has been ef-
fected, and that many prop-
erties that cannot be oper-
ated at a profit under present
conditions will be made of
value through the introduc-
tion of the new process of
smelting. Whether these
claims are too extravagant
can be determined only after
operations have been carried
on under commercial condi-
tions upon a larger scale.
As shown by the accom-

ity A T

panyingillustrations the Fink L L
plant consists essentially of
two large rotating compart-
ments, lined with refractories, between which is a flue for
the passage of the gases from one compartment to another,
as well as the openings for the introduction of the fuel.

Fig. 1.—The Fink 100-ton smelter at Garfield, Utah,
Photograph by C. W. Higgins,

Courtesy of Sall Lake Mining Review.

diameter to about seven feet. Each end of the cylinder has
an opening three feet in diameter. These cylinders are
rotated by friction on trunnion wheels, but in future installa-
tions it is planned to have direct gear drives in order to

These smelting compartments or cylinders are made in the

avoid slipping.

The fuel is introduced
through cast iron, muffle-
shaped pipes that can be seen
below the central flue. Either
crude oil or powdered coal
can be employed, and as a
matter of fact the Garfield
plant was built to be run with
oil, but failure to obtain a
supply at the time of the test
resulted in a modification of
the feeding mechanism so
that powdered coal could be
used, and this fuel was found
to be satisfactory. Whenitis
remembered that coal and
coke for smelting purposes
are necessarily expensive, be-
cause of the high grades re-
quired, it is evident thata fur-
nace that can use slack coal
(either anthracitic or bitumin-
ous), crude oil or even sawdust

Fig 2.—Front view of the new Fink smelter.
Photograph by C. W. Higgins, Courtesy of Salt Lake Mining Review.

as a fuel has a distinctadvan-
tage over the ordinary smelter.
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Through the top of the central flue, tuytres, that reach cylinder is then rotated, and the gases from the smelting
into the charge in the cylinder, can be introduced. These operation going on in the other cylinder are led con-
tuytres are provided with magnesia tips and are water- secutively through the middle flue, the cylinder with the
jacketed. Screw conveyors carry the charge from the bins fresh ore, a dust chamber, and thence to the stack. No
through the walls of the stack compartments at the ends fuel is required directly for the roasting, the sulphur from
the ore and the heated gases
from the other cylinder suf-
ficing. At the proper time
the charge in the other cyl-
inder is removed, and the
now roasted ore, in the cyl-
inder with which the explana-
tion was started, is ready to
be reduced to matte. Burn-
ing fuel is blown into the
cylinder, the particles of ore
in the finely divided condi-
tion are quickly reduced to
matte, and ordinary slag is
formed. Care must be taken
to regulate the composition
of the charge properly and
to stop the operation at the
right time. If it should hap-
pen that the blow had con-
tinued too long some fresh
ore or flux could be intro-
duced and restore the charge
to its desired condition. This
factor of ease in regulating
the various operations in the
cylinder is considered as an-
other advantage of the process. Slag is tapped through one
of the three tap holes along the middle line of the cylinder,
, matte or metal and the remaimng matte is bessemerized by having the
r the mventor kas = e prnc tuyeres introduced through the top of the central flue,
through the hole at the end of the cylinder and directly

§
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into the molten matte. A silica flux is added to the matte
to flux off the iron, thus avoiding the excessive corrosion
of the lining of the cylinder. FEither a high grade of matte
(white metal) or bullion can be made at will. At the end
of the blow the finished product is tapped off into molds,

and the superincumbent slag, which will contain more or’

less copper, is retained to be worked up with a fresh charge
of ore.

The tests carried out with the Fink process have been
declared successful. Samuel Newhouse, whose word con-
cerning metallurgical and mining matters carries weight,
is quoted in the press as follows: “You are now at liberty
to say for me that the Fink process of smelting ores is a
demonstrated commercial success. You can make the
statement just as strong as you like. * * * ‘There
is no question of its amounting to a revolution in the art
of smelting; it is a triumph in the science of metallurgy
that must command world-wide attention. The process
will be the means of making mining profitable in hundreds
of places and under innumerable conditions where and under
which profit-making is now impossible.” (Signed inter-
view by Samuel Newhouse in the Salt Lake City Herald
of January 18th, 1909.)

The advantages claimed for the process are: (1) that
fines and concentrates can be smelted without preliminary
treatment; (2) economy of fuel, for roasting is carried
on by the aid of waste heat from the smeltixig operation,
and either slack coal or crude oil can be used as fuel; (3)
prevention of the loss of fines, for the green ore is not sub-
jected to a blast while it is dry, but is run into the residual
converter slag from a preceding operation; (4) complete
conversion of ore into metal without removal from one
compartment; (5) convenience for use in either intermittent
or continuous smelting, thus adapting it to the small producer
and to places where the ore supply is irregular; (6) repeated
use of the furnace without relining; (7) low cost of installa-
tion.

Opposed to these advantages one must consider the fol-
lowing objections to the process: (r) its inability to com-
pete with present blast furnace and reverberatory prac-
tice in handling large tonnages of ore obtainable in a regu-
lar supply; (2) that the desirability of trying to carry out
three different such operations as roasting, smelting and
bessemerizing in one piece of apparatus is open to ques-
tion; (3) the possibility ‘of obtaining clean slags without
using some form of settler; (4) that the introduction of
raw ore into a cylinder containing a mass of bessemer slag
would result in a loss of roasting efficiency. ;

Until long runs are made under conditions that approx-
imate those that are encountered in practice, judgment
as to the cost of operation cannot be made with accuracy.
It is said that such tests are to be carried out as soon as pos-
sible at Garfield and at the Cactus plant of the Newhouse

Mines and Smelters Company.
UNIVERSITY OF UTAH,
January 29, 1909.

QUOTATIONS.

(From Schimmel's Semi-Annual Report—Fall 1908.)
PEPPERMINT OIL, AMERICAN.

We have again received a detailed report from our New
York branch, whose expert has visited this year; as usual,
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all the peppermint districts. We abstract the following
from this interesting information:

(1) WAYNE COUNTY, NEW YORK,

The area cultivated with peppermint is this year con-
fined chiefly to the districts of Arcadia, Lyons, Sodus, Marion
and Palmyra, while Williamson, Junius and Galen, as
shown below have only very small plantations. The cul-
tivation continues to decline from year to year, as all hopes
of a permanent revival of the peppermint oil prices have
after the experience of the last few years, been abandoned
almost everywhere, and it is found more remunerative to
grow wheat, buckwheat, sugar-beets, beans, or peas on the
fields, and lately also willows for the manufacture of bas-
kets. The bulk of the peppermint harvest this year is two
years old, and experience shows that the quality of the
oil in such case cannot exactly be called first-class. No
less a quantity than 20,000 lbs. peppermint oil from last
harvest is still unsold in the hands of the farmers, who
are reported to be determined to hold back also the bulk
of the new product, if better prices than in 1907-8 cannot
be obtained this season.

The area under cultivation is made up as follows:
‘This year's (1908) Last year’s (1907).

Williamson,...... 2  acres 4 acres
Marionsies s vie 10 L 40 it
Palmyradtaaaing 133 18 S
Sodusiiem s 13 : 202
Arcadiasitoli L 43 o 113 &
Junimst s sTes 3 2 11 <
Galen s iiSiaess 6 : 10 e~
LYONS S s e 31 e 40 <
12112 25612

The falling off in the cultivation is clearly shown by these
figures.!
The result of the distillation of the whole area may be
probably taken as follows: :
121 %4 acres at 30 Ibs. average........cciiveanss 3645 Ibs,

257 34 acres at 12 1bs. average......veessesnsa 3090 Ibs,

6735 1Ibs.
Add to this stocks amounting to about........ 23000 1bs.
Makes a total available quantity of about...... 30000 1bs.

It follows that in spite of the great shortage in the cul-
tivation, there will be no scarcity of this oil, for the above
quantity may be described as absolutely normal.

(2). MICHIGAN AND INDIANA.

In these districts also the distillation has to fall back
chiefly on peppermint of last year's growth, as, owing to
abundant rains in the spring, new plantations could be
laid out only in a very few places. On the whole the fields
are very weedy, so that the distillation material also leaves
much to be desired. The stocks of 1907 oil are here also
very considerable; our informant speaks of about 46,000 1bs.,
while others even mention 75,000 lbs. as having been held
back by the farmers. The harvest is rather late this year,
so that a second cut was out of the question.

The production of this year may bring the stocks still
on hand to a quantity which approximately equals that
available last year—as is the case in the state of New York—
but the opinions of individual observers differ considerably
on this point. Owing to the low prices the farmers'in Mich-

1 Comp. Report, Oct., 1907, 69,



220

igan and Indiana have also resolved to grow very little
peppermint next year, or none at all.

The following areas are under cultivation:

This year’s (1908). Total area (1907).

Michigan—

: Berrien Coitess vreiatis v 281 acres 1401 acres
Sti]osephCo T Easiinees 25055 1020 **
BranchrCo e N (R3S 21558
Kalamazoo Co....uvviinss 25 TS5
Van Buren Co  ...i..... 12550 920 **
Allegan Co Sy 195 1685 *
Eaton Cotse s s 30522 7355w
Cass: Co s e o her 45:0058 18555

Indiana—
SolthieB end ettt 200
Mishawakai,i:yeaioviaes 130880 585
OSCe0laTre s kv ot et alateity rE et 450 %
1220 acres 7471 acres

The peppermint oil trade in the United States has suf-
fered during the last few months from severe depression;
the general state of business was little inviting to specu-
lative enterprise, and a large number of the well-to-do
farmers having, as already stated, made up their minds
not to dispose of their oil at the present low prices, the
market was as quiet as possible. Only a very few transac-
tions took place; and, contrary to what was usual in former
years, it happened very rarely that any large parcels changed
hands repeatedly already on the American market. For
this reason it is all the more surprising that the European
trade in this article during the last half-year was excep-
tionally brisk.

BOOK REVIEWS AND NOTICES.

A Short Pharmaceutic Chemistry, Inorganic and Organic.
By I. V. STANLEY StTaNIsLaus, M.S,, Ph.D., Professor of
Pharmacy and Organic Chemistry and Dean of the School
of Pharmacy of the Medico-Chirurgical College of Phila-
delphia, and CraruEs H. KiMBERLY, B.S. (in Pharmacy),
Ph.D., Professor of Applied Chemistry in the School of
Pharmaceutic: Chemistry of the Medico-Chirurgical Col-
lege of Philadelphia. Second Edition, P. Blakiston’s
Son & Co. Philadelphia. 1908. 610 pages. Price,
$2.50 net.

The authors of this book are teachers in a school of
pharmacy and presumably have had in mind the needs
of students in schools of this class. It must be admitted
that the presentation of the elements of chemistry to begin-
ners in such schools is a difficult matter, as the young peo-
ple usually enter upon their work with a relatively low
“intellectual equipment. Books for their guidance should
be simple and clear, and need not be very extensive in scope.
The aim should be to impart a knowledge of principles,
rather than to present a great array of facts, however inter-
esting and important the latter may finally appear. In
the presentation of facts the book before us has gone far
enough, possibly too far. But in the proper presentation
of the foundation theories of general chemistry it is, in the
opinion of the reviewer, very weak. The absurd para-
graphs headed ‘“The Ionic Theory” (p. 178) and “Physical
Chemistry and Electro-Chemistry” (p. 179) are good il-
lustrations of the authors’ acquaintance with modern chem-
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istry. Such awkward statements as this (p. 18) are not
uncomimon:
H,0 + electrolysis = H, + O.

Acids are treated as a group, without regard to their
composition, and hence we find (p. 68 to 71) this order
of paragraphs: nitrous acid, nitric acid, hydrocyanic acid,
hypophosphorous acid, metaphosphoric .acid, hydrochloric
acid, nitromuriatic acid and the chlorine oxyacids. On
the following pages we find dibasic, and then tribasic acids
in a similar order. :

The authors seem to feel more at home in the field of
organic chemistry as they devote much space to wonderful
graphic formulas. These look well in print, and impress
the student. But think of the graphic formulas for chrys-
amine, Biebrich scarlet and crystal violet for beginners !!!
(pages 447 and 466). Of any proper appreciation of logical
system there is but little, while ambiguous and inaccurate
paragraphs like the following are common enough: “Sub-
stances which give reactions of two classes of substances
are termed ‘tautomeric’” (p. 395). On page 483 we find
this bit of wisdom: ‘‘Benzoic acid is used as a preservative
in foods, but its use should be prohibited, in that it is con-
verted into phenol by the liver and acts as a systemic poison.”

The book is full of typographical errors, some of which
are listed in a table. But enough blemishes are left to
condemn it, even for the overworked and not very particular
pharmacy student. J. H. LONG.

Chapters on Papermaking. Vol. V. CrLAyTrON BEADLE.
London: Crosby, Lockwood & Son. 1908, Small 8vo.
pp. 182.

The present volume which is the fifth in the valuable
series of which Mr. Clayton Beadle, the well-known English
authority on papermaking, is the author, concerns itself
with the theory and practice of “beating,” which operation
is aptly termed ‘‘the very centre of papermaking.” The
work of tte Hollender or beating engine in opening out, bruis-
ing and shortening the fibers which are later to form the
sheet and which have already undergone the preliminary
mechanical and chemical processes of purification, is per-
haps the most important operation in the whole art of paper-
making, and the one which demands, if fine papers are to
be produced, the highest degree of intelligence and dis-
crimination in its direction. It is in fact a mill proverb
that the paper is made or spoiled in the beater. In view
of this it is a matter of surprise that papermakers generally
have given so little attention to the underlying principles
of this portion of their art and a subject for congratulation
that so capable an investigator as Mr. Beadle has now de-
voted himself to their consideration. The volume in which
his conclusions are recorded should be in the hands of every
papermaker, and in the library of every chemist whose
work has to do with papermaking. The studies, by dyna-
mometer and direct-connected motors, of the amounts of
power consumed by different types of beater during the
several stages of the operation, are of especial interest even
though their general application is necessarily limited by
the great extent to which the several factors concerned in
the problem may vary in different mills.

The advantages offered by stone beater rolls, so largely
used abroad in the preparation of stock for grease-proof
and translucent papers, have never been appreciated in this
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country. The relative merits of stone rolls and metal
bars are here discussed at length. Attention should also
be called to the studies of the length and condition of fibers
at different stages of beating, and to the methods described
for ascertaining the suitability of beaten stock for dense
or bulky papers as the case may be by determination of its
“wetness."”

Although the text of this new volume is deserving of
much praise, the same cannot be said for the illustrations
which accompany it. These are generally of too small
scale and from plates so worn that the impression is ragged
and indistinct. A number of equally unsatisfactory pho-
tomicrographs of fibers are reproduced.

ARTHUR D. LITTLE.

The Methods of Textile Chemistry. By FREDERIC DAN-
NERTH, New York: John Wiley & Sons. 164 pp. Price,
$2.00.

From its title-page this little volume purports to be “the
syllabus of a lecture course adapted for use in textile labora-
tories.”” By the latter term the author doubtless intends
to signify the laboratories of textile schools rather than
the general sense of laboratpries in textile establishments,
as these would scarcely permit of the delivery of a lecture
course. The volume, though rather sketchy in character,
contains some valuable matter, and in many cases is nicely
systematized. In other cases, however, it rather states
the problem than attempts to solve it; for instance, in a
section on the ‘“‘detection of mordants on the fiber,” the
author states that “the ignition method is found to be pref-
erable. * * *  The ash may contain aluminium,
chromium, iron, manganese,” etc., etc., but the student
is left in the dark as to how these various substances may
be detected. Further, “phosphates are detected by means
of the ammonium molybdate reaction,” but no hint is given
as to what this reaction is or how it is carried out. Again,
“tin compounds are looked for in the ash as given above;”
on looking “above” we find the only reference to be ‘“the
ash may contain tin.”” In another section on the ‘“‘detec-
tion of sizing on a fabric,” the student who seeks for in-
formation on the subject is met by the rather unexplana-
tory statement that the ‘“metals which may be present
are magnesium, calcium, and zinc.” No attempt is made
to furnish a method for the proper detection of these sub-
stances. In the same section we are told that Irish moss
may be detected in a sizing by the fact that it “gives no
precipitate with the usual reagents”—a rather hopeless
state of affairs. If the author had taken the pains to de-
scribe the ““methods” which the title of the book would
suggest, it would have far more value, but in the majority
of instances, he merely states conditions or problems, and
offers no method for their solution.

Another feature in this book, which we also believe to
be common to many books of its class, is the mixed nature
of the spelling employed. In some places we find “aniline,”
in others “anilin;’ the author insists on “benzin” and ‘di-
phenylamin,”” but also gives us “chlorine,”* “jodine,” etc.
fl'his is a transition period in the question of spelling chem-
ical names, but an author should adopt either one .side or
the other, and adhere to it rigidly—or at least throughout
one book.

On page 86, of this book, the figures given for the strength
of cotton yarns would lead most readers astray; for instance,
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under 40’s twisted American yarn, the average number
of fibers in the cross-section of the yarn is given as 100,
the strength of each fiber is stated as 140 grains; hence the
calculated strength of the yarn is 160 pounds (sic). To
the uninitiated this seems a rather remarkable calculation;
though some solace is furnished in the further statement
that the actual strength is only 36 pounds, yet even this
figure would indicate that the 100 fibers acquired a mar-
velous increase in strength when spun into yarn. The
author has omitted to state that the calculated and actual
strengths of the yarn are based on a lea of 8o threads.
J. MERRITT MATTHEWS.

Part I, Calendar; Part II,
Berlin: Published by the

Tonindustrie- Kalender, 1909.
pages 406; Part III, pages 212.
Tonindustrie-Zeitung. i
The first part of this work is merely a calendar, with

spaces and blank pages for memoranda, and is satisfactory
for the purpose, except that it might be just as well to omit
the bright green pages devoted to advertising matter dis-
tributed indiscriminately through the volume. The third
part consists of a classified book index and also contains
an index of machinery manufacturers and dealers in ma-
terials of interest to the clay industries. The second part
contains a large amount of information in connection with
the raw materials, manufacture, analysis and testing of
materials and products of the clay industries, a useful
pocket companion to either the chemist or superintendent
in the ceramic industry. W. D. RICHARDSON.

American Handy-Book of the Brewing, Malting and Auxil-
iary Trades. By RoBErT WaHL and Max HEN1us. Third
edition. Two volumes. 12mo, flexible leather. pp. 1596.
Chicago: Published by Wahl-Henius Institute, 1908.
Price, $12.00.

This is a compendium of general and special information
for the use of brewers. The first edition was published
in 1901, the second edition in 19o2. In the present edition
several new chapters have been added and most of the old
have been entirely rewritten with a view of bringing the
work down to date. Volume I takes up the following sub-
jects: Physics, Mechanics, Electricity, Power, Lubricants,
Mensuration, Weights and Measures, Mathematical Tables,
Chemistry, Brewer's Chemical Laboratory, Botany, Micro-
organisms, Brewer’s Microscopical Laboratory, Legal Re-
lations and Bibliography. In the chapter on Power, the
following divisions are covered: steam boilers, combus-
tion, pumps, steam engines, steam turbines, gas engines,
transmission of power, air compressors, refrigeration, heat-
ing and ventilation, and dynamic electricity. Volume II
takes up the malting and brewing processes proper, as
follows: Brewing Materials, Barley, Malthouse, Malting
Process, Brewery Buildings, Brewery Outfit, Diastase and
Peptase, Yeasts, and Fermentation, Pure Yeast Culture,
Brewing Operations, Utilization of By-products, Brewery
Calculations, Beer Standards, Miscellaneous Information,
Dictionary of Technical Terms in German and English.
Under Brewing Operations are to be found the following

subdivisions: fermenting cellar operations, special brewing

systems, special American bottom-fermentation beers,
production of thick-mash beers in Germany and Austria,
chip-fermentation beers in the United Kingdom, America
and Germany; combination of various beers, brewing losses
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from malt mill to platiorm, bottling of beer, treatment
and protection of surfaces, and treatment of boiler water.
The work is all the name implies and in point of usefulness
may be compared to Kent in the engineer’s library, or to
Chemiker-Kalender and Lunge’s pocket book, in the chem-
ical laboratory. The printing, paper and binding are ex-
cellent and the index comprehensive. W. D. RICHARDSON.

Handbook for Cement Works Chemists. Frank B. GATE-
HOUSE. J. B. Lippincott Co.: Philadelphia. Price, $1.75.

The author is chemist to the Dartford Cement Works,
England. It is a work intended to serve a double purpose,
namely, a guide to chemists without extended experience
and at the same time a valuable reference book for the
experienced chemist. C. N. WILEY.

Factory Glazes for Ceramic Engineers. By A, WEesT, Riding
Expert, E. and F. N. Spon, Ltd., 57, Waymarket, Lon-
don. Price, 42 s, net, :

Glazes for the temperature “of the soft porcelain kiln,”
using the following constituents: feldspar, Cornish stone,
whiting, barium carbonate, oxide of znc, china clay, and
flint. Unfavorably reviewed in Brit. Clayworker, 17, 241-2.

H. E. ASHLEY.

An important volume upon “The Design, Construction
and Maintenance of Sewage Disposal Works,” by Hugh
P. Raikes, has recently appeared in England. (D. Van
Nostrand Company, New York.) The problem of Sewage
Disposal is one which is receiving necessarily much atten-
tion in this country, and which is certain to be an increas-
ing factor in the well-being of all thickly settled communities,
This work, therefore, of Mr. Raikes is a valuable manual
and as it is a practical and complete treatise it will certainly
demand the attention of our civil engineers generally as
well as the municipal officers of our towns and cities. It
forms an § vo. volume of over 400 pages, well illustrated,
and price, $4.00, net. .

Dr. George E. Lunge, the well-known author of the standard
work on “Sulphuric Acid, Ammonia,”” etc., which has been
translated into English, also author of “The Alkalies Makers’
Hand Book,” in collaboration with the late Dr. Ferdinand
Hurter, has recently prepared a new and revised edition
of this latter work under the title of the “Technical Chem-
ist's Hand Book.” Practically, this may be stated as an
entirely new work, inasmuch as the additions and the general
revision have been so extensive and thorough. A more
complete treatment of the subject matter was published in
the German, in 1004-3, and a translation of this, edited
by Dr. Chas. A. Keane, is in course of publication under
the title of “Technical Methods of Chemical Analysis,”
of which volume 1 (in 2 parts) has appeared (price, $15.00).
The publishers in this country of these works are “The
D. Van Nostrand Company.”

Prof. S. P. Thompson has in preparation a new book on
“The Electric Production of Nitrates from the Atmosphere.”
There are no important works on the subject at present and
the new volume will be welcomed by the many engineers
and chemists interested, especially as Prof. Thompson has
taken a foremost part in the investigations carried on along
this line. Two German works have previously appeared
on this subject: Donath and Frenzel, Dic fecknische Awus.
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nuizung des Aimospharischen Stickstoffs, 1907; and Vageler,
Die Bindung des Atmosphdrischen Stickstoffs in Natur und
Technik, 1908.

Salter’s translation of Gregorius’s Manual on ‘“Mineral
Waxes,” is somewhat important as the very scanty litera-’
ture, at least in English, on the subject is apparent. " The
manufacturing industries, however, in the line of paraffin,
ceresine, and more recently mineral wax, rank among the
important branches of technical chemical production, and
therefore this work will probably prove of value to all those
engaged in such industry. Price is $3.00, net.

NEW BOOKS.

Anleitung zur mikrochemischen Analyse der wichtigsten
organischen Verbindungen. By H. BEHRENS. (4 Hefte)
Heft 2: Die wichtigsten organischen Faserstoffe. 2. Aufl.
Hamburg, 1908. 8vo. mit 3 Farbendrucktafeln u. 20 Fig-
uren, Price, M. 5.

An Introduction to Pharmacodynamics Based on the Study
of the Carbon Compounds. By F. F. and J. M. BrRICK-
DALE London: Edw. Arnold. 1908. pp. 372. Price,
$4.

Traité d’Analyse chimique quantitative.
Huitiéme édition frangais.
Lib. Masson et Cie. Paris.

By R. FRESENIUS.

1652 pp. 430 fig. 18 fr.

1909.

Handbook for Cement Work Chemists, By F. B. GATE-
HOUSE. Philadelphia: J. B. Lippincott Co. Price, $1.75.

Laboratory Outline for Determinations in Quantitative
Chemical Analysis. By ArLBeErr F. GILMAN. 1908.
Easton, Pa.: Chemical Publishing Co. Price, goc. net.

Text-book of Medical Chemistry and Toxicology. By J. W.

Horranp. Saunders. Price, $3.00 net.
Die Pharmokologie eine biologische Wissenschaft. By
C. Jacosr, Leipzig. 1908. 8. Price, M. 1.50.

Agenda Dunod pour 1909: Chimie a ’usage des Chemistes
et Ingenieurs. By EMILE JAVET. 400 pages de

texte et 128 pages blanches pour notes. 2 ir. 50. Lib. H.
Dunod et E. Pinot, Paris, 1909.

Die Chemie im tiglichen Leben. By Lassar-Conn. Gemein-
verstindliche  Vortrige. 6 Aufi. Hamburg. 1908.
8% 352 Ss. 24 Fig. Price, M. 4.

L’Evolution souterraine. By E. A. MARTEL. Pars: E.

Flammarion. 388 pp., 8o fig.

Notes on Qualitative Analysis; for Students of the Rens-
selaer Polytechnic Institute. By W. P. Masox, 5th ed.
57Pp., tabs. Easton, Pa.: Chemical Publishing Co. Price,

Soc.

Text-book of Quantitative Chemical Analysis. By J. C.
OLsEx. New York: D. Van Nostrand Co. 3rd ed., rev-
1908. (D 12) c, 1ll, tabs,, 8° Price, $4.00.

Thermoelemente und Thermosiulen. By DR. FRANZ PETERS.
Ihre Herstellung und Anwendung. Halle a. S: Verlag

von Wilhelm Knapp. 1908. Pp. 180.

Synthdse et constitution des albuminoides. By Eio.
Pozzr-EscoT. 110 pp. 1 fr. 30, Lib. Paris: Jules
Rousset. 1908,
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Some Electro-Chemical Centres. By J. N. PriNG. Man-

chester: Sherratt and Hughes, University Press. 1908.
8° 136 pp. Price,1s. 6d.
Préparation mécanique des minerais. By C, RATEL. Paris:

1908. gr. in-8
Price, M. 18.80.

Laboratory Notes on Industrial Water Analysis. By ELLEN
H. RicHarDS. New VYork: John Wiley & Sons, 1908
(1909). c. 3449 pp. tabs,, 8°, cl. Price, s0c.

Laboratory Guide of Industrial Chemistry. ALLEN ROGERS.

574 pp av 11 planches et 190 figures.

New York: D. Van Nostrand Co. c.il. tabs., 8°. Price,
$1.50 net.

Laboratory Manual of Qualitative Analysis. By W. SEGER-
BLOM. London, 1908. 8° Price, $1.00.

La Chimie dans Part militaire  moderne. By SERRANT-
BELLENOUX. 1 vol. in-8°% 131 pp. 2 fr. 50. Paris:
Lib. H, Desforges. 1908.

Story of Iron and Steel. By J. R. Smira. London, 1908.

8°, 206 pp., with figures. Price, 75¢.

Factory Glazes for Ceramic Engineers: A West Riding Expert.
By E. anp F. N, Sepon. Ltd.,, London. Price, 42 s. net.

Practical Metallurgy. By ‘THOMAS
Charles Griffin & Co., Ltd, 1908,

Cyanide Processes. E. B. WiLsoN. 4th ed. New York:
John Wiley & Sons. London: Chapman and Hall, Ltd.
1908,

TUurRNER. London:

SCIENTIFIC AND INDUSTRIAL SOCIETIES.

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS.

Abstracts of papers read at the Pittsburg meeting Dec.
28 and 29, 1908, in complete form for publication in the annual
volume of the Institute.

Modern Electric Pyrometry.

By EpwiN F. NORTHRUP.

This paper gives a discussion of the various conditions

under which electric pyrometers could be used and the
accuracy of temperature measurements which could be
obtained from the temperature of liquid air to 1200°C.
The resistance thermometer is more accurate and reliable
.than the thermocouple. Between 1200°-1600° C. the plat-
Inum plus 1o per cent. rhodium thermocouple will take
its place. The accuracy even at 1200°C. is within 2 to 5
per cent.,, while ordinary temperatures can be registered
to 100th of a degree.

But few chemicals or manufacturing processes are inde-
pendent of temperature changes which vitally influence
the money value of the product. It is impossible to obtain
an accurate control of the temperature of the processes
fVithout some form of pyrometer or other temperature measur-
ing device.
feﬁabﬂity is usually due to improper usage in the hands of
Inexperienced operators, to uses at ranges other than that
fO_r which they are intended, or to cheap and unreliable
Wiring systems. The resistance pyrometer is superior to
the thermocouple for temperatures from that of liquid air

The objection to pyrometers of apparent un- -
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to 1200° C. because of the greater available energy obtained
from a battery.

No fixed design for pyrometers is possible, each manu-
facturer requiring instruments designed according to his needs.
Any number of thermometers may be read by a single in-
dicator at a convenient location or the record of any instru-
ment may be kept on an automatic recorder which is ac-
curate and reliable.

A few of the extensive uses to which pyrometers may be
put are air temperatures, lead kettles, steel annealing furnaces,
sulphur acid manufacture, etc. The principles and con-
struction of electrical pyrometers is well understood and
obtaining successful and accurate results now depend on the
intelligence used in their installation and operation.

The Use of Pulverized Fuel for Heating Industrial
: Furnaces.
By RICHARD K. MEADE, NAZARETH, PA.

This paper discussed the advisability of using pulverized
fuel in place of producer gas for heating metallurgical and
industrial furnaces. It also called attention to the pre-
cautions which are necessary to guard against explosions
and fires in the preparation of pulverized fuel. The various
forms of dryers used to free coal from moisture, of the mills
used to pulverize the fuel, the apparatus employed for in-
jecting the coal into the furnace were described and illustrated
with lantern slides. The paper closed with an estimate
of the cost of a model fuel plant and some views of particularly
up to date installations. g

The Examination of Flue Gases in Boiler Tests.
By H A. HUNICKE.

It was shown that .he ° w.ygen cqu vaent, which the
authors define as \he sum «f the voh mes of oa ren, car-
bonic anhydride and carbonic cxide ¢ rrected to their re-
spective equivalent volumes of vxygen is a convenient
means of studying combustion phenomena. The data of
the Fuel Testing Plant of the United States Geological
Survey are plotted on a chart and discussed. The author
concludes that for the present we cannot hope to gain much
more information from the flue gases than that most valuable
instrument, the carbonic acid recorder, already reveals.

An Apparatus for Testing Liquefied Ammonia Gas.
By F. W. Frericus, St. Louls, Mo.

A review was given of the apparatus now in use in the
United States and in Europe. It was pointed out that one
sotirce of error inherent in some of the apparatus arose from
the moisture contained in the atmosphere, which could not
be excluded from the sample. The new apparatus excludes
this error entirely and its accuracy was demonstrated by
repeating the experiments of Lange and Heflter (Chemische
Industrie 1898, p. 2) with liquefied ammonia gas of greatest
purity and also with mixtures of this ammonia with known
quantities of benzole, pyridine, alcohol and water. The
liquefied ammonia gas used in these tests had been made
from sulphate of ammonium previously purified from all
volatile carbon compounds. For this reason it was certain
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that no carbon compounds like benzole pyridine, alcohol,
etc., could be present and the amount ..[ water was ascer-
tained (by treatment with metallic sodium and measuring
the hydrogen evolved) to be less than 0.0029%. The average
of the five analyses made in the new apparatus of this am-
monia showed it to leave upon evaporation a residue of not
more than 0.00175% consisting principally of water, iron
oxide and lubricating oil; while Lange and Hefiter, using
Urbans method, have worked sith liquefied ammonia gas
leaving upon evaporation 0.2%; of a non-volatile residue.

Evaporation test of pure liquefied ammonia gas containing
known quantities of benzole,” pyridine, ethyl alcohol or

water.
Addition evaporated

Lig. NH;, Addition, by Urban. by E. F.

Substances present. grams. grams. Per cent. Per cent.
CeHg and CgHN... 99.0 1.0 00 15
Benzole. iveeoavase 98.5 1.5 41 39
Pyridines i iivec. 99.0 1.0 33 24
Ethyl alcohol... .. 99.0 1.0 20 17
AR T 98.9 1.1 17 11

Used ammonia, leaving upon evaporation 0.2 none
The limit of accuracy of testing with the new apparatus
has been ascertained to be as follows:
For water 0.002%; For alcohol 0.006%,

For pynidine 0.009% For benzole 0.110%,

PERSONAL NOTES.

On Feb. 13, in the Academy of Music, Philadelphia, the
degree of L.L.D. was conferred on Mr. Swank by Temple
University. This honor was conferred on Mr. Swank as
a recognition of his great service to the business interests
of the country and also as a tribute to his literary attain-
ments as shown in his books including “Iron in all Ages,”
“Notes and Comments’ and * Progressive Pennsylvania.”

S. B. Sheldon, General Superintendent of the Lackawanna
Steel Company, Buffalo, N. Y., has resigned and accepted
2 position with the Bethlehem Steel Co., Bethlehem, Pa.

Mr. Geo. F. Docons, Assistant General Superintendent,
has been appointed General Superintendent, Lackawanna
Steel Company.

Mr. Thos. Mathias, Superintendent of roils, has been
appointed Assistant General Superintendent, Lackawanna
Steel Company.

Jose Francisco de Navarro, founder of the Atlas Portland
Cement Co. at Northampton, died at his home in New York,
February 3rd, at the age of 71 years.

“Purification of Ground Waters Contsining Iron and
Manganese” is the title of a paper by Robert Spurr Weston,
who IS employed by the Board of Water Commissioners,
Reading, Mass. The article is reported in Engineering
Record of Feb. 3rd, and was read before the meeting of Amer-
ican Society of Civil Engineers at their December meeting.

Mr. G. L. Norris, after a long service with the Standard Steel
Works, Burnham, Pa., as chemist and engineer of tests, has
resigned to accept the position of engineer of tests with the
American Vanadium Company, 324 Frick Building, Pitts-
burg, Pa,, works at Bridgeville, Pa.  Mr. Nortis in 1800 was
First Asst. Chemist, Illinois Steel Company, South Chicago.
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INDUSTRIAL AND TRADE NOTES.

The Daily Consular Report of January 30, 1909, states
that Consul Paul Lang reports from Sherbrooke that as-
bestos has been discovered near Eastman, Quebec, and
that several companies have organized to develop the
new mines. The consul continues:

The Oriord Mountain Railroad is near these properties,
and a spur will be built from the main line to the mills,
which are already in course of construction. This dis-
covery is important, as bearing on the extent of the asbestos
fields in this province. The mines near Danville, Quebec,
some 63 miles from this new find, and at Thetford Mines,
Black Lake, and Broughton, Quebec, and several smaller
places on the line of the Quebec Central Railway, about
100 miles from Eastman, are now the only producers of
this mineral on this continent. [With the exception of
a small output in Vermont and a new mine in Georgia.—
B. of M.] The development of these new mines will induce
more thorough prospecting all over the eastern townships.

Representatives of the Millers’ National Federation met
in the Auditorium Hotel, Chicago, January 8th, to consider
means of obtaining the withdrawal of an order of the De-
partment of Agriculture against the bleaching of flour.
It is probable that Secretary Wilson will be asked to lay
the matter before a board of referees composed of milling
experts for final decision.

It was reported from Bisbee. Ariz., January 4th, that
work on the Calumet and Arizona smelters at Douglas was
progressing rapidly. The new 500 ton stack was working
over time and producing nearly 60 tons a day. All of the
old furnaces will be increased and will practically double
their present output. The furnaces are now 300 tons capacity
but this will be increased to 500 tons.

The production of copper in the United States during
1008, as compiled by L. C. Gaton, of the U. S. Geological
Survey, shows a considerable increase over 1go7. The
increase amounts to about 50,000,000 pounds, or between
5 per cent. and 6 per cent. more than the production of
1907, which was 8,996,491 pounds.

It is reported from Butte, Mont., that although no com-
plaints are made about the Great Falls smelter, the Amal-
gamated Co. is spending $500,000 there in building a stack
and dust chambers, for the purpose of saving flue dust and
arsenic, and rendening the sulphur fumes as little harmful
as possible. The stack was completed some time ago.
Itis hoped that it will save flue dust to the value of $180,000
per year. It is 506 feet high and has an outside diameter
at the top of 50 feet. The flue dust will be precipitated
by means of a new system consisting of a forest of fine wires
strung from the ceiling of the dust chamber. There are
1,300,000 of these wires and more than 1000 hoppers have
been built to receive the dust. The hoppers discharge
automatically into cars which carry the dust direct to the
reverberatory furnaces, where it is smelted. The tracks
under the great dust chamber resemble a freight-yard.
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For eleven months in 1908, Germany imported 147,114
tons of copper and exported 8,034 tons. The consumption
was 139,080 tons as against 105,317 tons for the same period
in 1907. Of the quantity consumed in 1908, 134,906 tons
were imported from the United States.

A new $2,500,000 steel company has been organized for
Chicago, with New York and Chicago capital. The plant
will be located at Chicago Heights and construction will
be commenced during the present month. The company
will be known as the Inter Ocean Steel Company and will
manufacture steel tires for locomotive wheels, car equip-
ment, rolled steel shells and other circular sections used
in mining machinery. It will be independent of the U. S.
Steel Corporation. The Board of Directors is composed
of: E. C. Converse, president Bankers' Trust Company,
New York; W. T. Graham, president American Can Com-
pany; Frederick H. Easton, president American Car &
Foundry Company; Julian Kennedy, engineer, Pittsburg;
John S. Runnells, vice-president Pullman Company, Chicago;
Arthur Meeker, Armour & Co., Chicago; Mason B. Starring,
president Northwestern Elevated Railway, Chicago; W.
V. D. Wright and W. L. Jacoby, respectively treasurer and
president of the new company.

Julian Kennedy, for many years general manager of
the Carnegie Steel Company at Homestead, Pa., and an
engineer famous the world over, is designing the plant.
There will be open-hearth furnaces and rolling mills included
in the equipment.

The second case against the Standard Oil Company of
Indiana was brought to trial before Judge A. V. Anderson
at Chicago, on February 23. This is the world famous
case, in which at the conclusion of the first trial, a $29,
000,000 fine was assessed by Judge K. M. Landis.

The work of the U. S. Geological Survey, as shown by
its 1908 report, shows it to be of the most diverse character,
ranging from that of the explorer and geographer making
surveys in interior Alaska to that of the mining engineer,
investigating gas and coal dust explosions and mine ex-
plosives, together with the considerable work of a purely
geological nature. The appropriations for the year amounted
to $1,782,770 and more than 150 parties were in the field.

The metal output of Utah during 19o8 had a value of
not much more than half that of 19o7. Several causes
contributed to this result. While the production held up
well, prices fell off to a large extent, and further difficulty
was caused by the closing of smelters by court order on
account of damage by smelter fumes to agricultural products
and stock. The copper production for 1908 was 74,000,000
Ibs. as against 98,800,000 Ibs. in 1907; the price for 1908
was 13 1/8 cents per Ib. as against 20 cents in 1907. The
total value for 1908 was slightly under $10,000,000 as against
$19,760,000 in 1907. Gold production dropped from 750,802
ounces, valued at $11,416,040 in 1907, to 250,000, ounces
valued at less than $35,000,000 in 1908. The silver produced
amounted to $17,204,100 ounces in 1907, which was valued
at $11,354,651; whereas in 1908 the production was about
10,000,000 ounces, of a total value of less than $35,000,000.
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The lead production dropped from 142,176,000 Ibs. in 1907
to 103,000,000 lbs. in 1908, and the value from $7,108,800
to about $3,350,000.

On January 25, there was formed at the Waldorf Astoria
in New York an organization of manufacturers of foods,
to oppose the use of chemical preservatives and chemicals
in foods. The organization is called the American Asso-
ciation for the Promotion of Purity in Food Products. Reso-
lutions were adopted, stating that since “‘certain reactionary
interests’” opposed to the enmactment of a national pure
food law are now opposing its enforcement and by concerted
action have been able to nullify in great measure some of
the important provisions of the law, the members will give
their moral and financial support and their undivided in-
fluence toward upholding ‘‘the proper and legitimate efforts
of the regularly constituted officials charged with the ad-
ministration of all laws looking to the elevation of the food-
producing interests of the country.

The total copper production in the United States during
1908 amounted to 868,996,491 ibs., an increase of 50,000,000
over 1907. Imports decreased about 13 per cent. and
exports increased about 30 per cent.

The output of petroleum in the state of California for
1908 amounted to 50,000,000 barrels, The Kern river
district produced 13,000,000 barrels; Coalings district 12,
000,000 barrels; Santa Barbara produced 9,000,000 barrels;
Fullerton 4,000,000 and Salt Lake 4,000,000. Other dis-
tricts run as follows: McKittrick, 3,500,000; Sunset, 1,500,
o0oo; Whittier, 750,000; Los Angeles city, 475,000; Mid-
way, 400,000, and Ventura, 300,000.

The total production of bituminous coal in the United
States amounted to 330,000,000 tons in 1908 as against
400,000,000 in 1907.

The report of the Food Referee Board, consisting of Dr.
Ira Remsen, president of Johns Hopkins University; Rus-
sel H, Chittenden, director of the Sheffield Science School
of Yale University; John H. Long, professor of chemistry,
medical school, North Western University; C. A. Herter,
professor of physiological chemistry, College of Physicians
and Surgeons, New York, and Alonze E. Taylor, professor
of pathology, University of California, and appointed last
March by the Secretary of Agriculture at the suggestion of
President Roosevelt, was handed to the Secretary January
23. The questions submitted by the President to the Board
were as follows: 1. Does a food to which there has been
added benzoic acid or any of its salts, contain any added
poisonous or other added delectorious ingredient which
may render the said food injurious to health? In large
quantities? In small quantities?

2. If benzoic acid or any of its salts be mixed or packed
with a food is the quality or strength of said food thereby
reduced, lowered, or injuriously affected? In large quan-
tities? In small quantities?

“To make this experimental inquiry as thorough as possi-
ble,” says the report of the board, “and to minimize the
personal equation, three independent investigations have
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been carried out: One at the medical school of Northwestern
University in Chicago, a second at the private laboratory
of Christian A. Herter of Columbia University, New York,
and the third at the Sheffield Scientific School of Vale Uni-
versity. '

“The same general plan of procedure was followed in
all three experiments. A certain number of healthy young
men were selected as subjects and during a period of four
months these men under definite conditions of diet, etc.,
with and without sodium benzoate, were subjected. to
thorough clinical and medical observation, while the daily
food and the excretions were carefully analyzed and
otherwise studied and comparison made on clinical, chemical
bacteriological and other data collected. In this manner
material has been brought together which makes possible
conclusions regarding the effect of small and large doses
of sodium benzoate upon the human system.”

The board says that the fact should be emphasized that
the results obtained from the three separate investigations
are in close agreement in essential features. The main
general conclusions reached by the board are:

First—Sodium benzoate in small doses (under o.5 gram
per day) mixed with food is not deleterious or poison, and
is not injurious to health.

Second—Sodium benzoate in large doses (up to 4 grams
per day) mixed with the food has not been found to exert
any deleterious effect on the health nor to act as a poison
in the general acceptation of the term. In some direc-
tions there were slight modifications in certain physiological
processes, the exact signification of which modifications
is not known.

Third—The admixture of sodium benzoate with food in
small or large doses has not been found to injuriously affect
or impair the quality or nutritive value of such food.

Dr. Wiley as the result of his experiments says' that “‘from
a careful study of the data in individual cases and of the
summaries of the results, it is evident that the adminis-
tration of benzoic acid, either as such or in the form of ben-
zoate of soda, is highly objectionable and produces a very
serious disturbance of the metabolic functions, attended
with injury to digestion and health.”

“These injurious effects,” says Dr. Wiley, “are evident
in the medical and clinical data which show grave disturb-
ances of digestion attended by phenomena which are clearly
indicative of irritation, naseau, headache and in a few cases
vomiting.”

In concluding, Dr. Wiley said: “Coming to the final
consideration of all these different phases of the subject,
there is only one conclusion to be drawn from the data
which have been presented and that is in the interests of
health both benzoic acid and benzoate of soda should be
excluded from food products. This conclusion is reached
independently of any consideration of the conditions which
it is alleged surround the processes of manufacture and
which result in the demands of manufacturers to be al-
lowed to continue the use of these substances. This is
a subject which must be discussed from an entirely different
point of view and has no bearing whatever upon the general
conclusions which have been reached, namely, that both
benzoic acid and benzoate of soda are bodies which when
added to foods are injurious to health”

! Bull. 84, Part 3, Bur. Chemistry.
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It is reported that the experiments thus far made in the
testing laboratory of the U. S. Geological Survey at Pitts-
burg, have shown that mine explosions can be minimized
or prevented by forcing steam through the air currents
produced by the ventilating fan of the mine. A miniature
mine was constructed at the testing plant, and the condi-
tions inside were made as nearly as possible like those in
a real mine with a quantity of dust in it. In the presence
of mine superintendents, foremen and engineers, steam
was turned into the dust-laden air of the miniature mine,
and it was found impossible to cause an explosion. Cold
dry air was then forced into the mine, and the explosion
took place almost instantly. The same experiments were
tried repeatedly, with the same results.

This use of exhaust steam was suggested two years ago
and put into effect by H. A. Kuhn, president of the Pitts-
burgh & Westmoreland Coal Co. Since resorting to this
measure as a precaution explosions have been unknown
in the Pittsburgh—Westmoreland mines.

Further tests by the government experts are to be made,
with the idea of trying out the theory in every known form.

On January 22nd President Roosevelt sent to Congress
a special message transmitting the report of the National
Conservation Commission, which was appointed by him
in June, 1908, to inquire into and advise him as to the con-
dition of the country’s natural resources. The report dis-
cusses lands, forests and waters. “The facts set forth in
this report constitute an imperative call to action,” says
the President in his letter of transmittal. ‘“The situation
they disclose, demands that we, neglecting for a time, if
need be, smaller and less vital questions, shall concentrate
an effective part of our attention upon the great material
foundations of national existence, progress and prosperity.”

He discusses the various recommendations approvingly,
and concludes with the suggestion that an appropriation
of at least $50,000 be made to maintain a national con-
servation commission. ‘““This is a very small sum,” he
says. “I know of no other way in which the appropria-
tion of so small a sum would result in so large a benefit to
the whole nation.”

On Jan. 18th, the Supreme Court affirmed the judgment
of the Texas courts imposing a fine aggregating $1,623,900
on the Waters-Pierce Qil Co. for violating the anti-trust
laws of that state.

The National Tube Co. of Lorain, Ohio, have completed
their new open-hearth plant of seven furnaces.

The new rail mill of the Indiana Steel Co. at Gary was
tried out Jan. 17th, and rails were produced from steel sent
irom the Illinois Steel Co. at South Chicago.

The Illinois Steel Co.’s plant at South Chicago has nearly
resumed full capacity. Blast furnace No. 10, idle since
Nov., 1907, was blown in Jan. 31st. Blast furnace E, idle
since Jan,, 1908, was blown in Feb. Sth. The steel mill
and rail mill, idle since Dec. 31st, 1908, were started again
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Feb. 8th. Cement plant No. 2, located at South Chicago,
idle since Sept. 1908, started producing again TFeb. 1st.

It is reported that a new $200,000,000 organization,
the North American Portland Cement Company, which
includes plants with an output of nearly 40,000,000 barrels,
has been formed.

A bill was introduced in the House of Representatives,
sixtieth congress, first session, by Mr. Currier, No. H. R.
21455, entitled “A Bill to Establish a United States Court
of Patent Appeals and for Other Purposes.”” If this bill
is passed, it will do away with the grievous conditions that
exist now in patent litigations before the circuit courts
(see address by Louis C. Raegener in this number). The
bill has been favorably reported upon, as will be seen by
reading the arguments before the Committee on Patents
of the House of Representatives, March 18th, 1908, number
H.R. 14047. All chemists, all engineers, all inventors,
as well as the public at large are interested in this subject
and it is very desirable that the bill should pass. The
members of the Committees of the House and of the Senate
who will have the bill under consideration are as follows:

Committee on Judiciary of the House of Representa-
tives: John J. Jenkins, of Wisconsin, Chairman; De Alva
S. Alexander, of New York; Charles Q. Tirrell, of Massa-
chusetts; John H. Foster, of Indiana; Reuben O. Moon, of
Pennsylvania; George R. Malby, of New York; David A.
DeArmond, of Missouri; Robert L. Henry, of Texas; Charles
C. Reid, of Arkansas; Richard Wayne Parker, of New Jer-
sey; Charles E. Littlefield, of Maine; John A. Sterling, of
Illinois; Henry ‘T. Bannon, of Ohio; Garrit J. Diekema,
of Michigan; Henry S. Caulfield, of Missouri; Henry D.
Clayton, of Alabama; William- G. Brantly, of Georgia;
Edwin Y. Webb, of North Carolina.

Senate Committee on Patents: Hon. Reed Smoot, of
Utah; William H. Milton, of Florida; Frank B. Brandegee,
of Connecticut; Frank B. Gary, of South Carolina; Alfred
B. Kittridge, of South Dakota; Murphy J. Foster, of Louis-
iana; Moses E. Clapp, of Minnesota.

According to the press reports of January 26th, Federal
Judge Hunt has declined to issue an injunction against
the Washoe smelter of the Anaconda Copper Mining Co.
at Anaconda, Mont. The complaint of the plaintiff, who
in reality represents the Deer Lodge Valley Association.
is not dismissed, but the court desires additional informa-
tion before final disposition of the case is made. February
15th was named by Judge Hunt as the time for the hearing
of new testimony, and E. P. Mathewson, manager of the
smelter, and others were ordered to appear in court at that
time.

This case is of particular interest as it represents the largest
suit growing out of the alleged damage to vegetation and
stock by smelter smoke, and is the first Suit in the west
that has not been decided in favor of the complainants.
Had the injunction been granted the paralysis of the mining
and smelting industries of the Butte district—as well as
of many other industries directly or indirectly dependent
upon them—would have been assured.
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The H. C. Frick Coke Co., the coking company of the
United States Steel Corporation, has decided to abandon
work on additional coke ovens in Pennsylvania, which
were to be built at a cost of $3,000,000, and in their stead
construct an enormous coking by-product plant at Gary,
Ind. It will take the place of 700 ovens, which were to
have been built at Filbert, 500 at Ralph, and 500 at Sarah,
Pa. In the meantime the company is opening new mines
to supply the ovens with coal.

It was the intention of the Steel Corporation to build
more beehive ovens in the Connellsville region in Pennsyl-
vania, but it has decided to build an extensive series of
by-product ovens instead, thus saving all the gas now wasted
in coking coal, besides saving the ammonia and other coal
tar products.

Platinum Mining in Russia.—Consul-General Hunter
Sharp, of Moscow, advises that owing to the depression in
the platinum-mining industry in Russia, the platinum
miners have applied to the Government asking that the
industry be upheld until it is definitely decided whether
the mining of platinum is to be made a monopoly of the
Russian Government. The platinum miners have peti-
tioned’' the Government for temporary assistance; that is,
to permit the Russian Imperial Bank to grant loans on
platinum ore containing 83 per cent. of pure platinum, at
the valuation of 16,000 rubles per pood ($8,240 per 36 pounds),
with interest at the rate of 5 per cent. per annum.—U. S.
Consular Report, Jan. 26, 1909.

Natrate of Soda Supply—According to Consul Rea Hanna,
of Iquique, the Delegacion Fiscal, or Official Board of En-
gineers, states the following in its annual report to the Gov-
ernment of Chile:

It is the current opinion in Europe and the United States
that our nitrate deposits will be exhausted after a maximum
period of forty years, and so widely spread is this error
that the subject has been considered in the annual report
of the Secretary of Agriculture presented to the Congress
of the United States. Perhaps the data submitted by the
delegation in former years caused the lack of confidence,
but the data then given were the results of this office up
to that time, and at present the aspect is entirely different.
The experience of the last ten years has shown that the
former figures do not nearly approximate the actual con-
ditions. The report of 1896 gave the following figures in
Spanish quintals of 101.61 pounds, which were confirmed

later in 1906: 2
Quintals.
Tarapaca: Nitrate of soda contained in the fields according
to the private and official measurements and estimates.573,000, 000
Toco: Nitrate of soda contained in the fields according to
the private and official measurements and estimates. . 225,000,000
Antofagasta, Aguas Blancas, and Taltal: Private measure-
ments and estimates only (not official)............. 305,000,000
Amount calculated in unworked official fields............ 500,000,000

Total possible production in nitrate zone........... 1,603,000,000

With a probable annual exportation of 35,000,000 quin-
tals this estimate gave, in 1899, enough nitrate to last forty-
six years before being exhausted.

After a detailed discussion of the shortcomings of the
former estimates and the increasing importance of the Anto-
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fagasta Pampa on account of recent developments the dele-
gation reports:
We have then the following total:

Quintals.
R ArRDRCE S S e L e g S e L e 740,000,000
Ao At ol s s s i s SRy e e e e 4,103, 000,000
] Y e g b S e M e 4,843,000,000

FUTURE SUPPLY OF NITRATE OF SODA IN CHILE.

There are then undeniably 4,843,000,000 Spanish quintals
of nitrate of soda in sight, which by the methods in use at
the present time may be produced from the lands measured
and estimated in the nitrate region. With an annual ex-
portation of 35,000,000 quintals, which is more than that
exported in 1907, there is sufficient to satisfy the entire
consumption of the world for one hundred and thirty years.

[The complete official report from which the foregoing
was taken may be seen at the Bureau of Manufactures.]—
U. S. Consular Report, Feb. 10, 1909.

Rubber Production, Mexico.—Consul Charles M. Freeman,
of Durango, sends the following in response to an inquiry
from Boston as to the opportunities in that Mexican State
for an American with a few thousand dollars to engage
in rubber production, particularly from the palo colorado
tree: :

The first absolute necessity for a person contemplating
the rubber or any other business in Mexico is a knowledge
of the Spanish language. While there are many in Mexico
engaged in business who have no knowledge of Spanish,
they are handicapped in their operations and, being de-
pendent on an interpreter, their ultimate success is doubt-
ful. Only one rubber-producing plant in northern Mexico,
the guayule, has been developed into a commercial success.
This and all others grow far from civilization, in localities
where the English language is never spoken. The guayule
rubber ground is well covered by companies capitalized
to the extent of millions of dollars. There is no opportunity
for a person of limited means to compete in the guayule
region.

The production of rubber from palo colorado and other
mild rubber-producing plants, aside from guayule, is in an
experimental stage. The exploiters feel certain that they
have a good thing, but as they are not getting out any gum
it is not possible to give positive statements covering all
of the business. From the number of inquiries received
at the consulate from consumers of raw rubber it would
appear that the market is not only ready, but waiting for
the gum of the palo colorado. Further developments are
awaiting the verdict of chemists who are working on the
raw material to determine exactly its adaptability to cer-
tain uses and its commercial value. Should these points
be settled satisfactorily, an extensive business in the gum
of the palo colorado may be expected.

POSSIBLE RESULTS FROM PALO COLORADO,

The tree grows at least four days’ journey from this city,
in the Sierra Madre Mountains, to which point all material
must be packed on mules or burros, and from which gum
must be freighted in the same manner.

Approximately, the cost of production in American cur-
rency per kilo (2.2 pounds) is as follows: Employment
of natives for the purpose of tapping the trees and deliver-
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fing the gum at some central station, 12 1/2 cents; freight
from central station to railroad, some three or four days’
journey, 2 1/2 cents; freight from Mexican railroad station
to market in the United States, 5 cents; total, 20 cents per
kilo or about 10 cents per pound.

The foregoing does not include the proportionate share
to be placed on each pound of gum produced for the interest
on the capital invested in leasing or buying land on which
the tree grows, nor the proportionate share for manage-
ment, high-priced labor, government taxes, and other neces-
sary expenses.

Attention is called to the difference in cost between labor-
ers and management. Good laborers can be hired for $10
a month, while a person capable of managing labor, who
can speak both English and Spanish, can not be had under
$100 American currency.

Guayule sells in the markets of the United States for
about 25 cents American currency per pound, and is said
to contain 1o per cent. of pure rubber. The palo colorado
at the same price should be a good investment, provided
the chemists’ analysis is favorable. In fact, if, as the ex-
ploiters claim, the palo colorado contains over 30 per cent.
of pure rubber, then the price should be much greater for
the palo colorado than for guayule.

The first work in the rubber business is to locate the trees
and to buy the land or lease the privilege of tapping the
trees. To do this work is not so simple a matter as in the
United States and one finds many obstacles to be overcome.
The most satisfactory results will be obtained by employ-
ing some person acquainted with Mexican laws and local-
ities to act, under supervision, as agent in this matter. There
are reliable persons who, to a certain extent, make that
their business.

There seem to be possibilities of success with the palo
colorado. If the tree is to be found in sufficient numbers,
and if the chemists’ report should be favorable, the business
will be an assured success. If a success, the first to put
the gum on the market will get the profits. However,
in the light of present developments, the business is very
much of a venture and likely to prove for a person not fully
acquainted with all that has been accomplished an un-
profitable one. It is estimated that it would take $5,000,
possibly twice that amount, before a pound could be mar-
keted.

Barytes in Germany—Consul-General Robert P. Skinner,
of Hamburg, writes that he has been asked to supply in-
formation respecting the cost of barytes, which in hearings
before Congress was said to be worth $2.78 per ton at the
foreign seaports in 1885. Mr. Skinner reports:

This material is used almost exclusively in the paint trade,
being ground and mixed with white paint to give it body.
The best grades, from the Harz and Thuringian mountains,
are naturally white, and can be used without first being
bleached. To some extent these grades are utilized in the
porcelain and white-glass industries. The cheaper grades
of barytes come from the Rhine, are shipped in crude form,
and these, both hard and soft, are exported to the United
States, where they are treated chemically and made white.
Barytes from the Rhine and from Newfoundland contain
96 per cent. of barium sulphate.

The exporting points for barytes in Europe are Rotter-
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dam, Antwerp, and Hamburg. There are many mining
firms in the business, and they have formed a pool to main-
tain prices and apportion the tonnage. It is said that ex-
porters get the same quotations from all producers, who
turn back orders when their quota is reached.
Hamburg exporters invariably buy on terms delivered
..at seaboard. The prices now (December 1) are from $5.47
to $5.71 per ton. The ocean freight from seaboard to New
York runs from $1.70 to $2.19 per ton. The German rate
from mine to seaboard, shipments being made in large barges,
is from $1.19 to $1.42 per ton. This would bring the present
price at the mine from $4.05 to $4.52. Since the pooling
arrangement referred to prices have been advanced from
50 to 75 cents per ton, although labor cost, it is stated,
has also advanced.—U. S. Consular Report, Feb. 1, 1909,

Australia’s Mineral Wealth.—Consul-General John P.
Bray writes from Sydney that the mineral output of Australia
up to the end of 1907 reached $3,350,969,703, and that as
there was a further production in 1908 amounting to prob-
ably no less than $97,330,000, the total is now about three
and a half billion dollars, of which fully two and a half bil-
lion dollars represent gold. Mr. Bray continues:

For a long time after the gold discoveries in 1851 that
metal, in the main, represented Australia’s mineral out-
put, but after the total of $62,841,114 was reached in 1856
there was a steady decline until, in 1886, the gold output
was only $21,548,862. With the opening of the Western
Australian gold fields this position was materially altered
and the 1856 production was exceeded in 1899. The maxi-
mum output was reached in 19o3. The following table

gives the production of metals and minerals since 1895:

Year. Gold. Silver-lead. Copper.

1895 adu T $37,510,982  $9,285,282  $1,951,466
13963yt 503 38,625,410 9,966,592 2,155,859
189 7 e S 47,492,173 9,392,345 4,199,789
1898 S ih s 56,991,581 9,713,534 4,433,381
1899 ettt oo 71,347,756 12,044,587 10,097,987
1900w tnarnt 66,680,783 13,981,454 8,662,370
190 L e s 69,055,635 10,433,776 10,219,650
1902 0 e e 72,106,930 9,416,677 7,703,669
1903 Senr 79,294,751 9,003,025 8,263,317
1904 3 Tris 77,576,876 12,584,769 7,922,662
19082 Ste sy 75,722,740 13,927,923 11,071,287
19063 o 71,206,628 17,636,196 16,278,442
190728F 0 e 65,751,281 22,969,880 17,096,014

Year, Tin. Coal, Other.
1895 Rrsisi s $1,153,360 $6,618,440 $885,703
1 BO6 IR 133775219, 6,379,981 656,977
189 7 GURRE 978,166 7,275,417 1,250,690
1898 R e e 997,632 7,528,475 1,338,287
1899 R s 2,311,587 8,068,657 4,170,590
1900 o 2,219,124 9,835,196 2,769,038
LO0 Lty ey 1,121,794 12,764,829 2,550,046
1902 men TR e sy 2,087,728 12,896,225 2,919,900
1903 Shn i 3,357,885 12,808,628 3,017,230
1904 SrPntay 4,014,862 11,334,078 3,946,731
1905 Tl sy 4,995,699 11,377,877 4,297,119
19067 5 oo 71,206,628 12,993,555 4,199,789
1007 paeinyoree 7,309,483 16,074,049 8,842,430

U. S. Consular Report, Jan. 30, 1909.

Peanut-oil Industry.—Consul-General Robert P. Skinner,
of Hamburg, after referring to his former reports from
France on the peanut-oil industry and expressing the belief
that interest in this subject will not subside until mills have
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been erected in the United States and a peanut crop as-
sured large enough to supply the demand, gives the follow-
ing additional information:

The Department of Agriculture at Washington is now
at work on this subject and is experimenting with African
seed nuts which were shipped from this consulate to the
United States some months ago. At the present time,
and probably contrary to the American impression, the
annual crop of groundnuts is not always sufficient to supply
the cravings of the domestic appetite. It frequently hap-
pens that the west coast of Africa is called upon to make
good this shortage, although there is no reason whatever
why a forage plant so useful as the peanut, and a kernel
so valuable, should not be produced in the United States
in practically unlimited quantities. It happens also,
that an American oil industry is rendered difficult of es-
tablishment, not only because of the uncertainty of the
crop, but because the American nut is less rich in oil than
the African. The Department of Agriculture is now study-
ing this phase of the matter, hoping, no doubt, to develop
an edible nut which will be as palatable as the varieties
now on the market, and as rich in oil as the African kernels.

The first step to be taken, naturally, in building up an
American peanut-oil trade is to increase the crop of peanuts.
In 1900, according to the census returns, the American
crop was 11,964,109 bushels, or roundly, 326,294 tons.
As Marseille alone imports upward of 200,000 tons of these
nuts for French oil mills, it can be judged that the total
American crop is a comparatively small affair. Ham-
burg has come into the importing market more recently,
receiving only 11,903 tons in 19o7. London is also an im-
porting center. Marseille, therefore, retains its preeminence
as the European oil center, and American investigators
can learn more of interest and importance there than else-
where. :

West African nuts (Ruffisque, Cayor, Sine, Gambia,
Bas de Cote) are usually exported in the shell, and produce
edible oil of the highest grade. Other kernels are usually,
but not always, received decorticated. The percentages
in oil of the best-known grades run as follows: Senegal
51, East African 49, American 42, Bombay 44, and Madras
43-
The oil is obtained by pressure, the first application being
while the material is cold, or to be more exact, very slightly
heated, and the second and third pressures hot Upon
reaching the mill the nuts are first winnowed and then shelled.
The kernels are next broken into large pieces and at the
same time freed from the red skin to some extent, and from
foreign matter completely. 7The material is then reduced
to a fine flour, placed in bags, and pressed cold during one
hour. The cake, after the first pressing, is broken, heated
to 70 degrees C., and pressed a second and third time. The
resulting products per hundredweight of decorticated nuts
run in percentages about as follows: First-class oil, 31.5;
second-class oil, 10; oil cake, 54.5; losses, etc., 4.

In Europe a first-class peanut oil is the most highly es-
teemed of vegetable oils after olive oil. It is also used in
the manufacture of butter substitutes. The low-grade
oils are taken up by the soap trade.

Raw material enters France free of duty, but the oils
are dutiable at the rate of 6 francs ($1.16) per 100 kilos
(220 pounds) It would be impossible, probably, for peanut
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oil of foreign manufacture to compete in the Marseille mar-
ket with the domestic article,

The prices per 100 kilos at Marseille, on November 20,
1908, were as follows: Edible oil, $13.51-15.44; soap oil,
$11.97; Bombay peanuts, shelled, $5.84; Mozambique
peanuts, shelled, $7.14; Ruffisque nuts, in the shell, $4.58;
Bas de Cote, $5.35; peanut cake, $3.13. During ten months
of 1908 Marseille received 92,707 tons of shelled peanuts
and 94,737 tons in the shell.

German manufacturers press peanuts three times, twice
for edible oil and once for soap oil. Ruffisque kernels are
chiefly utilized. It would cost in this country about $23,800
to erect a mill of 10 tons’ capacity and about $83,300 for
one of 50 tons’ capacity, exclusive of the cost of real prop-
erty and buildings.

Prices to-day (November 27, 1908) per 220 pounds in
Hamburg for peanuts in the shell are $5.24; shelled, $5.71;
oil from $14.76 to $21.42. German peanut cake commands
from $35.70 to $38.08 per 2,204.6 pounds. The duty on
peanuts in Germany is 2 marks ($0.476) per 220 pounds;
that on oil is 10 marks ($2.38) per 220 pounds.

[Consul-General Skinner appends a list of the best-known
firms in France and in Germany manufacturing oil presses,
which is placed in the files of the Bureau of Manufactures.]

U. S. Consular Report, Jan. 23, 1909.

Rubber-tanned- Leather—A British publication states that
a new syndicate has established a factory in London and
1s placing upon the market a new form of leather, for which
it 1s claimed there is a big future, and which it thus describes:

The leather is submitted to a tanning process of the chrome
variety, which preserves it; rubber solution is then worked
into the interstices, rendering the hide thoroughly water-
proof. The elasticity of the rubber permits of perfect
flexibility and extraordinary toughness of some of the skins,
especially of rabbit, goat, and sheep skins. It is impossible
to forecast the many uses for which this process may be
available. Tests have been made for motor tires, soles
for boots and shoe, pump washers, machine belting, miner’s
boots, etc., and it is probable that the multitude of articles
that can be made of rubberized leather will, in time, create
a further demand for rubber. This new material, it is thought,
may also prove useful for motor and cycle tires, as it is al-
most impossible to puncture it, while it is said to be much
more resilient and waterproof than ordinary leather.—

; U. S. Consular Report, Jan. 23, 1909.

The Universal Portland Cement Co. is about to start
construction on an addition to Plant No. 5 at Universal, Pa.

This plant at present has an output of 4,500 barrels per
day. When the new addition is completed, which will be
about January, 1910, the total output of this plant will
be 10,000 barrels per day or 3,000,000 barrels per year.
This will give the Company a total production of 23,000
barrels per day or §,000,000 barrels per year.

OFFICIAL REGULATIONS AND RULINGS.

Foop INSPECTION DECISION, 103.

The Labeling of Turpentine—The Department bhas re-
ceived a number of letters with reference to the proper
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labeling of the product generally known as “wood turpen-
tine,”’ etc., obtained by steam distilling or destructively
distilling woods. Food Inspection Decision 58 recognizes
that—

Products used in the arts and for technical purposes are
not subject to the Food and Drugs Act * * * when
plainly marked so as to indicate that they are not to be
employed for food or medicinal purposes.

It is held, therefore, that when wood turpentine is labeled
“Not for Medicinal Use,” etc., it is not subject to the food
and drugs act. When not so labeled it is in violation of
section 7 of the food and drugs act unless labeled “wood’
or “stump” turpentine. Articles labeled ‘turpentine,”
“spirits of turpentine,” or ‘‘gum terpentine,’” etc., must
comply with' pharmacopoeial requirements; that is, they
must be light oils of certain properties made by distilling
the oleoresin of various species of Pinus. ‘The word “wood”’
or “stump” should be in the same type aud on the same
background as the word ‘‘turpentinc ' thus being given
equal prominence.

H. W. WinLEY,
F. L. DunLAPp,
Geo. P. McCARE,
Board of Food and Drug Inspection.
Approved:
JAMES WILSON,
Secretary of Agriculture,
WasHINGTON, D. C., January 22, 1909.

Under date of January 30, the Board of Food and Drug
Inspection has issued a notice of judgment No. 36, Food
and Drugs Act, Misbranding of Canned Apples and Black-
berries. Under the same date judgment No. 37, Food and
Drugs Act, Adulteration of Milk (Water).

TREASURY DEPARTMENT, [anuary 4, 1909.
(T. D. 29455) Casein.—Decision of the United States court
of appeals, second circuit (suit 4586; T. D. 29374), United
States . W. M. Brownell, acjuiesced in.

TREASURY DEPARTMENT, January 8, 1909.
(T. D. 29461) Drawback on lubricaiing oils.—Drawback on
lubricating oils manufactured by the Swan & French Com-
pany, of New York City, wholly or in part from imported
sperm oil, Russian oil, and Japan oil—T. D. 17355 of August
1, 1806, extended.

(T. D. 1449). Method of sampling butter.—Instructions to
internal-revenue officers to discontinue use of butter. “‘trier”
in taking samples and describing new method to be used in
lieu thereof as follows:

TREASURY DEPARTMENT,
OFFICE OF COMMISSIONER OF INTERNAL REVENUE,
WasaINGTON, D. C,, January 2, 1909.
To collectors and other tnternal-revenue officers and employees:
The act of Congress approved May g, 1902, imposes an
internal-revenue tax of 10 cents per pound on adulterated
butter, as described in the act, and special taxes on any
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person engaged in the business of manufacturing adulterated
butter or in the sale of the same.

The enforcement of this law necessitates the examination
of the product found on the market or in storage by revenue
officers, who are required to procure samples from the packages
so found and submit the same for chemical analysis, by
which process it is determined whether any chemicals have
been used or any substances foreign to genuine butter have
been added, or any process of manipulation has been resorted
to with the effect of causing the absorption of an abnormal
quantity of water, milk, or cream. Upon the results of
these analyses it is determined what butter is subject to the
tax herein referred to.

Heretofore, while acting under instructions of this office,
care has been taken by field officers to obtain truly repre-
sentative samples of the contents of the tub or package
of butter without particular reference to the method of taking
the samples, and complaints have reached this office con-
cerning all these methods, more especially where a “butter
trier’”” has been used. It is claimed that this is especially
objectionable for the reason that it disfigures the surface
of the contents of the package and interferes with the di-
vision of the same into prints. Obtaining the samples from
the top, bottom, or sides of the package by means of a spoon
or other instrument has been criticized, as not giving repre-
sentative samples of the contents of the tubs.

Hereafter, in procuring these samples, the use of a “‘butter
_trier” will be entirely abandoned. The quantity required
from each package will be obtained from the top and bottom
or sides of the butter contained in the tubs by cutting a
V or wedge shaped strip about 2 inches wide, 1}4 inches
deep, and of sufficient length to make up the required weight
_ of the sample, which must be approximately 1 pound. This
can be accomplished by removing the butter from the tub.
A V-shaped strip of this character should be taken from
each opposite sides of the package of butter, or from both
the top and the bottom of same, but it is regarded as sufficient
if two such strips are obtained—that is, from the top and

bottom in one case and from the two sides in the other .

instance.

Butter put up in prints will be sampled by taking a 1-
pound print from the box or other container.

All officers and employees engaged in securing samples
of butter for investigation are admonished to perform
this duty with as little trouble and friction as possible,
leaving the packages sampled as nearly in their normal
condition as may be practicable.

Any labor required in the handling of packages to be
sampled will be performed by the officers, or, if assistance
is necessary, by persons employed for that work by the
officers in charge of the investigation. The business of
merchants or of storage houses should be interfered with
as little as possible by officers while in discharge of these
duties. In return, it is assumed that the owners of butter
will interpose no unreasonable obstacle in the way of officers
who seek only to carry out their instructions.

Great care must be exercised in the packing, sealing,
labeling, and shipping of samples of butter, following existing
instructions as contained in circulars now in force.

Joun G. Capers, Commissioner.
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TREASURY DEPARTMENT,
January 9, 1909.
(L. D. 29463). Drawback on zinc shavings.—Drawback
on zinc shavings manufactured by F. W. Braun, of Los
Angeles, Cal., from imported zinc in sheets.

(L. D. 1450). Denatured alcohol produced in and im-
ported from Porto Rico is subject to same tax as alcohol
not denatured.

TREASURY DEPARTMENT,

OrrICE OF COMMISSIONER OF INTERNAL REVENUE,

Washington D. C., January 11, 1909.
SIr: This office is in receipt of your letter of the gth
instant, relative to the manufacture and exportation of the
United States of denatured alcohol produced in Porto Rico.
In reply, you are informed that the law authorizing the
withdrawal of distilled spirits from bonded warehouse, free
of tax for denaturation in the United States, does not apply
to Porto Rico, and that importations of denatured alcohol
from Porto Rico would be subject to the same tax as the

alcohol not denatured.
Respectfully,
J. C. WHEELER,
Deputy Commissioner.

Mr. , Arecibo, P. R.

(T. D. 29471). January 14, 1909.—Drawback on Babbitt
metal manufactured by the Frictionless Metal Company
at its factories at Chattanooga, Tenn., and Richmond, Va.,
with the use of imported lead and antimony.—T. D. 22963
of April 16, 1901, extended.

(T. D. 29497—G. A. 6857).
New York, January 26, 1909.

COLOR—OXIDE OF IRON—LEVIGATED IRON ORE.

Oxide of iron, or hematite iron ore, which is in a powdered
state resulting from a process of grinding and levigation,
and which is used in the manufacture of paint and in coloring
leather board, etc., is dutiable under paragraph 358, tariff
act of 1897, relating to colors and pigments, rather than under
paragraph 121 as iron ore—Hill v. Francklyn (162 Fed.
Rep., 880; T. D. 29074) distinguished.

U. S. General Appraisers,

(T. D. 1453). Adulterated butter.—Revenue officers are
enjoined to show utmost consideration for the rights of
legitimate business in investigating questions of liability
under the act of May 9, 1902.

TREASURY DEPARTMENT,
OFFICE OF COMMISSIONER OF INTERNAL REVENUE,
Washington, D. C., January 16, 1909.
To collectors and other internal-revenue officers:

My attention has been called to an article in a recent
issue of a trade journal relative to the methods pursued by
revenue officers in taking samples of suspected butter, and
holding up various lots of butter in stores and warehouses.

The article in question cites various instances of butter
being held under detention or suspicion for an unreasonable
length of time before being released as normal, or seized as
adulterated, and is illustrated witk a cut made from a photo-
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graph of certain tubes released after examination, showing
wholly unnecessary mutilation as a result of the methods
used in the taking of samples.

The article is doubtless exaggerated, but contains enough
truth, judging from certain instances which have come
to my notice, to warrant me in again calling attention of
all revenue officers to the necessity of using the utmost
care and consideration for the rights of legitimate business
in making investigations of this character.

Where the field force have facilities for making such tests
preliminary tests of suspected butter should be made, and
samples showing 154 per cent. or more of moisture should
be at once forwarded to this office, and all tubs from which
the samples were taken showing less than that per cent.
should be promptly relieved from suspicion, only the tubs
showing 1524 per cent. or more being detained to await the
results of the official analysis, which will be forwarded with
all possible dispatch.

Should the official chemist’s report show that any of the
detained tubs of butter contain butter of less than 16 per
cent. moisture, such tubs should be promptly released and
formal seizure made of the tubs found by tests made in the
laboratory here to contain 16 per cent. or more of moisture.

The two principal grievances complained of are the injury
to the appearance of the packages through the taking of
samples and the delay in determining the classification of
the suspected article, and it is believed that a careful com-
pliance with T. D. 1449 will minimize the first, and all officers
are enjoined to use the utmost effort to avoid the second.

JouN G. CAPERS,
Commissioner.

(T, D. 29499) Fire brick—UNITED STATES 7. BEHREND.—
UNITED STATES 7. WING.—U. S. Circuit Court of Appeals,
Second Circuit. January 12, 1909. Nos. go and g1 (suits
4304 and 4585).

1. FIRE BRICK—RETORT SETTINGS—SIMILITUDE.

Retort settings more than 10 pounds in weight are dutiable
by similitude as ‘‘fire-brick weighing not more than ten
pounds each,” under paragraph 87, tariff act of 1897.

2. SAME—MINERAL SUBSTANCES—SUSCEPTIBILITY TO
DECORATION.

Fire brick, which can be but never are decorated, are not
susceptible of decoration so as to be covered by paragraph
97, tariff act of 1897, which through relating to articles com-
posed of earthy or mineral substances, is limited to such
as are susceptible of decoration.

3. SIMILITUDE—POINTS OF RESEMBLANCE—IDENTITY.

Retort settings more than 10 pounds in weight resemble -

fire brick weighing not more than 10 pounds, in material,
quality, texture, and use, within the meaning of the simili-
tude clause in section 7, tariff act of 1897. Identity ordinarily
would exclude all question of similarity, but not here, because
of the distinction in weight.

4. SIMILITUDE—TESTS OF RESEMBLANCE—INCONGRUITY
OF ASSESSMENT. :

The amount of duty is not one of the test prescribed for
the application of the similitude clause in section 7, tariff
act of 1897. If incongruity results, the inference is not
that the tests should be abandoned, but the Congress failed
to express its intention.
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Noves, Circuit Judge, dissents.

ApPEALS from the circuit court of the United States for
the southern district of New York.

[Decision adverse to the Government].

For decision below see T. D. 28718, in which the circuit
court, on the authority of Wing v. United States (119 Fed.
Rep., 479), affirmed decisions of the Board of United States
General Appraisers, which are reported as G. A. 6382 (T.
D. 27422) and Abstract 13038 (T. D. 27649), and which
sustained protests of Fred Behrend and Wing & Evans
against the assessment of duty by the collector of customs
at the port of New York.

(T. D. 29512—G. A. 6859) Magnesta rings.

1. MAGNESIA RINGS—BISQUE.

So-called magnesia rings, used as part of gas-light burners,
held upon the evidence to be bisque, and hence dutiable
under the specific provisions of paragraph 96, tariff act of
1897.

2. CASES REVIEWED.

Previous decisions of the Board and the courts reviewed,
and Crawford v. United States (T. D. 28539) distinguished
upon the facts.

(T. D. 29516). January 29, 1909.—No. 20562.—RESIN
Prrca.—Protests 291529, etc., of R. F. Lang (New York).

So-called resin pitch classified as a chemical compound
under paragraph 3, tariff act of 1897, was claimed to be
dutiable as an unenumerated manufactured article under
section 6. Protests sustained.

CHAMBERLAIN, General Appraiser: * * * Samples of
the merchandise were submitted, at the request of the im-
porter, to the United States chemist at the port of New York
for analysis; and based upon his evidence, we find the mer-
chandise to be a mixture of oxidized resin and vegetable
oils, the product having no well-recognized composition of
chemical formula. It is our opinion, therefore, that the
merchandise is not a chemical compound, for it has been
repeatedly held that a mixture where no chemical union

" results is not a chemical compound within the meaning

of paragraph 3. G. A. 5832 (T. D. 25733); G. A. 6269 (T.
D. 27051); G. A. 5718 (T. D. 25410).

(T. D. 29518) Glycerophoshate of lime.—KLIPSTEIN 7.
UNITED StaTES.—U. S. Circuit Court Appeals, Second
Circuit. January 12, 1909. No. 127 (suit 5205).

GLYCEROPHOSPHATE OF LIME—CHEMICAL COMPOUND—
MEDICINAL PREPARATION.

Glycerophosphate of lime, which, though occasionally
dispensed medicinally in its imported form, is almost always
used in combination with other drugs in the preparation of
elixirs, is not a medicinal preparation within the meaning
of paragraph 67, tariff act of 1897, but is dutiable as a chem-
ical compound under paragraph 3.

APPEAL from the circuit court of the United States for
the southern district of New VYork.

[Decision adverse to the Government.]

The decision below (T. D. 29100) affirmed a decision by
the Board of United States General Appraisers, which had
affirmed the assessment of duty by the collector of customs
at the port of New York on merchandise imported_:by AL
Kilpstein & Co. Abstract 17921 (T. D. 28687).



