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EDITORIALS.

e d u c a t i o n .

Therij have been a large number of papers 
published within the past year which dealt with 
the preparation of engineers in general, or of chemists 
and chemical engineers in particular. Most of 
them were written b y  practical engineers. If the 
teachers of the land have read them all, they áre 
still justified in following their own concepts to a 
considerable degree, because of the disparity on 
the one side and im practicability on the other. 
If the teachers have read but part of them and have- 
been deeply impressed, they m ay be changing 
good plans for poorer ones. T hey m ay be m aking 
the future graduate of their courses still more of a 
iand-book of ready d ata  and of evanescent pro­

cesses, of quick conclusions and of decapitated

originality. T hey m ay be turning out a  machine 
to fit the present requirements of a certain kind of 
mill, which mill will pay a royalty  of six ty  dollars 
a month for the use of the machine, but is this th 
best attainable? Should not such requiremen 
be considered m erely as a fortunate demand fo' 
by-products? Are not the "secon d s”  of the 
chem ist-plant good enough for the mill which 
w ants a cheap machine? The broken saggers of a 
porcelain factory m ight be a useful by-product, 
but should we forget the m aking of the porcelain?

In chem ical 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 fam iliarity with the prices and names of 
common chemicals, the details of their m anu­
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 task to him.

I t  m ay be m aintained that such assets as char­
acter, interest, judgm ent, etc., cannot be poured 
through a funnel, that they cannot be driven in 
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 b y  the 
student as he demands chemical knowledge, nor 
are they likely to be demanded a s 'lo n g  as: every 
man feels that he does not need them. B u t m ay 
they be acquired? In practice it is the difference 
in these traits which is of greater influence than 
accum ulated knowledge, though the latter be ever 
so necessary. A  well-trained engineer in any 
science will very  quickly look and act and become 
like a well trained chem ist if he finds himself called 
upon to go deeply into chem istry. A  poorly 
trained chem ist m ay 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. I t  seems as though the 
autom atic power of centering and maintaining 
interest in things was one of the most desired traits 
to im part to a very young chemist.

W . R . W h it n e y .

THE NEXT STEP IN PUBLICATION FOR THE 
AMERICAN CHEMICAL SOCIETY.

S e v e r a l  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 cach 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 chem istry. The plan proposed was 
im perfect in some of its details and it involved a 
coordination of conflicting interests which is prob­
ably too U topian for complete realization. The 
Am erican 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. 
E very  one will, I am sure, agree that the develop­
ment of publication has been .so rapid recently that 
w e should w ait 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 J o u r n a l  o f  I n d u s t r i a l  a n d  E n g i n e e r i n g  

C h e m i s t r y  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 m ay 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 
m ight 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.

A ll of the reasons given lead many physical

chemists in Am erica to desire the publication by 
the Am erican Chemical Society of a journal of 
physical chemistry. The difficulty of separating 
general and physical from inorganic articles, as 
indicated by German experience, m akes 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 p rob ably!be published in the Journal of the 
American Chemical Society during the present year. 
E vid en tly  w hat would be left could no longer be 
called, appropriately, the Journal of the American 
Chemical Society, and the establishm ent or adoption 
b y  the society of a journal of physical chemistry 
means also the establishm ent or adoption of a 
journal of organic and biological chem istry. This 
has not, perhaps, been sufficiently considered by 
the physical chemists.

If we assume that the publication of a journal of 
physical and inorganic chem istry is desirable, the 
next questions are those of practical detail. In the 
first place it is to be hoped that some arrangem ent 
can be made, satisfactory to the E d itor of the 
Journal of Physical Chemistry, b y  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 m ay be proposed:

(1) The journal m ight be published on a sub­
scription basis. It is extrem ely doubtful if suffi­
cient financial support could be secured in this 
way, but, even if it could it would mean th at we 
should take awTay from one class of members of the 
Am erican Chemical Society those articles in which 
they are especially interested, com pelling them to 
do w ithout or pay extra  for them. I t  would, in 
effect, raise the dues for those interested in physical 
chem istry. I am sure this is not desirable.

If two journals were published in place of the 
Journal of the American Chemical Society, w ith 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 $7°°  
for the salary and expenses of the editor, we have 
$3200 a year as the sum needed for the establish­
m ent of this journal. This expenditure m ight be 
m et by one of the following plans:

(2) On paym ent of the present dues of $ i° 
members m ight be perm itted 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 b y  students and young men just 
beginning their professional career. The injury 
which would result from  giving to the m ajority 
of our members a one-sided literature appears to 
me very serious. W e 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 w ith 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 m ake the 
journals less attractive  as a means of publication 
and might also interfere seriously w ith advertise­
ments.

(3) A n increase of $ 1 in the dues would somewhat 
more than meet the increased expense. I t  seems 
to be generally agreed that such a  plan is w holly 
inadvisable and th at the dues m ust n o t' be in­
creased again for any purpose.

(4) Add 640 new members. E ven 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, 
etc. Hence each new member adds $5 to the 
funds available for publication.

(5) Secure an endowm ent for publication. E very  
one will admit, I think, that the m aintenance of 
our publications is of very  great im portance for the 
future of chem istry in Am erica 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 m ay y e t contribute liberally to their sup­
port. W hat has been accomplished during the 
past two years is certain ly a sufficient basis for an 
earnest appeal.

It seems to be clear from w hat has been said that 
we ought to w ait for the publication of a journal of 
physical chem istry 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 chem istry 
the American Chem ical Society has succeeded in 
uniting all classes of chem ists in a large organiza­
tion which cares adequately for the interests of

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. B u t 
we m ust remember that, after all, these meetings 
reach only a small fraction of our membership, 
while the journals now go to all of our members. 
W e have recently provided, b y  the establishm ent 
of this Journal, a more suitable form of publication 
for articles in industrial and engineering chem istry. 
I am  sure that industrial chemists would be the last 
to say that we ought not to continue 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 . N o y e s .

SAMPLING.

M r . B a i l e y  has done a sendee to analytical 
chem istry b y  his careful physical and m athem atical 
investigation of sampling, the results of which are 
published in this number. W hile 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. Alm ost any analyst can re­
late how samples representing carload lots of coal 
were delivered to him in pint m ilk bottles and 
lubricating greases in candy sacks. Members of 
the engineering profession are not altogether 
blameless in encouraging fa u lty  sampling, and 
occasionally the chem ist himself is deserving of 
censure in this regard. The simple truth th at a 
correct analysis is dependent upon a correct sample, 
would appear to be sufficiently axiom atic to re­
quire no demonstration.

W. D. R i c h a r d s o n .

ORIGINAL P A P L R 5 .

T H E  SYN TH ESIS, CONSTITUTION, AND USES 
OF B A K E L IT E .1

B y  L. H . B a e k e l a n d , Sc.D .

R eceived F e b ru a ry  8, 1909.

Since m any years it  is known th at form aldehyde 
m ay react upon phenolic bodies. T h at this re-

1 R ead  before th e  N. Y . Section of th e  A m erican Chem ical Society 
on  F eb ru a ry  5, 1909
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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 m ay be obtained; so that bodies 
very  unlike in chemical and physical properties 
m ay 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
ucts some are easily fusible and soluble in alcohol 
or similar solvents while other ones are totally 
insoluble in all solvents and infusible. This paper 
will deal with a product of the latter class.

The com plexity of m y subject compels me to 
m ake a brief historical outline which will allow us 
to form a clearer idea of the scope of m y work arid 
differentiate it from prior or contem porary at­
tem pts in subjects somewhat similar.

T h at phenols and aldehydes react upon each 
other w-as shown as far back as 1872 by Ad. B ayer 

and others.1
The substances obtained by these investigators 

were m erely of theoretical interests and no attem pt 
was made to utilize them com mercially; further­
more their method of preparation was too ex­
pensive and too uncertain and the properties of 
some of their resinous products were too undecided 
to suggest the possibility of utilizing them for 
technical purposes.

U ntil 1891 attem pts at synthesis with formal­
dehyde were generally limited to the use of its 
chemical representatives, either m ethylal, m ethylen 
acetate, or methylen-haloid:compounds.

W ith the advent of cheap commercial formal­
dehyde, K leeberg3 took up again this subject 
using formaldehyde solution in conjunction with 
phenol and in presence of strong H C1. Under 
spontaneous heating he obtained a sticky paste 
which soon becomes a hard irregular mass. The 
latter is infusible and insoluble in all solvents and 
resists m ost chemical agents; boiling with alkalies, 
acids or solvents will m erely extract small amounts 
of apparent impurities.

A s Kleeberg could "not crystallize this mass, nor 
purify it  to constant composition, nor in fact do 
anything w ith 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

> Ber.. S, 1095; 19, 3004 an d  3009; 25 , 3477; 27. 2411.
; Annalcn, 2G3, 283 (1S91).

action of form aldehyde and polyphenols, gallic 
acid, etc.

The mass obtained after K leeberg ’s m ethod, is a 
hard and irregular porous substance containing 
free acid which can only be removed with difficulty 
after grinding and boiling w ith w ater 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 Sm ith,1 realizing probably th at K lee­
berg’s method does not lend itself to molding 
homogeneous articles, tried to moderate the violent 
reaction by using a solvent like m ethyl-alcohol or 
amyl-alcohol in which .he dissolves the reacting 
bodies, as wrell as the condensing agent, m uriatic 
acid. E ven then the reaction is too violent if 
form aldehyde be used, so he does not use form al­
dehyde, but instead he takes expensive acetalde- 
hyde and paraldehyde, or expensive polym ers of 
formaldehyde. A fter the reaction, he slowly evap­
orates the m ixtures and drives off the solvent at 
io o °  C. He thus obtains, by and by, a hardened 
mass in sheets or slabs wrhich can be sawed, cu t or 
polished.. In his German patent specification2 he 
insists on the fact that in his process the m ethyl- or 
amyl-alcohol not only act as solvents but participate 
in the reaction and he states th at this is clearly 
shown by the color of the final product, which is 
dependent on the nature of the solvent he em­
ploys. H e mentions that his drying requires from 
12-30 hours; m y 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 liberated solvent. During 
the act of drying I observed in every instance 
warping and irregular shrinking of the mass which 
thereby becomes deformed and m akes this method 
unfit for accurate molding.

In 1902 L u ft,3 tried to overcome these diffi­
culties in a somewhat similar way. L ike K lee­
berg he uses a m ixture of formaldehyde, phenol 
and an acid; but recognizing the im perfections of 
the product and desiring to m ake of it  a  plastic 
that can be molded, he m ixes the mass before 
hardening, w ith 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. H is aim, as clearly expressed in his

1 Engl. P a t., A rth u r Sm ith , 16247, A ugust 9, 1899.
: D. R . P . A. Sm ith , 112685. O ctober 10, 1899.
3 D. R . P . Adolf L uft, 140552, A pril 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 m ixture in a suitable mold he dries at a 
temperature of about ’50q C. He too- ihsists on 
the advantages of using solvents and in his 
German patent (page 1, line 44) he states th at 
from 2 to 10 per cent, glycérine m ust remain in the 
mass; moreover he arranges m atters sô as to retain 
in his m ixture all the expensive camphor. -The 
whole process of L uft looks clearly like an âttem pt 
to make a  plastic similar to celluloid and 'to  prepare 
it and to use it as the latter. The sim ilarity be­
comes greater by the use of camphor-and the same 
solvents as in the celluloid process.

I have prepared L u ft ’s product; it  is relatively 
brittle, very  much less toùgh and flexible than 
celluloid; it  does n ot m elt if heated although it 
softens decidedly; acetone swells" it and suitable 
solvents can extract free cam phor and glycerine 
from it.

And now we come to art attem p t of another kind, 
namely the form ation of soluble synthetic resins, 
better known as shellac substitutes.

Blunter1 bôils a m ixture of form aldehyde,’ pheribls 
and; a n 'bxÿacid , ' preferably tartaric acid and ob­
tains à fusible, alcohol-soluble, resinous material, 
which he proposes as a shellac substitute. This 
substance is soluble in 'baustic ' soda lye; it can be 
melted repeatedly, and behaves like a n y  Soluble 
fusible natural resin. Blum er in his original 
English patent application puts great stress 
bn the 'u se  of an oxyâcid  and seems to think 
that the latter participates prom inently in the 
reaction ; he uses it in the proportion1 of one mole­
cule of acid for two m olecules-of phenol and two 
molecules of formaldehyde.

Nathaniel Thurlow, Working iti m y laboratory 
on the same subject, has conclusively shown several 
years ago that the identical m aterial can be ob­
tained by the use of minute amounts of inorganic 
acids; he has shown furthermore that equim olecular 
proportions are not necessary ; in fact they are 
wrong and harmful if the reaction be carried on 
in such a w ay  that no form aldehyde be lost ; he 
showed also that in order to obtain a fusible sol­
uble resin, an excess of phenol over equim olecular 
proportions m ust be used, unless some formalde­
hyde be lost in the reaction.

So as to avoid confusion, I ought to mention 
here that Blum er and Thurlow ’s resin is relatively 
very brittle, more so than shellac and that no

1 Engl. P a t.,  Eouis B lum er, Ju n e  5, 1902. No. 12880.

km ount of heating alone changes it into an in­
soluble, infusible product.

A s 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 
subject at one of the n ext meetings of this society.

Abou't a year later, F ayo lle1 tries to m ake g u tta­
percha substitutes by m odifying L u ft’s m ethod: 
he adds large amounts of glycerine to the sul­
phuric acid jused as condensing agent, and’ obtains 
a mass that remains plastic and tan  be softened 
and kneided  whenever heat is applied. On trial, 
this i method gdve m e a brittle unsatisfactory sub­
stance of which it is difficult, i f  not impossible, to 
wash aw ay the free acid w ith o u t rem oving at the 
same tim e much of the glycerine. In this relation, 
L u ft ’s w ay of adding the glycerine.: after elimi­
nating, the; acid, seems more logical.*

L ater,3 the same: inveintor modified his method 
-by adding a considerable am ount of pitch (“ b ra i” ) 
and oil thus trying to m ake another gutta-percha 
substitute which also softens when heated and 
remains plastic,

In 1905 S to ry 1 modifies , all above methods in 
the. following w ay: H e discontinues the use of 
condensing agents and of added solvents; but he 
takes a  decided excess of phenol, nam ely 3 parts of 
40 per cent, form aldehyde, and 5 parts of 95 per 
cent, cresol or carbolic acid; by this fact the latter 
is present in excess of equim olecular proportions. 
H e boils this m ixture for 8-10 hours, then con­
centrates in an open vessel which drives, off water 
and some form aldehyde, and which increases still 
more the excess of phenol; after the m ixture has 
b ecom e. viscous he pours it into suitable molds, 
cools down and afterwards hardens by slow drying 
below 100° C., or as stated in his patent, a t about 
8o° C. H is product is infusible and insoluble. 
B u t this method has some very  serious draw backs 
which I shall describe sum m arily and which Story 
himself recognized later.5

His process is necessarily slow. Leaving out of 
consideration his long prelim inary boiling, the 
hardening process a t tem peratures below io o °  C. 
is really a drying process where the excess of phenol 
th at provisionally has acted as a solvent is slowly 
expelled. This assertion I have been able to 
verify  beyond doubt by m y direct experiments

1 F rench  P a t.,  E . H . Fayolle, 335584, Septem ber 26. 1903.
2 See also add ition  p a te n ts  to original French P a t. add. P a t. 2414. 

F eb ru a ry  8 , 1904 and  2485, F eb ru a ry  18, 1904. Fayolle.
3 F rench P a t., E . H . Fayolle. 341013, M arch 7, 1904.
4 Engl. P a t., H en ry  S to ry , 8875, 1905.
5 See his add ition  P a te n t, Belgium 210965, S ep tem ber 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 m ay proceed acceptably 
fast for thin layers, or thin plates, but for masses 
of a somewhat larger volume, it requires weeks and 
mouths; even then the maximum possible hardness 
or strength is not reached at such low temperatures. 
A ll this not merely involves much loss of time, 
but the long use of expensive molds, a very con­
siderable item in m anufacturing 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 very7 slowly; I should add that in 
that case the reaction does not take place, except 
very im perfectly, even after several days of con­
tinuous boiling. E ven then in some of my own 
experiments made with pure commercial crystal­
lized phenol and w ith 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, S to ry ’s process is very 
similar to L u ft’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 L u ft and Sm ith’s his method is, as he ex­
presses himself in his patent text, a drying 
process.

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

Shortly after Story filed his patent, D eLaire1 
obtained a French patent for making soluble and 
fusible resins either by condensing phenols and 
formaldehyde in presence of acids, in about the 
same w ay as Blumer or Thurlow and then m elt­
ing this product; or by dissolving phenol in caustic 
alkalies used 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 F rench P a t., D eLaire 361539, June  8, 1905.

the old and well-known processes of Lederer1 and 
Manasse2 which consists in m aking a phenol- 
alcohol by the action of formaldehyde on an aqueous 
solution of a phenolate and subsequent treatm ent 
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,3 C X4H h0 3 or CUH 4 
(OH )CH 2OC0H 4CH 2O H / fusible and soluble in 
alcohol, or caustic soda, and prccipitable from the 
latter by the addition of chloride of sodium.

Trisaligenosaligenin, C2SI i2fl0 5 or 4C7H 30 2— 3H20 ,r> 
and heptasaligenosaligenin, C50H 50O9 or 8C7H S0 2—  
7H 20,° are both higher anhydrides of similar 
resinous character, the first one obtained b y  the 
action of sulphuric acid on saligenin, the latter by 
the action of acetic anhydride.

The direct homolog of saliretin, which is m ethyl- 
saliretin or homosaliretin, has properties similar 
to saliretin, melts a t 200° or 205°C . and is less 
soluble.7

No wonder then if the English8 and the German 
patents0 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 b y  heating them under reduced 
pressure or vacuum. The resins of D eLaire are 

fusible, soluble products, having all the general 
properties of saliretin and homosaliretin.

In order to complete m y 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. S p e y e r10 pro­
duces an antiseptic which easily gives off C H 20 . 
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 20  and 
N H 3. I t  is a well-known fact that amm onia reacts 
on formaldehyde and produces hexam ethylentetra-

1 Journal Praklische Chcm ii [2 ], vol. 50. page 224.
2 Bcr., 1894, 2409-2411; D. R . P . B ayer, 85588; U. S. P ., M anasse, 

5 2 6 7 8 6 ,1S94,

s Beilstein, Organ. Cliemie. Vol. 2 , 1896, page 1109.
* R . Piria, A nn . Cltem., 48, 75; 56, 37; 81, 245; 96, 357. M oitessier, 

Jah resberich t, 1886, page 676.

5 K ra u t, A n n . Chan.. 156, 123; G erhard t, A n n . Chim . P hys. [3], 
7, page 215.

« F . Beilstein and  F . Seelheim, A n n . Chem., 117, page 83.
7 C. Schottcn, Berichlc. 1S78, page 784.
8 Engl. P a t., DeLaire, 15517, 1905.
8 D. R. P., DeLaire, 189262, Ju ly  19, 1905.
10 D. R. P ., A rth u r Speyer, 99570, N ovem ber 2, 1897.
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min, C J I^ N j,1 which easily acts upon acids and 
forms again C H ,0 , N H 3 and m ethylam in.2

Two recent patents relate directly to the manu­
facture of soluble fusible resins. One of Farben- 
fabriken Fried. B ayer &  C o.3 uses orthocresol so 
as to obtain an odorless shellac substitute.

1 The other issued to Grognot'1 also for a  shellac 
substitute, adds glycerine first, then after the 
reaction is over distils the solvent off.

After I had filed m y own patent claims in the 
U. S. which gave me International Convention 
privileges, Helm 6 described, after me, amines or 
ammonium salts as condensing agents for the 
manufacture of synthetic resins with phenols and 
formaldehyde. H e does not clearly indicate the 
chemical or physical properties of his resins. He 
furthermore m akes the rather ambiguous state­
ment that ammonium nitrate can be used as well 
as aniline. I have shown (see below) th at in the 
case of ammonium nitrate the end-product m ay 
be a fusible soluble resin, while in the case where 
aniline is used I obtain finally an insoluble in­
fusible resin.

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

K noll,0 who also applied for patents after the 
filing date of m y U. S. patents, uses sodium 
sulphite or neutral, or acid or alkaline salts as 
condensing agents; disregarding again the fact 
established b y  me, th at according to whether an 
acid, a base, an acid salt, or an alkaline salt be 
used, the resinous products m ay be totally  different.

This will close m y review of the work done b y  
others and I shall begin the description of m y 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 m ade the foundation of my 
technical processes.

A s stated before, the condensation of phenols 
with form aldehyde can be made to give, according 
to conditions and proportions, two entirely differ-

1 W ohl, Ber., 19, 1892; Tollens, Ber., 17, 653.
2 See also M oschatos and  Tollens, A n n . der Chemie., 272, 280.
3 D. R. P ., F arben fab riken  vorm . F ried r., B ayer -& Co., 201,261, 

April 16, 1907.
4 L . G rognot, U. S. P . 391436. 1908.
5 Engl. P a t., Louis H elm , 25216, N ovem ber 13, 1907.
8 Eng. P a t.,  K noll & Co., 28009, Decem ber 19, 1907; Swiss P a t., 

D itto . 40994, D ecem ber 7, 1907.

ent classes of resinous products. The first class 
includes the products of the type of Blum er, De- 
Laire, Thurlow, etc. These products are soluble 
in alcohol acetone or similar solvents, and in 
alkaline hydroxides. H eating, sim ply m elts them 
and they resolidify after cooling. M elting and cooling 
can be repeated indefinitely but further heating 
will not transform them into products of the sec­
ond class. T h ey  are generally called “ shellac 
s u b s t it u t e s because they have some of the general 
physical properties of shellac.

The second class includes the products of Klee- 
berg, Sm ith, L uft, Story, K n o ll as well as m y own 
product, in so far only as their general properties 
are concerned; but each one of them m ay be 
characterized b y  very  distinct specific properties 
which have a considerable bearing on any technical 
applications. B roadly speaking, this second class 
can be described as infusible resinous substances, 
derived from phenols w ith aldehydes; some of 
them are more or less attacked b y  acetone, by 
caustic alkalies or undergo softening b y  applica­
tion of heat. A t least one of them is unattacked 
b y  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 w ith phenol.

These insoluble infusible substances can be 
produced directly in one operation b y  the action 
of form aldehyde on phenols under suitable con­
ditions, for instance the process of K leeberg (see 
above). Or they m ay be produced in two phases 
(see L u ft and Story  above), the first phase con­
sisting of an incom plete reaction giving a viscous 
product that is soluble in alcohols, glycerine, 
cam phor or phenol, and which on further heating 
or after driving off the solvent m ay gradually 
change into an infusible product.

In order to be able to stop at the first phase, the 
condensing agents m ay either be om itted (see 
Story  above) or they m ay be used m oderately 
(see L u ft above) or they m ay be diluted with 
suitable solvents, for instance m ethyl- and amyl- 
alcohol (see Sm ith above) or w ith glycerine (see 
F ayolle  above).

In all these processes there is a  further treatm ent 
b y  which the solvent is driven off during a 
drying process. For exam ple, in the process of 
Sm ith or L uft, alcohol or glycerine is thus ex­
pelled partia lly; and in S to ry ’s process the excess 
of phenol is driven off in the same w ay b y  slow
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drying under io o °G . 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 ioo° C. 
or below it is impossible to expel the totality of 
these solvents, part of which are stubbornly re­
tained by the mass.

I f I except the processes of Blumer, Thurlow or 
DeLaire, and generally those which have in view 
fusible and soluble resins, in all above-mentioned 
patent specifications temperatures of 100° C : or 
much belinir&xe insisted upon.

And yet I have convinced m yself by often re­
peated experiments that temperatures above 
100° C. and considerably above 100° C. are best 
suited or indispensable for the complete arid rapid 
transformation into a final insoluble, infusible 
product of exceptionally desirable qualities.. If 
this be so w hy have m y predecessors not used 
temperatures above ioo° C.?

W hy do some of them recommend tem peratures. 
as low. as 8o° C. ■ (Story) and even 50 f  C, (Luf t) ? 
W hy do they prefer to make this..final hardening, 
a long and slow operation w hich does not give.the- 
best, the hardest, the most resisting product? 
(See confirmation of m y statement by Story in 
Belgian addition patent 2x0965, September 30, 
1908.) ■

For the simple reason that if their initial mass 
be heated at too high a  temperature it gives off 
gaseous products, m ainly composed of formal­
dehyde; this produces bubbles in the mass, makes 
it spongy, porous, and unfit for commercial use. .

More direct experiments have proved to me that 
during the first stages of the process, we have to 
deal with a phenomenon that has all the char­
acteristics of chemical dissociation with liberation 
of CH ,0 .

If the initial mass be heated at temperatures 
abbve 100 0 C. the tension of this gas becomes very 
pronounced. A t  io o °C . the tension m ay become 
as high as 1 kilogram per square centimeter (above 
atmospheric pressure)', but this tension subsides as 
soon as the final product is formed.

I shall explain later how I have utilized this 
knowledge to. good advantage, and how I counteract 
this dissociation simply by exercising a com­
pensating external pressure.

In the historical part of m y paper, reference has 
repeatedly, been made to the use of condensing

agents. -We have seen how Kleeberg, Sm ith, Luft, 
Fayolle, Blumer and Thurlow use acid condensing 
agents. Others like Speyer, H entsche, Lederer, 
Manasse, DeLaire, use alkalies, but every time in 
relatively la rg e , 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 b y  much longer drying. 
B u t if his process be carried out with pure or 
crystallized phenol, it  takes m any days of con­
tinuous boiling before a reaction sets in; even then 
the product obtained is of a dubious character 
hovering between a resin of class one (fusible and 
soluble) and a resin of ciass two (infusible and in­
soluble). I t  is more likely to be a fusible and 
soluble resin if for some reason or another the 
process has been carried out with an excess of 
phenol or if, some Way or another, too much CH 26  
has escaped in the after concentration. For in­
stance by following his'description and boiling for: 
5 days in a retrirri condenser' a m ixture o f-50 gK 
pure crystalline phenol and 30 gr. 4 0 'p e i cent, 
commercial formaldehyde, theri concentrating in’ 
an open dish, I obtained the fusible soluble resin of 
Blumer or Thurlow which on further heating re- 
rriairis fusible and does not change into the in­
soluble infusible product as described b y  Stofy'. 
I obtain the same result if the boiling be carried 
on in presence of a small amount of a n y  acid, any 
acid salt, or any salt which on hydrolyzing may 
split, so as to give a preponderant acid reaction. 
This effect is : shown b y  salts of; mineral acids and 
heavy metals; it is shown even with ammonium 
chloride, and on acting upon form aldehyde liberates 
free hydrochloric acid.1

On the other hand, if I use an alkaline salt or a 
salt, which on hydrolyzing splits into a w eak 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 change the general 
character of the reaction. A ll w hat m ay happen 
in that case is that the final product is-rendered 
impure by some excess of phenol which can be 

1 See Cam bier. B rochet, Compt. rend., 120 , 557. *
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driven off afterw ards b y  a drying process similar 
to that of Story.

I have obtained sim ilar results with m any 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 w ay I have used sodium sulphite, 
which on acting on C H 20  liberates sodium h y­
droxide according to following reaction:

CH20  +  S 0 3Na2 +  H , 0  =  C H ,(0 H )S0 3N a +  NaOH.
I might say that a sim ilar effect is obtained from 

all substances which can act d irectly or indirectly 
as bases.

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

For the m anufacture of insoluble, infusible, 
condensation products of form aldehyde and phenol, 
bases used in moderate am ounts have very  decided 
advantages. T h ey accelerate the reaction w ithout 
degenerating same into a violent and irregular 
process. The relatively small am ount of base 
which m ay 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 am ounts of bases, I 
have succeeded in preparing a solid initial con­
densation product, the properties of which sim plify 
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, amm onia and its alkaline salts, 
hydroxylamin, organic amines, pyridine, carbam ­
ide and other amides of w eak acids; and the 
effect, with slight variations, is alw ays about the 
same; it is quite natural, that for reasons of econom y 
or expediency, I should prefer the com m ercially 
more available bases. j i j

I wish it distinctly understood that in order to 
obtain m y technical effect I use the bases in rel­
atively small quantities, say less than one-fifth

of the amount which would be required to trans­
form the phenol into phenolate.

I f larger am ounts 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 m y process 
the bases only act as catalyzers and intervene only 
tem porarily in the reaction. T h ey 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 im portant than it appears at 
first sight. Indeed it has allowed me to prepare a 
so-called intermediate condensation product, the prop­
erties of which sim plify still further m y methods of 
molding and enlarge very  much the scope of use­
ful applications of m y process.

The three phases of reaction can be described as 
follows:

F irst phase. The formation of a so-called 
initial condensaticn product which I designate as A.

Second phase. The form at'on of a so-called 
intermediate condensation product, which I designate 
as B.

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

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

A , a t  ordinary temperatures, m ay be liquid, or 
viscous, or pasty, or solid. Is soluble in alcohol, 
acetone, phenol, glycerine and similar solvents; is 
soluble in N aO H . Solid A  is very  brittle and melts 
if heated. A ll varieties of A  heated long enough 
under suitable conditions will change first into B  
then finally into C.

B  is solid at all temperatures. B rittle but 
slightly harder than solid A  at ordinary tem pera­
tures: insoluble in all solvents but m ay swell in 
acetone, phenol or terpineol w ithout entering into 
com plete solution. I f  heated, does not m elt but 
softens decidedly and becomes elastic and some­
w hat rubber-like, but on cooling becomes again 
hard and brittle. Further heating under suitable 
conditions changes it into C. A lthough 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.

C  is infusible, insoluble in all solvents; unat­
tached 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 .; at much higher temperatures begins to be 
destroyed and chars without entering into fusion. 
It is a bad conductor of heat and electricity.

The preparation of these condensation products 
A and /' and their ultim ate transformation in C  
for technical 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 
m ixture separates in two layers, a supernatant 
aqueous solution and a lower liquid which is the 
initial condensation product. 1 obtain thus at 
will, either a thin liquid called Thin  A or a  more 
viscous mass, Visiowi .A or a Pasty .4 , or even if 
the reaction be earned far enough, a Solid .4 .

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 T pour some of this .4 into a  receptacle and 
simply heat it above too® C.. without any pre- 
can ion. 1 obtain a porous spongy mass of C. 
But bearing in mind what 1 said previously 
about dissociation, 1 learned to avoid this, am ply 
by opposing an external pressure so as to counter­
act the tension of dissociation. W ith this purpose 
in view. I carry out my heating under suitably 

sed pressure, and the result is totally different. 
This may be accomplished in several ways but is 

done ordinarily in an apparatus called a Bakelizer. 
Snch an apparatus consists mainly of an interior 
Chamber in which air can be pumped so as to bring 
its pressure to 50 or better too lbs. per square inch. 
This chamber can b e heated externally or inter-

«His
to temperatures vis high as '.60' C. or considerably 
higher, so that the heated object during the process 
of Bakelizing m ay remain steadily under suitable 
pressure which will avoid porosity or blistering 
of the mass.

For instance it I pour liquid ,4 into a test 
rube and it I heat in a Bakelizer at sav 160

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  m ay affect 
the form of a transparent hard stick of Bakelite. 
I t  is perfectly insoluble, infusible, and unaffected 
b y almost all chemicals, an excellent insulator 
for heat and electricity and has a specific gravity 
of about 1.25.

I t  is very  hard, cannot be scratched w ith the 
finger nail; in this respect it  is far superior to 
shellac and even to hard rubber. I t  misses one 
great quality of hard rubber and celluloid, it  is not 
so elastic nor flexible. L ack  of flexibility is the 
most serious drawback of Bakelite. A s an insu­
lator, and for any purposes where it has to resist 
heat, friction, dampness, steam or chem icals 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 .4 into a  glass tube or 
mold I m ay sim ply dip an object into it  or coat it 
b y 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 w ith  a hard 
brilliant coat of Bakelite, superior to an y varnish 
and even better than the m ost expensive Japanese 
lacquer. A  piece of wood thus treated can be 
boiled in w ater for hours w ithout im pairing its 
gloss in the slightest w ay. I  can dip it  in alcohol 
or other solvents, or in chem ical solutions and yet 
not mar the beautiful brilliant finish of its surface. 
B ut 1 can do better. I m ay prepare an A . much 
more liquid than this one, and w hich has great 
penetrating power, and I m ay 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 ve ry  hard wood, as hard as 
mahogany or ebony of which the tensile- and more 
specially the crushing strength, has been con­
siderably increased and w hich can stand dilute 
acids or water or steam ; henceforth it  is proof 
against dry rot. I  m ight go further and spend a 
full evening on this subject alone and tell you  how 
we are now bringing about some unexpected 
possibilities in the m anufacture of furniture and the 
wood-working industry in  general. B u t I  intend 
to devote a special evening to this subject and s h o w  

you then how w ith cheap soft wood w e are able to 
accomplish results which never have been obtained 
even w ith the most expensive hard wood.
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In the same w ay I have succeeded in im pregnating 
cheap ordinary cardboard or pulp board and 
changing it into a hard resisting polished m aterial 
that can be carved, turned and brought into m any 
shapes. I m ight take up much more of your time 
by simply enum erating to you the applications 
of this im pregnation method, w ith 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 m etallic sur­
faces with a hard resisting protecting m aterial; 
how it m ay ultim ately supplant tin in canning 
processes; but I have no doubt that your im agina­
tion will easily supply you a list of possible technical 
uses even if I defer this subject for some other 
occasion.

As to Balcelite itself, you will readily under­
stand that it m akes 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 th at 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 fan cy articles has not 
much appealed to m y efforts as long as there 
are so m any more im portant applications for 
engineering purposes.

Bakelite also acts as an excellent binder for all 
inert filling m aterials. This makes, that it can be 
compounded w ith sawdust, wood pulp, asbestos, 
coloring m aterials, in fact w ith alm ost anything 
the use of which is warranted for special purposes. 
I cannot better illustrate this than b y  telling you 
that here y'ou 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 m inute w ithout objectionable 
heating and w ithout injuring the quickly revolv­
ing shaft.

If I mix Bakelite w ith  fine sand or slate dust I 
can make a paste of it  which can be applied like a 
dough to the inside of m etallic pipes or containers, 
or pumps, and after Bakelizing, this gives an acid 
proof lining very useful in chem ical engineering.

^alve seats, which are unaffected by steam, 
steam-packing that resists steam  and chemicals, 
have been produced in a  similar w ay.

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. Arm atures 
or fields of dynam os and motors, instead of being 
varnished with ordinary resinous varnishes, can 
sim ply be im pregnated w ith A ,  then put into a 
Bakelizer and everything transformed into a solid 
infusible insulating mass; ultim ately this m ay 
enable us to increase the overload in motors and 
dynam os b y  elim inating the possibility of the 
m elting or softening of such insulating varnishes 
as have been used until now7. B u t the subject of 
dynam os and m otor construction is only at its 
v e ry  m odest beginnings and I prefer to mention 
to you w hat 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 subject of molding 
Bakelite.

F or all plastics like rubber, celluloid, resins, etc., 
the molding problem is a very  im portant one. 
Several substances which otherwise m ight be very  
valuable are useless now because they cannot 
econom ically be molded. The great success of 
celluloid has m ainly been due to the fact that it 
can easily be molded. N itrated cellulose alone, 
is far superior in chem ical qualities to celluloid, 
but until H ya tts ’ discovery, it could only be given a 
shape b y  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.

In the same w ay white sand or silica would be an 
ideal substance for a good m any purposes, could it 
be easily compressed or molded into shape and into a  
homogeneous mass. B ut it cannot; and therefore 
remains worthless. And that is the main differ­
ence between a plastic and a non-plastic. I t  so 
happens that B akelite in C  condition does not 
mold; it does not wreld together under pressure 
even if heated; only w ith much effort is it  possible 
to shape some kind of an object out of it, but some­
w ay or another the particles do not stick w elf 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. W e 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 im ply most serious drawbacks.

I have already shown you how I 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 m y molding methods so as 
to use the molds only during the very minimum 
of time. I have succeeded in doing so in several 
ways. One of the simplest w ays 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  m ixture 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. A t 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 
w ay 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. A fter 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-treatm ent in the Bakelizer 
will finish everything. I have succeeded thus in 
reducing the molding to less than two minutes for 
small objects.

The valuable properties of B  m ay be used in 
many other ways; for instance A  m ay 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 b rittle 'w h en  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; 110 m elting nor deformation 
can occur, so we need no mold while maximum 
heat is applied to bring everything in con­
dition C.

I could m ultiply these exam ples b y  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 I 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 I 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 m y friends, 
the physico-chemists, will come to m y aid, discover 
some w ay for establishing some optical properties 
or other physical constants, we are very  much at a 
loss to establish the molecular size of m y product.

B u t I have been so fortunate as to be able to 
obtain some insight into its chemical constitution 
by a rather round-about w ay: Indeed, I have suc­
ceeded in making Bakelite b y  indirect synthesis.

As stated previously, oxybenzylalcohol if heated 
at 150° C., or in presence of acids, gives various 
partial anhydrides, called saliretin , which m ay 
resinify further if heated a t higher temperatures. 
Saliretin products are more or less soluble in alco­
hol and acetone and in N aO H  solution, from which 
they m ay be reprecipitated b y  means of NaCl.

We have already seen that DeBaire in heating 
phenol alcohols in vacuum  obtains soluble resins. 
B ut 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 am ounts of ammonia. In . 
both cases I obtain a substance which is hard 
when cold, but which softens when heated, 
but does not melt. I t  swells in acetone and - in 
NaOH and dissolves partially. This substance is 
not my interm ediate condensation product B, 
because no am ount of heating can transform it in C.

If, however, I heat oxybenzylalcohol in presence 
of enough CH ,0  or its polym ers in a sealed tube at 
i8o°C. for 8 hours, I obtain a substance entirely 
similar to B akelite in properties and in- chemical 
composition.

By varying the proportions and repeating the 
experiment a great number of times I succeeded 
in establishing that, unless I use at least j  mole­
cule of CH , 0  fo r ; 6 molecules o f . oxybenzylalcohol 
I do not obtain B akelite but a product: containing 
saliretin compounds.

The. same result occurs by. heating, 6 m olecules of 
phenol and 7 molecules of CH  O in presence of a 
small amount of a base.

If I use som ewhat less- form aldehyde or if for 
some reason or another all the form aldehyde does 
not enter into reaction, I  obtain a Substance which 
may still.be attacked -b y acetone, probahly because 
it contains uncombihed phenol 'or,.satliretins after 
the reaction is over.

But I have found th at all these substances, 
whether they-are obtained b y  cheating 6 molecules 
of phenol: alcohol w ith at least one molecule of 
CH,0 , or whether they are obtained b y  the: action 
of phenol on form aldehyde under heat and. pressure 
in presence o f small am ount of bases, can be purified 
and brought to about constant composition as 
follows: - .

The substance is pulverized, washed w ith 5. per 
cent.. K O H  solution, with dilute. H C1, with alcohol, 
with acetone and finally dried to constant weight 
ill'v_cuo.

The powder so obtained still contains traces of 
potassium, which: I did not succeed in elim ina­
ting. The am ount o f  same is very  small, about
0.09 per cent, of ash, but it  seems to cling tenaciously 
to the product and m akes it som ewhat hygroscopic 
making .. weighing for analytical purposes very  
d fficult, - and accoCints for. some variations in the 
results,

The organic com bustion of all these products 
gave the follow ing results:

1 m oleC H 2O - ' . f °  “  ” -48 7 7 ' 88. ..................................................  { I I  ■=■ 5 .9 6  5 .97
6 mole sal i gs m f) I 6 . , 5

c =  76.47 76.35
H -  5 .44 5 .4 0
O => 18.09 18.25
C — 76.59 76.57
H =  5 .97 5 .97
0 =  17.44 17.46
C -  77 .48 76.61
II «  5 .6 0 5 .8 0
O =  16.92 17.59
c » 7 7 .92 75.62
H «  5 .71 5 .78
O =  16.37 18.60  1

>n the great diffi-

1 mole CI-I2O     .........................
4 mole s n l i g e n i n . . . . . . . . . . . .

13 mole CH20 ............... ......................
12 mole saligen in ................ ...........

1 mole p h e n o l.............................  . . .  .
1 mole CH2O  ................ ...........
and  1 per cent. N H 3..........................
10 cc. p h en o l........................................
10 cc. 4 0 -per ccht. form aldehyde, 
and  lA  p e r cent. N H 3     .

culties encountered in purifying methods,, these 
results seem to indicate that we have to deal here 
w ith a definite organic substance of constant com ­
position, which according to its methods of prep­
aration m ay exist with im purities m ixed in various 
proportions. These im purities are probably free 
phenol;;or free CH 20  or saliretin products.
. From  the indirect synthesis of Bakelite by means 
of oxybenzylalcohol and CH 20 , I am led to, con­
sider B akelite  in its simplest form as a polymerized 
oxybenzyl m ethylen - glycol ■—- anhydride which,
in case of ordinary phenol, m ight be represented by 
the following formula :

The reaction being represented b y: 
m(6C7H A  .+. CH 2(OH )2). =  tt(CwH 380 7) ■ -j- h (7H20 .)

This form ula corresponds ac éptably to the 
analytical results if Tve take-in-'consideration the 
difficulties of purification.

Ç. H. • ' O..
C alcu la ted   .........  r=? 77 .44  5 .7 5  16.81
F ound  (average). . . . .  . == 77 .68  5 .9 6  16.36

(w ith p ro d u c t of 6 m ole saligenin 4- 1 m ole CH2O);

I consider B akelite C  as a direct polym er -of 
another anhydride which is represented b y  m y 
interm ediate condensation product or B akelite B. 
B akelite B  is a more com plete anhydride than 
Bakelite /l. As to Bakelite A,- I am unable to 
arrivé at a con stan t1 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 m ixtures of A  and B.

M y supposition has a  strong appearance of 
probability b y  the following experim ent; ■

If I put a m ixture of phenol and form aldehyde in 
proper proportions and w ith some small am ount of a 
base in a sealed g la s s . tube and heat just long 
enough to produce A:- the formerly homogeneous 
liquid m ixture separates into two layers. The 
initial condensation product A  forms a lower 
stratum , and a  supernatant layer.of liquid indicates 
the elimination of water. The, same thing occurs if

1 Beginning ox idation  during  drying.
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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 m ay 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. A t the same tim e 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. B u t 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 oxygen.

W ith homologs of phenol we obtain the direct 
homologs of these anhydrides; for instance with 
orthocresol we get the polymer of ortho-methyl- 
oxybenzyl-m ethylen-glycol-anhydride.

It  m ay be of interest to remind you that many 
years ago, Oscar L ow 1 called our attention to the 
great importance of formaldehyde as a starting 
point of synthesis in plant life. B y  the photo­
chemical action of sunlight on C0 3 in presence of 
water -in chlorophyl, oxygen is liberated and pro­
duces CH 20 . This is the beginning of a process of 
further synthesis building up more complicated 
bodies.

I f 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 .— Form ation of a higher anhydride by 
further elimination of water. 
This higher anhydride seems no 
longer to possess hydroxyl groups, 
but by addition of NaOH m ay still 
form alkaline compounds. This in­
duces me to believe that in some

1 Ber., 22, 475 and  23, 388 and  480.

w ay or another we shall suceed in 
obtaining alkali compounds of the 
kind which on being treated with 
dilute acids will regenerate A .

U ntil we have anything better, I shall propose 
the formula:

C H 2 
/

/

/
O

/
/

/

CH ,
V

\
0
\

\

C ,H 4

o

CI-I2 
c ,i-i 4 

0  

c h 2
1

C oH 4

o

c h 2 
c „h 4

0
1

CH , 

C ,H 4I
i

o

\  CH 2
V I

C0H4
Stage C.— Polym erization of the B  product re­

sulting in greater chem ical 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 20  has 
given me Bakelite.

On the other hand B ertrand,1 and V lchirch and 
Stevan 2 and more recently R. M ajim a and S. Cho3 
have called our attention to the phenolic nature 
of resinous substances, specially Japanese lacquer. 
The latter substance has some analogy w ith Bake­
lite and exudes from the Rhus vcrnicijera Dc. which 
is a plant that is somewhat related to our American 
“ poison ivy’ .”

1 A n n . C.Wm. P kys. [6 ], 12. 115 (1S9S); B ull. Soc. Chim . [3], 11, 61+ 
and  717 (1S94).

1 Tscliirch uu d  S tevan , Arch. d. Pharvi.. 243, 504 (1905).
1 B er.. 15, Novem ber, 1907, page 4390.
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So after all, the synthesis accomplished in m y 
laboratory seems to have a decided sim ilarity to 
some intricate biological processes th at take place 
in the cells of certain plants.

In order not to increase too much the length of 
this paper, I have m erely given you the brief out­
lines of years of arduous but fascinating work, in 
which I have been ably  helped b y  Mr. N athaniel 
l'hurlow and more recently also b y  Dr. A. H. 
Gotthelf, who attended to m y analytical work.

The opened field is so va st that I look forward 
with the pleasure of anticipation to m any more 
years of work in the same direction.

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

It will be a great pleasure to m e if in doing so, 
I may stim ulate further interest in this subject 
among m y fellow chem ists and if this m ay lead 
them to succeed in perfecting m y 'methods or in­
crease still further the number of useful applica­
tions of this interesting compound.

(Co n t r i b u t i o n  f r o m  t h e  A r t h u r  D .  L i t t l e  L a b o r a t o r y  o f  E n g i ­

n e e r i n g  C h e m i s t r y .)

A C C U R A C Y  IN SAM PLIN G  C O A L.1
B y  E. G. B a i l e y .

In 1899 the Am erican Chemical Society was 
presented w ith a “ R eport of the Com mittee on 
Coal A n alysis;”  and so far as the chem ical analysis 
is concerned the method recommended b y  this 
committee has been very closely followed b y  the 
majority of laboratories. In m any specifications 
for the purchase of coal on the analysis and heat 
unit basis, it is stated th at the sample shall be 
analyzed in accordance with the method adopted 
by the Am erican Chemical Society, while the 
greater number of these specifications m erely men­
tion the sam pling of the coal delivered and do not 
state definitely how the sam ple shall be taken 
and quartered down.

One specification covering the delivery of about
200,000 tons of coal per year states: “ Sam pling 
" ill be done b y  a representative of the com pany 
and contractor m ay have a representative present. 
Sample will be taken from each delivery and kept 
in hermetically sealed jars.”  Another specifica­
tion on which alm ost twice this am ount of coal is 
purchased describes the sampling as follows: “ A  
small quantity of coal will be taken from each

1 Read before the  In d u s tr ia l D ivision of Araer. Chem. Soc., B alti­
more. December 31. 1908.

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 em pty the 
contents of the receptacle will be thoroughly 
m ixed, and a sample of this m ixture will be taken 
for chem ical analysis.”

The specifications on which the United States 
Governm ent purchase state: “ Samples of the 
coal delivered will be taken by a representative of the 
Governm ent. . . .  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 th at it will in every respect tru ly 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 am ount th at all of the final sample 
thus obtained will be contained in the shipping 
can or jar and sealed air-tight.”

In one instance, the Governm ent 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 10 samples
w as 11 .5 8  per cent. ash. Referring to this in­
stance, Mr. W oodwell, in a paper before th e 'A m er­
ican Society for Testing Materials, says: “ More­
over, the coal passed the visual inspection of offi­
cers charged w ith the d u ty  of checking the weights 
and of noting the presence of slate, dirt, e tc .”

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

The “ ban d s”  or streaks of “ bone co a l”  found 
in the P ittsburg seam as mined in W est Virginia 
contain only 25 to 30 per cent. ash. A  sample of 
“ bone co a l”  from Pennsylvania was found to con­
tain 30.56 per cent. ash. I t  is very  difficult to 
conceive th at a  coal higher in ash than “ bone co a l”  
would be delivered b y  any coal com pany, and 
still more im probable th at any inspector would not
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detect the nature of such material from the most 
casual inspection. I t  seems more likely that such 
results were due to a non-representative sample.

Coal which undoubtedly did not vary  more than 
2 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.

In another instance, c o a l ' was delivered 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 than did 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

it is impossible to go 20 or 30 per cent, below the 
standard, while samples have shown this much above.

The impression seems to exist among m any 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 ca’se. 
The chemist m ay notice that certain results seem 
discordant and check the analysis, from  his pul­
verized laboratory sample, and find th at his analy­
sis is correct. How m any tim es 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 chem ical analysis.

I t  is not intended to convey the impression that 
the quality of coal itself does not change, for it 
certainly is  affected b y  the care of preparation, as

nothing to do but accept the reduced price, thus 
losing more than all the profit on the entire year’s 
contract because of this one sample.

It  is not strange that the coal, companies are 
reticent about taking contracts on the analysis and 
heat unit basis, when they are a t the mercy of non­
representative samples. If there were only a cor­
responding error of sampling in the opposite direc­
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 impurities which vary  to some ex­
tent even in the same.mine. It  is be.cause of these 
variations and the different quality  and. character 
of coal coming from different mines and regions 
th at the coal is analyzed, but until the necessity 
of taking representative samples is, realized by 
every ope connected with the testing, buying and 
selling of coal, the exrors in sam pling will over­
shadow the variations in  quality;

CAUSE OF ERRORS . IN SAMPLING. .
The word error as used here, does not apply to
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that class of analyses which have been so often areas A  B I-I and E  D N  in the regions of greater
used for advertising purposes and have been made error. The probable error in the two instances
from selected samples. I t  applies only to cases are represented by the distances O Q (0.33) and
where two or more samples are separately taken O F  (0.73). This means th at the area Q K  L  M P
from some one lot of coal of which each sample is is equal to the sum of the areas H B K  Q and
supposed to be representative. The error of an P  M D N lying outside of the probable error, or in
individual ash determ ination is the difference be- other words, there are as m any errors greater than
tween its percentage of ash and the average of all 0.33 as there are less than this amount. The pos-
samples taken from the one lot of coal. sible error or u, is the error th at is likely to occur

It has been found th at these errors follow the only once in 10,000 analyses, and would be repre­
probability curve so closely th at the probable error sented on the curve as the point where the vertical
of sampling b y  a certain m ethod m ay be calculated ordinate is 0 .0 1% : A s this data follows the
by the method of least squares, ju st as the surveyor probability curve v e ry  closely, the formula for
or physicist calculates the probable error of a num- probable and possible error can be safely applied
ber of observations or determ ines the lim it of ac- in determ ining the reliability of different methods
curacy of a certain instrum ent. of sampling.

Table I gives the errors on a large num ber of In this table the last three columns, denoting 
check samples from different sources. the determ ined error and the calculated errors, are

T a b l e  I .

A c t u a l  E r r o r  a n d  P r o b a b l e  E r r o r  i n  P e r c e n t a g e  o f  A s h  R e s u l t i n g  f r o m  D i f f e r e n t  M e t h o d s  o f  S a m p l i n g  C o a l .

C alculated .

P robab le Possible
W eigh t N um ber L ots M axim um error error

Item  No.
of original of of A verage e rro r by in ash in  ash

A u th o rity . sam ple lb. sam ples. coal. ash. analysis. r. u .
1 Boiler te sts  by  a u th o r ............................................. .. 125 16 1 10.68 3 .2 4 0.71 4 .0 2
2 P ennsy lvan ia  R ailroad  Co., locom otive t e s t s . . 60 17 1 7.83 3 .5 2 1 .2 1 6 .1 9
3 P ennsy lvan ia  R ailroad  Co., locom otive te s ts . . 60 80 1 ‘ 6 .25 2 .6 0 0 .5 0 2 .8 3
4 U. S. Geological S urvey, car sam ples........... 100 to 800 120 34 10.17 4 .1 0 0 .73 4 .1 6
5 U . S. Geological Survey, car sam ples, betw een

5%  and  10% a s h ....... ...................... ................ 100 to 800 48 13 6.71 2 .0 6 0 .5 6 3 .1 9
6 U. S. Geological Survey, car sam ples, betw een

10% and  15% a s h ...........................................  100 to  800 64 19 11 .8 8 3.11 0 .7 6 4 .3 4
7 A. D . L ittle  L abora to ry  (all check sam ples)... 600 1S 1 56 8 .2 8 1 .5 8 . 0 .33 1 .86
8 A. D. L ittle  L abora to ry , under 10% a sh .......... 600 160 46 7.52 1.58 0 .33 1 .88
9 A. D. L ittle  L abora to ry , over 10% a sh ............. 600 21 10 11.78 0.93 0 .3 0 1.68

10 A. D. L ittle  L abora to ry , sam pled from  vessel. 600 136 37 7.42 1.58 0 .34 1.96
11 A. D. L ittle  L abora to ry , sam pled from  cars. 600 18 7 10.02 0.93 . 0 .33 1 .88
12 A. D . L ittle  L abora to ry , sam pled  from  p ile s . . 600 27 12 9 .95 0 .57 0.22 1.27
13 A. D. L ittle  L abora to ry , sam pled from  cars.. . 250 62 8 7 .98 1.61 0 .41 2 .3 6

No.

Original sam ple.

"Size-
w eigh t” B roken to, Q uar- 

Size. per cen t. inches te red  to.

"Size-
w eight”

per
cen t.

C rushed to, Q uar- 
inches. te red  to..

“ Size-
w eigh t” 
p e r cent.

P u lv e r­
ized to.

“ Size- 
w eigh t” 
p e r cent.

1
2 and 3

.....................................  3 /4  5 lb.

. . .  .......................  o ‘ ‘A lm ond”  5 lb.
0 .5 'A 50 gram s 

%  lb.
2 -10  lb. 0 
100 gram s 
100 gram s

0.22 80-m esh 0 .002»
4-6
7-12
13

1 lA  0 .2 3 -0 .0 3  K  25-50 lb. 
. . .  A bou t 0 .1  2 -m esh • 4 lb. 

A b o u t 0 .2  2 -m esh  2 lb.

0 .02- 0.0 1
0 .05
0 .1 0

'A
8-m esh  
8—mesh

Ô Î ̂ -0 ÔÔ2 
0.012 
0.012

60-inesh 
80-m esh 

. 80-m esh

6 loos*' " ' 
0 . 002» 
0 .0021

"lhe results of item s Nos. 4 and 7 have been 
plotted in Fig. 1. These curves involve no m ath­
ematics whatever, b u t represent the per cent, of 
analyses in which the errors fa ll between o and 0.2, 
°-2 and 0.4, etc., both above and below the aver­
age. The significance of two probability curves 
plotted to the same scale, is th at their areas are 
equal, and curve w ith the highest apex corresponds 
to the largest num ber of small errors. W hatever 
area B K  L  M D  C one curve one m ay have above 
another near the zero axis m ust be equaled b y  the

1 Based on one gram  sam ple taken  from  b o ttle  for analysis.

given in percentages based on the coal as 100 per 
cent., and not on percentages of the am ount of ash 
present in the coal. In  each of these cases th e 
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 w as sub­
stituted in the following form ula:

( 1) r  =  0.6745  - J ~ 2 v  ■ 
i n  —  1
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“ r ”  is the probable error.
“ v ”  is the individual error.
“ S i r ” is the sum of the squares of the individual 

errors.
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:

W = = 3 ' S4
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 Society of M-.chanical Engineers Transactions, 
Vol. 27, page 636.

The data represented by Item s 2 and 3, Table I, 
are taken from “ Locomotive Tests and E xh ibits”  
b y  the P en n sy lw tra  Railroad System, Louisiana 
Purchase Exposition. 1904. This report states: 
“ The coal finally selected came from the Scalp 
Level mines (near Johnstown, Pa.), owned b y  the 
Berwind-W hite 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

used at the Pennsylvania Railroad testing plant, 
is given in their report as follows: “ A ll 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 b o x............
About 60 pounds of coal were taken as a sample; 
this was crushed to the size of an almond and re­
duced b y  quartering to about five pounds. It 
was then ground fine and reduced to half a pound 
by further quartering, after which it w as pulver­
ized and a regular chem ists’ sample taken .”

Each analysis given in this report is supposed 
to represent the coal used 011 a test, which varied 
from 1300 to nearly 15,000 pounds, averaging 
6739 pounds. W hile the quality  of coal used on 
any one test m ay not have been exactly  the same, 
yet there can be no doubt but th at 7,000 pounds 
taken from any part of the cars shipped from this 
mine would contain a more uniform ash than is 
shown b y  the analyses of the individual 60-pound 
samples. A  careful study of these results shows 
that there is 110 apparent relation between the 
variation in ash and time, as the results of con­
secutive tests show great variations, for instance, 
7 .25, 1 x .35, 7.63 per cent. ash. Averaging the 
different series of tests the ash is 7.83, 6.30, 6 .10 , 
6.23, 6 .3 1, 6.27, 6.25, and 6.30, indicating that 
after the first series of tests the quality of coal 
itself ran rem arkably uniform. I t  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 th at the amount of 
slate and impurities has a great deal to do w ith the 
accuracy of sampling in addition to the “ size- 
w eight”  per cent.

The data, for Item  No. 4 was taken from Pro­
fessional Paper No. 48 of the U nited S ta te s . 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, considering the fact 
th at the car samples were taken b y  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. T he 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 100 pounds. This 
report also states th at the samples from the steam 
plant were collected in galvanized iron cans which 
were about 18 inches in diam eter 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 com pletely 
filled during each test. A pparently  no mention 
has been made of the qu an tity  of coal taken from 
the original sample in the coke plant.

From these various plants, the samples were 
quartered down b y  the conical pile method to 50 
or 25 pounds and were then turned over to the 
chemical laboratory, where th ey were further re­
duced in size and quantity, as indicated in the 
lower part of Table I. A ll 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 S urvey th at 
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 th at some 
of the errors here indicated m ay be somewhat 
greater than w as 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 
represented b y  Item  No. 4, excep t th at the results 
have been classified according to the average ash 
content in the various coals. I t  is noted from 
this comparison th at 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
resented. In these 56 different lots, there were 
only 14 varieties of coal included. The different 
lots represent either individual vessel cargoes, car­
loads or piles. It  is noted th at the m aximum 
error found in these 181 samples is 1.58  per cent., 
while the probable error of each individual sam- 
ple is o . 33 per cent.

Items Nos. 8 and 9 give the same analyses classi­

fied as to percentage of ash, and it is noted that 
there is practically no difference.

Item s Nos. 10, 11 and 12 give the same analyses 
classified as to vessel, car and pile samples, and it 
appears th at 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 a t tide-water and loaded into 
railroad cars. A  'wheelbarrowful was taken from 
each car of coal as it was received a t 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.

T he im portant point brought out b y  Table I 
is the decreasing error with the larger original sam­
ples. For instance, the com parable cases where 
the w riter was personally fam iliar are Item s 1, 11 
and 13.

W t. original A ctual C alculated  pos­
Item . sam ple, lbs. 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 P ennsylvania Railroad and United 
States Geological Survey show sim ilar error when 
only 60 and 100 pounds have been taken as orig­
inal samples. I t  should be understood th at the 
car samples taken b y  the Governm ent have proba­
b ly  been as well or even better taken than those 
from  L ittle ’s laboratory; b u t 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.

A fter realizing the im portance of keeping the 
ratio of the largest pieces to the weight of the 
sample, or the “ size-w eight”  per cent, low, a series 
of experim ents was made in order to determine 
how the variation in percentage of ash was affected 
b y 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 b y  the follow­
ing analysis:
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Moisture..............................................  o.56% t h e  e n t ir e  o p e r a t io n  r e p e a t e d  a n d  c a r r ie d  o n e  step

F b t e d c a r ^ " ' . " ! 72!os% f u r th e r ,  m a k in g  t w e n t y  8- m e s h  s a m p le s ,  f iv e  ea ch
Ash....................................................... n .50%  w e ig h in g  a b o u t  72 , 36 , 18 a n d  9 g r a m s .
Sulphur...........................................  0.93% °  6
b. t .  u ................................................ 13791 A  s e c o n d  a n d  th ir d  s e r ie s  o f  s a m p l e s  w e r e  a lso

A b o u t  29 p o u n d s  o f  t h i s  c o a l  w e r e  t a k e n  o r ig -  o b t a in e d  f r o m  t h e  r e m a in in g  o r ig in a l  8- m e s h  sam -

i n a l ly ,  a n d  a l l  o f  i t  w a s  p u t  th r o u g h  a  2-m e s h  p ie ,  b u t  t h e  s e c o n d  s e r ie s  w a s  c a r r ie d  d o w n  to  a

s ie v e .  I t  w a s  t h e n  “ q u a r t e r e d ”  o r  d iv id e d  b y  i - g r a m  s a m p le ,  a n d  t h e  t h ir d  s e r ie s  w a s  d iv id e d

m e a n s  o f  a  r iffle  s a m p le r ;  t h i s  w a s  r e p e a t e d  u n t i l  d o w n  t o  a  0 . 3- g r a m  s a m p le .  I n  t h e  t h ir d  ser ies,

a b o u t  144 g r a m s  r e m a in e d  t o  b e  d iv id e d .  T h i s  t h e  s a m p le s  o f  2 g r a m s  a n d  s m a l le r  w e r e  d iv id e d

r e m a in in g  a m o u n t  w a s  d iv id e d  a n d  o n e - h a l f  (72 b y  q u a r t e r in g  o n  g la z e d  p a p e r  w i t h  a  s p a t u la ;  all

g r a m s )  o f  i t  w a s  p u lv e r iz e d  t o  80-m e s h  a n d  p u t  o t h e r  d i v i s io n s  w e r e  m a d e  w i t h  t h e  r if f le  sa m p le r ,

i n t o  a  b o t t l e ;  t h e  o t h e r  h a l f  o f  t h i s ,  in s t e a d  o f  b e -  T h e  s a m p le s  o f  2 g r a m s  a n d  l e s s  w e r e  n o t  p u lv e r -

in g  r e tu r n e d  w i t h  t h e  la r g e  p a r t  o f  t h e  o r ig in a l  iz e d ,  b u t  t h e  e n t ir e  a m o u n t  o f  c o a l  c o n t a in e d  in

s a m p le ,  w a s  d iv id e d ,  m a k in g  t w o  36-g r a m  s a m -  t h e m  w a s  w e ig h e d  u p  a n d  b u r n e d  in  p la t in u m

p ie s ,  o n e  o f  w h ic h  w a s  p u lv e r iz e d  t o  80-m e s h  a n d  c r u c ib le s .

b o t t l e d ,  w h i le  t h e  r e m a in in g  36 g r a m s  w e r e  d iv id e d  T h e  f o u r t h  s e r ie s ,  c o n s i s t i n g  o f  t e n  144-g ra m

a g a in ,  a n d  o n e  o f  t h e  18- g r a m  s a m p le s  p u lv e r iz e d ,  s a m p le s ,  w a s  l a t e r  m a d e  f r o m  t h e  o r ig in a l  sa m -

w h i le  t h e  o t h e r  w a s  r e tu r n e d  t o  t h e  o r ig in a l  s a m -  p ie ,  a n d  f r o m  e a c h  o f  t h e s e  80- m e s h  b o t t l e  s a m ­

p le .  T h e  o r ig in a l  s a m p le  w a s  a g a in  d iv id e d  in  P ^ s  t e n  g r a m s  w e r e  t a k e n  a n d  a  c o m p o s i t e  sa m -

t h e  s a m e  m a n n e r  a n d  t h e  c o m p le t e  o p e r a t io n  r e -  p ie  m ix e d .  T e n  a n a ly s e s  w e r e  m a d e  f r o m  t h i s  on e

p e a t e d  f iv e  t im e s ,  t h u s  g iv in g  f iv e  72-g r a m , f iv e  36- c o m p o s i t e  s a m p le ,  a f t e r  w h ic h  i t  w a s  f u r t h e r  p u l-

g r a m  a n d  f iv e  18- g r a m  s a m p le s .  T h e  r e m a in in g  v e r iz e d  in  a n  a g a t e  m o r t a r  u n t i l  i t  a l l  p a s s e d  th r o u g h

o r ig in a l  s a m p le  w a s  t h e n  s c r e e n e d  t h r o u g h  a  4 -m e s h  a  200- m e s h  s i e v e .  E l e v e n  m o r e  a n a l y s e s  w e r e  th e n

s i e v e ,  a n d  a l l  t h a t  w a s  t o o  la r g e  w a s  b r o k e n  in  a  m a d e  f r o m  t h i s  s a m p le .  I n  a l l  t h e r e  w e r e  193 sa m -

m o r ta r  u n t i l  a lt  o f  i t  p a s s e d  t h r o u g h  4- m e s h . F i f -  p ie s  m a d e  f r o m  t h i s  o n e  o r ig in a l  29 p o u n d s  o f  co a l,

t e e n  m o r e  s a m p le s  w e r e  o b t a in e d  f r o m  t h i s  c o a l  T h e  p h a s e  o f  s a m p l in g  w h ic h  i s  p a r t i c u la r ly  co n -  

i n  t h e  s a m e  m a n n e r  e m p lo y e d  t o  g e t  t h e  f i f t e e n  s id e r e d  in  t h i s  p a p e r  i s  t h e  p e r c e n t a g e  o f  a s h ,  co n -

2- m e s h  s a m p le s .  A l l  o f  t h e  r e m a in in g  o r ig in a l  s e q u e n t l y  t h e  a s h  o n l y  w a s  d e t e r m in e d  f r o m  e a c h

s a m p le  w a s  t h e n  p u t  t h r o u g h  a n  S -m e s h  s ie v e  a n d  o f  t h e s e  s a m p le s ,  e x c e p t i n g  a  p r o x i m a t e  a n d  B .  T . U -

Table II.
Asa Determination wrra D ifferent ' ‘Size-Weight Percentages.”

Cora- Com-
Weight of sample gram............................  posite. posite. 144 72.1 35.2 17.15 8.85 ■ 73.0 4.52
Alt through sieve before dividing.........................................  S-M S-M 8-51 8-M 8-M 4-M 8-M
•‘Sile-w-cight" per cent  ....................  0.0002> 0.0014> O.OOS35 0.0167 0.0341 0.070 0.136 0.150 0.266
Pulverired to—  ......................................  200-M. 80-M. S0-M. 80-M. 80-M. 80-M. 80-M. 80-M. 80-M.
A shperoent..........................................................  . . .  . . .  10.21

  . . .  . . .  . . .  10.60
110S  12.06 11.96 11.58 . . .  10.76
11.58 12.10 11.06 11.04 . . .  10.4S
11.78 11.92 12.30 11.28 . . .  11.64
1172 12.16 12.14 11.88 . . .  11.74

1150 ••• ••• H-S2 12.04 12.60 11.10 . . .  11.22
11.50 11.34 11.38 11.24 11.20 11.30 12.06 . . .  11.33
11 4S 11.4S 11.2S 11.6S 12.02 12.04 11.46 . . .  11.40
11.54 11.62 11.7S 11.20 12.06 12.70 11.04 . . .  11.33
11.45 11.50 11.46 11.52 11.OS 11.90 12.44 . . .  11.20
11.46 11.4S 11.3S 11.30 11. SS 11.66 11.54 . . .  10.27
11.54 11.40 11.30 11.64 11.30 1 1 .IS 11.26 11.98 12.32
11.45 11.36 11.16 11.66 11.26 11.26 11.52 12.32 11.28
U .5 0  11.60 11.00 11.10 11.36 10.66 11.58 11.95 11.40
11.54 11.40 11.16 11.4S 10.90 12.06 11.44 12.30 11.32
11.45 11.42 11.40 11.04 10.9S 11.34 10.SO 12.16 10.32

.V "  " ,V -V ..............................................  U i0 1146 1153 , l -46 1162  n . 6S 11.47 12.14 10.65
................................... 0.04 0 .16  0.34 0.46 0.66 1.20 0 94 0 82 1.29
.................................  0 .00  - 0 . 0 *  -0 .1 7  - « . 0 4  + 0 .1 2  + 0 .1 S  - 0 . 0 3  +  0 .64  - 0 . «

, o C fn ^ e m . t  ..............................   0.02 0.07 0.1S 0.19 0.33 0.43 0 34 0.58
•  «rP'M '& aetm r............................................    0 .40  1.04 1.05 1.S7 2.4S 1.91 3.2S

5 R ise d  ©a jra ra  taken irccct b o ttle  foe analysis*
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T A B L E  I I .— (Continued .)
W eight of sam ple g ra m ............................ 2.2615 18.2 1.1368 71:8 0.5867 35.5 0.3001 17.8
All through sieve before d iv id in g .. . . . .  . 4-M. 8-M. 4-M. 8-M. 2-M. 8-M. 2-M. 8-M. 2-M.
“Size-w eight” per c en t. . . ....................... , 0.53 

N o t p u l­
0.61 1.06 

N ot p u l­
1.16 2.045 

N ot p u l­
2.35 4.00 

N o t p u l­
4.65

Pulverized t o ......... ....................................... verized. . 80-M. verized. 80-M. verized. 80-M. verized. 80-M.
Ash, p e r c e n t . . . ............................ ............. 10.47

11.39
9 .74

: 9 \3 7 !
10.45

10.91 10 .29
' 9 .57 • *-•: ¿. 12.41
10.37 9 .32
10.88 10.06
10.40 10.80 ,

>... -.¿.¿I -. , 1 1 . 22. 10.39 10.73 10.79
12.13 11 .30 12.79 10.66
11.23 12.79 13.50 13.48
10.20 10 .11 9 .14 12.18
9.61 11 .34 10.77 ' is.86

11 .64 11.49 11.64 1 2 t0? 11 .8 8 . 10.06 11 .6 8 . 11.52 15.56
12.92 10.55 11 .84 . 12.97 10.50 9 .7 4 14.12 _ 8.71 9 .76r
10.76 11.55 10.70 9 .72 13.80 12.01 ; l i . 7 2 ‘ 9 .58 8 .8 4
1 0 .S2 12.20 11.74 io;3o 1 2 .10 1 1 .2 1 11 <20 13.32 .12 .78

it-:.".:* io :k> 12.48 10.92 • 11.76 7 . 6O 11.24 11.91 11.36 8.95 9 .18

A verage.. . . . . . . . .  . „ 10.88 11.54 10.65 11.90 11.19 12.01 11.50 11 .2 2
Maximum error from  1 1 .5 0 ........................... . . . . 1 .4 2 . 1.93 . 0 .8 0 3 .9 0  ' 2 .30 2 .3 6 2.62 4 ; 36 '4 .0 6
E rio t of Svfcrdge from 1 1 .5 0 ........................
Calculated 
t  or probable error

. . * + 0.22 — 0.62 0 .04 <5‘85 -f 0 .4 0 —0.31 +  0.51 0.00 1 — 0 .'2S

0.60 1 .01 0 .90 1 .¿5
u  or possible e rror : : 3 .41 • 'f . 5 .7 2 5..14 9 .40 '

determination th at was m ade from  the 200-mesh would have been more concentrated; especially
composite sample. In every case the coal w as with the larger “ size-w eight”  percentages, which
burned to ash in platinum  crucibles placed in a would have resulted in a  more uniform increase in
gas muffle. the individual errors, as well as t h e ‘Values calcu-

Facli ash determ ination made is given in Table lated for “ r ”  and “ u .”
II and arranged in columns according to the “ size- This w ork m ight be criticized b y  some because
"eight”  per cent. The percentages Of ash in each of its being carried out on a com paratively small
column are in order as determined. The average scale, b u t when the results compare as favorably
of the eleven 200-mesh com posite ash determ ina- as they do, whether 2-mesh samples weighing
tions has been taken as representing the true aver- 17.8 , grams dr 8-mesh samples weighing, only 0 .3
age ash contained in the coal as it w as taken from gram  are used, as noted in the last two columns
the ten 144-gram, S-mesh samples after they had of Table II , there can be little doubt th at it  would
been pulverized to 80-mesh. I t  is noted th at the hold true from the largest sizes of commercial coal
maximum error of individual samples from the down to a sample as small as 200-mesh,
true average of 11 .5 0  gradually increases w ith the I t  will be noticed from these ash determ inations

size-weight”  per cent. The probable and possi- that even in cases where the “ size-w eight”  per
hie errors have been calculated according to for- cent, is com paratively high and variations of over
mulas (i)  and (2), and these values also increase 5 per cent, occur in ten or more analyses, there
"ith  the increasing percentage of the largest piece m ay be cases where three or more consecutive de-
to the weight of sample. I t  will be noted th at the term inations agree within 0.50 per cent. Too
probable error of takin g one-gram quantities out often have chem ists supposedly determined their

the 200-mesh sample is 0.02 per c e n t  This range of error b y  m aking only a  few  check deter-
ls probably the lim it of accuracy of weighing on minations. Tw o analyses or check samples are of
the balance, as a 12-milligram rider is used and it little value in arriving at the lim it of accuracy in
Is customary to weigh no closer than o . 2 milli- any case; ten checks are not conclusive, but it would
gram, consequently no possible error w as calcula- be better to repeat the determ ination 50 or 100
ted in this instance. tim es a t least.

Had the im portance of obtaining a large num ber In Fig. 2 the results of Table II have been plotted
0 results been fu lly  realized a t the start, the work in terms of “ size-w eight”  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- 
possibiltv 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 
lim its 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, w ith some surprising variations.

The lower full line curve of Fig. 2 represents

Fig-

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- 
w eight”  per cent, was 1.06. This one point is

2 .

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 determ inations been made in the several 
cases, the possible error or (“ « ” ) points would un­
doubtedly have fallen more consistently.

From these results, it  will be at once realized 
that the “ size-w eight”  per cent, should be less 
than 0 .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 w ith a coal th at contains 
about 5 per cent, ash in the form of slate and for­
eign impurities when quartered.
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Fig. 3-

F'g- 3 gives the possible error curve from Fig. 2 
drawn to a larger scale, and according to this, the 
"size-weight”  per cent, m ust be as low as 0.01 
per cent, if an error of 1 per cent, in ash is not 
to be exceeded. E ven  with this small ratio, the 
probable error is alm ost 0.2 per cent.

a p p l i c a t i o n  o f  t h e  l a w  o f  p r o b a b i l i t y .

Fig. 2 shows th at the error does not increase d i­
rectly with the “ size-w eight”  per cent., but it 
rises very rapidly from the origin, m aking a curve 
similar to a parabola. When the “ size-w eight”  
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 on? time and into another the next. It, there­
fore, indicates th at it is not a question of one piece 
of slate or high ash coal th at causes the error, but

several individual pieces which, according to the 
law  of chance, fall more on one side than 011 the 
other.

In order to determine the exten t of this varia­
tion, a series of experim ents was made as follows: 
Sixteen small pieces of coal (4-mesh) were placed 
in a can containing a quantity of sand and the m ix­
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-
illed at all. Some of the results obtained were:
A fter 1st 2nd[ 3rd 4 th 5 th  6 th  7 th 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

A fter 100 such sets of divisions had been made 
with both 16 and 32 pieces of coal, it was realized 
th at the first division of each set w as of the great­
est im portance, and that a large number of separate 
divisions was necessary to determ ine the law g ov­
erning the error; consequently 1300 divisions 
were made, using 8, 16, 32, 64 and 128 pieces. W ith 
a fewer number of pieces— four, for instance—  
it took only a few divisions before the extrem e 
possible variation was reached, viz., either getting 
4 or o pieces on the right side from the first d iv i­
sion.

While the riffle sampler is p retty  well known, it 
m ight be well to describe the one used in this work. 
I t  consists of a series of 20 troughs >i-inch wide, 
made of tin and soldered together so th at each ad­
jacent one slopes in the opposite direction a t 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 th at the fiat stream of coal falling on the 
sampler is divided into 20 streams }4-'mch wide. 
Each alternate tw entieth 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’ 
m ay be divided several times, resulting ■ in 
¿£7 etc., of the original 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 intor 20 
parts instead of four.: . • : -¡i- :i[, . , .

The results of the several hundred divisions 
made of the different numbers of counted pieces 
of coal are given in Table III. ■

T a b l e  I I I .

R e s u l t s  o f  C o u n t i n g  M a r k e d  P i e c e s  o f  C o a l ' a f t e r  i I e i n g  D i v i d e d

ON A -R fF F L E  SXM PLBfc. . ’ ■ .

substituting the different values of u  and n 
from Item s 1 ' and 10 , Table III , in the formula

u  — a +  b '¡it

and-solving for the constants a and b b y  the method 
of least squares.. This results in form ula

(3) ■ «■ ~  2.10  4n :— .'2 .0 1 .

Where' u  is the possible ertor in number of pieces 
above or below the average, n  is the number of 
pieces of coal contained in the sample before it is 
divided.

8 16 32 64 128
100 200 300 400 300

8 16 32 64

1 Number of pieccs coal (it) 4
2 Tim es d iv ided......................  58
3 Theoretical number after

division.........................  2
4 Average of all divisions,

p i e c e s . . . ..................... 1-86 3.92 8.04 16.61 32.33 65.88
5 Per cent, above or below

item  3 . . . . . . . .   ..........   —3 .5 — 1.0  + 0 .3  + 1 .9  + 0  5  + 1 .5
6 Smallest number pieces

fo u n d .. . . . . . . . . . . . . . .  0
7 Largest num ber pieces

found ...........................  4
S M aximum variation . Num -.

ber pieces ...........  4
9 r of probable error—for­

m ula ( 1) , ........................
10 t* o r possible error—for­

m ula (2) . .  v . . . . . . . . . . . .  . . .
11 u ' o r possible error from

empirical form ula (3). . . .
12 Per cent. Item  (11) to

Item ( l) ................................

3

12

9

9 21 47

23 43 80

14 22 33

0.91 1.17 1.67 2.61 3 .79

4 .0 0  .6 .6 3 . 9.51 14.90 21.80

3 .94  6 .4 0  9 .88 14.80 21.77

49 .3  4 0 .0  3 0 .9  23 .2  17.0

From Item s 4 and 5 it will be noted that the aver­
ages of all divisions are reasonably close to the 
theoretical average.

The im portant item in this table is 8, or the 
maximum variation in the number of pieces of coal 
falling.on one side of the sample at different times 
as compared with the total number- o f pieces in 
the sample divided. The data from these d ivi­
sions make it possible to plot very  good probability 
curves, as seen in Fig. 7.

Item s 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  9, after being divided by two in 
order to change it from variation to error, has been 
plotted in Fig, 4 as "m axim um  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, conseqeuntly a formula has been derived by

F i r -  4-

It  is noted from Item  12 and the curve on Fig. 4, 
plotted from these results, that in spite of the 
increasing error in the num ber of pieces with the 
greater number of pieces divided, th e  percentage 
of error to the total number of pieces divided grows 
less. I1 rom this fact, together w ith form ula (3), 
we readily see that in the case of sam pling coal the 
im portant 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 a 
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. I t  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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then a 
also e 

Now as u

If a =  per cent, ash due to slate, free im­
purities, etc., in sample to be di­
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

m =  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
ple after dividing.

Assume p/2 =  weight of average piece of slate or 
equivalent,

'up j  2 and 71 ~  2aI p 
— 2 up/2 and e =  up.

2.10Vn —  2.01 (form ula 3)
by substituting this value of u  
and the va lu e  of n  in the 
form ula 

e — tip we have 

e =  p (2.10V2Ip  —  2.01) or 

e =  2.97 Va/> —  2.01 p

The m axim um  error likely  to oc­
cur one tim e in 10,000 is 5.7 
times greater than the probable 
error, therefore

(5) r =  0.522 j a p — 0.353 P 

From these form ulas it  is apparent th at the error 
in sampling is dependent upon the percentage of ash 
in the form of slate, etc., and the “ size-w eight” 
percentage, and b y  assum ing different values for 
a and p the possible and probable errors have been 
calculated and plotted in Fig. 5.

Curve “ A B ” 1 from Fig. 2 has also been plotted 
w 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-w eight”  
percentage is below 0.2 per cent. E ven 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 m ust be very small.
It 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

(4)

purities. I t  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
form ly 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 am ount of ash that causes the variation in 
sampling.
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In Bulletin 316 of the U nited States Geological 
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 w as 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 
ash in the car samples was more than 10 per cent, 
higher than in the mine samples.

United States Geological Survey Bulletin 323 
also gives data bearing on this point. On pages 
30 to 35 the results of washing 23 different coals in 
a solution of 1.35 specific gravity  are given, and the 
difference between, the ash in the original sample

in individual cases very  readily, and in no case will 
it be definitely known before the sample is taken.

O f the 23 coals washed in the 1.35 specific gravity 
solution, only three contained over 7 per cent, ash 
in the washed coal, and in some cases this intrinsic 
ash is as low as 1.52 per cent.

In Bulletin 316, Mr. Burrows also classifies the 
sample of run of mine coal according to the ash in

F ig .

and that part of the coal which floated in this solu­
tion w as 4.75 per cent. In several instances the 
difference exceeded 10 per cent. ash.

\\ hile the ash due to slate and impurities m ay 
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 
number of instances where the difference is greater 
than this amount, it  seems advisable to assume 5 
per cent, for this value, as it cannot be determined

6.

the mine samples. 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 w ith the 47 samples, 
where the ash in the mine samples was more than 
7 per cent, (averaging 9.50), the car samples showed 
only 2.69 per cent, more ash than did the correspond­
ing mine samples. This indicates that the total 
ash is no indication w hatever of the am ount of ash 
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 lumps of coal to which they m ay have been 
attached in the original sample.

Throughput all of the experim ental work presented 
in this paper, the dividing of the samples was done 
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 of

Fig. 7-

white coal in each quarter were counted. 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 w ith the probability curve from 300 
divisions of 32 pieces with the riffle sampler. I t  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 conical pile had been sim ply 
halved. However, this phase of sampling was not

investigated with sufficient thoroughness for any 
definite conclusions to be drawn.

AVERAGE OF ANALYSES.

M any laboratories have realized the large errors 
likely to occur in individual samples and have 
attem pted to obtain the true quality  of any lot of 
coal b y  taking several duplicate samples and averag­
ing the results of the several separate analyses.

According to the law  of averages, the probable 
error of the average of any number of observations 
is expressed by r0 — r/ V» where r is the probable 
error of the individual observations and » 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 m ethod 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 form ula held true to within reason­
able lim its, 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 form ula (4), where a =  5 per cent., 
except the values of e for corresponding “ size- 
w eigh t”  percentages which have been divided by 
the square root of the number of samples 
averaged.

This set of curves indicates that if the possible 
error is to be less than one per cent., the “ size- 
w eigh t” percentage m ust be less than 0.024 Per 
cent, if one sample only is taken, while if 10 samples 
are taken the " size-w eight”  percentage m ay 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 m ay 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. 
Sim ilarly, 47 per cent, less coal need be taken 
originally, providing it is divided into 20 separate 
samples. A s the greatest difficulty is in taking 
and quartering down the original sample, it m ight 
often be better to take several original samples, 
and to m ix them after they have been quartered 
down to a com paratively small size, m aking one 
sample for the final pulverizing and analysis.



w e i g h t  o f  v a r i o u s  s i z e s  OF c o a l  a n d  s l a t e . sizes of bar screens and sieves, pieces of both slate
In order to determine the weights o f the largest and coal were weighed for the different sizes from

pieces of slate that would pass through different 4-inch screen to 80-mesh per inch sieves. The
results are given in Table IV . On ac­
count of the few  pieces of slate larger 
than 2-inch screen, their weights are 
rather discordant when compared with 
the weights of coal of the same size, 
consequently, in plotting Fig. 8 it was 
assumed that for sizes larger than 2]/i 
inches the weight of the slate was 2.25 
times that of the coal. The specific grav­
ity  of the coal, slate and pyrites was 
determined as follows: Coal, 1.36; slate, 
2.55; pyrites, 4.28; thus m aking the ratio 
of the specific gravities of slate to coal 
1.87: 1. It is'n oted  from Table IV  that 
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 pieces; and in breaking the siate 
it tends to form long, slender pieces 
rather than cubical, as does the coal; 
while’ the pyrites m ay exist in more or 
less lens-shaped pieces, y e t in breaking it 
forms more nearly cubical pieces, 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

T a b l e  IV .

W e i g h t  o p  C o a l  a n d  S l a t e  T h r o u g h  B a r  S c r e e n s  

a n d -; S i e v e s ,

Sla te  Coal.
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burnirlg of pyrites is a l itt le m o re  than that due to 
a piece of slate of corresponding size.

Some of the .slate .used for these-experiments was 
found to lose 11 per cent, upon being heated in the 
muffle. Figs. 9 and 10 give the weights of 
different sizes of coal- and slate between 2- 
mesh and 80-mesh from Table I V . ,
9 the results are plotted to nominal sizes
sieves, but Fig. 10 takes account of 
actual size of the openings. The lengths of 
the sides of the larger openings 'were' meas­
ured with a microscope in the sizes from 
to 200-mesh. .

Sicye. Length of side.
Mesh. . inch.

2 0.425
4 ' * 0 .25
8- 0/.10,

1 0 ‘ 0 .076
20 0.0358
40 Q.0164
60 0 .0134

- 80 • 0 .0089
100 ; 0 .0060
'200 0 .0030

The w eights of the various sizes of coal, 
slate or pyrites can be read from the curves 
of Figs. 8 9 and 10, which have been drawn 
through the points of average, weight, 
several instances the largest pieces were 
weighed up separately and usually were a 
little higher than the results read from the 
curves for corresponding sizes.

W E IG H T  AND SIZES O F SAM PLES.

From, the foregoing data we are enabled 
to take and quarter down a sample 9f coal 
and be assured that the possible error m ay f. 
be within certain required limits. W hile 
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-w eight”  percentage 
must be 0.001 per cent, in  sampling run 
of mine coal, where pieces of slate weigh­
t s  5 pounds are often encountered, the 
original sample would have to consist of 
no less than 225,000 pounds; or if the coal 
had been previously crushed to 2 inches, the 
original sample should contain 37,000 
pounds. Sam ples of this size are practically 
out of the question considering the expense 
necessarily involved as compared w ith the 
value of the m aterial being sampled.

A ny sample, however, should be within one 
per cent, of the true ash, in which case the

t

probable error.w ould  be 0.18 per cent.; and from 
Fig. 3 -the “ size-w eight”  percentage should be 0.01 
per cent, in order that this degree of accuracy wrould 
be assured. The " size-w eight”  percentage is based



(¿0 Size to which slate  and coal should be broken  before 
quartering  or dividing sam ples of various w eights:

W eight of sam ple Should be
to be divided. broken to

Lbs. inches.
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7500 2
3800 1 y2
1200  1
460
180 y2
40 2 -mesh

5 4 “
'A S '*
'A  10 "

(c) L im it beyond which sam ple should n o t be divided 
when crushed to different sizes in  laborato ry :

Should no t be divided 
Size of coal. to less than

Mesh. Gram .
2 8300
4 1100
8 120 f Should be pul-

55 { verized to  a t  
20 3  ̂least 60-mesh

Table V  gives data which will be found 
very useful as a guide in sam pling coal 
under various conditions. From  this table, 
which is based on a “ size-w eight”  percent­
age of o.ox and coal containing 5 per cent, 
ash as slate and free impurities, the import­
ance of taking a large initial sample will be 
realized. The size of the original sample is 
undoubtedly the weakest point in the exist­
ing methods of sampling coal, and the ab­
surdity of a ioo-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, 
unless the im portance of the “ size-w eight” 
percentage is realized b y  the chemist, a

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.

of the total and still be within the required lim it of 
error.

t a b l e  v .
(a) Size of slate contained  ill coal and  am o u n t of orig inal sample 

required  to insure the  error of sam pling being less th a n  1 per cent. ash.
W eight largest O riginal sample

Size of slate, piece of slate. should weigh,
inches. Lbs. Lbs.

4 6 .7  39 ,000
3 2 .5  12,500
2 0 .73 3 ,800
1 'A 0 .3 8  1,900
i 'A  0 .2 4  1,200
1 0 .1 2  600

Yi 0 .016  230
'A  0 .018  90

F ig .  10 .
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sample— no m atter how well taken from the original 
lot of coal— m ay be ruined b y  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 m ade b y  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 V I gives a classification of the condition of 
commercial samples as received from various 
sources.

TABLE VI.
P er c en t of sam-

“ Size-weight ”  per cen t. pies received  from
of sam ple as received. ou tside  parties .

Less th a n  0 .1
Between 0 .1  and  0 .5

0 .5  "  1 .0
1 . 0  “  2 . 0
2 .0  "  3 .0
3 .0  "  4 .0
4 .0  “ 13.6

12
13
20
24
13
3

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 chem ist should determ ine the exact 
condition of any such sample when received a t 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.

SU M M A R Y .

1. The present methods of sam pling coal are 
almost as various as is the num ber of persons taking 
such samples, w ith the result th at 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 m ust 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.

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 T able I and Fig. 1.

4. The most im portant factor causing errors in 
sam pling is the size and number of pieces of slate, 
pyrites, bone and other im purities in proportion 
to the weight of the sample when originally taken 
or when divided or quartered. This ratio has been 
termed the “ size-w eight”  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-w eight”  percentage. See Table II  and Figs. 
2 and 3.

5. From  over 1300 divisions of samples contain­
ing m arked 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 num ber of pieces 
in the sample divided. From  this data an em­
pirical form ula 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- 
w eigh t”  percentage. The error calculated by 
means of this form ula checked rem arkably close 
w ith the results of actual analyses. See Table III  
and Figs. 4, 5 and 7.

6. The average of any num ber of samples re­
duces the error in proportion to the square root of 
the num ber averaged, providing all samples have 
the same “ size-w eight”  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 w eight of various sizes of slate and coal 
w as determined b y  weighing up a  large number of 
each, passing through a  screen or sieve of one size 
and over the one of the n ext smaller size. The 
sizes ranged from  4 inches bar screen to an 80-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-w eight”  percentage, am ount of ash 
due to slate and the possible error, m akes it feasible 
to intelligently take a sample of any coal w ith an 
assurance that the results will be accurate w ithin 
certain limits. See Table V , also Figs. 2, 3, 5 and 6.

9. The deductions from the experim ents 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 autom atic 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 data is 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 m ay be reduced 
to a more scientific basis.

TH E COM M ERCIAL M AN U FACTURE OF 
AM ORPHOUS CALCIUM PHOSPHIDE.

B y  C h a r l e s  B .  M u n r o e .

Received J an u a ry  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 th at it had been tenta­
tively accepted as a service weapon, and officers 
and seamen gunners of the N avy were being trained, 
b y target practice, to become skilled in its use.’ 
As devised, this torpedo was so constructed that, 
as read) for service, it would, when stationary 
or running at low speed, fill with w ater 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. B u t the sinking 
of the torpedoes a t 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 w as 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 w ater the 
reaction of the phosphide with the w ater 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-th u s became 
easily possible to recover the torpedo b y  grappling.

A s there was, previous to the erection of this 
furnace, 110 manufacture, so far as was known, 
of calcium phosphide in this country, it  was im­
ported from Europe a t a cost of $2.25 per pound. 
Quite apart from the high cost a difficulty was 
m et 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 b y  the Governm ent to the com­
pany furnishing the torpedoes.

From  the literature it  was learned th at Dum as1 
placed fragm ents of quicklime in a retort set hori­
zontally on a grate and disposed phosphorus at 
the extrem ity of the neck, which was closed with 
a stopper. W hen the lime had been heated to 
redness the phosphorus was passed over it in the 
state of a vapor, thus producing calcium  phosphide.

Ihenard2 made use of a clay crucible, of about 
1 liter capacity, pierced at the bottom  b y  a hole 
1 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 w ith  quick­
lime. W hen 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 gram s of the 
phosphide were obtained.

1 A n n . Chim. Phys. [2], 33 , 363 <1826)
! Ib id . [4], 14, 12 (1S45).
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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 b y  Pelouze et F ren iy1 but they effected 
the division b y  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 H aussknect2 made use of a 
covered Hessian crucible, resting 011 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 b y  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.3 T h ey 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. Experim ents were 
made with glass and earthenware vessels, but 
they proved unsatisfactory. Tests were then made 
with an iron tube, butt-welded a t one end, and 
this resisted the action of molten and vaporized 
phosphorus so well th at crucibles were made from
5 inch wrought iron tubes with welded bottoms, 
their dimensions being as follows: depth inside
6 inches, outside 7 inches, diam eter a t top, inside 
5 inches, outside 5 5 / 7  inches'. T h ey were provided 
w ith.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 th at by driving it  through the slots 
the cover of a  crucible was easily fastened on tigh tly  
and firmly. Through one side of the cover a 
wrought iron pipe, 12 inches long, and x inch in 
diameter, was swedged, the lower end of the pipe 
being flush w ith the inside face of the crucible cover. 
This pipe was provided w ith a cap 4 inches long 
and 1 1/4 inches inside diameter. Three of these 
pots are shown in the photograph. T h ey held 
about 1500 grams of lime each. T hey were heated 
with coal in an ordinary square crucible furnace.

1 Traite de chimie. 2 , 558 (1865).
1 Berichte. page 1175 (1890).
8 This ap p ara tu s, exccpt for th e  glass extension  tube , is practically  

identical w ith th a t  of M. Silas shown in M im oires M ilitaircs e t  Scien- 
tifique, 5 [X X X II], pp . 9. 1877.

The lime used was “ black marble lime, wood- 
burned.” I t  was of high quality and it was broken 
into lumps i to i 1/2 inches in diameter. The 
crucible was charged w ith the lime, the cover put 
on and keyed, and the whole lifted b y  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 fum ing ceased, 
which with the right proportion of phosphorus 
was alm ost im m ediately, the crucible was lifted 
from the furnace and allowed to cool with the cap 
on so as'to  prevent air from reaching the phosphide 
in any considerable volum e during the cooling 
process. The operation required about 1/2 hour. 
W ith 1400 grams of lime to the pot and 200 grams 
of phosphorus added about 1600 grams of .phos­
phide were obtained. W ith a larger quantity of 
phosphorus the yield was 110 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, w ithout repairs, for some 
eight years.

The phosphide produced in this w ay was very 
active, giving off spontaneously inflammable h y­
drogen phosphide prom ptly 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
m ittently to give off flame and smoke for over 
five hours. I t  was found to be more satisfactory 
in its behavior than the imported article. Portions 
of it  made 17 years ago seem to-day to be as active 
as when freshly manufactured.

Since this work was accomplished, H. Moissan1 
has obtained calcium  phosphide b y  reducing 
tricalcium  phosphate w ith carbon in an electric 
furnace, and also b y  the action of phosphorus 
on m etallic calcium. The product thus obtained 
w as crystalline and it reacted w ith water to produce 
phosphine (H3P), which was not spontaneously 
inflammable, while the product obtained b y  the 
action of phosphorus on lime, after the manner 
described above, is amorphous and reacts w ith 
water to produce hydraphosphine (H4P2), to which 
is attributed its property of generating a  spon-

1 Com pies rendus, 128, 787 (1898).
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taneously inflammable product. E. Renault1 has 
also obtained the crystalline calcium phosphide 
in the electric furnace, carrying out the operation 
in both iron and carbon crucibles, but he states 
th at under certain circumstances he obtained, 
from the tricalciuin phosphate, a phosphide which 
yielded both H 3P and H^Pj. This is quite to be 
expected for I recall th at when operating the plant 
a t 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

calcium phosphate in the lime, and I attributed 
the spontaneous inflammation of the acetylene, 
and other gases, produced b y  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 m et by electric furnace methods, 
but as the uses for this material are limited the 
method I have described is sufficient and commends

1 CompUs rendus. 12S, SS3-SS4 (1S9S).

itself for its sim plicity, low cost of installation, 
the wide accessibility of the apparatus and materials 
used, and the ease with which it  can be carried 
out b y  unskilled labor.

W ith this m anufacture in successful operation 
in the N avy  there was naturally a  desire to further 
utilize the product in the solution of other naval 
problems. I t  had then been recognized th at the 
electric search lights installed in the N a v y  were 
not an unmixed blessing for while they might 
be used in locating the enemy they never failed

also when in use to locate the vessel th at carried 
them, and therefore they failed in enabling one 
to take the enemy by surprise. I t  w as evident 
th at this defect could be remedied b y  means of 
a self-igniting light which could be thrown, say 
in a shell from a  gun, am ong the enem y. W ith 
this in view, experim ents were m ade w ith the 
product from this furnace b u t though perfectly 
clear, yet quite dark, nights were chosen for the 
tests, when the vessels in the harbor were a t anchor 
w ith 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, y e t the intrinsic lum inosity 
of the phosphide flame w as so slight th at 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 w ith 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 illum inating power. 
f But the economic use to which this m aterial 
has been longest put and even to-day, probably, 
the chief use to which it is put, is as an attachm ent 
to life-saving em ergency buoys which are carried 
aboard passenger vessels in locations from which 
they may be readily thrown a t 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 l ’application de 
phosphure de calcium  a l ’appareil éclairant des 
bouées de sauvetage,' and it therefore will not be 
enlarged upon here.

T h e  G e o r g e  W a s h i n g t o n  U n i v e r s i t y .

THE TE M P E R A T U R E  OF T H E  L E A D  BUTTON 
IN CU PELLATIO N .

By R o b e r t  H . B r a d f o r d , P h .D ., Prof. of M etallurgy, S ta te  School of 
M ines, U niversity  of U tah .

R eceived D ecem ber 24, 1908.

Excellent work w ith the assay furnace was done 
by early investigators. T hey had no means of 
ascertaining exact tem peratures, and hence in 
their writings they attem pt to describe the desired 
temperatures b y  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 im portance of em ­
ploying proper muffle tem peratures in cupellation, 
as is indicated b y  the following careful descrip­
tion of the same given b y  an early text-book on 
assaying:2 “ W hen the interior of the muffle is 
reddish white the m atters to be cupelled m ay 
be introduced. W hen the cupels are .filled, the 
furnace is closed, either b y  the door or b y  pieces 
of lighted fuel, so th at the fused m etals m ay become 
of the same tem perature as the muffle. W hen this 
point has been gained, air is allowed to pass into 
the furnace; the m etallic bath  is then in the state

1 M ¿moires M ilitaircs e t  Scicntifiques, 1878, X X X II .
1 John  M itchell: “ M anual of P rac tica l A ssaying,”  2nd edition, p . 

368-370 (1868).

termed ‘uncovered;’ th at is, it  presents a convex 
surface, very  smooth, and w ithout slag. When 
the air comes in contact with it, it becomes very  
lustrous, and is covered with luminous and irides­
cent patches, which m ove 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 
w ith a very  thin coating of variable thickness, 
presents the phenomenon of colored rings.

“ A s silver is sensibly volatile, it  is essential, 
in order that the sm allest possible quantity  be 
lost, to m ake the cupellation at as low a tempera­
ture as m ay be. On the other hand, the heat 
ought to be sufficiently great, so that the litharge 
m ay be well fused and absorbed by the cupel.

“ Experience has proved that the heat is too 
great when the cupels are whitish, and the m etallic 
m atter they contain can scarcely be seen, and 
when the fume is scarcely visible and rises rapidly 
to the arch of the muffle. 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. 
W hen the degree of heat is suitable the cupel is 
red, and the fused m etal very  luminous and clear.”

Modern texts are less elaborate in their descrip­
tions, y e t they lay  especial stress on the im portance 
of m aintaining proper tem peratures in the assay 
muffle.

The modern pyrom eter, for accurately measuring 
high temperatures, has recently come to fill a 
long-felt w ant in m any m etallurgical operations. 
Since the need of em ploying definite temperatures 
in assaying is generally recognized, one would 
expect that the pyrom eter would be em ployed 
more com monly in the muffle, and greater accuracy 
observed in stating degrees of temperature. I t  
is gratifyin g to see some recent m agazine articles 
and texts on assaying em ploying exact figures for 
representing temperatures required for the various 
operations in the furnace.

I t  is difficult to reconcile some explanations of 
cupellation phenomena, based on pyrom eter read­
ings, w ith certain well established facts. The 
lack of sufficient exact data m ay account for some 
apparent discrepancies, as the following instance 
will show. One very  recent m anual of assaying1 
in describing the process of cupellation says: 
“ L ittle  flakes of PbO form on the surface of the

1 C. H . F u lton : “ M anual of F ire  A ssaying,”  1907, pages 70, 71.



T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y .  Mar., 1909

molten lead and slide down the convex surface 
of the button, and are absorbed by the porous mass 
of the cupel. I f  the temperature of the cupella- 
tion is between 700 and 750° C. as it should be, 
this litharge is solid, as litharge melts at 906° 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, y e n ' 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 b y  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 906° C.

the minimum temperature of a cupelling button, 
that the series of experim ents herein reported 
were undertaken. The instrum ent used in the 
experiments was the Le Chatelier thermo-electric 
pyrometer, illustrated in Fig. x. I t  consists of 
a platinum  wire and a 90% platinum  10%  rhodium 
wire twisted or soldered together, forming a thermo­
electric couple, the loose ends of the wires being 
attached b y  means of copper leads to a galvanom eter 
of high resistance. The cool ends of the wires 
were kept a t a known tem perature b y  being im­
mersed in water along w ith 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 
a t  certain known temperatures. A  curve was

Fig.
Since it is necessary to have a  draught of air 

through the muffle in order th at oxygen m av be 
supplied to the cupelling button and since the air 
is cool as it enters the muffle, the temperature 
of the air above the button is considerably lower 
than that of the muffle itself or of the cupel interior, 
and very  much lower than that of the cupelling 
metal. In previous magazine articles and text­
book descriptions the recorded temperatures are 
apparently those of the surrounding atmosphere 
rather than the lead button, and very  little imor- 
m ation is on record concerning the temperature 
of the driving button.

It  w as with the object in view  of determining

1 .

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

When the b a r e  pyrom eter wires were b r o u g h t  

in direct contact with the driving lead they were 
im m ediately alloyed and fused. T o  prevent this 
destruction of the wires when employed with molten 
lead the couple %vas protected a t the hot junction 
b y  a thin coating (see Fig. 2)  of fire-clay. This 
coating w as made on the spot from  moistened raw 
material. It was made thin so th at it  would offer 
but little interference w ith  the surface oxidation 
of the lead button. The tem perature of the heat­
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ing button was determined by placing the protected 
couple well within the m olten lead, then reading 
the galvanometer and the cold junction thermom­
eter, and interpolating on the calibration curve 
to find the degrees Centigrade.

The minimum tem perature 'o f the lead button 
itself requisite for starting cupellation was in­
vestigated b y  introducing buttons into cupels 
placed at varyin g distances from  the front of the 
muifie and hence at varyin g temperatures. Pyrom ­
eter readings of the heating m etal and the cupel 
interior were carefully taken in each instance.

Before driving commenced it w as found that the 
temperature of the m olten m etal rose to 900° C. 
or above— approxim ately to that of m elting litharge. 
If the heat conducted from  the cupel or radiated 
from the muffle w as not sufficient to raise the 
temperature to that of m elting litharge the button 
froze and would not " uncover.”

In order to confirm the tem perature readings 
of the cupelling m etal the degree of heat of the 
interior of the cupel was determined b y  boring 
a small hole into the d ry cupel w ith 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 a t 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 tem perature of the 
cupel interior is illustrated in Fig. 2.

Fig. 2 .

The temperature of the interior of the cupel 
was readily ascertained by the method previously 
described. In every case in which the cupel had 
been properly pre-heated beforehand, as is done 
m ordinary practice, the tem perature directly 
under the button, although lowering as the lead 
melted, rose to 900° C. or above before cupellation 
commenced. Below  this point and nearer the 
muffle the tem perature was usually a few  degrees

higher when the button opened. The m elting 
m etal had taken its heat from the upper layers, 
cooling these more than those near the bottom.

T he tem perature w ithin the cupel and near the 
molten lead remained at 906° C. or above so long 
as the button continued to drive. I f  the button 
froze the tem perature of the interior rapidly lowered, 
showing th at its heat had been, in great part, 
derived from the heat of com bustion of the driving 
lead. Upon freezing, the tem perature of the button 
rapidly declined because its heat of combustion 
had been cut off.

I f  the interior of the cupel was well below 906° C. 
when the button was introduced and the cupel 
and contents then pushed back into the muffle, 
the button began to drive when the heat radiated 
from the arched roof of the muffle gave the litharge 
coating of the lead a tem perature of 906° 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. 
A n 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 tem perature favorable for the formation 
and retention of "feath ers” of litharge was de­
termined by placing the bare couple among the 
crystals as they formed around the button. The 
tem perature of the forming crystals in every in­
stance was below 906° 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. A fter 
the cupellation w as finished these crystals could 
be heated to 850 to 890° C. for m any minutes 
w ithout showing any tendency to fuse as indi­
cated by their sharp edges, and w ithout volatiliz­
ing to an y considerable extent. If  their tem­
perature w as raised to the m elting point of litharge 
they im m ediately fused and were absorbed by 
the bone ash cupel.

The results of these experim ents seem to es­
tablish the following fa c ts :

W hen once the lead commences to oxidize 
rapidly and the molten litharge escapes into the 
cupel, the tem perature of the button im m ediately 
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, i. 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 m ay be maintained as stated 
by one text,1 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.

I f  the surrounding air is kept well below the 
temperature of melting 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.

U n i v e r s i t y  o p  U t a h ,

S a l t  L a k e  C i t y .

A N ICK EL CRU CIBLE FOR TH E D ETERM IN A­
TION OF CARBON IN STEEL.

By  H ekry E . K . R d p p e u  

R eceived N ovem ber 27, 190S.

T h e  h ig h  p r ic e  o f  p la t in u m  c r u c ib le s  f o r  c a r b o n  

d e t e r m in a t io n s  le d  t h e  w r it e r  t o  s e e k  s o m e  s u b ­

s t i t u t e  t o  s u p p le m e n t  t h e  w o r k  o f  t h e  S h im e r  

c r u c ib le  in  r e g u la r  u s e  in  h is  l a b o r a t o r y .  N i c k e l  

n a t u r a l ly  s u g g e s t e d  i t s e l f  f o r  t h i s  p u r p o s e  o n  a c ­

c o u n t  o f  i t s  i n e x p e n s iv e n e s s ,  i t s  h ig h  m e l t in g  

p o i n t  a n d  i t s  r e s i s t a n c e  t o  o x id a t io n .  C r u c ib le s  

o f  t h i s  m a t e r ia l  h a v e  b e e n  u s e d  f o r  t h e  p a s t  y e a r  

f o r  t h e  d e t e r m in a t io n  o f  c a r b o n  in  s t e e l  a n d  t h e  

r e s u l t s ,  o b t a in e d  b o t h  b y  d ir e c t  c o m b u s t io n  o f

1 R ichard  W . Lodge: “ N otes on Assaying”  (1905). page 60.

the steel and by solution in potassium copper 
chloride, have been so satisfactory that it seemed 
advisable to publish them together w ith a de­
scription of the apparatus.

A t  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
m ate 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 num ber of car­
bon determinations performed is lim ited and the 
high initial cost of platinum  precludes its use, 
especially in college laboratories where a  single 
crucible m ay serve the needs of an entire class. 
T h ey m ay also find a place as supplementary 
crucibles in steel laboratories where carbon de­
terminations are a m atter of daily routine. Since 
such crucibles are used up in time, it is necessary 
to m ake them as simple as possible and to provide 
for a separate water jack et 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 b y  P. W. 
Shim er1 and several forms are a t 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 som ewhat 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. i and 2. 
Fig. 1 is a top view  and Fig. 2 is a vertical section 
through the dotted line x  y. I t  consists of three 
parts; the nickel crucible A , the cover C  and the 
w ater jacket B . The nickel crucible is 1 7/8 
inches deep, 1 9/16 inches in diameter a t the mouth 
and is provided w ith a flange about 9/16 inch 
wide. These crucibles are now supplied t o . 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 com paratively large so that all the car­
bon m ight be in contact w ith the bottom  of the 
crucible, even though the asbestos pad was made 
slightly large as sometimes happens. W hen this 
occurs with the platinum crucible, in which the

1 Carbon Com bustion in a  P la tin u m  C rucible,”  J .  A m . Chent- 
See.. S I , 7 (1899).
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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. This difficulty is further obviated by 
using a deep crucible which can be heated to a 
considerable distance from the bottom . I t  m ight 
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 com paratively large area 
for filtration.

The crucible rests upon the w ater jacket B, 
which consists of an annular machined bronze 
casting 2 3/4 inches outside diameter, 1 9/16 
inches inside diam eter and 5/8 inch high with 
walls about 1/8 inch thick. This jacket is pro­
vided w ith two 3/8 inch holes, each of which is 
surrounded b y  a boss b. The holes are slightly 
counter-bored and the collars of the brass tubes 
F  and F '  are inserted and fastened w ith ordinary 
solder. The brass tubes are all turned from solid 
stock and are 1/4 inch outside diam eter w ith 1/8 
inch holes. Three brass rods S , 3/16 inch in 
diameter and threaded a t each end, are perm a­

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. 
I t  is 2 3/4 inches in diameter, 7/8 inch high with 
walls about 1/8 inch thick. I t  is supplied with 
three semi-circular ears M, 3/4 inch in diameter, 
through which holes are drilled to adm it the rods
S . In m aking these castings it was necessary
to provide two 3/S inch holes through which the 
anchors of the core m ight 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 II  inserted and soldered. The joint 
between the crucible and the cover is made 
tight b y  means of a  rubber gasket r such 
as is used for ordinary glass preserve jars.
T he air enters the crucible by tube D  (Fig. 1), 
which extends 1 1/4 inches below the cover, 
and leaves b y  the tube E . The top ends of these 
tubes were bent in an ordinary blast lamp after 
filling them with sand. W hen in use tubes F  and 
H  are connected b y  means of a rubber tube. The
water, supplied by an eighth-inch tap, enters 
the jacket a t F '  and leaves the cover through the 
tube N.

The cost of the nickel crucible is one dollar and 
ten cents. The cost of the com pleted jack et and 
cover, exclusive of patterns, is about seven dol­
lars.

T he determ inations given in Table I  were made 
b y  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  b y  mean of a  small upright blast lamp. 
T h e time of heating w as 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 a t one end and passed through the stem 
of the funnel, loose asbestos is added, followed 
b y  a suspension of asbestos in water. A fter ap­
plying the suction, the asbestos is gently tamped 
down w ith the flattened end of a glass stirring



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. N ext 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 

t a b l e  i .

'• 2.
Nickel crucible. P la tinum  crucible.

Sa"  PlC' « „ t .  Pcr cent
‘ ’ 1 1 1 9  1 .1 1 4I , 0 S 2  1 .0 S 1
. l l s s  1 .1 8 7

t  1 1 3 2  1 .1 1 5
*  1 0 2 3  1.022Î 1 -09 0  0 .0 7 0
O 1 1 1 8  1 .0 9 S
*  1 1 2 7  1 .1 4 1

, 0  1 0 ' 4 1 .0 7 7
?  1 , 0 S  1 .0 8 4
'  1 0 5 2  1 .0 5 3
t  1 1 3 3  1 .1 3 2
4  ,1 0 S 6  1 .0 8 7

0 , 9 3 6  0 .9 3 6
Î . Ï6 3  , , , ,

16 Cast iron A s . 03 ’
17 Cast iron D 3.01  3  Q'Q

Blanks (15 m inu tes)..............................  + 0*3

  0 .0
«. >  .1    + 0.1

   +0.0
-  (30 m in u tes).................... ..........  + 0  4

[[    +0.6
  ..................... + 0 .3

t h e  J O U R N A L  O F  I N D U S T R I A L

obtained by means of the platinum  crucible. Many 
of the samples were m ixtures from several rolls 
so that some of the variations inay be due to im­
perfect mixing.

In lab le  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.

l o  prevent the caked iron oxide from  adhering 
to the platinum  shell, which protects the bottom 
cf 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 gram s of steel are care­
fully placed on the aluminum oxide so as not to 
touch the sides of the platinum . A fter 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 com bustion 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 determ ination b y  with­
drawing the platinum  shell from the crucible, 
l o  prevent the platinum  from adhering to the 
ciucible it is advisable to remove it occasionally, 
especially while the crucible is new.

t a b l e  11.
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Sample.
1
2
3
4
5
6
7
8

Direct combustion.
Per cent. 

1.123 
1.151 
1 .144 
1.176 
1.153 
1.109 
0.841
1.261

2 .
Solution method. 

Per cent. 
1.137 
1.144 
1.133
1.163
1.163 
1.114 
0 .834  
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:

+  0.9 mg., + o .S  mg., + 1 . 1  mg., 4-0.7 mg., 
+  °-4  mg., + 0 .3  mg.

W hen the direct combustions in oxygen were 
first tried, the air was allowed to pass through 
the combustion train for only fifteen m inutes to 
expel the oxygen, but the results obtained in this 
w ay  were alw ays too high. T h at this was mainly 
due to the presence of oxygen in the Geissler bulb 
is shown b y  the following experiments. After
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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 th irty  minutes, followed 
by air a t the same rate for fifteen minutes. The 
Geissler bulb w as then detached and weighed, 
after standing in the balance case for fifteen min­
utes. The increase in w eight was 7.4 mg. in one 
experiment and 5.2 mg. in another. W hile the 
bulb was in the balance case, air was passed through 
the rest of the train in order to remove any oxygen 
which m ight have been present. T h e Geissler 
bulb was again attached and air allowed to bubble 
through for fifteen m inutes more. A fter 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 a t the beginning of the ex­
periment. This would seem to indicate clearly 
that the oxygen is not com pletely 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 w riter desires to express 
his sincerest thanks to Professor H enry F a y  for 
his interest and to his assistant, Miss Caroline 
E. Shute, by whom m any of the determinations 
were made.

B o s t o n , M a s s .

DETERM INATION OF IRON IN BR A SSE S 
AND BRO NZES.

B y  I .  M. B r e g o w s k y  a n d  L . W . S p r i n g .

R eceived Ja n u a ry  15, 1909.

A t 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 alw ays been noticeable that 
while the other chem ists check us w ithin fairly 
close lim its on tin, lead, copper and zinc— the 
main constituents of brass, they nearly alw ays 
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 0.20 per cent.— seldom more. 
With samples on which our determ inations of 
iron have shown the iron content to be far above 
“ a trace”  in any sense of the term, the chemist 
of a well-known railroad made no mention of iron 
in his report, and a prominent commercial chemist 
reported “ a little  iron present”  on one of the two 
samples, and did not mention iron in the report

on the other. W ith 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
o.oo5 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
m ercial copper alloys m ay or m ay not be consid­
ered to be a factor of importance in the usefulness 
or working of the alloy, yet the chem ist should 
know w hat the iron content is, or a t least know 
how to determine it when he w ants it. There 
is little that is new in the method and m any will 
say that such accuracy is unnecessary. H ow ­
ever, when occasion requires some m ay profit 
by a knowledge of it.

Fresenius’ “ Q uantitative A nalysis,” Cohn edition, 
1904, p. 681, says that the stannic oxide obtained 
upon the ignition of the m etastannic acid pre­
cipitate is impure, containing part of the iron, 
besides other impurities, and gives directions 
for separation. W e have found, as a rule, ap­
proxim ately 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 
b y  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 m agnetted borings is dissolved 
and run down in nitric acid (1.42), the m etastannic 
acid filtered out as usual and ignited to stannic 
oxide in a clean weighed porcelain crucible. A fter 
weighing the stannic oxide, one gram  of c. p. 
sodium carbonate and 0.25 gram  of sublimed 
flowers of sulphur are added, the crucible covered 
and the m ixture fused a t a very  low heat until 
the excess of sulphur is burned off. Crucible 
and cover, when cold, are immersed in 50 cc. of 
distilled w ater in a No. 1 beaker and warmed to 
disintegration of the melt. T h ey are then rinsed 
and removed. I f  the solution is blue or green, 
it  indicates dissolved iron which can be thrown 
out b y  addition of a little ammonium chloride, 
leaving the solution a light yellow. The ferrous 
sulphide is filtered out, rinsed w ith hydrogen 
sulphide w ater, dissolved from  the filter, and the 
iron determined b y  titration or gravim etrically. 
T he 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 b y  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 a t 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 volum etrically or gravi- 
metrically. Blanks should be run on all chemicals 
used and their iron content allowed for.

W e of;en analyze magnetted drillings from 
brasses from many sources and seldom find one 
with an iron content of less than 0.40 per cent., 
and many run to 0.90 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.
B r a s s e s  a n d  B r o n z e s  ( F i n i s h e d  G o o d s ) o f  V a r i o u s  M a n u f a c t u r e r s .

Sample No.

'■ 2. 3. 4. 5. 6 . 7.
Ter Per Per Per Per Per Per

cent. cent. cent. cent. cent. cent. cent.
Iro n  from S n 0 5  0 .3 0  0 .25  0 .34  0 .32  0 .1 6  0 .63  0 .1 6
Iron  from m ain solu-

*>o n ..........................  0 .63  0 .2 6  0 .4 3  0 .2 8  0 .20  0.S4 0 .25

T o tal iron ...................  0 .93  0.51 0 .7 7  0 .6 0  0 .36  1.47  0.41

Sam ple No.

s - 9. 10. 11. 12. 13.
Per Per Per P e r P er Per

cent. cent. cent. cent. cent. cent.
Iron  from SnO r  0 .35  0 .1 8  0 .57  0 .04  0 .12  0.31
Iron  from m ain solu-

tio n ............................  0 .4 9  0 .4 9  0 .4 3  0 .3 6  0 .22  1.01

T o ta l iro n ................. 0 .S4 0 .67  1 .00  0 .4 0  0 .3 4  1.32

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

Brass ingots we have received from refiners 
gave:

Sam ple No.

14. 15. 16. 17, 18. 19.
Per Per Per Per Per Per

cent. cent. cent. cent. cent. cent.
Iro n  from  SnO *.. . . . . 0 .3 9 0.37 0 .2 4 0.24 0.22 0 .3 3
Iro n  from  m ain solu­

tio n .......................... .. 0 .34 0 .33 0 . 2S 0.9S 0 .4 9 0 .3 2

T o tal iro n ..................... 0 .73 0 .70 0 .52 1.2 2 0.71 0.65

Sam ples of brass borings received from m etal 
dealers, after rem oval of the free iron by magnet, 
gave:

Sam ple No.

20. 2 1 . 22 . 23. 24.
Per P er P er P er Per

cen t. cent. cen t. cen t. cent.
Iro n  from SnO î...................... 0.20 0 .2 8 0.21 0 .2 8 0.29
Iro n  from m ain solution, . .  0 .35 0 .35 0 .63 0 .43 0.32

T o tal iro n ................................. 0 .63 0 .8 4 0 .71 0.61

These results are sufficient to show that the 
ordinary copper alloy contains considerably more 
than “ a trace”  of iron. H ow necessary it is in a 
technical analysis to determine this iron is, of 
course, for the individual chem ist or metallurgist 
to say. T hey also show that the qu an tity  of iron 
carried down b y  the tin is, in the main, proportional 
to the amount of tin in the alloy.

Sam ple above No.

11. 12, 13. S. 2. 10. 6.
P er cent, of tin  in the

a lloy ....................................  1 .13 2 .2 8  3 .3 4  S .20 6 .0 4  5 .9 7  5.67
P er cent, of iron in SnO j 0 .0 4  0 .12  0 .31  0 .3 5  0 .2 5  0 .5 7  0.63

Undoubtedly the varyin g gelatinous condition
of m etastannic acid also influences the quantity 
of iron which is carried down.

C r a n e  C o . L a b o r a t o r y ,

C h i c a g o , Jan u a ry , 1909.

(C o n t r i b u t i o n  f r o m  t h e  C h e m i c a l  L a b o r a t o r y  o f  t h e  N o r t h  

C a r o l i n a  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n .)

TH E  COLORIM ETRIC D ETERM IN ATION  
OF N ITR A TE S IN SOIL SOLUTIONS 

CONTAINING ORGAN IC M A TTE R .
B y  W .  A .  S y m e .

R eceived D ecem ber 9, 1908.

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

The presence of organic m atter in the soil ex­
tract causes trouble in several ways. In the first 
place, the solution m ay be so intensely colored 
that it cannot readily be decolorized w ith carbon 
black; secondly, the organic m atter m ay 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 b y  the pure nitrate stand­
ards.

The object of the work reported in this paper 
was to see if potassium  perm anganate could be 
used to remove organic m atter 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.1 
The filtrates were strongly colored when the soils 
contained much organic m atter. The solution 
from soil 1867, a soil from a com post heap and 
the one most favorable for the nitrification ex­
periments, was very  rich in organic m atter and 
could not be satisfactorily clarified b y  shaking 
with carbon black. W hen this solution was evapo­
rated to dryness, the residue treated with phenol- 
disulphonic acid and made alkaline w ith ammonia, 
the resulting solution had a brownish yellow  color 
quite different from  the clear lem on-yellow given 
by a pure nitrate solution.

The method for treating this solution, and others 
of the same kind, was as follows: H eat 50 cc. 
or any convenient portion to 60-70° and add 1 cc. 
of dilute sulphuric acid ( 1 :5 ) . A dd from a burette 
a dilute solution of potassium  perm anganate (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. R em ove the brown precipitate by 
filtering into an evaporating dish, m ake 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 m atter. 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 treatm ent in the w ay 
described, is evaporated and the color, developed 
m the usual w ay, is compared with that given 
by a portion of the same solution not so treated, 
the difference is very  marked.

1 Bulletin 31, B ureau  of Soils, p . 12.

The evaporation of the soil solution with sodium 
carbonate removes manganese and iron, but enough 
nitrous acid m ay be taken up from the air to give 
an appreciable color with the nitrite reagent.

Carbonaceous m atter was not entirely removed 
by the treatm ent with permanganate, though 
the coloring m atter was destroyed and the residue 
left on evaporating the solution to dryness on the 
water-bath was colorless. The qu an tity  of car­
bonaceous m atter left by the perm anganate was 
not enough to cause a serious trouble when the 
phenoldisulphonic acid was added. The effect 
of the perm anganate treatm ent can be readily 
seen by evaporating equal volum es of the same 
soil solution with and w ithout permanganate 
and com paring the residues as to color, quantity 
of organic m atter and behavior on ignition.

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

Experim ents were made to find out whether 
nitrate is formed by the oxidation of the organic 
m atter by the permanganate. Soil extract 1931, 
containing orgainc m atter but no nitrate or nitrite, 
was treated w ith 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, perm anganate 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 one part, nitrogen was deter­
mined b y  the K jeldahl method and in the other 
part b y  the K jeld ah l method modified to include 
nitrates. The same qu an tity  of nitrogen was 
found in the two portions, showing that there 
had been no nitrate formation. This experim ent 
was repeated with a pasture soil containing 50 
per cent, volatile m atter chiefly in the form of 
cow manure and vegetable mould. The result 
was the same, nam ely, there was no nitrate form a­
tion from the action of the oxidizing agent on 
the organic m atter. It  is therefore safe to use 
perm anganate for the purification of soil extracts.

W e s t  R a l e i g h , N .  C .



T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y .  Mar., 1909

TH E DETERM INATION OF BENZOIC ACID IN 
TOMATO CATSUP AND OTHER FOOD 

PRODUCTS.
B y  R o d n e y  M o t t  W e s t .

Received Decem ber 20, 190S,

The determination of benzoic acid is attended by 
peculiar difficulties in the case of m any of the food 
products in w hich 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 w ith volatile 
immiscible solvents which can be broken only with 
great difficulty. A  complete extraction of the 
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 briefly the ground 
which has been covered by the various investigators 
their methods m ay 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, b y

i. Sublim ation, followed by 
(¿3) Direct weighing or titration of the subli­

m ate.1 or
(£) Collecting the sublimate in alkaline 

solution and subjecting to further 
treatment.1 

Precipitation of the benzoic acid as
(a) Lead benzoate,*

Copper benzoate, or*
(c) Silver benzoate.*

II. Methods depending on a preliminarv treat­
ment of the catsup in order to remove or 
render insoluble all substances which inter­
fere with the extraction o f pure benzoic 
acid, such as

5 A. Ot. A C-: -\>2xota2 5,'c shst Defcscaziaatv» cc i w >
A c i c ^  B eS L  S .  o f  A ir . . .  Bear, o £  C b s r r .  Jfcffias H c r t v « t
a n d  H fag & ad : Sfcpcrt cc t& t C&sKsrsst.. S ta te  cc V >—• XXiiry aasl

PaoBSsassaiOu KOC*
* Hicry Sv Jmr. inwr. Q m . 5 5 .':* *̂..,
* £Es«be  ̂OBtiBraaasiaa ŝk 2- Ao&i 3 , 133*
* F. M K ora: Jo**“. Ob«*, imi* T„ - - 5 .

i f  ztW A .  <?. A .  C L  SSC&.

1. Saturating the sample w ith  common salt
and filtering ,1

2. Making alkaline, evaporating to dryness and 
extracting the dry m aterial with ether,: 
or

3. Distilling, either 
(o) Direct, or
(6) W ith steam .3

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 
a t ordinär}- 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 contam ination of the 
precipitated benzoate with foreign m atter from 
the crude extract. B y  following the methods of 
class II , the troublesome emulsions are avoided 
but the method of LaW all and Bradshaw ( i  under 
II) requires a  filtration which is nearly as trouble­
some, which can not be accelerated b y  means of 
the suction pump on account of the gelatinous 
character of the suspended m atter 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, w ithout purification, could be weighed with 
reliable results.

It is well known that benzoic acid is volatile at a 
temperature much below its  m elting 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 determ ination 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 b y  two

C. H . La W all and EL A. B rtdsh iw : Aswyv P k a rm ..*  171-
112

1 A . W yoter B iyth: ‘ 'Foods. T te ir  CoEajwaataasx and AaaEysß.“ 
E- Itoiikr: See. C A » S.  414.

3 Scgsjssted b y  A . K. Leads. Mass. S ta te  Board o f H ealth Revert
fee

* * “T ie  I>eters5imiaxt o f Total. Fixed a sd  Volatile Aci<£> in  Wise.'” 
This T o o m ,  I. 1»
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different operators or even b y  the same analyst 
using the same piece of apparatus. H e shows in 
addition, however, that the apparatus he recom­
mends enables a com paratively large am ount of 
volatile acid to be carried over b y  a volum e of 
distillate not so large as to interfere w ith subsequent 
operations This being true for the volatile acids 
in wine, it was hoped that it would prove equally 
true for the small am ounts of benzoic acid usually 
found in catsup and other food products 

A  few slight modifications were made in H ortvet’s 
wine apparatus (see figure). The tube leading 
from the outer to the inner flask was made slightly 
larger in diam eter and was introduced half w ay  up 
the side of the inner flask. This m akes it possible 
to connect the apparatus in such a w ay that at the 
beginning of the operation the w ater in the outer 
flask will reach to the height of the contents of the 
inner flask. The whole apparatus w as made 
somewhat shorter, the inner flask proportionately 
larger in diameter, and the outer flask w as provided 
with a side tube closed with a  rubber tube and 
pinch-cock b y  means of which the steam  pressure 
might be relieved a t an y moment w ithout danger 
of drawing the m aterial under exam ination back 
into the outside flask.

Determinations w ith this apparatus were made 
on water solutions of benzoic acid of known strength 
m order to ascertain the per cent, of the acid re­

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 b y  acidifying 
10 cc. of the w ater solution, extracting direct with 
ether, evaporating the ether and determ ining the 
equivalent of the resulting benzoic acid volum et- 
rically. The figures in column 3 were obtained 
sim ilarly 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 w ith negative results. In 
the case of solutions S, 9 and 10 the loss w as caused 
b y  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. 
T he m axim um  w eight of the acid which can be 
com pletely carried over b y  100 cc. of distillate can 
be safely placed a t 50 mg. In cases where a deter­
m ination shows more than that am ount the results 
should be checked b y  a second determ ination on 
half the usual qu an tity  taken for analysis.

T A B L E I.
G ram s of Mg. of b en ­

G ram s of sodium zoic acid
sodium benzoate P er cent. ob tained

benzoate found in sodium in 100 cc.
No. of in  100 cc. 100 cc. benzoate d istil­
sol. of sol. o f sol. recovered. la te .

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
S 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 contam inated w ith coloring m atter and 
volatile oils from the tom atoes and spices. In 
order to destroy these volatile substances, con­
centrated sulphuric acid was added to the catsup, 
prior to the distillation, in sufficient am ount to 
thoroughly char the vegetable tissue. The distillate 
obtained under these conditions w as free from all 
coloring m atter 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 w ithout the 
least tendency toward the formation of an emulsion 
and, after the evaporation of the ether, a white



crystalline residue of benzoic acid w as obtained 
which agreed very  closely both in  weight and 
a d d itv  with the amount of a d d  originally added 
to- the catsnp as benzoate of soda. Chromic acid 
lias, also tried in place of the sulphuric a d d  b u t 
with no apparent advantage. T h e 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 
2.0 grams erf paraffin added to check excessive 
foaming during distillation and the Sask is connected 
with the condenser- Ten cc. o f concentrated 
sulphuric a d d  are dropped in through the dropping 
funnel at a  rate suffident to  complete the addition 
in from two to three minutes, the Sask is gently 
agitated to  thoroughly m ix the contents and is 
then allowed to stand for five or ten minutes after 
all apparent action of the sulphuric a d d  has stopped. 
150 cc. o f distilled water are measured into the out­
side sask  of the apparatus which is then connected 
as shown in the diagram, the water is slowly brought 
to  a  boil, and the boiling is continued until too cc. 
distillate have been collected. T he distillate is 
filtered into a separatory funnel and the original 
receiver and filter are rinsed with two 10 cc. portions 
o f 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 w ith w ater until a  25 cc. portion 
o f wash-water requires not more than a  drop of 
dednorm al alkali for neutralization, indicating the 
com olete rem oval o f the water-soluble volatile 
adds. T h e ether extract is transferred to a  wide- 
mouthed extraction Sask which has been pre­
viously weighed and the ether is distilled as quickly 
as possible on the water-bath. A t  ju st the paint 
where ebullition of the ether ceases the flask is 
removed from  the water-bath. air is blown in to 
remove the last traces o f ether, the Sask w ith its 
contents is placed in a  desiccator and dried over 
night or until constant in weight and weighed. 
The number of grams of benzoic a d d  found mul­
tiplied b y  the factor s .iS  v.iil give the equivalent 
sodium benzoate. Considerable time m ay be saved, 
however, i f  the determination is made v o b s e t -  
ricaHy. In  such case the filtration of the distillate 
m ay be om itted as well as the weighing of the Sask 
and drying and final weighing; o f the ad d . The 
crystals o f benzoic a d d  are dissolved in a  few  cc. 
o f carefully neutralized alcohol and the solution is 
titrated with dednorrr.il alkali using phenolphthalein 
as indicator. 1 he number o f cc. o f standard

j 9 2  T H E  J O U R N A L  O F  I N D U S T R I A L

aitraii required m ultiplied b y  the factor 0.0144 
gives the equivalent sodium benzoate in grams. 
T he burette can be read to 0.05 cc. which is equiva­
lent, in a  dednorm al solution, to 0.00072 gram  of 
sodium benzoate. H ence, on a  10 gram  sample, 
the results will be accurate to 0.01 per cent.

Experience w ith the m ethod has shown th at the 
following cautions should be observed:

1. The paraffin used should yield  no volatile 
ether-soluble substance on distillation w ith steam 
under the conditions of the m ethod described 
above.

2. Excessive foam ing is likely  to occur when the 
steam  begins to pass into the inner flask. Careful 
regulation of the flame a t this point is necessary. 
T he foam ing m ay be caused b y  distilling too soon 
after the addition of the a d d , b y  an insufficient 
am ount of paraffin or b y  an unusual am ount of 
sugar in the catsup. A  little  care in m anipulation 
will suffice in nearly every case to prevent the foam 
from passing over into the condenser.

3. W henever for an y  reason the flam e is with­
drawn, the outlet tube in  the outer flask m ust be 
opened or the m aterial under distillation w ill be in 
danger of being drawn back into the w ater.

4. D istillation m ust not be carried on a t  too slow 
a  rate or the condensation in the inner flask will 
be excessive and the results wifi be low. One- 
hundred cc. distillate should be obtained in from 
25 to 30 minutes, a t which rate the volum e of the 
catsup-sulphuric a d d  m ixture is not m aterially 
increased.

5. I t  has been found that, ordinarily, four 50 cc. 
portions of w ater will remove the acetic a d d  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 dednorm al alkali for neutralization. 
T h e a d d ity  of the last portion should alw ays be 
tested, however, and the washing continued if 
necessary. There is no appredable loss during 
washing if care is taken that the separation of the 
ethereal and aqueous layers is com plete before 
drawing off the latter.

6. T h e  method given for the evaporation o f the 
ether, although it  requires d ose attention, consum es 
only from three to four m inutes. The boiling 
ether keeps the temperature down to a t  m ost 40° C- 
The Sask should never be left on the bath  an 
instant a lter the ether ceases to boil or loss of 
benzoic acid will occur.

7- If the determination is to  be m ade gravimet- 
rically the ether extract should b e filtered through

N D  E N G I N E E R I N G  C H E M I S T R Y .  Mar.. 1909
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a dry filter into the tared flask. This will remove 
a large am ount of the moisture w ith 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 alw ays be 
neutralized ju st previous to its use as acidity 
develops on standing.

In order to test the method more thoroughly in 
its application to catsup, tom atoes 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.1 
Table II shows the results obtained on these catsups. 
Duplicate volum etric determ inations (1 and 2 in 
table) were made in each case. Determ inations 
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 b y  calculation from 
the acidity of the weighed residue.

T A B L E  II .
P er cent, of sodium  benzoate  found.

No. Per cent. B y  calcu­
of of sodium B y calculation  from lation 4 m onths

sam ­ benzoate acid ity  of residue. from  w t. a fte r
ple. added. of res. bo ttling .

1. 2. 3. 4. 5.
I 0 .00 0 .0 0 0 .00 0 .0 0 0 .00 0 .0 0

II 0 .10 0 .1 0 0 .1 0 0 .0 9 0 .0 9 0 .1 0
I I I 0.25 0 .24 0 .23 0 .24 0 .25 0 .25
IV 0 .50 0 .47 0 .4 6 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 
m 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 m ight 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 The benzoate used  w as assayed for p u rity  and  th e  necessary 
amount in addition  to  th a t  calculated  on th e  basis  of 100 per cent. 
Pure was added to th e  ca tsu p  to give th e  requ ired  per cent.

added in this laboratory, were also subjected to 
the steam distillation method. The results, w ith­
out exception, were too low. The only w ay  in 
which these lowr results could be explained was by 
the presence of alcohol, which under the influence 
of the concentrated sulphuric acid m ight con­
tribute to the form ation of ethyl benzoate. Three 
solutions of benzoic acid were made up by dis­
solving known am ounts in about 10 cc. of 95 per 
cent, alcohol and m aking 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.

T A B L E  I I I .
Benzoic Found  by

acid d istilla ­ F ound  by
added, tion  in ex trac tion

No. gram . 100 cc. of sol.
1 0 .0 8 0 .07 0 .08
2 0 .1 6 0 .1 4 0 .1 6
3 0 .24 0 .1 6 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. I t  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.

T A B L E  IV .
G ram s of benzoate  found in 

100 cc.

B y dis­ B y
tilla tion d is tilla ­

G rains of w ith ­ B y d is­ tion
benzoate By o u t tilla ­ a fte r

soda direct dealco- tion dealco-
added ex ­ hol- w ith hol-

K ind  of to tra c ­ iza- d ilu te iza-
wine. Source. 100 cc. tion. tion. a d d . tion.

C laret G a rre tt & Co. 0 .0 0 0 .0 0 0 .0 0
C laret Same 0.11 0 .13 0 .1 0 0 .10 0.11
C laret Same 0 .2 0 0 .22 0 .1 6 0 .1 6 0 .2 0
C laret Sam e 0 .2 9 0 .3 0 0 .23 0.23 0.28
C laret Same 0 .39 0 .42 0 .32 0.33 0.39
S herry Cal. W ine Assn. 0 .5 8 0 .5 8 0 .42 0 .48 0.58
Riesling Sam e 0 .2 9 0.32 0 .24 0.24 0 .2 9
S au terne Iro ndequo it

W ine Co. 0 .2 0 0.21 0 .1 6 0.17 0 .1 9

In the case of substances containing alcohol, 
then, a convenient volum e is made alkaline with 
sodium hydroxide, dealcoholized in the usual w ay 
on the water-bath, made up to the original volum e 
and a 10 cc. sample taken for distillation. W here 
it is necessary to take the sample b y  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 m ay be very successfully subjected 
to this distillation process for benzoic acid. W ith 
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  “ h ard" cider should, of course, be de­
alcoholized as in the case of wines. Jellies and 
jam s 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 b y  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 alw ays accompany the preliminary tests 
of the apparatus.

In conclusion, the writer wishes to acknowledge 
the m any helpful suggestions, contributing to the 
accomplishment of the above results, which have 
been made by Mr. Julius H ortvet, chief of this 
laboratory.

C h e m i c a l  L a b o r a t o r y ,

S t a t e  o f  M i n n e s o t a ,

D a i r y  a n d  F o o d  C o m m i s s i o n .

A D D R E . 5 5 L 5 .

TO W HAT EXTENT SHOULD COLLEGE TRAINING 
CONFER PRACTICAL EFFICIENCY ALONG 

TECHNICAL LIN ES?1
B y  L o u is  M. D e n n i s .

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 
m yself. In the field of technical chem istry 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 R ead before the Section on E ducation , A m erican Chem ical Society 
B altim ore m eeting. Dec. 29. 190S.

! D r. W m . H . Nichols; see F eb ru a ry  num ber T in s  J o u r n a l .

realize the value of chem istry 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 m any em ployers that if a young 
chem ist 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 tim es along the line of 
scientific developm ent and im provem ent, that they are 
being forced to appeal to the chem ist 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  
chem ist 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 chem ist is still widely existent, but the rapid 
replacement in many branches of m anufacturing 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 m ay therefore consider 
that the two chief causes for the feeling on the part of the 
employer that the recent graduate in chem istry is lacking 
in practical efficiency are the inadequate training of the 
chem ist himself and the demand by the employer that the 
chem ist possess practical experience.

Let us first briefly consider this question of the training 
of the chem ist. There is no doubt that the' scepticism of 
the employer concerning the value of the young chem ist’s 
services has frequently found full justification in the small­
ness of the benefit accruing to the em ployer from those 
services. The young graduate, however, ha3 not been 
wholly or even largely to blame: the fault lies partly with 
those entrusted with his preparation for his calling and 
partly w ith 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 
w as essential to later success, while from the em ployer 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 em ployer’s line of manu­
facturing.

There further existed in the minds of m any educators 
and manufacturers the idea that the only use of a chemist 
in an industrial plant was as an analyst. W hat was the 
result? The college graduate went out into practice 
thoroughly acquainted with but a small portion of the field 
of chem istry and wholly ignorant of allied branches. 
Naturally he sought and by his teachers was recommended 
for a position in which this lim ited information could be 
utilized. If such an opening occurred he entered upon his 
work under what he and his em ployer regarded as most 
favorable auspices, and his progress was quite satisfactory 
until he began to m eet problems outside of his specialty. 
H e 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 chem istry and is 
unable to test a lubricating oil; he has devoted his attention  
to organic chem istry and cannot ascertain the reason for the 
perversity of a certain reaction because of his unfam iliarity 
with the analysis of com plex gas mixtures, or w ith the 
application of the spectroscope or microscope in chemistry. 
He is familiar w ith the main branches of chem istry 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 em ployer the remark of Rufus 
Choate to the jury when he had been exasperated by re­
peated objections from the Bench. "Y ou m ay have noticed, 
gentlemen of the jury, that his Honor shakes his head, but 
there’s nothing in it .” Under such circum stances it  is but 
natural that the em ployer 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 w ill 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 em ployer is to be led to look with less distrust 
upon the college-trained man we m ust 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 .”

The question before us here to-day is: “ Can proper 
college training in chem istry 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 activ ity .” "P ractical” is defined as “ capable of 
applying knowledge to som e useful end.” The properly 
trained chem ist should then be “ capable of applying his 
knowledge to the production of results.” Does that im ply 
that his college training m ust necessarily embrace specializa­
tion in the field that he is to enter? N ot a t all. In the 
first place it should be remembered that the student in 
average circum stances is able to devote but four years to 
his college training. All of us will undoubtedly agree that 
two years of general culture study before the four years of 
special work would be of inestim able 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 lim ited time so to 
shape the work of the future chem ist as to develop m ental 
alertness and the ability  to reason clearly and correctly, 
and to equip the student w ith  a knowledge of the different 
branches of chem istry and of allied subjects broad enough to  
enable the graduate successfully to cope with the diverse 
problems of chemical practice, and to em ploy in their solu­
tion the m ost efficient line of attack. Narrowness of train­
ing such as would necessarily result from extensive specializa­
tion during the college course would so lim it the student’s

ability  correctly to interpret his observations that graduates 
under this system  m ight 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 chem ist 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 chem ist 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 chem istry and to make clear m y 
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 chem ist in technical practice. 
The elem ents of the leading sub-divisions of chem istry it ­
self, inorganic chem istry, analytical chem istry, organic 
chem istry, physical chem istry, and industrial chem istry, 
should be thoroughly covered, and to these should be added 
som e acquaintance w ith sanitary chem istry and agricultural 
chem istry. Especial attention  should be paid to the in­
struction in analytical chem istry, for if a chem ist is to succeed 
he m ust be an expert analyst. B ut 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 em ploym ent 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 m y mind it un­
doubtedly yields better results than does long practice in 
quantitative analysis alone. The capable student who is 
familiar w ith the scientific basis of quantitative analysis 
and with typical determ inations will readily grasp new  
m ethods and be able to carry them  through with accuracy. 
The equipm ent of the chem ist should not, however, be 
lim ited to chem istry alone. H e must be well grounded in 
certain allied lines, chief am ong them  being physics, 
mineralogy, and econom ic geology. H e should also be 
acquainted to som e exten t w ith 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 developm ent of the  
process in which he is interested. For these reasons his 
course should further include mechanical drawing, the 
m echanics 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 som e 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 m ethods 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 tim e per­
mitted it would lie of almost inestimable gain to the student 
to carry out more ambitious and extended investigation, 
for I ain convinced both by observation and by the almost 
unanimous testim ony 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 m y 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 attem pt 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

am ounts of material, he ought to be able to grasp the details 
of any manufacturing process in a com paratively 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 com pany 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: "G et 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. T hey had not pre­
viously employed a chemist, but sharp com petition 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, w ithout asking 
questions, steal our process if you can.” H e set to work 
and, when ready, subm itted his report in writing. That he 
succeeded m ay 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 w as 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 w hy 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 academ ic theories 
of chemical education that are evolved in ignorance of the 
needs and demands of industrial practice m ust alm ost of 
necessity fail to efficiently equip the young chem ist for a 
technical career. But conference and cooperation between 
educator and employer coupled on the one hand w ith wil­
lingness to shape the training to m eet 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 dem onstrate that the 
proper kind of college training does "confer practical effi­
ciency along technical lines.”

THE ATTITUDE OF TECHNICAL INSTITUTIONS TO 
POST-GRADUATE STUDY.1

B y W i l l i a m  M c M u r t r i e .

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) W hat should be the attitude of technical institutions 
toward post-graduate study?

1 R ead before th e  Section on E ducation , A m erican Chem ical Society. 
B altim ore m eeting. 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 cliem- 
istry or physics or both, in the industries. It is a question  
which the experience of a century at least has scarcely 
solved. The elem ents which enter into the answer are too 
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 chem istry and physics in the minds 
and memories of the young students trusting to the ex­
igencies which m ay 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 treatm ent w ith satisfactory results. W hat­
ever may be said, the latter is what em ployers expect and 
demand. The questions which arise must be answered 
promptly and accurately. The am ount of knowledge a 
man may have acquired and m ay 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 m ust occupy and the work they 
have to do. W hile 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 advancem ent 
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 not, a de­
mand for som ething beyond the regular course of study  
of the university or the technical school. Som ething beyond  
the mere cramming with facts and academ ic training, to the 
exclusion of the system atic utilization of knowledge in the 
promotion of knowledge. Here, then, is the problem 
propounded to the educator for solution: H ow 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 m ust be provided a sound knowledge of such 
laws of physics as m ay 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 chem istry, the m ethods 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 em ployed in the practice of 
experiment and analysis. Then com es the application of 
the laws of chem istry and of the properties of m atter to the 
methods of operation to be used. Now since manufacturing 
°r industrial chem istry is really analytical chem istry in a 
large way, similiar lines of instruction and training m ust 
aPPly in preparation for the industries. If acquaintance 
with the beaker, the casserole, the filter, the evaporating  
dish, the distilling apparatus, the balance must be provided 
in the analytical and research laboratory: if here must be

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 w ay m ust be studied and the means for effecting them  
made familiar. The operation of the chem ist in the labora­
tory m ust 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  
som ething of the materials and m ethods of engineering, 
of the larger apparatus to be em ployed 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 
m eeting the demands of the “ technical interests,” and 
whether this is recognized generally or not, it is certainly 
desired by employers of educated chemists.

B ut the common com plaint of the institutions and their 
teachers is, that the custom ary 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? H ow and by 
whom shall this very im portant question be answered? 
The demand of the present and of the im m ediate 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. Y et experience can be had only in practice 
and this must be paid for in the tiriie, 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 system atic 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 com petent 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 system atic  
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 
fundam ental knowledge of a subject is found in an effort 
to impart such knowledge to others.

I have said elsewhere that an im portant adjunct to the
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successful application of knowledge is a trained imagination. 
Not at; imagination "like the baseless fabric of a vision” 
nor "such stutT as dreams are made on,” but an imagination 
based upon knowledge which furnishes a vision of what 
may In' accomplished and suggests means for accomplish­
ment.

So it seems to m e 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 knowledge to the  
solution of problems, to the training of the imagination and  
thus to m eet the demands which the industries, consciously 
or not. are making,

A most useful beginning in such work has been made in 
the laboratories for research ia  industrial chemistry lately  
established in som e o f the leading technical institutions, 
Here the subjects for research, the applications of knowledge 
ate t*ot of an abstract but o f a  concrete character, and pro­
vide training; in work which m ay produce results immediately 
useful ia the arts o f life. Here the problems arising in  the 
industries in every-day work arc solved by students, under 
direction of uvea w ho have them selves been trained in the  
solution of such probleros. B y sach work the im agination  
is stimulated aRd at th e  « n w  tim e trained and directed in 
p*v>Svr chaunete— habits o f  ap fficatira  established which 
tr.v.st be fnsitftil later 00 . The d e % » s  o f these labora­
tories a sd  the authorities who have ordered their orgasira- 
tv r . *r>.i estahhshmen". as weT. a s  she industries which have  

ar.-d enoo«raged them  aQ t5e * iv e  the highest 
S'rai». U is  a  step  in the right direction and one which 
r.'.'.-.s.; he taker, ir. ether eeSaeatsiKal i a s d t t t t t e  it the 5 * 0 * 1  
avb " w t  ;' ' . - e t r a m  xg of w s s g  men for th e  sr iu str ies  
is tc  V  sseewwsL

What the» sbesaid he the attitnde «  the radcstries to  ja a -  
gr*.v»*:* «ve-k? I answer, iedbesa*tir§5y, ,i«w«RsJw-. W m  
sh.'c.ht he the a;:ttts5* cc the tec-hr.iea!! K g it it jc s s  to rvss- 
grad'-at* week' 3 answer, utit&ec: heilasioa. .wnwaC-̂ e, 
tvse.-jra-asa-e work siheeki be © irassJy eaNxss§e»S Stttb 
beih sa&s., £p5ks the «¿sssMxieaJ «3*5 t o  the sadssssal. 
«ad itves the Sitter.. I t  has bssa  fa ly  s c -
opr.wd vt the 'Gcrsa.ts irstb itfecs hy rc.-irSSsg in the 
roobbiex: scb.-ciis i-ectssss t»  the c-igree of " & < t«  of
e^i-.-xvrr-¡i ' ¿-.O; the sssvresay hy the «c&SSsfcaasst c f  
s « « is« «  a?sd rc-evfebsg iee th; si:-<  i&jtses. Sa a" 

isscirct-jeiis. the »tK assssstt ■« sb t <&>gwe c i  
ei.v:.-;:- -a w i  % b%  arfrKssatfd swa gSX y ¿ssaaafcd
5® K^K îiT.y—fcav.-i>c«s week «  wsrossligMsiCi 3eis£~c t - ra- 
SK)::s. ■o.vrk tbe xreiSassfcc cc kse v-j««ge the
svv, ,'c r e n te s » .  Tbe Sa Sgjsd ts  gs ?«r5s*sy xss tt5se 
:,e cb.vtsfci^ Sec tb sa  «w^ieyees «>2 ¿-■ic:,-es tb.-se V a j 

'psssf* ¿S«t3fh. t l »  .-¡58»  «? pr>a?3 akisa arvi baxe  
tail- - exoo"<is:v?e - be snbnbi£; ~

? ;v r. ¿ b a t ;x " r  'r.iE.x !~u'ev; ' : \ t  . ^ a b e im  tb is
w :y  «ssrnSsa aijJi rceifeurnd trabibif is- tsa sS tsi is  t b s  
*Ccu;K"-< 4.i v : ss <&ac so  tb i-  -a « *  tS w n s fi* « . $S si
w fs  sasft w-'w ’»«alS V  5«tftar fee ¿issr -wjck &t
;i«- r-Ri-iifns i y  tbfrafoais^fi& sa»»»»
SiKxJlS .i.'.fd ubiisji?h :: • c ..r  by  tbsir jKKassSsSes
5.*> i 't i  ttu t utjv» ?bife ‘i&  wcik TwSSbma St tbey -wjuiiS sa rc  ■«»>. 
•IfcVt: :t«sift ff«K W bi.-xii- ba£ 5:. 3t e y  «  tb.-s; -vcbv%
« w *  '«-'h iiraiwa «adnitg; :tr. -')*  st&.vite, Ihw « 55« *  rsiscm - 
•«bb Sfc 51» bviitscrtrs aini tbifc jf»  Tssw.it in: tb s

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 gym nasium  and 
on the athletic field; and they' m ay be weakened, 
from a practical standpoint, by their training. Y et 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 m ay not alw ays have been 
recognized or acknowledged. Each one who has had ex­
perience m ay furnish evidence of this fact. Effort to  correct 
errors of one’s own making often leads to  splendid results. 
“ N ecessity is  the mother of invention” and the needs of a 
m an in  deep trouble makes him  devise m eans which other­
wise remain dormant and without utilization. Y et errors 
should be avoided, and the more thorough training should 
lead to  this.

Will the institutions m eet this dem and 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 i t  w htn  it  is plain. 
B u t what of the industries? Will the leaders m ake the sign 
prominent and clear? Will they  do their share? Do they 
know w hat their share is? And do they appreciate their 
responsibility?

F irst the institutions m ust know w hat is  needed and the 
knowledge can be acquired on ly  b y  close relations w ith the 
industries. Teachers should have ready access to  the 
industries and their work for them selves and their students. 
Pro&fcrss shouid be subm itted to  the research laboratories 
and Deeded means and materials provided. Soch coopera- 
liisa m nst certainly lead to  im portant progress n ot only in 
the irsdnstries. b a t in  the related sciences and progress tinder 
such cincEmstances is  inevitable. M ay the innnences -wnch 
•ccstnei have free c e s s »  and be n et on ly  Justified h ot gtori- 
Sed.

XHS r .  S. PATEXT SYSTEM: ITS USE 
AXD ABUSE.

At the —j<cting ox the Xew York Section o f the. Am>sriican 
CbenacsS Sccfety. beSc at tbs Chemists' Crab ca  rarmary 
>:ta.. tbe general subject for the evenir.; was “ The C. S. 
Eatent System: its ITse .ana Afccse." Tbe raress presented 
-w«* as reCcwsc E- L  ASea '.late Ccmm'r « ' Patents " la -  
■SoSacórct ISstccfea’ aaá Bescrir tive" ; T»\ Hastangs S*e=sr- 
taaa tibe X «» Ycck Bar, fate cs tbe Examining Ccrps,
- - ?’atínt i  '5oe " Patents. TradSe Seese-ts amS Traie
ba33£s^s -ra-et'cs in Inanstriai Ptexifck’rmjeni—tbiir He^atave 
Eanstb.Tts;* bcc¿s C J?aageoar (<sS tbe X « *  Y erk Ear', 

rtóeces va be Eractfet ec ecr  PateKt S jsb aa  arc 
S ggsswa S cn ^ S is ,"  BL C, Hesse, FSlIX, “ & cse  Scg- 
gísefecs a s  te r«á»h Se i- r -e ^ e -e n t s .  "' Ib H_ Ea-^banb  
Sc.E:.. -'Tbi- S-Tentic's Staiarctah.'' A3 «£ tb a e  paters, 
■»Ss& tbe «sw^ássa ax t&K «£ Sir. JÜfesa, w b» « a  aceocK  «f 
. . ’writs :: rceriare b s  n i - r s r - ;  fee rmtbaa-
~c¡r._ -v-.. rc'tbsb:-,: in  tbsse c-.-cmtns. Tbe siarf'eat as 
,' a e  c® gtsa i ~.rcctaac« arsi 5s -c esnecñC ñatiresc a t  tins time 
bseaase cc tb i rertccts -wifeb art <orct£ng to tb s  craantty o£
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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 a t the present tim e undergoing revision. The 
following notice appeared in  the December, 1908, issues 
of the Official Gazette of the U. S. P aten t Office:

It is considered advisable to publish a revised edition of 
the Rules of Practice of the U nited 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 sim plify and improve the 
rules governing the practice before this Bureau, I desire to 
obtain suggestions as to am endm ent of the present rules 
and would be glad to hear from those interested upon the 
subject. I t  is not proposed to make radical am endm ents 
to the present rules, but sim ply to em body such changes 
in or additions to the rules as will be beneficial both to the 
Office and to applicants.

All suggestions should be subm itted prior to January 1, 
1 9 0 9 . E d w a r d  B. M o o r e ,

Nov. 27, 1908. Commissioner.

“PATENTS, TRADE SECRETS AND TRADE NAMES AS
FACTORS IN INDUSTRIAL DEVELOPMENT— THEIR

RELATIVE FUNCTIONS.”
B y W . H a s t i n g s  S w h n ' a r t o .w

The general conception of our laws relating to patents, 
is that of S tatu tes 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 fam ous English Statute of Monopolies. T hat 
a patent is not a m onopoly (and all that can be said of pat­
ents applies equally well to Trade Secrets and Trade Nam es), 
is readily appreciated when one considers the true monopoly 
as recognized by the common law. According to Black- 
stone, a "m onopoly” 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 unexam pled progress, directly a t­
tributable to the inventions of American citizens, which has 
been coincident w ith the growth and developm ent of our 
patent system , even long prior to this era of m assive aggre­
gations of capital, he is a poor patriot indeed if he does not 
thrill with pride and lose all thought of the idea of monopo­
lies, as he approaches in turn such epoch-m aking inventions 
as the steam boat of Fulton, Stephenson’s im provem ents 
in the steam engine, including the tubular boiler and the 
smokestack-exhaust, McCormick’s harvester, Bigelow’s car­
pet loom, the telegraph of Morse, the pneum atic process 
first invented by the American, Kelly, for manufacturing 
Bessemer steel, the H oe press, the Otis elevator and the 
Howe sewing machine, the W estinghouse 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 m ultitude of others of equal or 
greater importance.

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 tim e the report of the Commissioner of P atents for 
the year 184S, 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 P aten t Office as well as the annual agricultural re­
port, there being no separate departm ent of agriculture at  
that time, stated:

"Much com plaint has been made by inventors on account 
of a small portion of the Patent Fund em ployed each year 
for the agricultural report, and I have heretofore sym ­
pathized in such com plaint. 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 them selves have been subserved by it.

"T he Agricultural report of the office, by its wide dis­
sem ination throughout the country, has contributed much 
to increase the reputation and influence of the Patent Office, 
and to spread more widely am ong the people a  knowledge 
of the new inventions and im provem ents 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 im provem ents.”

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 
m ight be termed its letters dc 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 nam es), 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.

W hile 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 developm ent of the ancient shop sign. 
Even the Egyptians are known to have displayed inscrip­
tions denoting their trade in conjunction w ith an emblem  
to further indicate it. Also among the ancient Greeks 
signs were em ployed to proclaim their calling. In  the ruins 
of Pompeii and Herculaneum discoveries are reported of 
representations of various 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 a t the baker’s, and a t the door of the 
schoolmaster’s, what has been termed, " the not overtem pt­
ing allurement to knowledge,” comprising the representa­
tion of a boy receiving a good birching. These trade em ­
blems were doubtless introduced into England a t the time 
of the Rom an invasion.

Originally, owing to the lim ited number of traders, the 
signs were indicative of the trade, and were em ployed in  
the same capacity as we now use street numbers. Grad­
ually, as com petition 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 origin, as w it­
nessed by the following preface occurring in  Alder's “ L ivy:”

“ 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 anv person who is in the least 
acquainted with the books of our production, cannot fail to 
serve that tliis is an impudent fraud, for the head of the 
Dolphin is turned to the left, whereas that of ours is well- 
known to lie 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 m e m o r y  sys­
tem doctrinaires. W ithout a detailed review of the m ulti­
tude of priceless trade marks already in existence, a single 
reference to the influence of a  recentIv adopted trade mark 
will possibly be of interest. The National Biscuit Com­
pany. since its formation in 1S0S. 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 exam ple of a psychological trade mark 
" I'need.».”

The passage of the Pure Food Laws has been already a 
boon to the manufacturers o f 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 again have occasion 
to buy standard commodities subject to t he doctrine of 
ourour (let the barer beware).

No consderation of the influence of invention upon in­
dustry oar; be com plete without a  review of the functions
o. trao.e secrets. A trade secret tr.ay comprise a urocess 
which produces an ©id product that is producible by other 
known methods :r. so nearly an identical condition as to  
prevent the determination or the m ethod of production, 
even when the proauct is subjected to  the m ost careful 
scrutiny, i-uc:t processes obviossiv  would not in d u ce  the  

:uu::utmm process., K elly's Bessemer process, or M ushet's 
uvaroirrsxing proses® toe the production of steei, and the  
Crvmas open-hearth steej n . \ m  Even more recently  
than the above is the patented K nietsch contact process 
tor the manufacture or ssripb.ur ttroxsd*. W hile all «  these 
processes 0.0 no: necessarily p-oduve products that would 
...\ K w i  whether or n ot a ceanrte process was e a -
pSoyed in their production. nevertheless each one at k a st  
ro.pmros a particular type of apparatus, ot a  so h s ts s th S v  
■ K— -ae... nature so that .ts  irxSenmte concealment within  
a p.a-at woidd he- rendered ditScclt. or esse the proc-j>ct is  of 
a  nature to indicate whether or not a  certain ratented pro­
cess has. been em rioysd. Tbe Be-”, rccess 'of ttet'h on v  
•:s another exam ple o< a process which., b y  virrae of the tact 
that s^hstantisi'y permanent apparatus is  recurred to- ptr- 
¿oirra .he sume. is aam-.ra oiv adapted tor the proteetioa af- 
: ora00. hv the I'rated ¿irate« Patent syscerr. through its  
Letters Patent.

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 em ploym ent of old processes 
in a  system  of apparatus which was peculiarly arranged as 
to the disposition of the various elem ents o f the system, 
and also as regarded the relative distances of each element 
lrom certain other elements. In addition, apparently the 
size of the apparatus and the em ploym ent of a steam  ham­
mer, as one of the elem ents of the system , were important 
features. In spite of the fact that the title  of the Vulcan 
Detinning Companj- 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 com ing under the 
protection of the common law unless it  is reallv treated as 
a secret as such, and unless all parties who are cognizant 
of it, know that it  is  a secret, and are either em ployed 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 divulge it. I t  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.

The influence of trade secrets upon industrv has been 
marked, from the earliest times. T he guilds o f the middle 
ages are famed for guarding inviolably their trade secrets. 
In  fact, in m any European countries, inventors were often  
compelled to hold as trade secrets and assum e the risk of 
their secret being discovered, inventions which m ight have 
been patented, owing to the stringent requirements and high 
taxes imposed by foreign governm ents upon patents. In 
the great steel centers, a t the present tim e, quite a different 
weicosne aw aits the rival steel manufacturer, in  so  far as 
obtaining access to these m ammoth workshops is  concerned, 
as distinguished from the reception which would have been 
tendered him but fifteen years ago. All specially bu ilt and 
pectuijriy assembled machinery, used exclusive] v within 
- pJant and not purchasable in  the open m arket, as well 
as a ll secrets relating to the more econom ic production of 
steeh are now carefully guarded.

i t  is  otten a mce question tor the m anufacturer, to deter- 
m lae whether to protect his invention as a  trade 
secret, or to procure a patent thereon. The mere fact that 
-- secona inventor m ay a t  any tim e enter the ::e’d . and at>- 
p-> 3 or, ana secure tne grant of. a  patent, is  a m atter of 
serious im port and w orthy of the m ost careful eansdera- 
<_v n. 1 ms .a s  occurred otten in the post, and for - rea­
son. :t is :r. som e cases advisable to a le  a  caveat in  the con- 
Sdential archives or the Patent O Soe, renewing i t  from -rear 

i t s  term expires, in order to prevent the isstre 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 com plete a description as any patent 
specification, if one would insure him self against the grant 
of a patent to a subsequent applicant, and since m ost trade 
secrets are carefully guarded in some secret archives, com­
monly of a corporation, it is obvious that no rights arc 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 m isconception of, or fails to realize, 
the protection afforded by the United States P aten t 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 com petitors in 
particular, is often of considerable value. This is even  
true in the cases of w hat are termed “ paper paten ts” or 
"paper trade-marks,” that is, patents and trade-marks 
which are of such a nature as to be alm ost certain of being 
ultimately upset in court. When one realizes the time and 
money often required under the present administration 
and enforcement of our P aten t 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? Sim ilarly in the case of the 
trade secret, there is no question but that the moral 
effect of a caveat upon the em ployees and com petitors would 
result in increasing the loyalty  of the em ploye and discour­
aging the com petitor 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 P aten t 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.” I t  appears to 
be the same old story ‘‘ that fam iliarity breeds contem pt.” 
On the other hand, the following effective tribute, which is 
probably the m ost unbiased and spontaneous that has ever 
been paid to the United States Patent System , was de­
livered by Mr. K arekiyo Takahaslii, the special com mis­
sioner appointed by the Japanese Government to gather 
data regarding our P aten t System  as practiced in the year 
1S99. In response to a query as to w hy the people of Japan  
desired to have a patent system , he said :

“ I will tell you. Y ou 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 w hat 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 
agoj’ and we said, 'W hat 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.”

SOME DEFECTS IN THE PRACTICE OF OUR PATENT 
SYSTEM AND SUGGESTED REMEDIES.

B y  L o u i s  C .  R a e g e n e r .

M r. Chairman and Gentlemen:
In addressing you to-night I am taking a position som e­

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

Once upon a tim e— 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 testim ony 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 m onths to reach this 
point. The testim ony of witnesses is taken at the lawyers’ 
offices, usually 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 testim ony is 
that it  is practically legally impossible to stop either the 
witness or counsel from padding the record with testim ony  
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 w ay 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 com petent— thereby condensing the record.

It is not unusual for an expert w itness to favor the court 
with his views on the witness stand for weeks and months 
at a time— and, by the way, em inent 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 m ay have been 
a fair com pensation a hundred years ago, but it does not 
com pensate a day-laborcr 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 tw enty  
thousand dollars per year.

After all the testim ony has been taken it is printed, an 
oral argument takes place, printed briefs are subm itted, 
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 com plaint 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, testim ony for an accounting is taken before a 
master, and again all the elem ents combine to protract 
exam inations and increase expenses. E xcept in extraor­
dinarily im portant 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 m y 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 som e 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 coordinate 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”— intim ate, 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 
tim e 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 tort 
feasor 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 m atter 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. I t  was the end— but now there is never an 
end in sight for the unfortunate patentee.

Some genius, who in m y 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 w ith­
out an opinion, and the result is that whenever a diversity

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 attem pts to create one Court of Appeals 
at W ashington 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. H ow to cure these ills I 
am not prepared to say. In the earlier years of m y practice 
I did not appreciate the great crime com m itted 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 
exten t I must adm it that I have benefitted by these pro­
tracted and iniquitous laws.

You can readily see what such a condition of affairs leads 
to. As a young man I took for granted that all judges were 
honest and learned. I have never since had reason to 
change m y 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 som e who are so 
opposed to monopolies and patents that a  mere look at the 
red seal and blue strings of Letters P aten t incites them to 
such wrath that the patent is instantly doomed.

Please don’t think for a m om ent that this is a  joke, be­
cause nobody has ever yet been able to define w hat 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 adm itting 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 m eant well. I t  would have 
served your interest much better if he habitually meant 
ill and at the same tim e decided correctly in every instance.

While I have pointed out to  you the abuses from which 
you as inventors and patentees suffer in the attem pt 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 tort feasor, and that is a  bad enough 
name; but a  contributory infringer is the worst specimen 
of hum anity 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 th is 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, oatm eal 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 anyth ing 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 m ost 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 w hat 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 coordinate 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 m e so self-evident that no man of 
ordinary intelligence can doubt it.

That the public would benefit by the taking of testim ony  
before judges w ith some pbwer 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 infringem ent will probably 
be exploded sooner or later or confined w'ithin reasonable 
limits by the U. S. Supreme Court.

The abuses to which I have called your attention will 
undoubtedly be remedied in tim e, 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 som e one else to do the 
work.

141 Broadway. N ew  Y o r k ,
Jan u a ry  S, 1909.

THE UNITED STATES PATENT SYSTEM, ITS USE 
AND ABUSE.

SOME SUGGESTIONS AS TO DESIRABLE IMPROVEMENTS.
B y B. C. H e s s e .

The United States Patent System  has been so successful 
in the attainm ent of the primary object of a  patent system , 
namely the stim ulation of invention that changes therein  
should not be made w ithout full consideration.

The full, free and untrammeled exercise of the m onopoly  
granted by the Federal Government to an inventor in re­
turn for a complete disclosure to the public of his invention

should be interfered w ith to the sm allest exten t consistent 
w ith full protection of the public’s rights and further, the 
m onopoly 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 a t some 
points the inventor’s m onopoly 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 lends to inflict, in some instances, unnecessary 
penalties upon inventors.

The chem ist is concerned w ith all the subject matter 
which can be the object of patent protection, namely, new  
and useful arts, machines, m anufactures and com positions of 
matter; fuller protection for the chem ist is hardly conceivable.

W hen an inventor, chem ist or other, obtains a patent it is 
supposed to be for som ething new' and useful and he m ay 
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 m ay regard as 
reasonable for his own protection and remuneration.

When, however, such inventor allows his invention to lie 
idle and w ithout performing any useful function and w ith­
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 m y opinion, transgressing 
the spirit underlying the P aten t System . H e is reserving 
for him self 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 m ight be a low annual tax , say, 
$15 or $25 or some other sum not high enough to stand in 
the w ay of any invention giving any reasonable promise of 
remuneration yet high enough to make it appear unprofitable 
to m any to retain reservation in fields which they are either 
unwilling, unable or incom petent to develop. To this ex ­
tent reservation would be curtailed and the return of res­
ervations to w hat m ight be called the “ public dom ain” 
would be affected, for exploitation by the public as occasion  
m ight arise.

I t  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 Gazette have been struck 
w ith the idea that a  great m any patents have little  or no 
utility , present or prospective, and m any of those coming  
into contact w ith inventors and patentees have m et w ith  
m any 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 m et cases where the  
ideas embodied in such patents could, w ith 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
com ing 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 eases 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 
m ay 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 
m ay 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.

B y 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. 
*Ihc 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 manv 
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

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, econom ists and the public generally, 
which is the so-called working of patents.

Personally, I am unfavorable to a com pulsory 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 m y 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 contem plated and proper functions. There 
m ay 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 m atter how lim ited, under penalty of rev­
ocation or other restriction of the granted m onopoly is, 
in m y opinion, not the best w ay to accomplish the desired 
end and, I 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.
B y  D r . L .  H .  B a e k e l a n d .

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 statu tes 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 a t 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 m ost other countries the patent 
laws seem to have been conceived w ith the main idea of 
bringing in a source of revenue for the governm ent. 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 w ith 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 lim ited them selves 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 w ith the very purpose of com m itting  
a dishonest act, hoodwinking the vigilance of the chief of his 
department. T hat such abuses have not occurred oftener 
is a real wonder when we take into consideration that the 
corps of examiners arc 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 exam ple 
of good citizenship.

I know of m any a tim e when views contrary to these were 
expressed by some im patient 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 them selves were. To such of m y 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 m onths and years of mature and deliberate 
specialization and it is hardly to be expected that a man, 
however open-minded he m ay be, should at the first glance 
be able to penetrate the subject as deeply as the intelligent, 
specialized inventor. The standpoint the exam iner 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. H is a tti­
tude is best summed up in slang: “ I am from Missouri,” 
and it becomes the task of the inventor of “ show ing” and 
"showing w hy.”

In several of m y experiences w ith the patent examiners 
here and abroad, I have felt very thankful for the objections 
which were made to m y tex ts  and to m y claim s because I 
"as shown either that I was not sufficiently explicit or 
concise, and by making the required am endm ents, 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 som e dissatisfied and narrow-minded in­
ventors, although their attitude is just as fair, unbiased 
and open-minded.

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

If I 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 com pulsory 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 m y voice 
of protest when it conies to testing the rights of the in­

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 m ost of the tim e is already incom petent 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 exam ples of prosperous com ­
panies where the m oney paid in salaries for the technical 
or scien tific . 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 com e about that an otherwise liberal patent 
law intended for the protection of the poor inventor has 
become a drastic m ethod 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 
arrogant frustration of the generous efTorts of those who 
framed our patent laws.

N O T L 5 .

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 
prom ptly 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
form ity and far greater yield of perfect sticks.

H . A u g u s t  H u n i c k e .

MITCHELL-WALKER MOISTURE TEST.

During the past year we made investigations in rapid 
moisture determ inations in dairy products. We personally 
exam ined a number of the tests on the market and consulted 
the reports of other chem ists 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 com paratively 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 “ im proved” 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, attem pting to conform to the following 
requisites:

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.

Our 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 am yl 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 am yl 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, etc.

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 
sim ple 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.

Mar., 1909

A CONVENIENT FUNNEL FOR INTRODUCING 
DRY REAGENTS OF POWDERS INTO 

BOTTLES AND FLASKS W ITH­
OUT LOSS OF SUBSTANCE.

In order to avoid loss of small am ounts 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 stem less 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 as a pattern. The lap-joint along the side can 
be made perfectly tight and smooth by applying the proper 
am ount of acetone to effect a softening or partial solution of 
the celluloid Charles H . B riggs.

T h e  H o w a r d  W h e a t  & F l o u r  T e s t i n g  L a b o r a t o r y .

M inneapolis, M inn., J an . 7, 1909.

T IL L A N D S IA  U S N E O ID E S .

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. I t  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. Billings1 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:

C o m p o s i t i o n  o p  T i l l a n d s i a  U s n e o i d e s  ( S p a n i s h  Moss).
Com plete analysis.

W a te r ..............................       69.500
V olatile m a tte r ........................................................................................... 28.905
Silicon dioxide (SiOa)...................  0.590
Iron  and  alum ina oxides (Fe20 3 and  AI2O3)      ................. 0.286
Phosphoric acid (P2O5) .................. . . . . ................................................  0.032
Calcium oxide (C aO )........................ ....................................................... 0.058
Sulphur trioxide (SO3) .......................... ........................ ........................  0 .184
Potassium  oxide (KaO )  ....... ........................ .............................  0 .313
Sodium  oxide (N aaO ).. . ............       0.581

T o t a l . . .........................................................................     100.449

Feed constituents.

N a tu ra l sta te .
W ater- 

free bases.

P ro te in .......................... 12.07
E th er e x t r a c t . .................. 3 .47
C arbohydrates................... 5 2 .29
F ib e r ................................ 27 ,02
W a te r ........................ .
A sh ........................

T o ta l ........................... 100.00

1 Bdanical Gazetie, 3 8 , 99- 121.
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Fertilizer constituen ts.

N a tu ra l sta te .
W ater - 

free basis.

Phosphoric a c id .............................. ___  0.032 0.105
N itrogen ............................................. ___  0 .588 1 .928
A m m onia........................................... ___  0.715 2.343

___  0.313 1 .026
W a te r .................................................. ___  69.500

J. E. XIA 1 .L I G A N .

L o u i s i a n a  E x p e r i m e n t  S t a t i o n ,

B a t o n  R o u g e , L a .

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 diam eter of the neck of the flask at the graduation 
should not be less than 8 mm. nor more than 10 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 m ust 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 6o° F. from a beaker and em pty back

again. Drain 10 minutes, blow out, and fill again. E m pty  
into a weighed flask, drain 10 minutes, and blow out into 
flask. The weight of water delivered is that of the volume 
drawn up w ith the walls wet. Fill 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:

D istance betw een m ark s .................................   20 m m .
Volum e to upper m a rk ..................................... 20 .32  cc.
Volum e to  lower m a rk .....................................  19.76 cc.
Volum e betw een m ark s .......................................  0 .5 6  cc.
V olum e for 1 m m . 20 (0 .5 6 ) .............................  0 .028  cc.
Volum e of tru e  m ark  above low est m ark . . 0 .2 4  cc.
D istance of true  m ark  above lowest m a rk . 0 .028  (0 .24) 8 .5  m m .

Use .— Fill the flask nearly to the mark with kerosene oil. 
Take the temperature w ith thermometer, remove, and make 
up exactly, reading the bottom  of the meniscus. W ipe the 
inside of neck free from oil. Blow out the pipette and w ith­
draw 20 cc. of oil from flask, draining the outside of the 
delivery tube against neck near mark before removing, 
em pty and hang up to drain. Weigh out 65 grams of cem ent 
to o. 1 g. and pour from glazed paper into flask until the oil 
nearly rises to the mark. Use a small cam el’s hair brush to 
brush the cem ent with all adhering oil down the neck. R o­
tate flask to remove air till all the cem ent is suspended and 
cautiously add cem ent till the mark is reached. R otate  
again, take temperature, and weigh the residue to 0.1 g. 
The weight of cem ent used divided by 20 gives the specific 
gravity. Correct for temperature change, 1° F  =  0.01 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 
cem ent 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 
cem ent 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 10 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 volum e for the density of water a t  
6o° F. is practically equal to and counter-balanced the 
difference in volum e between oil and water retained in the 
pipette, so that both can be ignored.

Oil re ta ined  in p ip e tte .................................... 0 .0 6 -0 .0 7  cc.
W ater re ta ined  in p ip e tte .............................  0.04—0 .0 5  cc.
Correction for 20 gr. a t  60° I7..................... 0 .0 2  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.
10 F. change in  flask.
6.5° F. change in pipette.
1 mm. meniscus above or below mark on flask.
0.00010 variation in cocf. of exp. through 5 0 F. change.

F r a n k  G orrscn.
M t . P r o s p e c t  I .a b o r a t o r y ,

B rooklyn. N . Y.
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AN UNUSUAL INCRUSTATION ON 
GENERATOR COILS.

( C o n t r i b u t i o n  f r o m  t h e  L a b o r a t o r y  o f  t h e  Y o r k  M a n u f a c t u r i n g  

C o m p a n y , Y o r k , P e n n .)

There was recently submitted to our laboratory, for analysis 
and explanation, a scale or incrustation of unusual character. 
I t  had been formed on the coils of pipe in the generator of 
a refrigeration 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 220 Be. 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 550 Fall, and ranging at times up to 750 Fall.

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 011 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 m a tte r ............................. ... 0 .26%
Organic (oily m a tte r ) ............  0 .59
Copper ox ide ............................  0 .65
Ferric ox ide ..............................  6 .32
Zinc ox ide............................................. 92.00

T o ta l..............................................  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  m ay 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. E h r e n f e l d .

TO DETERMINE FAT IN SWEETENED CON­
DENSED MILK.

Weigh out 25 grams of the sample, dissolve in water and 
make up to too  cc. Transfer 6 cc. to a double tube milk 
flask provided with a small bore tube graduated to give per­
centage of fa t for 5 cc. milk. Add 4 cc. of ether and 4 cc. 
acetic add  (So per cent, or more absolute acetic acid). Acetic 
acid of this strength will dissolve the curd but has no effect

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 011 the surface of a clear and colorless 
liquid. Fill the flask with hot water thus raising the fal 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. C o c h r a n .

A QUICK METHOD FOR THE DETERMINATION OF 
ARSENIOUS OXIDE IN PARIS GREEN AND 

OTHER INSECTICIDES.
Among the numerous methods that have been suggested 

for the analysis of the common insecticide, Paris green, 
are the methods of Thorne, Sm ith1 and A very,2

B y the use of any of these methods it  is possible to ob­
tain very accurate results. In the Sm ith 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 tim e 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 w ith 25 cc. of water, 
and 25 cc. of concentrated hydrochloric acid. The flask 
is then heated to a temperature of about 8o° 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 m ight be lost a t 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 w ith 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 m ay be observed m ost readily 
when a porcelain evaporating dish is used as the containing 
vessel. In standardization of the iodine 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.

T a b l e  I .

N um - B y  m ethod
ber of of Sm ith.

m ina- Sam ple Sam ple

Percentage 
of A ssOj . 

B y  m ethod 
of Avery.

tion. 
1. .

3 . .
4 . .

54.47
54.53
54.51

B .

52 .02
52.02 
52 .16

Sam ple
A.

54.62
54 .58
54.68

Sam ple
B.

5 2 .10
52 .08
52 .08

B y  new  m ethod.

Sam ple Sam ple
A. B.

54.51 52 .00
54.51 52 .00
54 .52 52 .16
54.51 52.05
54.51 52.05Ave. 54 .50  52 .10  54 .62  52*0S

1 J .  -4m. Ckem. Soc., 21, 769 (1899).
- B ureau of Chem istry. Bulletin  No. 107, p. 26 (1907).
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The results obtained in  standardizing the iodine solution  
with pure aresenious oxide arc given in Table II.

T able  I I .
G rains of As20a eq u iv a len t to  one cubic cen ti­

m e te r c f the  iodine solution.

Number of B y m ethod  B y  m ethod
determ ination. of Sm ith . of A very . B y  new m ethod .

 1....................  0.00289+ 0.002896 0.002898
 2....................  0 .002894 0.002896 0.002897
 3....................  0 .002895 0.002896 0.002898

Average.................... 0 .0028947 0.002896 0.0028977
C. C. H e d g e s .

C o r n e l l  U n i v e r s i t y ,

December. 190S.

is well attested by the recent successful introduction of the 
G ayley dry blast in various furnaces throughout the country.

Fig. 2.— Sketch m ap  of G ary— general plan of the  new  steel p lan t. 
F u rnaces, m ills and  shops a lready  com pleted  o r under w ay a re  in d i­
cated  by  solid black  lines; fu tu re  construction  and  ex tensions by  d o tted  
lines. T o  avo id  confusion, d u p lica ted  ra ilroad  track s  a re  e lim inated , 
th e  sim ple lines in and o u t of the  open-hearth  build ings represen ting  
six  service tracks. N ote  how furnaces and  mills h ave  been placed to  
fa c ilita te  sw itching.

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 1905 the corporation set aside S io ,-  
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 am ount 
expended even up to the present time is not greatly in excess 
of $40,000,000. The original announcem ent stated that an 
appropriation of $75,000,000 was contem plated 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. Neum ann, 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 approxim ate 
area occupied at the present time is about 700 acres, and 
the area available for future extensions am ounts to 1000 
acres.

Water S u p p ly .— 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 pum ping station, from which point it is 
supplied to the plant by means of horizontal-sliaft direct- 
connected motor-driven centrifugal pumps. These are two

THE INDIANA STEEL COMPANY’S PLANT AT 
GARY, IND.'

B y  W .  D. R i c h a r d s o n .

The commencement of operations in the largest m etal­
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. W hile to the superficial observer it 
may appear that in the working of a plant such 
as that at Gary, mechanical problems overshadow the

Fig. 1.— M ap showing location  of G ary .

chemical a t every point, this is not strictly the case. The 
science of m etallurgy 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 chem istry com es to the fore. T hat the chemical 
operations of the blast furnace, although carefully studied 
for long periods of time, m ay yet be fundam entally improved, 

1 For fu r th e r descriptions, p a rticu la rly  of th e  m echanical featu res 
f the G ary  p lan t, consu lt the  Iron  Age, J a n . 7th  and  Jan . 14th, and 

following num bers: T h e  Iron  Trade Review  of J an . 7th  and  succeed­
ing num bers; System , J a n ., ’09, and  Engineering Record, J u ly  20, Aug. 
17 and Nov. 2. 1907.
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domestic pumps driven by 250 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

M ar., 1909

com plete plant is thirty-two, with a total H . P. of 64,000. 
The electric power plant equipm ent consists of horizontal

Fig 3.— Chem ical laborato ry .

averages in heat value 95 B. T. TJ. 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 starring of the

F ig . 4.— Pum ping  s ta tio n .

twin-tandem  Allis-ChaJmers gas engines, direct-connected. 
A t present seventeen of these engines are installed, with 
a total of 6o,cco H. P., housed in a building 966 feet long

F.g 5. B last fu rnaces from  w a ter fron t.

gas engine-dm en generators. Steam  is also used on  the 
plant in auxiliary blowing engines, pumps, turbines, hammers, 
gas producers, etc. Of blowing engines for the blast furnaces 
tfeere are eight W estinghouse and eight Allis-Chalmers

' )T- i o 5  feet wide. It is planned to duplicate this plant 
with another of the sam e size and this will give a total of 
thirtv-tour gas engines, w ith 120,000 H . P.

Fig, X. sksaders ¿md ext bciiiges.

horizontal twin-tandem of : , c w  H. P. each. Thev are 
operated by blast furnace gas and average 30,0c© cubic 
feet o: air per minute, each. The number planned for the

F i g .  7 .— O r e  b in s .

S k r f  fu r n c c c i .— Of a  total o f  sixteen blast furnaces, 
each o f  a  capacity of 450 tons per 24 hours, planned for the' 
p*ant, four are operating at the present tim e and four are



N E W  P L A N T S .

under construction. There are four stoves to each furnace 
and for the eight furnaces either operating or now under 
construction, there are provided fourteen dust catchers. 
Tlie flue dust delivered by them am ounts to about two

Supplem entary to the blast furnace installation, a pig- 
casting equipm ent 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. 9.— B last fu rnaces 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 
two of each type.

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 
gas washers. From  the primary washers the furnace gas

Fig. 11.— B last fu rn ace  showing sk ip  incline, stoves and  d u s t catchers. 
Com plim ents of A llis-C halm crs Co.

to the secondary washers where i]A  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

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

as follows: I t  first passes through the dust catchers, then 
through the primary washers, and after leaving the primary 
washers a fraction am ounting to 30 per cent, of the total 
or 6,750,000 cubic feet per hour passes to the hot blast stoves. 
From the sam e point 7y i  per cent, or 1,700,000 cubic feet 
per hour passes to the boiler house. The remainder passes
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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 1 2 ^  per cent, or 2,800,000 cubic feet per hour 
is used. 2y i  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

60 tons. There are under construction fifty-six more which 
when completed, will give a total of eighty-four. For each

Fig. 13.— P rim ary  gas w ashers.

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. 12.— B u st catchers. Com plim ents of Allis-Chalmcrs 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 G ayley dry blast has not yet been introduced a t  Gary. 
Open-hearth Furnaces.— At present there are finished 

twenty-eight open-hearth furnaces each with a capacity of

O re s . 
Chapin , . .  
B ernhart. 
V erm on t. 
G roup 4 . .  
G roup 3 . .  
Y erm ii.. .

C h ap in .. .  
Beruh a r t.

Fig. 14.— B ack  of b la s t furnaces. Gas m ains leading  to boiler house 
an d  secondary gas w ashers. C om plim ents of A llis-Chalm ers Co.

be a rail mill with a capacity of io o ,cco  tons per month. 
Ih is *s now ready to operate. A billet mill, an axle shop.

Fe. P. M a.

A n a l y s e s  o f  I r o n  O r e s .  

D ty  B asis, P er ccnt. 
S i0 2. AI2O3. Fe20 3 CaO. M g O . MnO. t 2o ù Vol. Moist

59 .46 0.066 0.21 5 .5 0 1.60 85.66 1 .50 3 .2 4 0.27 0.151 2 .4 0
56.66 0.059 0.26 13.30 1 .80 SO. 94 1 .25 0 .28 0.34 0.135 2.20
59.46 0.075 1.27 5 .2 6 2 .75 S4.94 0.61 0 .14 1.64 0.171 4 .8 6
57.58 0.063 1 .10 6.20 2 .53 S2.26 0,50 0 .36 1.42 0.144 6.6 6
57.86 0.085 1.57 6 .17 2 .8 0 82.66 0.65 0 .37 2.03 0.195 5 .4 0
65.61 0.145 0.1 0 3.S6 1 . 01 93.73 0.57 0 .35 0 .13 0.332 0 .3 0

56 .10 0.062 0.20
Original Basis.

5.15  1.50 SO .14 1 .40 3 .03 0 .2 6 0.142 2 .25 6 .43
51 .59 0.054 0 .24 1 2 .11 1.64 73.70 1 • 14 0.25 0.31 0.124 2.00 8.95
51 .70 0.065 1 .10 4 .5 7 2.41 73 .86 0 .53 0.1 2 1 .42 0.149 4 .2 2 13.05
49.34 0.054 0 .94 5.31 2.17 70.49 0.43 0.31 1 .21 0.124 5.71 14.31
50.10 0.074 1.26 5 :34 2.42 71.57 0 .5 6 0.22 1 .63 0.169 4 .6 8 13.42
65.04 0.144 0.1 0 3.83 1.00 92.91 0.56 0.35 0 .1 3 0.330 0 .3 0 0 .S 7
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'  P artia l view  of in s ta lla tio n  w here 17 A llis-Chalm ers tw in -tan d em  gas engines a re  d irect-coup led  to  A llis-Chalm crs generato rs, each u n it
eing of 2,500 kw. cap ac ity . P h o to g rap h  tak en  du ring  erection . T he  in s ta lla tio n  also includes 8 A llis-C halm ers tw in -tandem , gas-driven

blowing engines, m aking 25 u n its  in all.

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:

P er cent.
V ol.......................................................................  0 .83
Fixed carb o n ....................................................  88 .42
S u lp h u r..............................................................  0 .75
S i0 2......................................................................  5 .98
F e .........................................................................  0 .6 0
A120 3.................................................................... 0 .45
P ...........................................................................  0 .01
M il........................................................................  0 .04
CaO ......................................................................  0 .17
MgO.....................................................................  0 .22

At the present tim e dolom ite is used in the blast furnaces 
and hence the slag cannot be used for cem ent-m aking purposes. 
In case it is desired to produce cem ent from the slag, the 
change to calcite can readily be made. The dolom ite comes 
from McCook, III., and from Gary, 111. The following is a 
typical analysis:

P er cen t.
M oisture.............................................................  1 .50
S i0 2 ............................................................ 0 .53
Fe20 3 and  AI2Oa..............................................  0 .5 9
P2O j.....................................................................  0.01
CaO......................................................................  29 .60
MgO.....................................................................  21 .60
S ............................................................................ 0.041

The coal used in the producers at the open-hearth plant 
■s Dering No. 2 lump, from W estville, 111., and analyzes as 
follows:

P e r cen t.
M oistu re ............................................................. 8 .5 0
V olatile com .....................................................  37.01
F ixed  ca rb o n .................................................... 46 .88
A sh ....................................................................... 7.61
S ............................................................................ 1.44

B. T . U ................................................................. 11,970

The lim estone spalls for the open-hearth plant comes from  
the well-known quarries a t Bedford, Ind. A typical analysis 
is as follows:

P er cent.
S i0 2................................................................. .... 0 .63
AI2O3 and  Fc20 3..............................................  0 .4 6
P ...........................................................................  0 .008
C aO ......................................................................  54 .90
M gO ..................................................................... 0.51
S ............................................................................ 0 .055

Flue dust from the blast furnaces shows on analysis:
P er cent.

S i0 2...................................................................... 7 .63
F e .................................................. ......................  5 3 .8S
A120 3.......................................... ........................  3.51
P . .........................................................................  0 .062
M il........................................................................ 0 .82
C aO ...................................................................... 0 .52
M gO..................................................................... 0 .27
C ...........................................................................  8 .3 6

Chem ical Laboratory.— Mr. .H. C. Thomas is chief chem ist 
at the Gary plant and has been instrum ental 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 basem ent brick and concrete building w ith 10,000 
square feet of floor space. In the basem ent 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



Fig. 16.— 12-inch gas engine cylinder, Allis-Chalmers.

Mar., 1909

Fig. 18.— Cross-section of b la s t fu rnace.
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Fig . 17.— C rank sh a ft of 5000 H . P . Allis-Chalmers 4-cycle, double- 
acting  tw in-taridem  gas e n g in e^w e ig h t of th is  p a rt, 85 tons.

Fig. 19.— O pen-hearth  fu rnace, charging"end.
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rop or platform el ua'

Fig. 21.— O pen-hearth  furnace, d ischarge end.ecu. rod>T.R.10

Fig. 20.— T op of b last furnace.

Fig. 22.— View from  slip.
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Fig. 23.— O pen-hearth  fu rnace, d ischarge 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 by 
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 Win. Brady, Chief 
Chemist Illinois Steel Co., for the data furnished for this 
article.

K.UT IttUACC C*T»it ■tttlt
S B u t  Furuaces sb360Q T. Pig Iron per

Hr*.
Total B.F Q u  prod, per Hr. --J*.430.000

cu. ft. — 1  O i l E q u i v a l e n t  to - 
300.000 B. H . P. (in G u  Engine*.)

Mt H4ST ST*IH

S0°?o Used Her« 
or 6. «50.000 cu. ft.

per Hr.

»aom
T.5°fo Used Here 

or 1.700.000 cu. ft. 
per Hr. F*ir Spare Steam 

Blower. 1'ressure and 
other Pumps, steam for 
Gas Prvxl. heating o f 
bids*, etc.

*um« as istsa
2.5°Jo Used Here and', 
in  Primary Washers» 

or 600,000 cu. ft. 
per Hr.

UOVilS (Ui*£ 83251
12.5°fo Used Here or 3.800,000 
cu. ft. per Hr. 2 .5o;0 used for 
auxiliaries for Blast Furnaces 
themselves (in gas engines) or 
€00,000 cu. ft. per Hr. Total for 
furnace operation 15 per ceut. 
or 3,400.000 cu. ft. per Hr.

HICTBCU PCtU FLUT

Remaining 45»>‘o available for 
other purposes or 1 0 ,0 0 0 .0 0 l‘'cu. 
ft. per Hr. Equivalent to 110-' 
000 B. H. P. (in gas engines) with 
gas at 90 B T .V . per cu. ft. an-* 
10.000 B.T.U . per B.H.P. ioar 
gas consumption.

F is . 24. D iagram  fo r b la s t furnace £as.
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B y  W .  C . E b a u g i i .

Much interest has been aroused in metallurgical circles 
by the test made w ith the Fink sm elter a t the Boston Con­
solidated Company’s plant a t Garfield, Utah. The suc­
cessful operation of the ex ­
perimental furnace during its 
trial run— when concentrates 
containing about tw enty 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 m any 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. W hether 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 ­
panying illustrations the Fink  
plant consists essentially of 
two large rotating com part­
ments, lined with refractories, between which is a flue for
the passage of the gases from one com partm ent to another,
as well as the openings for the introduction of the fuel. 
These sm elting com partm ents or cylinders are made in the

THE FINE SMELTER. shape of truncated cones placcd base to base, connected at 
one end with the central flue and at the other with a chim ney. 
In the plant at Garfield, which is estim ated to have a daily  
capacity of one hundred tons, these cylinders arc nine feet 
in length, nine feet in maximum diameter, and taper to seven  
feet at the ends. The lining reduces the m axim um  internal

diam eter 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

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 em ployed, and as a 
m atter of fact the Garfield 
plant was built to be run with 
oil, but failure to obtain a 
supply at the tim e 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. When i t  is 
remembered that coal and 
coke for sm elting purposes 
are necessarily expensive, be­
cause of the high grades re­
quired, it  is evident that a fur­
nace that can use slack coal 
(either anthracitic or bitum in­
ous) , crude oil or even sawdust 
as a fuel has a distinct advan­
tage over the ordinary smelter.

Fig  2.— F ro n t v iew  of th e  new  F ink  sm elter.
P ho tog raph  by  C. W . H iggins. C ourtesy of S a lt Lake M in in g  Review.

Fig. 1.— T he F ink  100-ton sm elter a t  Garfield, U tah . 
Pho tog raph  by  C. W . H iggins. C ourtesy of S a lt Lake M in in g  Review.
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Through the top of the central flue, tuyères, 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-
tuvèrcs 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 a t the ends fuel is required directly for the roasting, the sulphur from

the ore and the heated gases 
from the other cylinder suf­
ficing. A t the proper time 
the charge in the other cyl­
inder is  removed, and the 
now roasted ore, in  the cyl­
inder w ith which the explana­
tion w as started, is ready to 
be reduced to m atte. Burn­
ing fuel is blown into the 
cylinder, the particles of ore 
in  the finely divided condi­
tion are quickly reduced to 
m atte, and ordinary slag is 
formed. Care must be taken 
to  regulate the composition 
of the charge properly and 
to stop the operation a t  the 
right tim e. I f  i t  should hap­
pen that the blow had con­
tinued too long som e fresh 
ore or flux could be intro­
duced and restore the charge 
to  its  desired condition. This 
factor of ease in  regulating

by c .  w . H ««™ . t a r n «  c t S 4 i  L a ir  M i , i R ^ .  ü ,e  v a r io u s  operations in the
cylinder is considered as an-

0* t>'e cylir-ciers and directly into t-ie smelting cylinders. other advantage of the process. Slag is tapped through one
Around the middle Ene o f  « c h  cvHuder a ie three tap holes o f  the three tap holes along the m iddle line o f the cylinder,
So t  the removal o; siag, m atte or metal, and the remaining m atte is bessemerized by having the

In  the F ink sm elter the inventor nos applied the principie tuyères introduced through the top o f the central flue,
of the tevoivtng rooster or h a c k  ash  tnrnsce, bat w ith the through the hole a t  the end of the cvlinder and directly
im portant difference that in  
this instance there is  no end 
fire box. the fuel being b u n :  
in  the cylinder itself. There 
is  the additional advantage 
that when a bessemeririr.g 
action is wanted it is carried 
ont in  the same cylinder 
through the introduction, «  
tuyères, as indicated in the 
preceding -.v.ragra;-'-. i t  is 
p s s M e . therefore, to first 
roast, then sm elt to a nsitw . 
and finally bessemerire the 
ssa tíe  w itboct ever remov­
ing: the charge from one 
cylinder. I t  is  this economy 
«  labor, as well as economy 
o f tee!, that makes the nc-.t 
process attractive.

In operating the furnace 
both cylinders are in  ase  a t  
the same time. The C R sor  
concentrates are fed  in to  one 
cylinder which still contains
the slag iront a -.-receding 1 — t o . - ! i e ñ e « .& j < K ! { ú e s ia  «vitas« m b s cf t ie  F i a i  s s â t s .
hessamerinng blo-ir. The i y  c . ti*. Ct>crtesy oí Si.-; ¿-¿it .Ucrôv
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into the molten m atte. A silica flux is added to the m atte  
to flux off the iron, thus avoiding the excessive corrosion 
of the lining of the cylinder. Either a high grade of m atte  
(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 w ith 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 m atters carries weight, 
is quoted in the press as follows: "You are now at liberty 
to say for me that the Fink process of sm elting ores is a 
demonstrated commercial success. Y ou can make the 
statement just as strong as you like. * * * There
is no question of its  am ounting 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 im possible.” (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 w ithout preliminary 
treatment; (2) econom y of fuel, for roasting is carried 
on by the aid of waste heat from the sm elting 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) com plete 
conversion of ore into metal without removal from one 
compartment; (5) convenience for use in either interm ittent 
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 w ithout relining; (7) low cost of installa­
tion.

Opposed to these advantages one m ust consider the fol­
lowing objections to the process: (1) 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, sm elting 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, judgm ent 
as to the cost of operation cannot be made w ith accuracy. 
It is said that such tests are to be carried out as soon as pos­
sible at Garfield and a t the Cactus plant of the Newhouse 
Mines and Smelters Company.

U n i v e r s i t y  o f  U t a h .

Jan u a ry  29, 1909.

Q U O T A T IO N S.

(From  Schim m el's S e m i-A n n u a l Report— F all 1908.)

PEPPERMINT OIL, AMERICAN.
'Ve have again received a detailed report from our New  

 ̂°rk branch, whose expert has visited this year, as usual,

all the peppermint districts. W e abstract the following 
from this interesting information:

( i )  WAYNE COUNTY, NSW  YORK.

The area cultivated with peppermint is this year con­
fined chiefly to the districts of Arcadia, Lyons, Sodus, Marion 
and Palmyra, while Wilhamspn, 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 
alm ost 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 y ear’s (1908) L ast y e ar’s (1907).

W illiam son  2 acres 4 acres
M arion ..................... 10 “  40
P a lm y ra .................  13 M “ 18
So d u s....................... 13 ■' 20J4
A rcad ia ......................43 11 113
J u n iu s ...................... 3 11
G alen .......................  6 *’ 10
I.y o n s   31 ” 40

1211/1 “ 2 5 6 '/* “

The falling off in the cultivation is clearly shown by these 
figures.1

The result of the distillation of the whole area m ay be
probably taken as follows:

121 K  acres a t  30 lbs. average ....................................  3645 lbs.
257 K  acres a t  12 lbs. average .................................... 3090 tbs.

6735 lbs.

A dd to  th is stocks am ounting  to  a b o u t ................23000 lbs.
M akes a  to ta l available  q u a n tity  of a b o u t........... 30000 lbs.

I t  follows that in spite of the great shortage in the cul­
tivation, there will be no scarcity of this oil, for the above 
quantity m ay 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 lbs., 
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 m ay bring the stocks still 
011 hand to a quantity which approxim ately 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, O ct., 1907, 69.
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igan and Indiana have also resolved to grow vary little  
peppermint next year, or none at all.

The following areas are under cultivation:

This year’s (1908). T o tal area  (1907).
M ichigan—

Berrien Co.................. 1401 acres
St. Joseph C o........... .........  250 " 1020 “
B ranch Co.................. .........  65 *‘ 215 “
K alam azoo C o.......... .........  25 “ 75 “
V an B uren Co .........  125 “ 920 “
Allegan Co................. .........  195 “ 1685 11
E a ton  C o.................... 735 “
Cass Co....................... .........  45 *' 185 “

ana—
South  B end ............... 200 **
M ishaw aka................ 585 “
Osceola........................ 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- 
lntive 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.

B O O K  REVIEWS AND NOTICES.

A Short Pharmaceutic Chemistry, Inorganic and Organic.
B y I. V. S t a n l e y  S t a n i s l a u s ,  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 C h a r l e s  H. K i m b e r l y ,  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. I t  must be admitted  
that the presentation of the elem ents 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. B ut 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 chcm-

istry. Such awkward statem ents as this (p. 18) are not 
uncommon:

HjO +  electrolysis =  H , +  O.
Acids are treated as a group, w ithout regard to their 

composition, and hence we find (p. 68 to 71) this order 
of paragraphs: nitrous acid, nitric acid, hydrocyanic acid, 
hypophosphorous acid, metapliosphoric .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 hom e in the field of 
organic chemistry as they devote much space to wonderful 
graphic formulas. These look well in print, and impress 
the student. B ut think of the graphic formulas for chrys- 
amine, Biebrich scarlet and crystal violet for beginners 1 ! ! 
(pages 447 and 466). Of any proper appreciation of logical 
system  there is but little, while am biguous and inaccurate 
paragraphs like the following are com mon 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 system ic poison.’’

The book is full of typographical errors, som e of which 
are listed in a table. B ut enough blemishes are left to 
condemn it, even for the overworked and not very particular 
pharmacy student. J. H. L o n g .

Chapters on Papermaking. Vol. V, C l a y t o n  B e a d l e .

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 the 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 im portant 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. I t  is in fact a mill proverb 
that the paper is made or spoiled in the beater. In view 
of this it  is a m atter 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 volum e in which 
his conclusions are recorded should be in  the hands of every 
papermaker, and in the library of every chem ist whose 
work has to do w ith papermaking. The studies, by dyna­
mometer and direct-connected motors, of the am ounts 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 lim ited by 
the great exten t to which the several factors concerned in 
the problem m ay 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. A ttention 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 m ay be by determ ination of its 
“wetness.”

Although the tex t of this new volum e is deserving of 
much praise, the same cannot be said for the illustrations 
which accom pany 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.

A rthur D. Little.

The Methods of Textile Chemistry. B y F rederic D an-
nerth. New York: John W iley & Sons. 164 pp. Price,
$2.00.
From its title-page this little  volum e purports to be “ the 

syllabus of a lecture course adapted for use in textile labora­
tories.” B y  the latter term the author doubtless intends 
to signify the laboratories of textile schools rather than 
the general sense of laboratories in textile establishm ents, 
as these would scarcely perm it of the delivery of a lecture 
course. The volum e, though rather sketchy in character, 
contains some valuable matter, and in m any cases is nicely 
systematized. In other cases, however, it  rather states 
the problem than attem pts 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 m ay contain aluminium,
chromium, iron, m anganese,” 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 m olybdate 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 m et by the rather unexplana- 
tory statem ent that the “ m etals which m ay be present 
are magnesium, calcium, and zinc.” No attem pt is made 
to furnish a method for the proper detection of these sub­
stances. In the sam e section we are told that Irish moss 
may be detected in a sizing by the fact that it  “gives no 
precipitate w ith the usual reagents”— a rather hopeless 
state of affairs. If the author had taken the pains to de­
scribe the "m ethods” 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 em ployed. In some places we find "aniline,” 
in others "anilin;” the author insists on "benzin” and "di- 
phenylamin,” but also gives us “chlorine,” "iodine,” etc. 
fh is 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 S6, of this book, the figures given for the strength 
of cotton yarns would lead m ost readers astray; for instance,

under 40’s twisted American yarn, the average num bel 
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 statem ent 
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 om itted to state that the calculated and actual 
strengths of the yarn are based on a lea of 80 threads.

J. Merritt Matthew s.

Tonindustrie-Kalender, 1909. Part I, Calendar; Part II, 
pages 406; Part III, pages 212. Berlin: Published by the 
Tonindustrie-Zeitung.
The first part of this work is m erely a calendar, with  

spaces and blank pages for memoranda, and is satisfactory  
for the purpose, except that it  m ight be just as well to om it 
the bright green pages devoted to advertising m atter dis­
tributed indiscrim inately through the volume. The third 
part consists of a classified book index and also contains 
an index of machinery manufacturers and dealers in m a­
terials of interest to the clay industries. The second part 
contains a large am ount of inform ation 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 chem ist or superintendent 
in the ceramic industry. W. D. R ichardson .

American Handy-Book of the Brewing, Malting and Auxil­
iary Trades. B y R obert Wahl and Max H en iu s . Third 
edition. Two volumes. i2m o. flexible leather, pp. 1596. 
Chicago: Published by W ahl-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 1902. 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, E lectricity, Power, Lubricants, 
Mensuration, W eights and Measures, M athematical Tables, 
Chemistry, Brewer’s Chemical Laboratory, B otany, Micro­
organisms, Brewer’s Microscopical Laboratory, Legal R e­
lations and Bibliography. In the chapter on Power, the 
following divisions are covered: steam boilers, com bus­
tion, pumps, steam  engines, steam  turbines, gas engines, 
transmission of power, air compressors, refrigeration, heat­
ing and ventilation, and dynam ic electricity. Volume II 
takes up the m alting and brewing processes proper, as 
follows: Brewing Materials, Barley, Malthouse, Malting 
Process, Brewery Buildings, Brewery Outfit, D iastase and 
Peptase, Yeasts, and Ferm entation, Pure Y east 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: ferm enting cellar operations, special brewing 
system s, special American bottonl-ferm entation beers, 
production of thick-m ash beers in Germany and Austria, 
chip-ferm entation beers in the United Kingdom, America 
and Germany; com bination of various beers, brewing losses
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from malt mill to platform, 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 I.unge’s pocket book, in the chem­
ical laboratory. The printing, paper and binding are ex­
cellent and the index comprehensive. \V. D. R ichardson.

Handbook for Cement Works Chemists. F rank B. Gate­
house. J. B. Lippincott Co.: Philadelphia. Price, $1.75. 
The author is chem ist to the Dartford Cement Works, 

England. It is a work intended to serve a double purpose, 
namely, a guide to chem ists without extended experience 
and at the same time a valuable reference book for the 
experienced chemist. C. N. Wiley .

Factory Glazes for Ceramic Engineers. B y  A. West, 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 zinc, china clay, and 
flint. Unfavorably reviewed in Brit. Clayxorker, 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 com plete treatise it  will certainly 
demand the attention of our civil engineers generally as 
well as the municipal officers of our towns and cities. I t  
forms an S vo. volume of over 400 pages, well illustrated, 
and price, $4.00, net.

Dr. George F, 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 m ay 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 m atter w aspublished  in 
the German, in  1904-5, 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.”

Proi. S. P. Thompson has in preparation a new book on 
“ The Electric Production of Nitrates from the Atmosphere.” 
1 here are no im portant works on  the subject a t present and  
the new volum e will be welcomed by the many engineers 
and chem ists interested, especially as Prof. Thompson has 
taken a foremost part in  the investigations carried on along 
this line. Two German works have previouslv appeared 
on this subject: Donath and Freniel, D ie  Itthnischc A u s-

nutzung des Atmosphärischen Stickstoffs, 1907; and Vageier, 
D ie Bindung des Atmosphärischen Stickstoffs in  Natur und  
Technik, 1908.

Salter’s translation of Gregorius’s Manual on "Mineral 
W axes,” is som ewhat im portant 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 
im portant 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.

NLW BOOK5 .

Anleitung zur mikrochemischen Analyse der wichtigsten 
organischen Verbindungen. B y  H. B eh rens . (4 H efte) 
H eft 2: Die wichtigsten organischen Faserstoffe. 2. Aufl. 
Hamburg, 1908. 8vo. m it 3 Farbendrucktafeln u. 20 Fig­
uren. Price, M. 5.

An Introduction to Pharmacodynamics Based on the Study 
of the Carbon Compounds. B y F. F. and J. M. B rick- 
dalE London: Edw. Arnold. 1908. pp. 372. Price, 
$4 .

Traité d’Analyse chimique quantitative. B y R . F r ésén iu s . 
Huitièm e édition français. 1652 pp. 430 fig. 18 fr.
Lib. Masson et Cie. Paris. 1909.

Handbook for Cement Work Chemists. B y  F. B. Gate­
ho use . Philadelphia: J. B. Lippincott Co. Price, $1.75. 

Laboratory Outline for Determinations in Quantitative
Chemical Analysis. B y A lbert F. Gilman . 1908.
Easton, Pa.: Chemical Publishing Co. Price, 90c. net.

Text-book of Medical Chemistry and Toxicology. B y  J. W. 
H olland. Saunders. Price, $3.00 net.

Die Pharmokologie eine biologische W issenschaft. By
C. Jacobi. Leipzig. 1908. 8. Price, M. 1.50.

Agenda Dunod pour 1909: Chimie a  l ’usage des Chemistes 
et Ingenieurs. B y E mile J avet . 400 pages de
texte et 128 pages blanches pour notes. 2 fr. 50. Lib. H. 
Dunod et E. Pinot, Paris, 1909.

Die Chemie im täglichen Leben. B y  Lassar-Cohn . Gemein­
verständliche Vorträge. 6 Aufl. Hamburg. 1908. 
8°, 352 Ss. 24 Fig. Price, M. 4.

L’Evolution souterraine. B y  E. A. M a r t e l . Paris: E. 
Flammarion. 3SS pp., So fig.

Notes on Qualitative Analysis; for Students of the Rens­
selaer Polytechnic Institute. B y  W. P. M a s o n , 5 th ed. 
57 pp., tabs. E aston, Pa.: Chemical Publishing Co. Price, 

Soc.

Text-book of Quantitative Chemical Analysis. B y J. C. 
Olsen . New York: D. Van Nostrand Co. 3rd ed., rev.- 
190S. (D  12) c„ ill, tabs., S°. Price, $4.00.

Thermoelemente und Thermosäulen. B y  D r. F ranz P eters. 
Ihre Herstellung und Anwendung.* H alle a. S: Verlag 
von Wilhelm Knapp. 190S. pp. 1S0.

Synthèse et constitution des albuminoides. B v  E mm. 
P ozzi-Escot. 110 pp. 1 fr. 50. Lib. Paris: Jules 
Rousset. 190S.
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Some Electro-Chemical Centres. B y  J. N. P ring . Man­
chester: Sherratt and Hughes, U niversity Press. 1908. 
8°, 136 pp. Price, is. 6d.

Préparation mécanique des minerais. B y C. R a t e l .  Paris: 
1908. gr. in-8 574 pu» av 11 planches e t  190 figures. 
Price, M. 18.80.

Laboratory Notes on Industrial Water Analysis. B y  E l l e n  

H. R i c h a r d s .  New York: John W iley & Sons, 1908 
(1909). c. 3 +  49 pp. tabs., 8 °, cl. Price, 50c.

Laboratory Guide of Industrial Chemistry. A l l e n  R o g e r s .  

New York: D. Van Nostrand Co. c. il. tabs., 8 ° . Price, 
$1.50 net.

Laboratory Manual of Qualitative Analysis. B y  W. S e g e r -  
blom. London, 1908. 8°. Price, $1.00.

La Chimie dans l’art militaire moderne. B y  S e r r a n t -  

B e l l e n o u x .  i vol. in-8°. 131 pp. 2 fr. 50. Paris:
Lib. H. Desforges. 1908.

Story of Iron and Steel. B y J. R. Smith. London, 1908.
8°, 206 pp., w ith figures. Price, 75c.

Factory Glazes for Ceramic Engineers: A W est Riding Expert. 
By E. a n d  F. N. S p o n .  Ltd., London. Price, 42 s. net.

Practical Metallurgy. B y T h o m a s  T u r n e r .  London: 
Charles Griffin & Co., Ltd. 1908.

Cyanide Processes. E. B. W i l s o n .  4Ü1 ed. New York:
John W iley & Sons. London: Chapman and H all, Ltd. 
1908.

SCIENTIFIC AND INDUSTRIAL S O C IE T IE S .

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS.

Abstracts of papers read at the Pittsburg m eeting Dec. 
28 and 29, 1908, in com plete form for publication in the annual 
volume of the Institute.

Modern Electric Pyrometry.

B y  E d w in  F .  N o r t i i r u p .

This paper gives a discussion of the various conditions 
under which electric pyrometers could be used and the 
accuracy of temperature measurem ents 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 i2 0 0 ° - i6 0 0 °  C. the plat­
inum plus 10 per cent, rhodium thermocouple will take 
its place. The accuracy even at I200°C . is w ithin 2 to 5 
per cent., while ordinary temperatures can be registered 
to 100th of a degree.

But few chemicals or m anufacturing processes are inde­
pendent of temperature changes which vitally  influence 
the money value of the product. I t  is impossible to obtain  
an accurate control of the temperature of the processes 
without some form of pyrometer or other temperature measur­
ing device. The objection to pyrometers of apparent un­
reliability is usually due to improper usage in the hands of 
inexperienced operators, to uses at ranges other than that 
for which they  are intended, or to cheap and unreliable 
wiring system s. The resistance pyrometer is superior to  
the thermocouple for temperatures from that of liquid air

to 12000 C. bccause of the greater available energy obtained 
from a battery.

No fixed design for pyrometers is possible, each manu­
facturer requiring instrum ents designed according to his needs. 
Any number of thermometers m ay be read by a single in­
dicator at a  convenient location or the record of any instru­
ment m ay be kept on an autom atic recorder which is ac­
curate and reliable.

A few of the extensive uses to which pyrometers m ay 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 H eating Industrial 
Furnaces.

B y  R ic h a r d  K .  M e a d e , N a z a r e t h , P a .

This paper discussed the advisability of using pulverized 
fuel in place of producer gas for heating metallurgical and 
industrial furnaces. I t  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 em ployed for in­
jecting the coal into the furnace were described and illustrated  
with lantern slides. The paper closed w ith an estim ate  
of the cost of a model fuel plant and some views of particularly 
up to date installations.

The Exam ination of Flue Gases in Boiler Tests.

B y  H  A . H u n i c k e .

I t  was shown that .he ' /gen  equ vaient. which the  
authors define as »he sum ihc voh mes of 0.% jren, car­
bonic anhydride and carbonic oxide c rrected to ih 'ii re­
spective equivalent volum es of oxygen is a convenient 
m eans of studying com bustion phenomena. The data of 
the Fuel Testing P lant 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 m ost valuable 
instrum ent, the carbonic acid recorder, already reveals.

An Apparatus for Testing Liquefied Ammonia Gas.

B y  F .  W .  F r e r i c h s , S t . L o u i s , M o .

A review was given of the apparatus now in use in the  
United States and in Europe. I t  was pointed out that one 
source 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 w as dem onstrated by  
repeating the experim ents of Lange and Heflter (Chemische 
Industrie 1898, p. 2) with liquefied ammonia gas of greatest 
purity and also with m ixtures of this am m onia 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 benzob pyridine, alcohol, 
etc., could be present and the amount f water was ascer­
tained (by treatm ent w ith metallic sodium and measuring 
the hydrogen evolved) to be less than o  0 0 ’9 c- 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 Heffter, using 
Urbans method, have worked vrith liquefied ammonia gas 
leaving upon evaporation 0.2%  of a non-volatile residue.

Evaporation test o f pure liquefied ammonia gas containing  
known quantities of benzole,' pyridine, ethyl alcohol or 
water.

A ddition evaporated  

IJq . X H j. A ddition, by  C rban . by  F . F .
S ubstances present. grams. gram s. Per cent. P e r cent.
CfrHe and  Q H $N . „ . 99 .0 1 .0 00 15
Benzole..................... 9S.5 1.5 41 59
Pyrid ine .................... 9 9 .0 1.0 33 24
E th y l a lcohol. . . . . . 9 9 .0 1 .0 20 17
W ate r........................ 98 .9 1.1 17 11
Used am m onia, 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 pyridine 0.009%  For benzole o .x io%

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
m ents as shown in his books including "Iron in all Ages,” 
"N otes and Comments” and “ Progressive Pennsylvania.”

S. B. Sheldon, General Superintendent of the Lackawanna 
Steel Company, Buffalo, N. Y ., has resigned and accepted 
a position w ith 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 rolls, 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 o f 71 years.

“ Purification of Ground W aters Containing 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 
Retard of Feb. 3rd, and was read before the m eeting of Amer­
ican Society of Civil Engineers at their December meeting.

Mr. G. L. Norris, after a long service w ith the Standard Steel
orks, Burnham, Pa., as chem ist and engineer o f tests, has 

resigned to accept the position of engineer o f tests w ith the  
American Vanadium Company, 324 Frick BuBding, P itts­
burg, P a., works at Bridgeville, Pa. Mr. Norris in 1890 w as 
First Asst. Chemist, Illinois Steel Company, South Chicago.

INDUSTRIAL AND TRA DE N O TE S.

The D aily Consular Report of January 30, 1909, states 
that Consul Paul Lang reports from Sherbrooke that as­
bestos has been discovered near Eastm an, Quebec, and 
that several companies have organized to develop the 
new mines. The consul continues:

The Orford 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 exten t of the asbestos 
fields in this province. The mines near Danville, Quebec, 
som e 65 miles from this new find, and a t Thetford Mines, 
Black Lake, and Broughton, Quebec, and several smaller 
places on the line of the Quebec Central Railway, about 
too  miles from Eastman, are now the only producers of 
this mineral on this continent. [W ith the exception of 
a small output in Verm ont and a new mine in Georgia.—
B. of M.] The developm ent of these new mines will induce 
more thorough prospecting all over the eastern townships.

Representatives of the Millers’ National Federation met 
in the Auditorium H otel, Chicago, January Sth, to consider 
means of obtaining the withdrawal of an order of the De­
partment of Agriculture against the bleaching of flour. 
I t  is probable that Secretary W ilson will be asked to lay 
the m atter before a board of referees composed of milling 
experts for final decision.

I t  was reported from Bisbee. Ariz., January 4th, that 
work on the Calumet and Arizona sm elters a t 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 
190s, as compiled by L. C. Gaton, of the U . S. Geological 
Survey, shows a  considerable increase over 1907. The 
increase am ounts 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.

I t  is reported from B utte, Mont., that although no com­
plaints are made about the Great Falls smelter, the Amal­
gam ated Co. is  spending $500,000 there in building a stack  
and dust chambers, for the purpose of saving flue dust and 
arsemc, and rendering the sulphur fum es as little  harmful 
as possible. The stack was com pleted som e tim e ago. 
I t  is hoped that it  will save flue dust to the value of $iSo,ooo  
per year. It is  506 feet high and has an outside diameter 
a t  the top of 50 feet. The flue dust will be precipitated  
by m eans of a  new system  consisting of a  forest o f 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 
autom atically into cars which carry the dust direct to the 
reverberatory furnaces, where it  is sm elted. The tracks 
under the great dust chamber resemble a ireight-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 com pany has been organized for 
Chicago, w ith New York and Chicago capital. The plant 
will be located at Chicago H eights and construction will 
be commenced during the present month. The com pany 
will be known as the Inter Ocean Steel Company and will 
manufacture steel tires for locom otive wheels, car equip­
ment, rolled steel shells and other circular sections used 
in mining machinery. I t  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 K ennedy, engineer, Pittsburg; 
John S. Runnells, vice-president Pullm an Company, Chicago; 
Arthur Meeker, Armour & Co., Chicago; Mason B. Starring, 
president Northwestern Elevated Railway, Chicago; W. 
V. D. W right and W. L. Jacoby, respectively treasurer and 
president of the new company.

Julian K ennedy, for m any years general manager of 
the Carnegie Steel Company at H om estead, Pa., and an 
engineer fam ous 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 m ost 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 w ith the considerable work of a purely 
geological nature. The appropriations for the year am ounted  
to $1,782,770 and more than 150 parties were in the field.

The metal output of Utah during 1908 had a  value of 
not much more than half that of 1907. Several causes 
contributed to this result. W hile 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 sinelter fum es to agricultural products 
and stock. The copper production for 1908 was 74,000,000 
lbs. as against 98,800,000 lbs. in 1907; the price for 1908 
was 13 1 /8  cents per lb. as against 20 cents in 1907. The 
total value for 1908 was slightly under $io ,cpo,ooo 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 $5,000,000 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 $5,000,000.

The lead production dropped from 142,176,000 lbs. 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 chem icals 
in foods. The organization is called the American Asso­
ciation for the Promotion of Purity in Food Products. R eso­
lutions were adopted, stating that since “certain reactionary 
interests” opposed to the enactm ent 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 im portant provisions of the law, the members will give  
their moral and financial support and their undivided in­
fluence toward upholding “ the proper and legitim ate efforts 
of the regularly constituted officials charged with the ad­
m inistration 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 am ounted to 868,996,491 ibs., an increase of 50,000,000 
over 1907. Im ports decreased about 13 per cent, and 
exports increased about 30 per cent.

The output of petroleum in the state of California for 
1908 am ounted 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: M cKittrick, 3,500,000; Sunset, 1,500, 
000; W hittier, 750,000; Los Angeles city, 475,000; Mid­
way, 400,000, and Ventura, 300,000.

The total production of bitum inous coal in the United  
States am ounted 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 U niversity; R us­
sel H. Chittenden, director of the Sheffield Science School 
of Yale University; John H. Long, professor of chemistry, 
medical school, North W estern U niversity; 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 a t the suggestion of 
President Roosevelt, was handed to the Secretary January 
23. The questions subm itted 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 
m ay render the said food injurious to health? In large 
quantities? In small quantities?

2. If benzoic acid or any of its salts be m ixed or packed 
w ith 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 a t the private laboratory 
of Christian A. Herter of Columbia University, New York, 
and the third at the Sheffield Scientific School of Yale Uni­
versity.

"The same genera] 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 0.5 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. Wilev 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 add , either as such or in the form of ben­
zoate of soda, is highly objectionable and produces a  very  
sen ou? disturbance of the metabolic functions, attended  
with injury to digestion and health.”

“These injurious effects,” says Dr. W iley, “are evident 
in the medical and clinical data which show grave disturb­
ances o' digestion attended by phenomena which are clearly 
indicative of irritation, naseau, headache and in a few cases 
vom iting.”

I p. concluding. Dr. W ilev 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 a d d  and benzoate of soda should be 
excluded from food products. This conclusion is  reached 
independently o f 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 m ust be discussed from an entirelv different 
point of view and has no bearing whatever upon the general 
conclusions which have been reached, namely, th at both  
benzoic add  and bem oate of soda are bodies which when 
added to foods are injurious to health.”

1 B an . 54, P a r t  3 , B ur. Chem istry.

I t  is reported that the experim ents thus far made in the 
testing laboratory of the U. S. Geological Survey a t P itts­
burg, have shown that m ine 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 w ith 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 m iniature mine, 
and it  was found impossible to cause an explosion. Cold 
dry air was then forced into the mine, and the explosion 
took place alm ost instantly. The sam e experim ents were 
tried repeatedly, with the sam e results.

This use of exhaust steam  was suggested two years ago 
and put into effect by H. A. Kuhn, president of the P itts­
burgh & Westmoreland Coal Co. Since resorting to this 
measure as a precaution explosions have been unknown  
in the Pittsburgh-W estm oreland mines.

Further tests by the governm ent experts are to be made, 
with the idea of trying out the theory' in every known form.

On January 22nd President R oosevelt sent to Congress 
a  spedal message transm itting the report of the National 
Conservation Commission, which was appointed by him  
in June, 190S, 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 im perative call to  action,” says 
the President in his letter of transm ittal. “The situation  
they disdose, dem ands that we, neglecting for a  tim e, 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.” 

H e discusses the various recom m endations approvingly, 
and condudes w ith the suggestion that an appropriation 
of a t  least $50,000 be made to m aintain 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. iSth, the Supreme Court affirmed the judgm ent 
of the Texas courts imposing a  fine aggregating §1,623,900  
on the W aters-Pierce Oil Co. for violating the anti-trust 
laws of that state.

The National Tube Co. of Lorain, Ohio, have com pleted  
th d r  new open-hearth plant of seven furnaces.

The new rail mill of the Indiana S te d  Co. a t Gary was 
tried out Jan. 17 th, and rails were produced from ste d  sent 
from the Illinois S te d  Co. a t South Chicago.

The Illinois S ted  Co.’s plant a t South Chicago has nearly 
resumed full capadty . B last furnace No. 10, idle since 
N ov., 1907, was blown in Jan. 31st. B last furnace E , idle 
since Jan., 190S, was blown in Feb. Sth. T he s te d  mill 
and rail mill, idle since Dec. 31st, igoS, were started again



I N D U S T R I A L  A N D  T R A D E  N O T E S . 227

Feb. 8th. Cement plant No. 2, located at South Chicago, 
idle since Sept. 1908, started producing again Feb. 1st.

I t  is reported that a  new $200,000,000 organization, 
the North American Portland Cement Company, which 
includes plants w ith an output of nearly 40,000,000 barrels, 
has been formed.

A bill was introduced in the H ouse 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 argum ents before the Committee on Patents 
of the House of Representatives, March 18th, 1908, number 
H.R. 14047. All chem ists, all engineers, all inventors, 
as well as the public a t large are interested in this subject 
and it is very desirable that the bill should pass. The 
members of the Committees of the H ouse and of the Senate 
who will have the bill under consideration are as follows:

Committee on Judiciary' of the H ouse of Representa­
tives: John J. Jenkins, of W isconsin, Chairm an ; 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 T exas; Charles
C. Reid, of Arkansas; Richard W ayne Parker, of New Jer­
sey; Charles E. Littlefield, of Maine; John A. Sterling, of 
Illinois; H enry T. Bannon, of Ohio; Garrit J. Diekema, 
of Michigan; H enry S. Caulfield, of Missouri; H enry D. 
Clayton, of Alabama; W illiam G. Brantly, of Georgia; 
Edwin Y. Webb, of North Carolina.

Senate Committee on Patents: Hon. Reed Sm oot, of 
Utah; William H . Milton, of Florida; Frank B. Brandegee, 
of Connecticut; Frank B. Gary, of South Carolina; Alfred 
B. Kittridge, of South D akota; Murphy J. Foster, of Louis­
iana ; Moses E. Clapp, of M innesota.

According to the press reports of January 26th, Federal 
Judge H unt has declined to issue an injunction against 
the Washoe smelter of the Anaconda Copper Mining Co. 
at Anaconda, Mont. The com plaint of the plaintiff, who 
in reality represents the Deer Lodge V alley 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 H unt as the tim e for the hearing 
of new testim ony, and E. P. Matliewson, manager of the 
smelter, and others were ordered to appear in court a t that 
time.

This case is of particular interest as it  represents the largest 
suit growing out of the alleged dam age to vegetation and 
stock by smelter smoke, and is the first su it 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 B utte  district— as well as 
of many other industries directly or indirectly dependent 
upon them— would have been assured.

The H. C. Frick Coke Co., the coking com pany of the 
United States Steel Corporation, has decided to abandon 
work on additional coke ovens in Pennsylvania, which 
were to be built a t a cost of $3,000,000, and in their stead 
construct an enormous coking by-product plant a t Gary, 
Ind. I t  will take the place of 700 ovens, which were to 
have been built a t Filbert, 500 at Ralph, and 500 at Sarah, 
Pa. In the m eantim e the com pany is opening new mines 
to supply the ovens w ith coal.

I t  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  M in ing in  Russia.— Consul-General Hunter 
Sharp, of Moscow, advises that owing to the depression in 
the platinum -m ining industry in Russia, the platinum  
miners have applied to the Government asking that the 
industry be upheld until it  is definitely decided whether 
the m ining 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.

Nitrate 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 G ov­
ernm ent of Chile:

I t  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 subm itted 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 approxim ate 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:

Q uintals.
T arapaca: N itra te  of soda con tained  in the  fields according

to the  p riv a te  and  official m easurem ents a nd  e s tim a te s .573 ,000 ,000  
Toco: N itra te  of soda con tained  in the  fields according to

the  p riv a te  an d  official m easurem ents and  e s tim a te s . . 225 ,000 ,000  
A ntofagasta , A guas Blancas, and  T alta l: P riv a te  m easure­

m ents and  estim ates only (not official)............................ 305 ,000 ,000
A m oun t calculated  in unw orked official fields........................  500 ,000 ,000

T o ta l possible production  in  n itra te  zone..................... 1 ,603 ,000 ,000

W ith a probable annual exportation of 35,000,000 quin­
tals this estim ate gave, in  1899, enough nitrate to last forty- 
six  years before being exhausted.

After a  detailed discussion of the shortcomings of the 
former estim ates and the increasing importance of the A nto­
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fagasta Pampa on account of recent developments the dele­
gation reports:

We have then the following total:
Q uintals.

T a rap aca .....................................    740,000,000
A nto fagasta ....................................................................................  4 ,103 ,000 ,000

T o ta l......................................................................................... 4 ,843 ,000 ,000

F U T U R E  S U P P L Y  O F  N IT R A T E  O F  SO DA IN  C H IL E .

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 tim e m ay be produced from the lands measured 
and estim ated in the nitrate region. W ith 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 com plete 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, M exico.— C o n s u l  Charles M. Freeman, 
o f  Durango, s e n d s  t h e  f o l l o w i n g  i n  r e s p o n s e  t o  a n  i n q u i r y  

from Boston a s  to t h e  o p p o r t u n i t i e s  in t h a t  Mexican State  
f o r  a n  American w i t h  a  few t h o u s a n d  d o l l a r s  t o  e n g a g e  

i n  r u b b e r  p r o d u c t i o n ,  p a r t i c u l a r l y  from t h e  p a l o  C o l o r a d o  

t r e e :

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 ultim ate 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 com pete in the guayule 
region.

The p r o d u c t i o n  of r u b b e r  from palo C o l o r a d o  and o t h e r  

m i l d  r u b b e r - p r o d u c i n g  p l a n t s ,  aside f r o m  g u a y u l e ,  is i n  a n  

e x p e r i m e n t a l  stage. The exploiters feel c e r t a i n  t h a t  t h e y  

h a v e  a good t i l i n g ,  b u t  as t h e y  a r e  n o t  getting o u t  a n y  g u m  

i t  i s  n o t  possible t o  g i v e  positive s t a t e m e n t s  c o v e r i n g  a l l  

o f  the b u s i n e s s .  From t h e  n u m b e r  of i n q u i r i e s  r e c e i v e d  

a t  t h e  c o n s u l a t e  f r o m  c o n s u m e r s  o f  r a w  r u b b e r  i t  would 
a p p e a r  t h a t  t h e  m a r k e t  i s  n o t  o n l y  r e a d y ,  b u t  w a i t i n g  f o r  

t h e  g u m  of t h e  palo C o l o r a d o .  Further d e v e l o p m e n t s  a r e  

a w a i t i n g  t h e  verdict o f  c h e m i s t s  w h o  are w o r k i n g  o n  t h e  

r a w  m a t e r i a l  t o  d e t e r m i n e  e x a c t l y  i t s  a d a p t a b i l i t y  t o  c e r ­

t a i n  u s e s  a n d  i t s  c o m m e r c i a l  v a l u e .  Should these p o i n t s  

be settled s a t i s f a c t o r i l y ,  a n  e x t e n s i v e  b u s i n e s s  i n  t h e  g u m  

o f  t h e  p a l o  C o l o r a d o  m a y  b e  e x p e c t e d .

P O S S IB L E  R E S U L T S  F R O M  PA L O  CO LO R A D O ,

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

ing the gum a t som e central station, 12 1 /2  cents; freight 
from central station to railroad, som e 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, governm ent taxes, and other neces­
sary expenses.

A ttention is called to the difference in cost between labor­
ers and management. Good laborers can be hired for S io  
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 10 per cent, of pure rubber. The palo Colorado 
at the sam e price should be a good investm ent, provided 
the chem ists’ analysis is favorable. In fact, if, as the ex­
ploiters claim, the palo C o l o r a d o  contains over 30 per cent, 
of pure rubber, then the price should be much greater for 
the palo C o l o r a d o  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 m atter as in the 
United States and one finds many obstacles to be overcome. 
The m ost satisfactory results will be obtained by em ploy­
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 w ith the palo 
Colorado. If the tree is to be found in sufficient numbers, 
and if the chem ists’ 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 developm ents, the business is very 
much of a venture and likely to prove for a person not fully  
acquainted w ith all that has been accomplished an un­
profitable one. It is estim ated 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 S2.7S per ton at the 
foreign seaports in 1885. Mr- Skinner reports:

This material is used alm ost exclusively in the paint trade, 
being ground and mixed w ith w hite paint to give it  body. 
The best grades, from the Harz and Thuringian mountains, 
are naturally white, and can be used w ithout 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 chem ically 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 R otter­
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dam, Antwerp, and Hamburg. There are m any mining 
firms in the business, and they have formed a pool to main­
tain prices and apportion the tonnage. I t  is said that ex­
porters get the sam e 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 (Decem ber 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, shipm ents 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 M ineral 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 190S am ounting 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 1S86, the gold output 
was only $21,548,862. W ith the opening of the Western 
Australian gold fields this position was materially altered 
and the 1856 production was exceeded in 1899. The m axi­
mum output was reached in 1903. The following table 
gives the production of m etals and minerals since 1895:

Y ear. Gold. Silver-lead. Copper.
189 5 .....................  $37 ,510 ,982  $ 9 ,285 ,282  $1 ,951 ,466
189 6 .....................  3 8 ,6 2 5 ,4 1 0  9 ,966 ,592  2 ,1 5 5 ,8 5 9
189 7 .....................  4 7 ,492 ,173  9 ,3 9 2 ,3 4 5  4 ,1 9 9 ,7 8 9
189 8 ..................... 56 ,991 ,581  9 ,7 1 3 ,5 3 4  4 ,433 ,381
189 9 ..................... 71 ,3 4 7 ,7 5 6  12 ,044,587 10 ,097,987
190 0 ..................... 6 6 ,680 ,783  13 ,981 ,454  8 ,66 2 ,3 7 0
190 1..................... 6 9 ,055 ,635  10 ,433 ,776  10 ,219,650
190 2 ..................... 7 2 ,1 0 6 ,9 3 0  9 ,4 1 6 ,6 7 7  7 ,703 ,669
190 3 .....................  79 ,294,751 9 ,0 0 3 ,0 2 5  8 ,263 ,317
190 4 ............... . . .  77 ,576 ,876  12 ,584 ,769  7 ,922 ,662
190 5 ..................... 7 5 ,722 ,740  13 ,927,923 11 ,071,287
1906 ..................... 7 1 ,206 ,628  17 ,636,196 16 ,278,442
190 7 .....................  65 ,751 ,281  22 ,9 6 9 ,8 8 0  17 ,096,014

Y ear. T in. Coal. O ther.
189 5 ..................... $ 1 ,1 5 3 ,3 6 0  $ 6 ,6 1 8 ,4 4 0  $885,703
189 6 ..................... 1 ,377 ,219  6 ,379 ,981  656,977
189 7 ..................... 978 ,166 7 ,275 ,417  1 ,250,690
189 8 ..................... 997,632 7 ,5 2 8 ,4 7 5  1 ,338,287
189 9 .....................  2 ,3 1 1 ,5 8 7  8 ,0 6 8 ,6 5 7  4 ,1 7 0 ,5 9 0
190 0 ..................... 2 ,2 1 9 ,1 2 4  9 ,8 3 5 ,1 9 6  2 ,769 ,038
190 1 ..................... 1 ,121 ,794  12 ,764 ,829  2 ,55 0 ,0 4 6
190 2 ..................... 2 ,0 8 7 ,7 2 8  12 ,896,225 2 ,91 9 ,9 0 0
190 3 ..................... 3 ,3 5 7 ,8 8 5  12 ,808 ,628  3 ,0 1 7 ,2 3 0
190 4 ..................... 4 ,0 1 4 ,8 6 2  11 ,334 ,078  3 ,946 ,731
190 5 ..................... 4 ,9 9 5 ,6 9 9  11 ,377,877 4 ,29 7 ,1 1 9
190 6 ..................... 7 1 ,206 ,628  12 ,993,555 4 ,1 9 9 ,7 8 9
190 7 ..................... 7 ,3 0 9 ,4 8 3  16 ,074 ,049  8 ,8 4 2 ,4 3 0

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

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 Departm ent of Agriculture at W ashington is now 
at work on this subject and is experim enting with African 
seed nuts which were shipped from this consulate to the 
United States some months ago. A t 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 dom estic appetite. It frequently hap­
pens that the west coast of Africa is called upon to irake  
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. I t  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 Departm ent 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  com paratively small affair. H am ­
burg has come into the importing market more recently, 
receiving only 11,903 tons in 1907. 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.

W est African nuts (Ruffisque, Cayor, Sine, Gambia, 
Bas de Cote) are usually exported in the shell, ard  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, E ast African 49, American 42, Bom bay 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 a t the  
sam e time freed from the red skin to some extent, and from 
foreign m atter com pletely. The 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 m ost highly es­
teemed of vegetable oils after olive oil. I t  is also used in 
the manufacture of butter substitutes. The lowr-grade 
oils are taken up by the soap trade.

Raw material enters France free of duty, but the oils 
are dutiable a t the rate of 6 francs ($1.16) per 100 kilos 
(220 pounds) I t  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 a t Marseille, on November 20, 
1908, were as follows: Edible oil, $13.51-15.44; soap oil, 
Si 1.97; Bom bay 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. I t  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 
is placing upon the market a new form of leather, for which 
it is 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. I t  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, 
m ay 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 a t Universal, Pa.

This plant a t  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 8,000,000 barrels per year.

OFFICIAL REGU LA TION S AND RULINGS.

F o o d  I n s p e c t i o n  D e c i s i o n , 103.

The Labeling of Turpentine.— The Department has re­
ceived a  number of letters with reference to the proper

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 A ct * * * when
plainly marked so as to indicate that they are not to be 
employed for food or medicinal purposes.

I t  is held, therefore, that when wood turpentine is labeled 
"N ot for Medicinal U se,” 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 “stum p” turpentine. Articles labeled "turpentine,” 
“spirits of turpentine,” or "gum terpentine,” etc., must 
com ply w ith 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 “stum p” should be in the sam e type and on the same 
background as the word "turpentirn. ' thus being given  
equal prominence.

H . W . W i l e y ,

F. L. D u n l a p ,

G e o .  P. M c C a b e ,

Board oj Food and Drug Inspection.
Approved:

J a m e s  W i l s o n ,

Secretary of Agriculture,
W a s h i n g t o n ,  D. C .,  January 22, 1909.

Under date of January 30, the Board of Food and Drug 
Inspection has issued a notice o f judgm ent No. 36, Food  
and Drugs Act, Misbranding of Canned Apples and Black­
berries. Under the same date judgm ent No. 37, Food and 
Drugs Act, Adulteration of Milk (W ater).

T r e a s u r y  D e p a r t m e n t ,  January 4, 1909. 

(T. D . 29455) Casein .— Decision of the United States court 
of appeals, second circuit (suit 4586; T .  D. 29374), United  
States x’. W . M. Brownell, acquiesced in.

T r e a s u r y  D e p a r t m e n t ,  January S, 1909.

(T. D. 29461) Drau'bjck'on lubricating oils .— Drawback on 
lubricating oils manufactured b y  the Swan & French Com­
pany, o f N ew  York City, wholly or in part from imported 
sperm oil, Russian oil, and Japan oil.— T. D. 17355 of August 
1, 1896, 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 m ethod to be used in 
lieu thereof as follows:

T r e a s u r y  D e p a r t m e n t ,  

O f f i c e  o f  C o m m i s s i o n e r  o f  I n t e r n a l  R e v e n u e ,  

W a s h i n g t o n ,  D . C . ,  January 2, 1909.
To collectors and other internal-revenue officers and employees'.

T he act of Congress approved May 9, 1902, im poses 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 m anufacturing adulterated  
butter or in the sale of the same.

The enforcement of this law necessitates the exam ination  
of the product found on the market or in storage by revenue 
officers, who are required to procure sam ples from the packages 
so found and subm it 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 m anipulation has been resorted 
to w ith the effect of causing the absorption of an abnormal 
quantity of water, milk, or cream. Upon the results of 
these analyses it is determined w hat 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 w ithout particular reference to the m ethod of taking 
the samples, and com plaints have reached this office con­
cerning all these methods, more especially where a  "butter  
trier’1 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 w ith the di­
vision of the same into prints. O btaining the samples from 
the top, bottom , or sides of the package by means of a spoon 
or other instrum ent has been criticized, as not giving repre­
sentative sam ples of the contents of the tubs.

Hereafter, in procuring these samples, the use of a  “ butter 
trier” will be entirely abandoned. T he quantity required 
from each package w ill 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, 1X  inches 
deep, and of sufficient length to make up the required weight 
of the sample, which m ust be approxim ately 1 pound. This 
can be accom plished by rem oving 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 em ployees engaged in securing samples 
of butter for investigation are admonished to perform 
this duty w ith as little  trouble and friction as possible, 
leaving the packages sampled as nearly in their normal 
condition as m ay 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 em ployed for that work by the 
officers in charge of the investigation. The business of 
merchants or of storage houses should be interfered w ith  
as little as possible by officers while in discharge of these  
duties. In return, it  is assum ed that the owners of butter  
will interpose no unreasonable obstacle in the w ay of officers 
who seek only to carry out their instructions.

Great care m ust be exercised in the packing, sealing, 
labeling, and shipping of samples of butter, following existing  
instructions as contained in circulars now in force.

J o h n  G. C a p e r s ,  Commissioner.

T r e a s u r y  D e p a r t m e n t ,

January 9, 1909. 
(T. D. 29463). Drawback on zinc shavings.— Drawback 

on zinc shavings manufactured by F. W. Braun, of Los 
Angeles, Cal., from imported zinc in sheets.

(T. D . 1450). Denatured alcohol produced in and im­
ported from Porto Rico is subject to same tax as alcohol 
not denatured.

T r e a s u r y  D e p a r t m e n t ,  

O f f i c e  o f  C o m m i s s i o n e r  o f  I n t e r n a l  R e v e n u e ,  

Washington D . C ., January i t , 1909.
S i r : This office is in receipt of your letter of the 9th  

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 dénaturation in the United States, does not apply 
to Porto Rico, and that im portations of denatured alcohol 
from Porto Rico would be subject to the same tax  as the 
alcohol not denatured.

Respectfully,
J .  c. W h e e l e r ,

Deputy Commissioner.
M r.-----------------------, Arecibo, P . R.

(T. D. 29471). January 14, 1909.— Drawback on Babbitt 
m etal manufactured by the Frictionless Metal Company 
at its factories a t Chattanooga, Tenn., and Richmond, Va., 
w ith the use of imported lead and antim ony.— T. D. 22963 
of April 16, 1901, extended.

(T. D. 29497—G. A. 6857). U . S. General Appraisers, 
New York, January 26, 1909.

C o l o r — O x i d e  o f  I r o n — L e v i g a t e d  I r o n  O r e .

Oxide of iron, or hem atite iron ore, which is in a powdered 
state resulting from a process of grinding and levigation, 
and w'hich is used in the manufacture of paint and in coloring 
leather board, etc., is dutiable under paragraph 58, tariff 
act of 1897, relating to colors and pigments, rather than under 
paragraph 121 as iron ore.— H ill v. Francklyn (162 Fed. 
Rep., 880; T. D. 29074) distinguished.

(T. D. 1453). Adulterated butter.— Revenue officers are 
enjoined to show utm ost consideration for the rights of 
legitim ate business in investigating questions of liability  
under the act of May 9, 1902.

T r e a s u r y  D e p a r t m e n t ,  

O f f i c e  o f  C o m m i s s i o n e r  o f  I n t e r n a l  R e v e n u e ,  

Washington, D . C ., January  16, 1909. 
T o 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 m ethods 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 tim e before being released as normal, or seized as 
adulterated., and is illustrated w ith a cut made from a photo­
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graph of certain tubes released after examination, showing 
wholly unnecessary m utilation as a result of the methods 
used in the taking of samples.

T h e  a r t i c l e  i s  d o u b t l e s s  e x a g g e r a t e d ,  b u t  c o n t a i n s  e n o u g h  

t r u t h ,  j u d g i n g  f r o m  c e r t a i n  i n s t a n c e s  w h i c h  h a v e  c o m e  

t o  m y  n o t i c e ,  t o  w a r r a n t  m e  i n  a g a i n  c a l l i n g  a t t e n t i o n  o f  

a l l  r e v e n u e  o f f i c e r s  t o  t h e  n e c e s s i t y  o f  u s i n g  t h e  u t m o s t  

c a r e  a n d  c o n s i d e r a t i o n  f o r  t h e  r i g h t s  o f  l e g i t i m a t e  b u s i n e s s  

i n  m a k i n g  i n v e s t i g a t i o n s  o f  t h i s  c h a r a c t e r .

Where the field force have facilities for making such tests 
preliminary tests of suspected butter should be made, and 
samples showing 15 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 tabs 
showing 15M 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 chem ist’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 utm ost effort to avoid the second.

J o h n - G . C a p e r s ,  

Commissioner.

(T. D . 29499) F ire brick.— U n i t e d  S t a t e s  v . B e h r e n d . —  

U n i t e d  S t a t e s  v . W i n g . — U . S . Circuit Court of Appeals, 
Second Circuit. January 12, 1909. Nos. 90 and 91 (suits 
4304 and 4585).

1 . F i r e  B r i c k — R e t o r t  S e t t i n g s — S i m i l i t u d e .

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. S a m e — M i n e r a l  S u b s t a n c e s — S u s c e p t i b i l i t y  t o  

D e c o r a t i o n .

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 1S97, which through relating to articles com­
posed of earthy or mineral substances, is lim ited to such 
as are susceptible of decoration.

3. S i m i l i t u d e — P o i n t s  o f  R e s e m b l a n c e — I d e n t i t y .

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 sim ili­
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. S i m i l i t u d e — T e s t s  o f  R e s e m b l a n c e — I n c o n g r u i t y  
o f  A s s e s s m e n t .

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.

N o y e s ,  Circuit Judge, dissents.
A p p e a l s  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 u. 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 W ing & Evans 
against the assessment of duty by the collector of custom s 
at the port of Newr York.

(T. D. 29512—G. A. 6859) Magnesia rings.
1 . M a g n e s i a  R i n g s — B i s q u e .

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. C a s e s  R e v i e w e d .

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.— R e s i n  

P i t c h . — Protests 291529, etc., of R. F. Lang (New York).
So-called resin pitch classified as a chem ical compound  

under paragraph 3, tariff act of 1897, was claimed to be 
dutiable as an unenumerated manufactured article under 
section 6. Protests sustained.

C h a m b e r l a i n ,  General A ppraiser: * * * Sam ples of
the merchandise were subm itted, at the request of the im­
porter, to the United States chem ist 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 com position of 
chemical formula. It is our opinion, therefore, that the 
merchandise is not a chemical compound, for it  has been 
repeatedly held that a m ixture where no chem ical 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) Glycerophosliate of lim e.— K l i p s t e i n  v . 
U n i t e d  S t a t e s . — U . S. Circuit Court Appeals, Second 
Circuit. January 12, 1909. No. 127 (suit 5205).

G l y c e r o p h o s p h a t e  o f  L i m e — C h e m i c a l  C o m p o u n d —  

M e d i c i n a l  P r e p a r a t i o n .

Glycerophosphate of lime, which, though occasionally 
dispensed m edicinally in its imported form, is alm ost always 
used in com bination with other drugs in the preparation of 
elixirs, is not a  medicinal preparation within the m eaning 
of paragraph 67, tariff act of 1897, but is dutiable as a  chem ­
ical compound under paragraph 3.

A p p e a l  from the circuit court of the United States for 
the southern district of New York.

[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 assessm ent of duty  by the collector of custom s 
at the port of New York on merchandise im ported_by A. 
K ilpstein & Co. Abstract 17921 (T. D. 28687).


