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LDITORIAL5.
IND U STRIAL INCO M PATIBILITIES.

T h e  physician and the pharmacist are vitally  
concerned w ith the subject of incom patibility as 
applied to substances in the materia medica, and 
they must be on guard against therapeutical, 
pharmaceutical and chemical incompatibilities if 
their prescribing and dispensing are to be productive 
of good. A  thorough knowledge of the properties 
of their medicines and the proper application of 
chemical and physical principles have led them to 
the refined pharmaceutical products of to-day—  
products that contrast strongly with the crude 
medicaments of a century ago.

Is there not something of the same sort in the 
industrial world? One does not have to go very 
far back into the history of m anufacturing pro­
cesses to discover marked “ incom patibilities” 
among industries. The introduction of the Le 
Blanc soda process resulted iii the formation of large

quantities of hydrogen chloride which simply escaped 
through the chimneys and caused great damage to 
the surrounding country; the ammonia liquor 
and tar from gas works found their way into drains 
and rivers; refuse from slaughterhouses con­
stituted no mean nuisance; and even the offal and 
waste from the houses of a mediaeval city  became 
a source of infection. Thus air, water and the 
very earth itself were rendered unfit for many 
industries and offensive to the senses of man.

But with the pressure of stern necessity for im­
proved conditions laid upon the manufacturer, and 
with the growth of new industries, there were 
developed ways for utilizing the hydrochloric acid, 
ammonia, tar, packing-house refuse, household 
garbage and even sewage. The chemical fertilizer, 
made from factory wastes that had been a menace 
to agriculture, proved to be the salvation of ex­
hausted farm land; and purified ammonia and 
coal-tar colors advanced the art of the bleacher 
and dyer who had complained about the pollution 
of his water supplies by gas works refuse. In­
dustrial incom patibility gave w ay before technical 
progress.

Similar results can be expected in the cases of the 
industrial incompatibilities that remain. The 
elimination of the coal smoke nuisance, the con­
version of smelter gases into valuable products, 
the proper treatment of mine waters, the cure of 
the dust evil a t m anufacturing plants of various 
kinds, are problems by no means incapable of 
solution in the near future. A s heretofore in­
dustrial incom patibility will be replaced by in­
dustrial interdependence, but meanwhile the 
principle of “ live and let liv e ”  must be exercised 
or the law' of nuisance invoked.

W. C. E b a u g h .

COM M ITTEES.

T h e  man who remarked very thoughtfully that 
a committee ŵ as a body which took a week to do 
something which could be done by a good man in 
an hour, was nearly correct. And yet the necessity 
for committee work has increased and is sure to in­
crease in the future with a civilization which is
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developing along cooperative lines. Committee 
work is in its nature cooperative even when directed 
or dominated by an individual.

For the chemist and the engineer the greatest 
need for committee work has been for the purpose 
of standardizing and developing methods of testing, 
sampling and analysis. Various chemical and engi­
neering societies have appointed such committees 
from time to time as occasion seemed to require. 
Some of these committees reported in due time; 
others, either from the com plexity of the problem 
laid before them or because of lack of enthusiasm for 
the work, more than lived up to the pessimistic defini­
tion given above and never reported at all. On 
the whole, the most system atic w'ork of this sort 
which has heretofore been performed, must be 
credited to the Association of Official Agricultural 
Chemists. Beyond question this organization, 
through its referees, has developed and system atized 
more methods (and these in a difficult field of 
analysis) than any other single chemical society 
in this country or in the world. In a different 
field the American Society for Testing Materials 
and the International Society are doing excellent 
work. The American Chemical Society has done 
much in a few7 limited fields to further the work. 
The Geological Survey and the Bureau of Standards 
have contributed. So have the American Foundry- 
men’s Association and the American Brass Founders’ 
Association. The National Fertilizer Association has 
had a committee at work upon methods of fertilizer 
analysis, the American Leather Chemists’ Associa­
tion has worked on methods of interest to its mem­
bers, the United States Steel Corporation has a 
committee on steel and ore analysis. The latest 
development is the cooperative committee, con­
sisting of committees appointed by two or more 
societies, working together on the same subject.

The necessity for committee work being granted 
and the desirability of perfected and codified 
methods of testing, sampling and analysis being 
manifest, nevertheless is there not a certain amount 
of danger here in having so many committees 
working on similar subjects? To be sure, up to 
the present time there has not been much duplica­
tion of work or overlapping of territory but there 
has been some. The fact that so many organiza­
tions of diverse character feel a t liberty to appoint 
committees on the subject carries with it the 
certainty that duplication or conflict will ensue as 
time goes on. There is also the danger of having 
too m any chemical cooks in the kitchen. It  would

be unfortunate if any perfunctory or ill-considered 
work were to be done in the building up of standard 
methods. There have been indications during 
recent months that certain referees and committees 
were working more in the direction of issuing re­
ports than of performing necessary and useful 
work, and of adding to the present difficulties by 
the addition of new' methods no better than the 
old, rather than by the elimination of all but the 
best. The official recognition of a method no better 
than the current one or only “ just as good” is 
hardly justifiable. It  adds to the confusion. Im ­
provement, simplification, and elimination are the 
things to be desired. Also the centralization of 
the w'ork in the hands of a few recognized and 
representative organizations.

ORIGINAL PAPLR5
THE ASH OF COAL AND ITS RELATION TO 

ACTUAL OR UNIT COAL VALUES.
B y  S . W .  P a r r  a n d  W . F . W h e e l e r .

R e c e iv ed  J u ly  1, 1909.

In the report of the com mittee of the American 
Chemical Society on coal analysis,1 occurs this 
question: “ Are carbonates likely to be present 
in the ash in such amounts that heating over a 
blast lamp would lessen the weight appreciably?” 

In studying the properties of the organic con­
stituents or actual coal substance as distinct 
from the inorganic material, it  was found neces­
sary to scrutinize more carefully the methods 
for obtaining these inorganic values. In direct­
ing our attention to the ash itself, considerable 
evidence accumulated to the effect that carbonate 
of lime was a constituent part of the coal. In 
taking up this m atter, therefore, with a view  to 
determining the extent and quantity of this ma­
terial, fifty  samples of Illinois coal were selected 
covering all the im portant districts of the state. 
A n analysis was made of the carbonate content 
of each and a further analysis was made of the 
mineral constituents of the ash. Test wras also 
made as to the presence of chlorine and this ele­
ment was determined in addition. The methods 
employed were those already well known and 
fam iliar to all chemists. In the case of chlorine, 
a five-gram sample of coal, ground to pass a ioo- 
mesh sieve, was digested with water and filtered 
and this filtrate taken for the determination of

1 J o u r . A m . Chem . Soc .. 20 , 284 (1898).
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D e s c r ip t io n . D ry  coal b a s is .

f i f ty sam ples is published in Bulletin, ------  of
the E ngineering E xp erim en t S ta tio n  o f the U n i­
ve rsity  of Illinois under the title, “ U n it Coal and 
the Com position of A sh .” 1 

O n ly  fifteen of the sam ples are selected for 
reproduction here. These consist o f num bers g iv in g 
the higher percentages of carbon dioxide and of 
chlorine. I t  should be said, how ever, th a t w hile 
the rem aining sam ples fall below  one per cent, 
of carbon dioxide, the average for the other sam ­
ples w ould be considerably over 0.5 per cent. 
I f  we consider all the carbon dioxide present as 
being com bined in the form  of calcium  carbonate 
it  is readily  seen th a t in n ot a  few  instances, coal, 
a t  least from  the Illinois field, m ay have an am ount 
of this co n stitu en t ranging from  three to five 
per cent.

T a b l e  I — A n a l y s is  o f  C o a l  A s h .

F ig . 1 .

■ T h is is a  m odification  of the apparatu s a lready 
described in  the determ ination  of to ta l carbon in 
coal, soils, e tc .1 B y  this ap p aratu s the carbon 
dioxide liberated  is absorbed b y  the large pipette, 
P  (Fig. 1) and the residual gas returned to the 
burette for reading. T h e  con traction  in volum e 
thus in dicates the am ount of C 0 2 present, and 
this vo lu m e is transferred to gravim etric  term s 
by reference to the table recen tly  published in 
this Jou rn al2 T h e en tire list o f va lu es for the

1 J o u r . A m . Cltem . Soc ., 26, 294 (1904).
2 Ib id .. 31 , 237 (1909).

& ¿Ic5 ta _
H m lo c a t i o n .
1* 734 C oal C ity , G ru n d y  C o_
2 1411 H o llis , P e o r ia  C o ...........
3 896 S p ille r to n , W illiam so n  Co
4*  1085 E ld o ra d o , S a lin e  C o  .
5 1116 L e d fo rd , S a lin e  C o ..............
6  720 L in co ln , S an g am o n  C o . . .
7* 1403 B a rto n v ille , P e o r ia  C o ___
8 1404 C an to n , F u lto n  C o ..............
9 1407 E d w a rd s  S ta .,  P e o ria  Co.

10 1410 M axw ell, P e o ria  C o .............
11 1413 P ek in , T azew ell C o .............
12 557 W e stv illc , V erm illion  C o . .
13* 1178 T re n to n , C lin to n  C o ...........
14 420 Z eig ler, F ra n k lin  C o ...........
15 422 D u Q u o in , P e r ry  C o .............
16 1120 G e la tia . S a lin e  C o ................

In  the fu rth er prosecution  of our studies, it  
wTas desired th a t an accen tu ation  o f these car­
b onate conditions be obtained w hich  w as done 
in the follow ing m anner: F o u r sam ples were 
selected from  am ong the lot of fifty  and these 
are indicated  b y  stars in T a b le  I. These sam ples 
in b u ckw h eat size were sub jected  to the floating 
process w herein a  solution of calcium  chloride, 
1.35 specific g ra v ity , w as used. B y  this m eans 
those portions o f coal low  in ash and high in or­
gan ic constituen ts w ould rise to the surface. E ach  
sam ple of coal w as thus m ade to yield  tw o sub­
divisions, one v e r y  low  and the other v e ry  high 
in ash. T a b le  I I  w ill illu strate this fa ct. 
B y  su b jectin g these artifically  prepared sam ples 
to the sam e process of analysis the chlorine and 
carbon dioxide va lu es are a t  once shown. It

1 B u ll.  — , E . E . S ta .,  S . W . P a r r  a n d  W . F .  W heeler.

• w w u T3O -3 v  u V V£ ►. O fc. jy C* Vj
- «s +; £-< ¿
§ ■= 1  S A' . ó ou ®Su O — a(Ji < U U V
2 5 .8 2  0 .8 8  N one 3 4 .0
2 1 0 .9 0  0 .9 8  0 .2 7  1 8 .6
5 1 0 .6 8  0 .7 0  0 .3 1  3 .9
5 1 1 .4 9  1 .2 2  0 .0 4  2 5 .3
5 9 .8 9  1 .51  0 .0 5  2 6 .5
5 13 .81  0 .5 4  0 .3 2  3 0 .8
5 15 .4 6  2 .4 8  N one  5 4 .5
5 1 2 .5 2  1 .3 0  N one  2 2 .4
5 16 .2 5  2 .1 5  0 .0 3  3 1 .1
5 1 4 .7 8  1 .5 7  N o n e  3 1 .3
5 . . .  1 .3 6  N o n e  3 1 .6
5 9 .1 5  1 .0 8  0 .1 5  5 .6
6  1 5 .5 6  2 .4 8  0 .1 0  3 1 .7
7 7 .5 3  0 .2 1  0 .5 5  6 .3
7 . . .  0 .2 8  0 .4 7  6 .7
7 . . .  1 .2 0  0 .0 7  1 1 .6

chlorine b y  the usual vo lu m etric process b y  m eans 
of a stan dard solution of silver n itrate. I t  was 
on ly  n ecessary to guard against a cid ity  and in 
some instances the iron w as present to an exten t 
requiring its rem oval. In the case of the car­
bonates, a determ in ation  w as m ade of the am ount 
of carbon dioxide present b y  liberatin g the sam e 
w ith  acid  and determ ining the am ount volum et- 
rically. F o r this purpose the apparatu s shown 
herew ith (Fig. i)  w as used.
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is evident from an examination of the column 
for chlorine that this m aterial was not completely 
washed out after application of the floating process, 
since the percentage amount is practically the 
same in both divisions and altogether higher in 
amount than the normal quantity in the coal, 
as is evident by reference to the values in Table I.

T a b l e  I I — A s h  Co n s t it u e n t s  o f  F l o a t  a n d  S i n k  C o a l .

$4 D e s c r ip t io n .
1 734 F lo a t , G ru n d y  Co., I ll
2 734 S in k , G ru n d y  Co., 111.
3 1095 F lo a t , S a lin e  Co., 111..
4  1095 S in k , S a lin e  C o., 111..
5 1178 F lo a t .  C lin to n  Co., I l l
6  1178 S in k , C lin to n  Co., 111.

7 1403 F lo a t ,  P e o r ia  C o., 111.
8 1403 S in k . P e o r ia  Co., 111..

It  is evident that in these samples we have an 
excellent opportunity for testing the effect of 
a high content of calcium carbonate upon the 
ash as determined by a use of higher or lower 
temperature. Determinations were therefore made 
in the usual manner and also by carrying the heat 
by means of a blast lamp to the fusion point and 
repeated until a constant weight was obtained. 
The results are given in Table III.

T a b l e  I I I — V a r i a t io n s  i n  A s h  V a l u e s  w h e r e  C a l c iu m  C a r b o n a t e  
i s  a  C o n s t i t u e n t  o f  t h e  C o a l .

u, u  D e s c r ip t io n .
1 734 F lo a t ,  G ru n d y  C o., I ll
2 734 S in k , G ru n d y  Co., 111.

3 1095 F lo a t ,  S a lin e  Co., 111..
4  1095 S in k , S a lin e  Co., 111..

5 1178 F lo a t .  C lin to n  Co., I l l
6 1178 S in k , C lin to n  Co.. 111.
7 1403 F lo a t .  P e o r ia  C o.. 111.
8 1403 S in k , P e o r ia  C o.. 111..

In this table there is presented the differences 
which result from these two methods. It  becomes, 
therefore, an answer to the question raised by 
the committee as to the effect of heating over a 
blast lamp and the consequent lessening of weight. 
I t  is true these samples are exaggerated cases, 
but it is none the less true that for the purposes 
for which these samples were being used, namely, 
a study of the actual coal constituents, it was 
necessary that a correct determination of the ash

a. b. c. d.
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4 .5 7 3 .5 4 1 .03 4 .6 4
2 1 .9 9 16 .85 5 .1 4 2 1 . 6 8

6 .4 2 5 .9 6 0 .4 6 6 .2 6
19 .9 4 1 8 .5 9 1 .35 2 1 .2 S
8 .5 4 7 .2 3 1 .31 8 .8 5

3 1 .9 0 2 6 .8 8 5 .0 2 3 3 .3 5
1 0 .3 7 9 .0 8 1 .29 10 .5 2
3 4 .2 4 2 2 .9 3 11 .31 3 1 .4 5

D ry  c o a l b a s is .

4 .5 7  0 .1 0  1 .0 0  0 .8 5
2 1 .9 9  3 .6 8  1 .1 5  6 .5 0

6 .4 2  0 .1 3  0 .1 7  0 .4 0
19 .9 4  2 .3 8  0 .3 1  3 .8 8

8 .5 4  0 .2 1  1 .41  0 .8 8
3 1 .9 0  5 .2 7  1 .2 0  8 .3 6

10 .37  0 .3 7  1 .0 7  1 .2 9
3 4 .2 4  7 .3 5  1 .1 7  1 0 .2 0

be secured. The first evidence of difficulty oc­
curred in all cases where the high ash content 
was present, or in the “ sink”  sample, by reason 
of the uncertainty involved in securing concordant 
weights in the duplicate determinations. E vi­
dently the application of a little more or a little 
less heat results in the decomposition of more 
or less of the calcium carbonate. However, under 
column (a) the ash as determined by the usual 
method was obtained with as good an agreement 
as possible, although a variation of two per cent, 
in results was frequently m et with by this method. 
In column (6) the heat was carried to the point 
of fusion and the application of the blast was 
repeated until a constant weight was secured. 
It  is certainly a striking illustration of the possible 
difference in results when we examine, for example, 
samples No. 8 of Table I and see a variation in 
values from 34.24 per cent, to 22.93 Per cent., 
or a difference of over 11 per cent, in the value 
for ash as obtained by the two processes. Sim­
ilarly unallowable, though not such extrem e dif­
ferences are found in the other high carbonate 
samples of the table. I t  m ust be obvious from 
such values that some other method must be re­
sorted to for securing the correct ash values if 
we are to arrive at any correct conclusions in our 
study of the actual or organic part of the coal. 
The method followed in these samples of Table 
III was to carry the high temperature in a platinum 
crucible to the fusion point or to the point of con­
stant weight. B y  then adding to the weight of 
ash thus obtained the percentage of carbon dioxide 
as obtained by the process already outlined and 
also the weight of chlorine, a percentage of ash 
was secured quite different from any of the values 
indicated in Table II or III . These values are 
shown in column (d) and consist of the values 
in column (6) plus the carbon dioxide and the 
chlorine indicated in Table II.

The results of the facts thus far set forth are 
somewhat disconcerting to some of our established 
methods, notably the values obtained b y  ultimate 
analysis. In the case of a coal with one or two 
per cent, of carbon dioxide in the form of calcium 
carbonate the total carbon as obtained by means 
of the combustion furnace w’ould be high and the 
error thus involved would extend throughout 
all the determinations, such as the amount of 
oxygen, available hydrogen and the calculation 
of the heat values by D uLong’s formula. More­
over, the error involved in the ash determination
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itself would affect the calculations to the "ash 
and water-free”  basis or other methods for arriving 
at so-called “ pure coal”  values.

A C T U A L  O R  U N I T  C O A L .

A s has already been indicated the initial necessity 
for determining the correct value for ash and in­
organic constituents resulted from our studies 
upon the character and constancy of the compo­
sition of the organic or actual coal constituents. 
If, for example, it is conceded that in a given 
sample of coal which had been subjected to the 
floating out process the organic or actual coal 
of the “ float” part is substantially the same and 
would have the same heat value as the organic 
constituents of “ sink” coal, then when reduced 
to this “ pure coal” basis the heat values should 
closely correspond. If there is wide disagreement, 
then we m ust conclude that our values for ash 
are in error, and that a correct ash or inorganic 
factor would bring these values when calculated 
to the “ pure coal”  basis in substantial agreement. 
As illustrating this point, Table IV  is presented 
which takes the heat values as indicated on the 
“ dry coal”  basis and calculates them to the “ ash 
free”  condition, taking the ash value as obtained 
by blasting to a constant weight as already indi­
cated in Table III. The heat values thus obtained 
are so widely apart as to indicate at once a wide 
error in our ash values.
T a b l e  IV .— “ U n i t  C o a l ”  i n  S a m p l e s  w it h  H ig h  C a l c iu m  C a r b o n ­

a t e .
I n  p e r  c e n t ,  o f  d ry  c o a l.

.2

j 3 § § -

en u «*“ > — ”3  5 ^
o’fc o

Z
p . P u re  c o a l.”

jS jS u(A « S .2 -  
< - 2  5 

Be,
« B. T . Ü. . Js

b*
C5

P
O
u V CQ i.oo— a s h 5

1 734 F lo a t ............. 3 .5 4 0 . 1 0 1 .00 13475 13969
2 734 S in k ............... 16 .85 3 .6 8 1 .15 10733 12908 1061
3 1095 F lo a t ............. 5 .9 6 0 .1 3 0 .1 7 13663 14528
4 1095 S in k ............... 18 .5 9 2 .3 8 0 .3 1 11 1 2 2 13662 866
5 1178 F lo a t ............. 7 .2 3 0 . 2 1 1.41 12634 13618
6 1178 S in k ............... 2 6 .8 8 5 .2 7 1 .20 8856 12 1 1 1 1507
7 1403 F lo a t ............. . . 9 .0 8 0 .3 7 1 .07 12796 14073
8 1403 S in k ............... 7 .3 5 1 .17 9216 11941 2132

It is to be noted that these differences range 
from over 800 to over 2000 B. T. U., which is a 
difference of from 6 to 15 per cent. Aside from 
its bearing upon the method of ash determination, 
the subject of the heat values to be attributed to 
the values of actual or unit coal is one of great 
importance, not only in the scientific study of 
this subject, but in its practical bearing in connec­
tion with coal contracts and coal inspection work.

That the importance of this m atter has long been 
recognized m ay be seen from reference to the work 
of Lord and H aas,1 who were the first to call atten­
tion to the m atter and gave extended analytical 
data to prove the constancy of heat values over 
large areas when referred to the actual or unit 
coal. W. A. Noyes2 called attention to similar 
conclusions concerning the Indiana field. The 
practical value of this fact as substantiated, espe­
cially in the m atter of coal inspection, has been 
urged by Mr. Bem ent.3 A  true appreciation of 
the practical importance of the subject seems, 
therefore, to have been revived by him. A  point 
at issue, however, has been raised as to the method 
of arriving at these so-called “ pure coal”  values. 
A  graphical method has been suggested by Taylor 
and Brinsmaid.4 Although indirect and resting 
entirely on empirical data for a given region, 
it is 110 doubt of much practical value. I t  has 
been the effort of the authors of this paper, in so far 
as it is possible, to arrive by direct analysis at 
the inorganic constituents and, as contributing 
to this end, the determination of the carbon di­
oxide and the chlorine content are in evidence. 
I11 combating the method ordinarily employed 
for arriving a t the heat values on the “ pure coal” 
basis, it was argued b y  Parr5 that not only was 
the sulphur a disturbing element in the case, but 
certain volatile elements were present which es­
caped determination as part of the ash and were 
therefore included in the actual coal, thus intro­
ducing a variable which prevented the obtaining 
of accurate values for that substance. For ex­
ample, if the shaley constituent of the ash is h y­
drated, or if other volatile material is chem ically 
combined with the mineral or ash substance in 
such a manner that it would be driven off only 
at red heat, then an error in calculation would 
result equivalent to the amount of such hydration. 
Analytical data in support of this contention has 
been furnished by Mr. Wheeler,9 and it is the pur­
pose of this part of the discussion to carry forward 
the evidence along this line. A s the most suitable 
medium for arriving at the point in question the 
samples already referred to as being separated 
into “ float”  and “ sink” divisions or subdivisions 
of the same coal into samples of low and high ash

1 T ra n s . A m . In s t .  M in in g  E n g s., 27, 259 (1898).
2 J o u r . A m . Chem . S ee ., 20, 285 (1898).
3 Ib id ., 26 , 636 (i9 0 6 ) .
* T h i s  J o u r n a l , 1, 65 (1909).
6 J o u r . W es te rn  Soc. o f E n g ., 2 , 1762 (1906).
0 T ra n s . A m . I n s t.  M in in g  E n g s ., 38, 621 (1908).
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content, a number of coals have been so treated 
and results are given in Table V.

Now, upon the hypothesis that the actual or 
unit coal in these two divisions of the same sam­
ple should have the same heat value, we have 
listed under columns (a), (b), (c) and (d) the values 
obtained by different methods of calculation, on 
the theory that those which most closely agree 
in the two divisions of the same sample have ar­
rived the most closely in the percentage values 
to be attributed to the ash or inorganic substance.

If we credit, for example, to the actual coal 
everything excepting the ash as weighed, and 
the moisture, we shall have unit values as shown 
under column (a). This is the “ pure coal”  of 
Bement.

If we take out the heat due to sulphur and cor­
rect the remaining value for ash as determined 
plus the moisture plus all of the sulphur, we shall 
have the value as derived for column (6), which 
would be the results obtained by means of the 
method suggested by Lord and Haas.

Under column (c) we have the method suggested 
by Dr. Noyes, the results of which are obtained 
by calculating the indicated values over to the 
material as free from ash and moisture and cor­
recting the ash further for one-half of the sulphur.

In column (d) there is introduced as a natural 
component of the ash an amount of hydration 
equal to 8 per cent, of the ash. There is a further 
correction for sulphur which in the original coal 
is considered as in the form of iron pyrites. A  
tabulation of these several methods of calcula­
tion, therefore, would be as follows:

(a) According to Bement,
B. T . U. as indicated 

1.00 (Moisture +  ash as weighed)

(b) According to Lord and Haas,
__________B. T . U . —  4050 S. ______
1.00— (Moisture +  ash as weighed +  sulphur)

(c) According to Noyes,

B. T . U. as indicated
1.00 —  (Moisture +  ash as weighed +  1/2 sulphur)

(d) According to Parr and Wheeler,
  B. T. U . —  5000S

1.00— (Moisture +  ash -f 5/8 S+ o.o8(ash— 10/8 S)

The method of deriving a formula embodying 
the conditions prescribed under (d) would be as 
follows:

First, with reference to the subtraction of the

heat due to the sulphur. I t  should be borne in 
mind that the purpose of this study is, first to 
arrive at the actual weight of unit coal as repre­
sented by the expression 1.00— (all non-coal con­
stituents); and second, to derive the actual heat 
per unit weight to be credited to this material, 
by dividing the indicated heat for this substance 
b y  the weight which produces it. Hence, for 
this particular purpose the sulphur must be elimi­
nated, both as to its heat value and as to its weight 
in the material whose value is sought for. This 
procedure m ay not suit the purpose of the engineer 
who has in mind only the available heat without 
reference to its source, but that is a m atter quite 
apart from the facts which it is the purpose of 
this discussion to establish.

Second, the expression 5000 S has been used 
as indicating the heat due to the combustion of 
the sulphur for the reason that the value 4050 S 
as used in formula (b) represents the heat of com­
bustion for pure sulphur, while the heat of com­
bustion of sulphur in the form of iron pyrites, 
FeS2, combines also the heat of formation of iron 
oxide, Fe20 3. It  is the resultant value, there­
fore, of the several reactions involved that is de­
sired.

According to direct tests by Somermeier,1 in the 
combustion of coal with known weight of iron 
pyrites, the indicated heat per gram of sulphur 
so combined is 4957 calories. In calculating heat 
values the correction introduced for the com­
binations resulting from calorimeter reactions as 
compared with open-air combustion is 2042 calories 
per gram of pyrite sulphur, hence 4957 —  2042 or 
2915 calories (5247 B. T. U.) represent the heat 
due to the burning of one gram of sulphur in pyritic 
form instead of 2250 calories (4050 B. T. U.), the 
amount which would be credited to sulphur in 
the free condition. A  strict application of these 
values, therefore, would call for a correction of 
5247 S as representing the heat to be subtracted 
for the sulphur. This, however, would imply 
that all of the sulphur is in the pyritic form. Since 
a certain portion of the sulphur is alw ays present 
in the organic or other form of less heat-producing 
capacity, it is deemed more nearly correct to use 
an even factor of 5000 as representing the heat 
to be credited to unit amounts of the total sulphur 
present.

The factors for the divisor in the formula under
(d) are derived as follow s:

1 J o u r . A m . Chem . Soc ., 26 , 566.
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The atomic ratio of iron to sulphur in iron pyrites 
(FeS2) is 56: 64.

That is, 7/8 of the total sulphur is the equivalent 
of the iron present as Fe.

The atom ic ratio of the oxygen of the ash com­
bined as Fe20 3 to the total sulphur which it replaces 
is 48: 128.

That is, 3/8 of the total sulphur is the equivalent 
of the oxygen present in the ash combined as 
Fe20 3, hence the ash as weighed m ay be corrected 
for the iron pyrites I'eS2 burned to Fe20 3 by sub­
tracting from the ash 10/8 of the weight of the 
sulphur as determined. This remainder, there­
fore, is considered as the shaley and carbonate 
constituent upon which the 8 per cent, of water 
of hydration, carbon dioxide, etc., is calculated. 
The expression for the total non-coal substance 
then becomes
Non-coal =  moisture 4- ash as weighed +  5/8 S + 

0.08 (ash —  10/S S).
This expression can be simplified as follows:
Clearing of fractions and combining we have 

Non-coal =  moisture +  1.08 ash +  21/40 S.

In this expression the factor 21/40 S can not 
be further simplified by making it 1/2 S for the 
reason that our correction for sulphur is already 
too small by that part of the organic sulphur 
not covered by the addition to the ash value of 
3/8 of the total sulphur indicated in the original 
formula. On the contrary, we will be approaching 
nearer the truth by increasing slightly the sulphur

T a b l e  V-

correction which m ay be done with convenience 
in calculating by making this factor read 22/40 S 
or 1/2 S +  1/20 S.

Hence the simplication of the entire formula 
under '(.d) would be 

B. T. U. or unit coal =
Indicated B. T. U. — 5° ° °  S.

1.00 —  (Moisture +  1.08 ash 4- 1/ 2 S  +  1/20S).

Since the analytical values given in the table 
are based upon the coal as oven-dry, of course the 
moisture factors in the above formulae drop out 
and would not enter into the calculations. In 
the table, for example, sample No. 1 has an indi­
cated B. T. U. for the dry coal of 12356. The calcu­
lations, therefore, for each column are:

12356
 .7 7 6 6 “ ............................................................ *3-987(a) =

1.00 ■ 

12356- -4050 (0.0599)
®  1 .0 0 — (0.11664-0.0599)  ................................... I4 ’7°9

/ \ = _______ 12356__________
1 . 0 0 — (0 .1 1 6 6 4 - 0 .0 2 9 9 )   I4.477

(d) =  ________ 12356 —  5000 ( 0 -0 59 9 )_________
1.00 —  (1.0 8(0.1166)4-0.029954-0.00299) 14>33I

In Table V , which follows, the actual or unit 
coal values for the two subdivisions of each sample 
are in such close agreement under the last formula—  
the values for which are given in column (d)—  
that it would seem fair to conclude that a correct 
factor for the inorganic constituents is represented 
by the factors in that formula. This is true at 
least for the samples chosen.

C o m p a r a t iv e  V a l u e s  o f  “ A c t u a l  C o a l .”
H e a t  v a lu e s  o f  “ a c tu a l  c o a l”  a s  c a lc u la te d  b y  d if fe re n t  m e th o d s .

' (Ij (¿j (0 Id]) '
N o n -c o a l a s  N o n -c o a l a s  N o n -co a l a s  N o n -co a l a s  

a s h  o n ly  (u n -  a s h  (u n c o r re c t-  a s h  + 1/2 s u l-  1.08 X  a s h  +  
c o r re c te d )  R e f. ed )  +  s u lp h u r  p h u r  re f . to  B. 22/40 S. R ef. to  

O v e n -d ry  c o a l .  to  in d ic a te d  B. re f . to  B. T . U . T .
03
t-J

6130

6131

D e s c r ip t io n  o f  s a m p le .
S a n g am o n  C o u n ty , 111. L u m p  coal:

(а )  U n tr e a te d ................................................
(б ) F lo a te d , sp . gr. less th a n  1 .3 5 . . .

A sh . S u lp h u r .

1 1 .6 6  5 .9 9  
6 .1 2  3 .2 0

B .T .U .

12356
13300

T . U.

13987
14164

Diff. 

+  177

— 4050 S.

14709
14523

Diff. 

— 186

c a te d .

14477
14412

D iff.

— 65
14331
14340

D iff. 

+  9

6129 L a S a lle  C o u n ty . III. W a sh e d  screen ings:
(а) U n tr e a te d ...............................................
(б ) F lo a te d , sp . g r. less th a n  1 .3 5 . . .

10 .05
3 .9 4

3 .4 3
2 .3 3

12885
13922

14316
14487 +  171

14616
14754 +  138

14602
14680 +  78

14566
14615 +  4 9

6132

6133

V irgo  C o u n ty , I n d ia n a . N u t:
(а )  U n tr e a te d ...............................................
(б) F lo a te d , sp . g r. less th a n  1 .3 5 . . .

16 .84
4 .2 7

7 .6 2
3 .0 8

11790
13870

14170
14478 +  308

15230
14836 — 394

14858
14725 — 133

14698
14638 — 60

6135

6134

S u lliv a n  C o u n ty , I n d ia n a . L u m p :
(0) U n tr e a te d ...............................................
(6) F lo a te d , sp . gr. less th a n  1 . 3 5 . . .

6 . 1 1
2 .5 3

3 .3 7  
1 .2 9

13664
14259

14551
14624 +  73

14944
14771 — 173

14819
14820 +  1

14741
14700 — n

471

463

F ra n k lin  C o u n ty , 111. F a c e  sam p le :
(а )  S p . g r . g re a te r  th a n  1 .3 5 ................
(б) S p . g r. less th a n  1 .3 5 ........................

18 .0 0
4 .6 4

0 .5 7
0 .5 4

11639
13765

14194
14435 +  241

14236
14492 +  229

14244
14476 +  232

14467
14513 +  46

472

465

P e r ry  C o u n ty , 111. F a c e  sam p le :
(а )  S p . g r. g re a te r  th a n  1 .3 5 ................
(б) S p . g r. less th a n  1 .3 5 .......................

2 2 .1 7
4 .2 2

1 .15 
0 .8 6

10922
13763

14033
14369 +  336

14183
14464 +  281

14136
14434 +  298

14405
14446 +  41

473

467

W illiam so n  C o u n ty , 111. F ace  sam p le :
(а) S p . g r. g re a te r  th a n  1 .3 5 ................
(б ) S p . g r . less th a n  1 .3 5 ........................

17 .75
4 .0 8

1 .15
0 .9 9

11766
13942

14306
14535 +  229

14451
14644 +  193

14405
14617 +  2 1 2

14599
14615 +  16
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An extended com pilation1 has been made cover­
ing results from this laboratory and from the 
United States Geological Survey and also from 
the Ohio State Survey. The values derived for 
a given locality or geological seam are in such 
good agreement as to still further substantiate 
this method for arriving at the true ash values. 
There is thus afforded, moreover, a method for 
arriving directly at the amount, and consequently 
the heat value, of that portion of the coal sub­
stance which we have designated as actual or 
unit coal.

U n iv e r s it y  o f  I l l i n o i s ,
U r b a n a , I l l i n o i s .

THE TECHNICAL APPLICATION OF TITANIUM.
B y  I s a d o r  L a d o f f .

R ec e iv ed  J u ly  17, 1909.

Titanium  so far has found only one application; 
namely, coloring porcelain, artificial teeth, leather 
and textiles.

Almost ten years ago an English firm made the 
first attem pt to utilize titanium compounds for 
coloring purposes. The process used by that 
firm was as follows: Tw elve pounds of caustic 
soda were melted in an iron kettle of three and one- 
half gallons, over a coke fire. The molten mass 
was left for a time at dark red heat and three 
pounds of ground rutile containing 80-90 per cent, 
titanic acid (Ti0 2) were added in small portions. 
The mass was mixed with an iron rod frequently 
and kept at a high temperature during an hour. 
The fused conglomerate was poured on an iron 
slab and allowed to cool. The brittle mass was 
then pulverized and digested with cold water 
during 48 hours and stirred at intervals. The 
insoluble portion was freed by frequent change 
of water and filtration. The superfluous caustic 
was removed, while the hydrated oxide of titanium 
remained. The washed and filtered oxide was 
digested in 2 3 /4  gallons of cold 30 per cent, hydro­
chloric acid during one to two days, and frequently 
stirred. During this process the temperature was 
not allowed to exceed 3S0 C. The hydrochloric acid 
solution was then diluted with 2-3 times its quan­
tity  of water and poured into a saturated solution 
of caustic soda, ammonia or other alkali, so as to 
show an alkaline reaction. The titanium was 
this w ay precipitated as a hydroxide contaminated 
with some iron. In  order to purify it from iron, 
two pounds of sulphate of sodium were added in

1 B u ll.  3 7 , U n ivers ity  o f I ll in o is , E ng . E x p . S ta .

crystals. The hydroxide of iron was this w ay 
converted into a sulphide and the color of the 
precipitate turned into a dark gray. The pre­
cipitate was thrown on the filter, washed twice 
with water to remove the superfluous sulphate 
of sodium; sulphurous acid was then applied for 
the purpose of decomposing the iron. The re­
maining hydroxide of titanium was then dried 
and ignited.

To the titanic acid was added four times its weight 
of crystalline oxalic acid and the m ixture dissolved 
in as little hot water as practicable. A  clear solu­
tion followed. The solution was evaporated in 
earthenware dishes or metallic dishes covered 
with lead to crystallization and cooled. The 
crystals were then drained from the mother liquor. 
To the titanium oxalate remaining in the mother- 
liquor a one and a half times larger quantity of 
acid oxalate of ammonium dissolved in hot water 
was added and the fluid concentrated to a syrupy 
condition. This then was allowed to solidify 
on cooling into a crystalline mass, containing 
besides titanium ammonium oxalate an acid titanium 
oxalate and some free oxalic acid.

In order to get 120 pounds of this crystalline 
mass the following ingredients were used:

30 lbs. rutile (80-90% TiO,).
120 lbs. caustic sodium.

20 lbs. crystalline sulphate of sodium.
27 gals, hydrochloric acid of 30%.
96 lbs. crystalline oxalic acid.
38 lbs. crystalline ammonium oxalate.

The wash-water from the rutile flux contained 
enough alkali to precipitate the hydroxide from 
the hydrochloric acid solution. The oxalic acid 
regained by partial evaporization and crystalliza­
tion amounted to about 25-26 lbs. This was 
only about 70 lbs. that had to be used in the con­
tinuous process of production.

The price of titanium in the ore was about the 
same as of solid tin metal, i. e., too high if we take 
into consideration the complicated process of 
manufacture and purification.

H. W . Kearns and Dr. Barness applied 011 Dec. 
5, 1896, for letters patent on titanium  compounds, 
tannic compounds and similar compounds for color­
ing vegetable fibers (cotton, linen, jute, etc.) in raw or 
manufactured state during any stage of manufacture. 
Experiments made by Dr. Franz Erben1 proved 
that a fiber treated with a tanning compound as 
a mordant and then subjected to the action of

> C hem . Z . .  N o. 14 , 1905.
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titanium ammonium oxalate furnishes a saturated 
golden yellow color of great durability withstand­
ing the action of boiling and washing. This color­
ing is preferable to that produced by chlorinated 
primalin and even the best sulphur colorings on 
the market. Dr. C. Dreher1 is less enthusiastic 
concerning this tannin-titanium yellow  in applica­
tion to leather. However, Dr. Erben claims a 
favorable experience during nine years.

B y  the addition of small quantities of auranein 
G or O, acid orange or similar products the shades 
of yellow or orange can be modified at will.

T h e tann in-titan ium  base allow s the im p rove­
m ents of m an y other colorings as for instance, 
red, green, blue, etc.

The man who did most for the introduction of 
titanium into metallurgical processes is Dr. Auguste 
J. Rossi.

In his contribution to the Iron Age, February 
6 and 20, 1896, he summarizes his conclusions 
concerning titaniferous iron ores as follows:

1. These ores have been certainly smelted in 
Sweden for years without any difficulty.

2. Their metallurgical treatm ent for a certain 
number of years in England by Dr. Forbes, in a 
large furnace, has proved a perfect success.

3. Furnaces were run for years in the Adiron- 
dacks with these ores with excellent results.

4. The metal they yield, either as pig metal, 
iron or steel, possesses special valuable qualities.

5. These ores, which are found in large masses 
in m any States of the Union, are almost invariably 
"Bessemer ores,”  and as such it is asserted have 
been used in Pennsylvania furnaces with great 
advantage.

6. When containing very large percentages of 
titanic acid (as much as 38 to 40 per cent, and 
even 48.60 per cent., like the ilmenite of Canada), 
and consequently a very small amount of iron 
(32 to 35 per cent, or less), their treatm ent though 
perfectly successful, metallurgically speaking, has 
not proved economical as to fuel. However, it 
would be more proper indeed to call an ore ‘like 
the St. Urbain ore (Canada), which contains
48.6 per cent, of titanic acid, corresponding to
29.1 per cent, titanium  and only 28.49 per cent, 
iron, a titanium  ore than to call it an iron ore.

Dr. Forbes’ treatm ent consists in adding to the 
titaniferous ores as fluxes, limestone and quartz 
or silica-bearing materials in such quantities as 
to form, with the titanic acid, a compound repro­
ducing approxim ately a natural mineral of titanium, 
known to be fusible at a moderate temperature 
(3 of scale of Dana), the sphene or titanite, a silico- 
titanate of lime, containing about 35 percent, of T i0 2,

1 F aerber-Z eitung , 8 , 295 , 1902.

25 per cent, to 33 per cent, of lime and 28-35 
per cent, of silica. Dr, Rossi’s method obviates 
the addition of silica, taxing the capacity of the 
furnace to excess. He introduces magnesia to 
a good amount into the slag by using a magnesia 
limestone, a dolomite. The alumina from the 
stone and ash of fuel and that very generally 
present as principal basic constituent of these 
ores furnishes all the amount which is required 
to form the tribasic compound with the magnesia 
and lime of the stone and the titanic acid of the 
ore. In the same manner that magnesia intro­
duced in certain proportions into an alumina 
lime silicate renders the latter more fluid and fusible, 
the addition of magnesia to a titano-silicate of 
lime and alumina considerably increases its fusi­
bility and especially its fluidity.

Dr. Rossi ran in a very small furnace, with a 
blast at a temperature not over 250 or 300° F. at 
the most, without any difficulty, slags of the follow­
ing composition: Si0 2 16.63, T i0 2 34.66, CaO 
26.03, AljO a 7.26, MgO 10.27, FeO 7.12. Oxygen 
ratio 4.3 practically; actually 4.31. The ore smelted 
in that furnace contained only 1.5 to 2 per cent, 
silica or 20 per cent, titanic acid.

The conclusions arrived at by Dr. Rossi are 
as follows:

1. T itan ic acid can form definite compounds, 
perfectly fusible, if properly fluxed, containing 
as much as 35 to 50 per cent, of titanic acid, with 
alumina, lime and magnesia as bases, and ad­
missible as slags, in blast-furnace work. Larger 
percentages still, such as 65 per cent., can enter 
into a compound, and it remains fusible.

2. I11 running a  furnace under special condi­
tions of temperature and pressure of blast, 110 
troubles have been experienced from titanium 
deposits.

T h at the smelting of titaniferous ores contain­
ing less than 20 per cent, titanic acid by means 
of an electric furnace is easier, than in an ordinary 
furnace, was proven by recent investigations, 
accounts of which were published in the technical 
literature.

W e will refer here to a case not published yet. 
On December, 1906, Professor W. Borchers, of the 
Technische Hochschule at A ix  L a  Chapelle, Belgium, 
prepared a m ixture of titaniferous iron, sand of 
Java  with lime and carbon in proportions calcu­
lated to produce a scorification of the gangue 
during the reduction to iron. A  resistance furnace 
was used and a direct current of about 500 amperes
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with a pressure of 50 to 60 volts was applied. 
The fusion of the mineral proceeded with the great­
est ease. A t the expiration of an hour and a half 
after the operation was started the temperature 
of the fused mass in the furnace was taken with 
the aid of Vanner’s pyrometer. This temperature 
was found to be somewhat higher than 1900° C.

After this operation the slag was transferred to 
one crucible, while the metal was tapped into 
another crucible. Both crucibles were of course 
preheated. The slag was very  fluid. The same 
day about three o ’clock p . m . the contents of the 
cooled-down crucibles were examined.

A  solid homogeneous ingot of metal weighing 
1 kilogram, 620 grams, was found. The slag was 
black and had a vitreous fracture.

The analysis of the mineral was as follows:

S ilico n ........................................................................  1 .6
A lu m in u m ............................
P ro to x id e  o f i r o n .............. ___  2 8 .5  V c “» 2 2 .1 8

'e -  3 4 .9 7  j 7 , 1 5P ero x id e  o f ir o n ................. . . . 4 9 .9 5  V
O xid e  o f m a n g a n e se ------ ___  0 .9 8
L im e ........................................ ___  0 .3 7
M ag n es ia ............................... ___  2 .3 5
S u lp h u ric  a c id .................... ___  0 .6 9  S  0 .0 2 7
P h o sp h o ric  a d d ................. ___  0 .0 9 6  P =  0 .0 4 2
C o p p e r .................................... ____ 0 .0 1 2
A rse n ic ................................... ____ 0 .0 0 5
T ita n ic  a c id ......................... ____ 16 .00
L oss  o n  ig n i tio n ................. ____ 0 .0 6 8

100 .00

The analysis of the metal was as follows:
C arb o n , t o t a l ............................................................................ 3 .0 5
M an g an ese ..............................................................................  1 .52
S u lp h u r ....................................................................................... 0 .01
P h o sp h o r .................................................................................... 0 .11
S ilico n .........................................................................................  0 .3 7
I r o n .................................................................................................  9 4 .9 4

100 .00

There is, therefore, little doubt that titaniferous 
ores of less than 20 per cent, of titanic acid can 
be profitably smelted. All metallurgists agree
that the qualities of the iron made from titaniferous 
ore and steel obtained from titanic pig metal
are excellent. This fact gave Dr. Rossi the idea
to use an alloy of iron and titanium made in the
electric furnace as an improver of steel.

The addition of titanium to steel increases the 
transversal strength from 17 to 23 per cent, (average 
results given in pounds per square inch). Bars 
of one inch square, loaded at center, with 12 inches 
between support, were used for transverse strength 
tests. For tensile tests round bars 1 1/8 inches 
in diameter and from 18 to 24 inches long were 
used. The ferro-titanium added to the steel 
contained about 12 per cent, of titanium and from

6 to 8 per cent, carbon. About one pound to 
every 100 pounds were added in small portions. 
There seems to be no advantage in using a ferro- 
titanium containing more than 25 per cent, titanium. 
Titanium  also increases rem arkably the elasticity 
of steel.1

The function of titanium in steel consists in its 
high affinity for oxygen and especially nitrogen.

VACUUM EVAPORATION.
B y  P .  B . S a d t l e r .

R ec e iv ed  J u ly  1, 1909.

It  is a notable fact that, in this country at least, 
the knowledge of construction and operation of 
vacuum evaporating apparatus is very limited. 
There are a few industries, among which are the 
glucose, cane and beet sugar industries, where 
the engineers are in general pretty thoroughly 
fam iliar with this subject. Outside of these in­
dustries ignorance of the basic principles of evapora­
tion actually frequently prevents engineers and 
superintendents from obtaining the best results. 
Those operating vacuum  apparatus in their plants 
are prone to drop the subject com pletely as soon 
as their apparatus has been "broken in,”  only to 
take up the subject again when something goes 
wrong or when increased capacity must be in­
stalled to meet the demands of a growing business. 
Besides this class there is a long, though gradually 
diminishing, list of factory owners and others who 
either have entirely neglected to consider this 
im portant subject, or who, on doing so, have been 
frightened by some obstacle that seemed unsur- 
mountable.

In this article will be discussed only the form 
of evaporator in which saturated steam is the 
heating medium as no evaporation can at present 
be done b y  direct fire so well as in the approved 
types of boiler, where the steam for the evaporator 
is made. The reasons w hy direct fire evapora­
tion does not as a rule pay will be discussed on a 
later page.

A  closed evaporator heated by steam coils has 
the following advantages:

1. Less steam is used because the apparatus 
is smaller and there is no exposed surface of boil­
ing liquid, hence the amount of radiation and 
consequent loss of heat is reduced.

2. When evaporating under vacuum  the tem­
perature of the system is so lowered as to be nearly

1 D r. R o ssi’s c o n tr ib u tio n  to  C assicr's M ag a zin e , S e p t.,  1905.
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down to that of the atmosphere, with the result 
that the radiation loss is decreased. In other 
words, if a liquid is boiled in an open pan under 
atmospheric conditions the boiling point m ay 
be 220° F., or 150° above average atmospheric 
temperature. In a single-effect vacuum  evapora­
tor the average temperature m ay be 138° or 68° 
above atmospheric temperature. The radiation 
from the open pan would compare with that of 
the vacuum  pan as 150° to 68° roughly.

3. The above considerations, however, are of 
little importance compared with the fact that a 
vacuum  evaporator, either single- or multiple- 
effect, m ay be run by using, as a heating substance, 
the exhaust steam from engines, pumps, etc., thus 
enabling certain establishments to run an evapora­
tor at practically no cost for steam.

4. There are m any liquids which should be kept 
below the temperature 280° to 300° of high pressure 
steam coils, or even below atmospheric boiling 
point 2120 F. Am ong these are such as sugar, 
glucose, sugar of milk, milk, glue, glycerine, etc.

5. Greater temperature differences m ay be a t­
tained in single effects, hence greater capacity 
for a given size apparatus.

6. When multiple-effect evaporators are used, 
the steam economy is increased to such an extent 
as to make the steam consumption run as low 
as 1/5, in some cases, of the actual amount of water 
evaporated from the liquid. There are some 
industrial concerns at present which could not 
operate and pay dividends without multiple-effect 
evaporators in constant use.

M U L T I P L E - E F F E C T  p r i n c i p l e .

The most prim itive illustration of a multiple- 
effect evaporator is seen in an organic laboratory 
every day. Frequently a so-called volatile sub­
stance is put into a flask connected to a condenser 
and heated by a steam bath in which water is 
boiled. The vessel containing the boiling water 
is the first effect of a double-effect evaporator 
and the flask containing the low-boiling substance 
is the second effect. In the case of large scale 
work instead of boiling off a naturally volatile 
substance in the second effect, we boil off water 
whose vapor above it is kept at reduced pressure, 
thus making the water a relatively low-boiling 
substance. Thus in practice we have a succession 
of pans or effects, the coils of each one of which 
gets its heating vapor from the liquid of the pre­
ceding pan. The first pan of the series takes its

heating vapor from the original source, the boiler 
or exhaust pipe of an engine; the last effect gives 
up its vapor to a condenser in which the highest 
vacuum  is maintained. An im portant point to 
be borne in mind is, that every effect is the con­
denser that brings about the pressure reduction 
necessary for the operation of the preceding pan.

The most popular and universally serviceable 
evaporator is the triple effect, although they are 
in daily operation 011 a large scale up to sextuple 
effect. In fact, multiple-effect water stills have 
been operated in twelve successive effects. A  
definite determination of the number of effects 
to use to obtain the best economy when working 
on any given solution, is difficult to make. The 
best tests, of course, are those made on the large 
evaporators and as some expense and annoyance 
to the owner m ay result, the proper scientifically 
conducted tests are not carried out. One can, 
therefore, only go by the judgm ent of the de­
signers and experts in this field in determining 
the best layout for economical multiple-effect 
evaporation.

S T E A M  C O N S U M P T IO N .

Before discussing at length the factors govern­
ing the steam consumption in an evaporator, 
it is well to state several fundamental facts to be 
proven later:

1. The number of effects used in an evaporative 
system does not necessarily bear any relation to the 
evaporative capacity of the system.

2. A given amount of -water at the boiling point 
to be evaporated requires a corresponding amount 
of steam to evaporate it irrespective of the form or size 
of the vessel in which the evaporation is accomplished. 
Speaking broadly, a pound of water evaporated 
requires that a pound of steam be condensed in 
a single effect.

3. The capacity of a heating surface is dependent 
0 7 1  the temperature of the steam and not the pressure 
residting therefrom.

4. A n  evaporator should not be considered as 
a heat engine, as it does no external work.

To get the best idea of the heat transactions 
in the evaporator, we should consider one effect 
at a time. Also, for simplicity, assume that the 
effects are of the same construction and bear in 
mind that each one is the condenser to produce 
the vacuum  in the preceding effect. For every 
pound of dry steam entering the coils of the first 
effect, there is one pound of vapor produced by
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the evaporation of the solution which we assume 
enters at the boiling temperature. As only a 
fraction of the total amount of water is to be 
evaporated in the first effect, the solution passes 
partly concentrated into the next effect. B ut 
as a lower pressure, and consequently lower tem­
perature, is being maintained in the second effect, 
the solution passes in a superheated condition to 
the next effect, where a certain amount of evapora­
tion takes place, due to the lowering of the pressure. 
Therefore in the second effect we have to expect 
the evaporation of another pound, plus increment 
due to the changing part of the heat of the liquid 
into heat of vaporization. Likewise in the third 
effect there is produced evaporation to the extent 
of a pound, plus two increments. In other words, 
the latent heat of a pound of steam is transferred 
through the heating surfaces of one effect after 
another, the amount of steam being, however, 
gradually increased by the spontaneous evapora­
tion of the solution passing from one effect to 
another successively in a superheated condition. 
Finally this heat passes into the cooling water 
of the condenser and is lost. If we were to assume 
that there wras 110 radiation of heat from the system 
and that pure water were being boiled, the above 
conditions would be alw ays true and, in a sextuple 
effect, a single pound of initial heating steam would 
accomplish the evaporation of between six and 
seven pounds of water.

In actual fact, however, we have to contend 
with the consumption of heat in two other direc­
tions:

1. In concentrating any solution we have to 
accomplish the partial separation of a liquid from 
a solid. There is, of course, a certain solution 
pressure against which we must work, and the 
actual amount of energy expended in this w ay 
is measured by the free energy of the chemical 
reaction of solution. This is not considerable 
when we concentrate to ordinary density. Hence 
it m ay be said that the total reversible energy ex­
pended in evaporation is equal to the free energy 
of reaction.

2. There is a radiation loss from each effect 
depending on the number of effects, their tem­
perature with respect to atmospheric temperature, 
the amount and quality of the insulating covering 
used and other conditions such as degree of ex­
posure of the apparatus to the weather.

These losses are cum ulative from one effect to 
another so that where a solution has boiling points

appreciably above that of water, it is not economical 
to attem pt the operation of more than a limited 
number of effects.

D IA G R A M S .

To illustrate several cases of heat transactions 
obtaining in an evaporator:

Figure 1 shows a multiple effect heat diagram 
similar to that of Hausbrand for pure water in 
a quadruple-effect evaporator, where it is assumed 
that the difference in temperature from one effect 
to another is infinitesimal and where water enters 
a t boiling temperature and the vessels do not 
radiate heat.

F ig . 2.

Figure 2 shows a heat diagram for a triple 
effect where the assumptions are made that the 
solution enters at atmospheric temperature, the 
solution has an appreciable excess in boiling tem­
perature over that of water, and there is an ap­
preciable temperature difference from one effect 
to another. The white areas represent the steam 
condensing and causing evaporation; the shaded 
areas represent the heat and energy losses as 
expressed in steam. The areas shown are not
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definitely measurable or calculable, but merely in 
the diagram show the tendencies existing in an 
evaporation system.

The heat transferences taking place in a multiple 
effect are altered in character to a  great extent 
b y  the method of feeding the solution to be con­
centrated and the method of preheating if such 
is necessary. There are four ways of feeding 
the solution to the evaporator:

x. The dilute solution is fed entirely into the 
first effect and passes successively from one effect 
to another a t higher and higher concentrations.

2. The dilute solution is fed in equal amounts 
separately into each effect, and boiled in each at 
the same concentration.

3. The dilute solution is fed entirely into the 
last effect and passes back to the first effect, a 
method known as running backward.

4. The dilute solution is pumped into the whole 
evaporator before starting and boiled in batches.

While inquiring into the relation, merits and 
advantages of these methods, let us consider at 
the same time the methods of bringing the dilute 
liquor to the boiling point and the bearing of these 
methods upon the heat transactions.

W hile in m any cases a recently completed chemical 
reaction or industrial process leaves the dilute 
solution at a temperature approaching the boiling 
point, such as we find to be the case in certain 
mercerizing work, in electrolytic soda work or 
packing house rendering, there are other cases 
such as brine evaporation or sugar evaporation 
where the most efficient process necessarily in­
cludes the preheating of dilute solutions. In 
general, it m ay be said that running a compari- 
tively cool solution into an evaporating apparatus 
decreases its efficiency and interferes with proper 
operation.

The usual method of preheating in running 
a multiple-effect concentrating evaporator as 
mentioned, in case 1, above, is to employ a 
steam heater to preheat the solution entering 
the first effect by the use of live or exhaust steam. 
Frequently it is assumed that it is quite sufficient 
to turn on a little extra steam and run the solu­
tion cold into the evaporator. When this is done 
a portion of the heating surface of the effect, into 
which the cold solution is run, plays the part of 
a preheating apparatus. A n evaporator is an 
expensive article to use as a preheater.

Where evaporating at equal densities, as in the 
second case above, there m ay be attached to each

effect a countercurrent heater in which the water 
of condensation, flowing from an effect, p artly  pre­
heats the liquor being pumped into the effect. 
I t  can readily be perceived that the amount of 
heat" that can be transferred to the solution from 
the water of condensation is insufficient to bring 
the former up to the required boiling point. This 
method is only applicable to precipitation work, 
as in multiple-effect salt evaporators. '

W hen “ running backwards” preheating is not 
often the practice as the boiling point of the last 
pan, the one which the solution enters, is not very 
high and the step up in temperature from one 
pan to another is not very great. This method 
has the advantage, other things being equal, that 
in the pan with the densest solution, there is the 
highest temperature, which tends towards better 
circulation and consequently higher efficiency. 
In using this method it is necessary to pump the 
liquid out of one effect into the next. The fact 
that steam is used to do the pumping need not 
have much bearing on the question, as it must 
be borne in mind that the exhaust steam from 
pumps is available for evaporation purposes.

The total consumption of heat in a multiple 
effect is composed of the energy consumed in actual 
separation of the liquid and the solid in solution; 
the radiation of heat from the walls of the vessel; 
the heat passing aw ay in the circulating water 
of the condenser; and the heat passing aw ay in 
the condensation water. In a test 011 an evaporator 
these can all be determined by actual measure­
ment except the energy of evaporation and the 
radiation loss. There is alw ays considerable doubt 
as to just w hat the latter amounts to in various 
types of evaporator and with various coverings. 
It  is possible to measure it by special test, though 
this is rarely done. The energy of evaporation 
m ay be calculated for certain solutions and simply 
depends on a formula which m ay be derived from 
the gas laws.

I t  is shown by Nernst in the last edition of his 
“ Theoretical Chem istry” that the energy expended 
in evaporation is

K X R X T X  (C — CO, . 

where R  =  the gas constant, T  =  the absolute 
temperature, C ' =  initial concentration, and C =  
the final concentration both expressed in mols. 
of salt per mol. of water. K  is a constant quantity 
for any given substance in solution. For certain 
inorganic salts these constants have been deter­
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mined, being derivable from the vapor pressure 
curves.

E F F I C I E N C Y  A N D  E V A P O R A T IV E  C A P A C IT Y .

A  heat engine is an apparatus that transforms 
a  portion of the heat received into dynamic energy. 
An evaporator is not a heat engine, therefore, 
but if the assumption be correct that solution is 
a chemical combination of solvent and solute, 
an evaporator transforms heat into chemical 
energy. When following this analogy between 
a heat engine and an evaporating system, we 
find that as a m atter of fact the efficiency or 

0  —  0 '
the quantity — , where Q is the heat entering

and Q —  Q ' is the heat transformed in chemical 
energy, is very low. The heat disposed of through 
other channels is very great. For instance, the 
latent heat of the entering steam eventually finds 
its w ay in large part into the circulating water 
of the condenser. Therefore, it will readily be 
seen that if, as we have shown above, this energy 
demanded for evaporation is entirely dependent 
upon absolute temperature and degree of con­
centration, no one type of evaporator has more 
efficiency than another, but the efficiency is entirely 
dependent upon the solution and its attendant physical 
conditions.

This m atter of efficiency is noted here as there 
is an erroneous conception among some evaporator 
engineers as to the meaning of the word efficiency. 
It has been the practice among some to speak 
of the relative amount of evaporation per unit 
area of heating surface as the efficiency of an evap­
orator. The difficulty with using the term effi­
ciency where the term capacity or duty would 
be more applicable, is that it leads those unac­
quainted with the principles to the idea that greater 
or less consumption of heat obtains in different 
types of evaporators. In different types of evap­
orators the evaporative capacity does vary con­
siderably, but it is not the purpose of this article 
to discuss this side of the question, as the relative 
merits and demerits of different makes of machinery 
demand a separate article.

Before discussing the subject of capacity and 
the calculation of heating surface, it is wrell to 
approach the subject from the point of view of 
transmission of heat through the heating surface.

H E A T  T R A N S M IS S IO N .

H eat transmission is measured by four funda­
mental factors, namely, temperature, weight, space,

and time. To be more specific, the common com­
bination of units, in which we express heat trans­
mission, is British thermal units, per square foot, 
per hour. Therefore, the coefficient of the heat 
transmission of a medium would be the figure 
which gives the number of British thermal units 
passing per hour from a warmer to a colder sub­
stance through one square foot of the medium 
for which we desire the coefficient.

It  will readily be seen that the ability of the 
medium to transmit heat in a greater or less degree 
is governed by the following factors, namely, 
nature of the material, thickness of the medium, 
difference in temperature of the warmer and the 
colder substance. Hence, we have

, ,  ( t - nh — k ----- r — • m,
d

where h is heat transmitted, m is the time during 
which transmission takes place, d the thickness 
of the transm itting medium, t —  t' difference 
in temperature, and k a constant dependent on 
the nature of the material.

From the above we see that

fc -  d X —
(t —  t')m '

whence we are able to determine a constant k for 
any m aterial by determining d, h, (t —  t'), and m 
for one square foot of heating surface. For prac­
tical purposes, where for a given material the 
limits of the factor d are quite narrow, this is omitted 
and the constant becomes

k =   A — .
(t —  t')m

In the case of the transference of heat from one 
substance to another, for evaporative purposes, 
we have several possibilities: that of heat passing 
from a liquid, from steam, or from other gases; 
also heat passing to a body of liquid or to a film of 
liquid.

In evaporation work the case of heat passing 
from a liquid is not of very wide importance. 
Other things being equal k would be high in this 
case, but the difficulties involved in this method 
of heating necessarily outweigh those of steam 
heating. A  high-boiling liquid m ay be heated 
and made to pass through heating tubes, giving 
a  high transference constant, but the velocity 
necessary for its passage through the tubes is 
great enough to make the idea unworthy of con­
sideration.

In the case of saturated steam there is not the
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same necessity for an appreciable velocity di­
rectly in relation with the walls of the heating 
tubes, though this is very desirable. U nlike the 
case of direct heating, the effcct is obtained by 
the latent heat of vaporization. Although the heat­
ing of the liquid is not due to difference in tem­
perature between the steam and the liquid being 
heated, there must be a quite appreciable differ­
ence in temperature to make effective use of the 
latent heat. The larger the difference in tem­
perature the greater is the heat transmission of 
the metal walls.

As water dissolves air to a small extent the 
steam from the boiler alw ays contains air in greater 
or less amount. This air tenus to lessen the heat 
transmission so that it will be found in practice 
that better boiling takes place in the heating coil, 
where the velocity is considerable.

It  can readily be seen, therefore, that the pres­
ence of air in the heating steam is detrimental. Just 
as air reduces the heat transmission so also does 
the water produced by condensation of the steam. 
The heat conductivity of water is far below that 
of a metal, so that a steam coil containing a layer 
of -water is not fully effective.

The usual case of heating by other gases than 
steam is direct firing of boilers or evaporators, 
or the utilization of waste heat from furnaces, 
incinerators, etc. Here the transmission of heat 
is due to the difference in temperature and the 
■velocity of the gas. It  will readily be seen that 
if a body of cooled inert, non-condensable gas 
stays in contact with the wall of the heating sur­
face the efficiency of the locality where that takes 
place is greatly reduced. On the other hand, in 
the case of steam the pressure back of the heating 
steam is cause for constant supply of the steam, 
which gives up its latent heat to the wall of the 
heating surface. A  non-condensable gas, to be 
equivalent in effect to a condensable gas, like 
steam, m ust be led against the heat-transferring 
wall with considerable velocity to cause the rapid 
removal of cooled gas and prevent lodging of 
cooled gas in any small corners or devious places.

V ery little can be determined as to the theoretical 
side of the transmission of heat to different solu­
tions and solids. In general, it  m ay be said that 
the completeness of the circulation of the liquid, 
the consequent rapidity of the disposal of the 
steam formed at the contact between the liquid 
and the heating surface, and the degree of mobility 
of the liquor are the chief factors for considera­

tion here. More can be said later of interest and 
of value from a practical standpoint.

The heat transmission m ay be said to be greater 
when the liquid is in contact with the heating 
surface in as thin layers as possible. This is ac­
complished by allowing the liquor to spray or 
trickle over the heating surface or b y  bringing 
the liquor in contact with the surface in the form 
of a foam. When a film is in contact with the heat­
ing surface the evaporation m ay be said to be local; 
hence there is a local cooling tendency and conse­
quent greater temperature difference between the 
liquor heated and the heating gas. This it will 
be seen will increase the heat transmission.

There has been an erroneous notion prevalent 
among some engineers that the evaporative capacity 
of a heating surface of any given form and area 
is inversely proportional to the thickness of the 
wall of the heating tube and proportional to the 
heat conductivity of the particular m etal used. 
This idea is quite wide of the mark, as decided by 
results. If two otherwise equal evaporators be 
installed in which one has heating tubes of 20- 
gauge and the other 15-gauge, such a theory would 
require that the latter would have half the evapora­
tive capacity of the former, 15-gauge being twice 
as thick as 20-gauge. A s a m atter of fact the 
difference due to this variation in thickness is 
negligible. However, the difference between the 
evaporative capacities of two heating surfaces 
of different m etals is measurable if two metals 
of widely different conductivities be chosen, but 
even then the difference is not great as might 
be supposed.

K en t gives, among others, the following conduc­
tivities:

S ilv e r ..............................................................................................  1000
C opper ( ro lle d ) ...................................     845
I ro n  (w ro u g h t) ..............................................................................  436
S te e l .................................................................................................... 397

In spite of these figures the evaporative factor 
of copper tubes is only 10 per cent, to 15 per cent, 
greater than that of steel tubes.

To explain these facts we must consider that the 
resistances of the m etallic wall to the passage of 
heat are threefold, namely, (1) resistance of entry 
of heat into the metallic wall, (2) resistance to 
passage through the wall, (3) resistance to the exit 
from the metal to the boiling solution. L et these 
resistances produce conductivities a, b, and d, 
respectively. Let C represent the evaporative 
factor of the m etal by experiment.
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=  K [ a  + l  +  1d \
or the sum-  =  total resistance 

of the three resistances.

C =  r_. where K  is an arbitrary
K

[ a  +  Ï  +  3
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excess boiling temperature is (2 14 —  212) +  (220 —  
212) +  (236 —  212) =  340.

From the steam tables of pressure and tem­
perature the total temperature range should be 
found. Or it will be found very useful to use a 
curve as shown in Fig. 4 where the pressures and

constant. Conductivity a is effected by the ease 
w ith which the steam for heating is carried off 
and also the velocity of the steam; conductivity 
b is constant for a given metal; conductivity d 
is dependent upon the solution being handled, 
its boiling point, m obility, scaling properties, etc.

CALCULATION OF HEATING SURFACE.

The amount of heating surface necessary in an 
evaporator to be used for any given class of work 
depends on the following factors: 1. The amount 
of water to be evaporated, (2) the number of 
effects desired, (3) the initial steam pressure, (4) 
the boiling points of the solution to be evaporated, 
(5) the evaporative factor for a given type of 
machine, and for a given solution to be evaporated,

In calculating the amount of water to be evap­
orated, it is merely necessary to obtain from tables 
or analysis, the per cent, of solids in the dilute 
and the concentrated liquor. From this we can 
obtain the amount of water to be evaporated. 
When the number of effects in which the evapora­
tion is to be done is determined, a calculation 
should be made of the water evaporated in each 
effect and from that, w hat the concentration should 
be maintained at, in each effect. When these 
concentrations are known the corresponding boil­
ing points should be found from a good table of 
boiling points or by experiment, or a curve such 
as shown in Fig. 3 for certain grades of caustic
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soda washings m ay be used. The degrees of 
excess boiling temperature is the total of each of 
these boiling points less 2120 F. In other words, 
if the boiling points in three effects of a triple 
effect are respectively 2140, 220°, and 236°, the

temperatures are plotted. Readings from such 
a plot compare favorably in accuracy with actual 
steam gauge readings on the evaporator. This 
temperature range then equals the temperature 
corresponding to initial steam pressure minus 
the temperature of steam pressure corresponding 
to vacuum  maintained in the last effect.

The evaporative factor is a constant quantity. 
The total temperature range less the excess boiling 
is the effective range. This divided b y  the number 
of effects equals the average effect difference. The 
evaporative factor is derived from experience 
and from operative tests on the type of apparatus 
best adapted and on the given class of liquor to 
be evaporated. Probably the same factor would 
hold, for instance, on all submerged tube evapo­
rators of the general type of those under dis­
cussion and would hold for either caustic soda 
solutions or carbonate of soda solutions, scaling 
conditions, etc., being otherwise the same. In 
fact the same constant quantity could be used, 
and has been used, in designing evaporators for 
a large range of inorganic chemical solutions, 
such as sodium chloride, sodium hydrate, sodium 
carbonate, sodium sulphate, sodium phosphate, 
sodium acid phosphate, sodium thiosulphate, potas­
sium chloride, potassium hydrate, ferrous sulphate, 
calcium acetate, etc. However, in cases of tannic 
acid, sugar, glucose, glycerine, black liquor, or 
resinate of soda, packing house tank water, garbage
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tank water, etc., somewhat different conditions 
obtain and the factor varies. The factor also 
differs slightly for different materials for the heat­
ing surface, that for copper or aluminum being 
distinctly higher than that for iron.

To specify the units on which this factor is gener­
ally based we might say that it is expressed as 
gallons of water evaporated, per square foot of 
heating surface per degree difference in tempera­
ture per hour.

If C =  evaporative factor
E  =  average effect difference 
W =  gallons evaporated
T  — time in hours during which evaporation 

proceeds
S — square feet of heating surface

c  j L —
E  X T  X S '

Hence, if we find from experience or trial tests 
the value of C and we calculate E  and W, as ex­
plained above, it  is easy to obtain the required 

.heating surface.

The successful designing of an evaporator is 
dependent first on the recognition of certain chemical 
and physical facts relating to the substance to 
be evaporated; second, on whether or not due 
l'egard is paid io certain thermal and thermo­
dynamic principles involved; and third, on certain 
mechanical features that arise in the construction. 
It is not to be supposed that either an engineer, 
familiar with the best boiler practice, or a chemist, 
familiar with laboratory or open-pan evaporation 
in the works, could successfully design a multiple- 
effect evaporator. B ut certain facts in regard 
to design should certainly aid either a chemist 
or engineer in procuring the proper design or mak­
ing a purchase.

A s the principal purpose of an evaporator is 
to concentrate a solution of some sort, it will be 
readily seen that the chemical and physical laws 
governing concentrated solutions will be of im­
portance. These are only known qualitatively 
and the quantitative laws which govern the chem­
istry of dilute solutions are inapplicable.

As most measurements of the concentration of 
solutions in the works are made with a hydrometer 
we generally speak of concentrating between 
certain limits in degrees, Baum6, Tw'addell, Brix, 
salinometer, or specific gravity. It is, therefore, 
necessary to obtain or devise tables or curves 
showing the relation of these units of concentra­

tion with the percentage of solid m atter in solu­
tion. The purpose of this is to obtain accurate 
information as to the actual amount of water 
that is going to be evaporated in a unit of time. 
This is especially im portant in cases where the 
vapor arising from the solution is the source of 
heat in the succeeding effect of the evaporator.

Of equal or greater importance, is a table or 
curve for a given solution which shall accurately 
show the relation between the boding point of 
the. solution and its concentration. It  has been 
shown above, that the boiling point of a solution 
at any period of its progress through the evaporator 
has a direct bearing upon the size of the evaporator. 
A  boiling point curve is generally obtained by 
taking simultaneous readings upon a hydrometer 
and thermometer, while boiling a solution actively 
under atmospheric conditions. This m ay best 
be accomplished in a laboratory where accurate 
means of determ ination are provided. A fter this 
curve is obtained a correction should be made for 
temperature at boiling to bring the hydrometer 
readings to the same temperature standard.

In cases where a substance is intended to pre­
cipitate from solution, during the process of evapora­
tion, there should be used in conjunction with the 
above table also a table of solubilities of the sub­
stance at different temperatures.

The thermodynamic data necessary consist 
of the regular steam engineer’s tables, showing 
the relations between temperature, pressure, heat 
of liquid, heat of vaporization, etc.

There are other chemical and physical data of 
which account m ust be taken in designing. The 
more information obtainable in regard to possible 
incrustation and scaling of heating surface, the 
clearer will be the idea as to what mechanical 
features to introduce for the removal of scale and 
as to w hat excess capacity to allow for this con­
tingency. As in boiler practice, one of the greatest 
sources of annoyance is the deposition of gypsum  
on the tubes. This annoyance is encountered 
in the salt industry especially; on account of the 
peculiar solubility relation of gypsum, it is found 
more expedient to evaporate at lowr temperature 
with large heating surface, thus minimizing the 
scale. Another similar case is that of soda wash­
ings in pulp mills, where cooking liquor is evaporated 
for soda recovery. If the lime used in the course 
of the process is high in silica and alumina, these 
find their w ay to the evaporator and deposit in 
a dense fibrous scale. If such possibilities as
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these are to arise, it is found expedient to have 
the heating surface in excess of the calculated 
area and easily removable from the evaporator 
for cleaning purposes. Moreover, it should be 
removable where corrosion is expected. There 
are some chemical solutions which corrode iron 
at the higher temperatures but are inactive at 
lower temperatures. In these cases the heating 
surface bears the brunt of the destruction in the 
evaporator.

Another im portant question is, as to the nature 
of a solution’s activ ity  under boiling conditions. 
In other words, does the boiling solution tend 
towards entrainment or foaming, or spattering? 
These points m ust be known beforehand, as they 
decidedly influence the proportioning of the evap­
orator.

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

t i o n .

In some industries the multiple-effect evaporator 
is among the largest and most expensive of the 
installations in the factory. Where a large evapo­
rator is to be built for constant use, great attention 
should be paid to details of its design and con­
struction. The liquids commonly evaporated in 
any quantity can be divided into two classes: 
those that foam on boiling and those that do not. 
It m ay be said in general that a liquor that entrains 
(or sprays and passes over with its vapor) does 
not foam, and a foaming liquor does not entrain. 
Also it is noticeable that solutions of alkaline 
reaction tend to foam while those of acid reaction 
tend to entrain. Most sugar juices and glucose 
coine under the latter class. To provide against 
losses due to entrainment in an evaporator there 
are to be mentioned such methods as the use of 
baffle plates, catchalls, and high-vapor dome. 
The so-called film evaporators are subject to the 
difficulty in this respect that the vapor space al­
lowed is invariably small and from the time a 
portion of the vapor leaves the boiling solution it 
carries with it a large amount of spray in sus­
pension in its rapid passage through tortuous 
channels of small cross-section. The simpler types 
of evaporator whose construction is more like that 
of a tank are open to the objection often, that the 
vapor is drawn off from a dome directly over the 
boiling surface. In these simpler types of evapora­
tors it can be arranged easily to have the sectional 
area large enough to make the rising of the vapor

slow and the height of the' dome sufficient to cause 
practically all the entrainment to drop back. 
In order not to cause any inversion or possible 
discoloration in the sugar juices it has been found 
advisable to have as little as possible of the juice 
in actual transit through the apparatus. This 
is accomplished by two principal methods: one 
by having a rather shallow bank of tubes in which 
the tubes are packed in the tube sheets as closely 
together as possible; another by spraying the 
juice over the heating surface, collecting it under­
neath and pumping it back agaiii to the spray. 
This latter method rather subjects the juice to 
loss from entrainment, unless the vapor dome is 
extrem ely high.

In dealing with soda solutions the problems 
arising are of a very different nature from those 
in sugar work. Under the head of soda solutions 
we m ay include, among other im portant cases, the 
evaporation of sodium carbonate, sodium phos­
phate, pure caustic soda and caustic soda contain­
ing brine (electrolytic), black liquor (pulp-mill), 
mercerizing soda, etc. Except in the case of the 
more concentrated liquor of the last effect these 
are all more or less foam y when boiling. The use 
of baffle plates alone does not accomplish the 
prevention of loss when foaming takes place. 
It has been found that the only sure and efficient 
w ay to deal with foam, that is to cause it to subside, 
is to break the individual bubbles by application 
of heat. Hence the evaporator should be built 
in such a w ay that the heating surface is in a high 
bank above the level of the liquor evaporating. 
On operating the apparatus it m ay easily be found 
by trial what is the proper level of liquid shown 
in the gauge glass to prevent the foam from rising 
much above the top of the tubes and yet keep 
the tubes covered. A bout the most difficult 
liquors to handle in this respect are those in pulp- 
mills or mercerizing plants. In these cases it is 
necessary to have the heating tube bank almost 
half the height of the evaporator.

I11 salt industries there are two main difficulties 
which have to be met by the designer of an evapora­
tor: first, the salt has to be removed from the 
apparatus constantly as it precipitates from solu­
tion; second, scale that deposits upon the heating 
surface has to be removed periodically. In order 
to render the removal of precipitated salt simple 
and rapid it has been found best to construct 
the evaporator with a hopper-shaped bottom  having
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either one or two hoppers leading through a valve 
at their lowest point into a receiver where the salt 
is separated by draining through a false bottom. 
Another method consists in precipitating the 
salt continuously down a barometric leg under 
the evaporator, draining it and conveying it from 
the bottom  b y  a closed elevator. This latter 
method is generally most efficient when working 
on a very large scale. In salt evaporation work, 
shut-downs are frequently necessary every day 
because of the constant deposit of gypsum upon 
the heating surface. This happens to such an 
extent that the evaporative capacity of the ap­
paratus is reduced to a point where it no longer 
pays to operate. R eady means of access should 
be provided so that the heating surface may be 
thoroughly cleaned, or arrangements should be 
made for rapid pumping and boiling of suitable 
chemicals for the disintegration of scale.

There are certain acid salts which require 
special construction in order to line the evaporator 
with lead. This lead lining has never been done 
on a very large scale. In principle it consists 
in first pickling in sulphuric acid the plates of the 
machine, these being built with flanges that can 
be bolted together. The pickled surface is then 
given a tin coating. A  sheet of lead of the proper 
thickness and size is coated with tin. The twro 
tinned surfaces are laid together and the lead ham­
mered to fit. Then the lead is “ sweated”  on by 
heating the iron from the outside to the melting 
point of the tin plating, which is low'er than that 
of the lead. In this w ay the lead lining becomes 
attached to the steel by a homogeneous weld. 
Where the flanges are bolted together the con­
tact of the two lead surfaces generally prevents 
leakage, but can be made more sure by the 
process of lead-burning.

It is generally most expedient to work out the size 
of the heating bank from the amount of heating sur­
face determined upoii before deciding upon the gen­
eral dimensions of the shell of the evaporator. The 
first thing to consider is the bore of tubing to be 
used. If we are dealing with a vertical type of 
evaporator where the tubes are expanded into 
two horizontal tube sheets, the bore of the tubing 
is determined by the nature of the liquid which 
is to be evaporated in them and the magnitude 
of the work to be accomplished. In the case 
of the horizontal type of evaporator where the 
steam is in the inside of the tubes and the liquor

on the outside, there has been found a ratio of 
length to diameter for which the steam that con­
denses within gives a maximum evaporative ca­
pacity. If the tubes are too long and constricted, 
the steam will condense before it can pass to the 
far end of them, and a certain amount of heating 
surface is thereby wasted. I t  is usual to decide 
upon a certain length and diameter of tubing, 
however, arbitrarily from experience. It  is then 
easy to decide, from the nature of the solution 
and taking into account the temperature differ­
ences and rate of evaporation, the proportioning 
of the heating bank. In a vertical effect when 
the length, diameter and centre line distances are 
decided it is merely a question of filling a certain 
number of tubes in the minimum sized circle.

Tubes m ay be attached to the tube heads or 
tube sheets b y  one of two methods, that of packing 
them in or expanding them in. To pack the tube 
in the tube sheet well, the hole in the sheet must 
be countersunk conically to adm it of the forcing 
in of the rubber packing. This rubber ring is 
pressed in b y  a  metallic place so that it is forced 
against the hole in the tube sheet and against 
the tube. This plate is held to the sheet by a stud 
bolt, and is arranged to hold down four, six or 
eight packing rings simultaneously.

When tubes are expanded into the tube sheet, 
it is expected that they are to be removed at no 
time during their life, whereas packed tubes can 
be easily removed, cleaned and repacked. Tubes 
expanded into the tube sheets properly make a 
perfectly steam -tight joint for almost any pressure 
or vacuum. The tubes are extended through 
the sheets a slight distance and are beaded over 
and are expanded b y  a special tool for this purpose. 
The Prosser expander rolls a corrugation in the 
tube, just inside of the sheet and beads it outside 
the sheet. In this w ay the sheet is braced against 
pressure from within or without. The Dudgeon 
expander rolls the tube flat against the side of 
the hole and beads it over on the outside. This 
method is not as effective in results, but is less 
of a strain on the metal of the tube.

I hope a t a later date it m ay be possible to go 
more deeply into the practical side of this sub­
ject, presenting as far as possible the best solu­
tions to problems arising from day to day.

S w e n s o n  E v a p o r a t o r  C o ..
C h ic a g o .
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RECOVERY OF GLYCERINE BY THE TWITCH- 
ELL PROCESS COMPARED WITH THE 

RECOVERY OF GLYCERINE BY 
WASTE SOAP LYE METHODS.

B y  O . T . J o s l i n .

R ec e iv ed  J u ly  17, 1909.

A s the T w itch ell process has now been used on 
a m anufacturin g scale for ten years in one fa cto ry , 
for e ight years in a half dozen or m ore factories, 
and in m any others for a  lesser period, there are 
am ple figures to show v e ry  closely w h a t a d va n ­
tages this process possesses over w'aste soap lye 
m ethods.

1 w ill g ive  a schedule of the operations in volved  
and the costs and credits of the tw o m ethods.

C ost o f T w itch e ll p ro cess  p la n t  to  w o rk  8000 lbs.
f a t  p e r  d a y  in c lu d in g  g ly c erin e  e v a p o ra tin g  p la n t  $ 2 8 0 0 .0 0

C ost o f w a s te  so ap  ly e  g ly cerin e  p la n t  fo r 8000
lbs. f a t  pe r d a y ......................................................... 3 9 0 0 .0 0

C o s t  o p  W o r k in g  8 0 0 0  L b s . F a t s  o r  O il s  i n  t h e  K e t t l e  b y  t h e

O l d  P r o c e s s .

C o st o f b o iling  k e t t le  th ro u g h  s ix  changes, k illing  
change , th re e  g ly cerin e  changes, o n e  s tre n g th e n in g  
change  a n d  o n e  s e tt le ;  s te a m , la b o r, e tc ., a t  $ 2.0 0
p e r  c h a n g e ...................................................................................... $12  .00

C o st o f s a lt  fo r th re e  ch an g es  a t  1 /4  c. a  lb ., 1920 lbs. 
s a l t  e q u a ls  $ 4 .8 0  fo u r-fif th s  o f  s a l t  reco v e red ,
gives s a l t  c o s t ..........................................................................  0 .9 6

C o s t  o f  s a p o n if y in g  w i th  c a u s t i c  1 8 .5 8  p e r  c e n t ,  o f
60 p e r  cen t, c a u s t ic  a t  $2 . 1 0 ...........................................  3 1 .2 0

$ 4 4 .1 6

All other costs w ill rem ain sam e in both instances.

C o s t  o f  W o r k in g  8 0 0 0  L b s . F a t s  o r  O il s  b y  t h e  T w it c h e l l  P r o c e s s .

S te a m  (coal a t  $3 .00  p e r  t o n ) .............................................  $ 1 .0 0
L a b o r ..................................................................................................  1 .00
S u lp h u ric  ac id  ( a t  80 c. p e r  100 lb s . ) ...............  0 .8 0
B a riu m  c a rb o n a te ..........................    0 .7 5
R e a g e n t ( a t  15 c. p e r  p o u n d ) .................................................  7 .20

$1 0 .7 5
E x p e n se  (in su ran ce , re p a irs , d e te r io ra t io n )  20 p e r  

ce n t, o f co s t o f T w itch e ll p la n t ,  $ 1 4 5 0 .0 0  eq u a ls
$ 2 9 0 .0 0  fo r th e  y ea r, d iv id e d  b y  250 d ay s , e q u a ls  1 .1 6

$11 .91

C o s t o f w o rk in g  100 lbs. o f s to c k .........................................  $ 0 .1 4 8 8

E n t i r e  C o s t  o f  W o r k in g  8 0 0 0  L b s . F a t s  o r  O i l  b y  T w it c h e l l  
P r o c e s s  a n d  t h r o u g h  t h e  K e t t l e .

T w itch e ll p rocess  c o s t ............................................... $11 .91
C ost o f b o iling  k e t t le  th ro u g h  fo u r changes, k illing  

chan g e , o n e  s a l t  change, o n e  s tre n g th e n in g  change  
an d  o n e  s e tt le ;  s te a m , la b o r, e tc ..  a t  $2 .0 0  p e r
ch a n g e .........................................................................  8 .0 0

C o st o f 640 lb s . s a l t  a t  1 /4  c. a  lb . (no  s a l t  reco v e red ) 1 .6 0
C ost of a lk a li fo r sapon ify ing :

95 p e r  ce n t, so d a  ash  a t  1 c. fo r 48 p e r  c e n t ................... 17 .65
5 p e r  ce n t, so d a  c a u s t ic  a t  $ 2 .1 0  fo r 60 p e r  c e n t . . .  1 .5 6

$4 0 .7 2
C o s t o f  s ap o n ify in g  w ith  95 p e r  ce n t, a sh  a n d  5 p e r  

ce n t, c a u stic . $ 1 9 .2 1 , o r $31 .20  —  $19 .21  -  $ 1 1 .9 9  
o r  15 c. p e r  h u n d re d  lbs. s to ck  sav ed  b y  so d a  ash 
sap o n ifica tio n .

C o s t  o f  W o r k in g  W a s t e  S o a p  L y e s  f r o m  8000 L b s . S t o c k  P e r  
D a y , 18,000 L b s . L y e .

A c id .....................................................................................................  $  .50
C h em ica ls ..........................................................................................  1 .0 0

L a b o r , tw o  m e n  a ll d a y ........................................................  3 .5 0
E x p e n se  (in su ran ce , re p a irs , d e te r io ra t io n ) :

20 p e r  c e n t, o f $ 3 9 0 0 .0 0  e q u a ls  $ 7 8 0 .0 0  p e r  y e a r
o f  250 d ay s , eq u a ls  $ 3 .1 2  a  d a y .................................  3 .1 2

S te a m  fo r h e a tin g  a n d  h a n d lin g  lyes  a s id e  fro m  e v a p ­
o r a t in g ...........................................................................................  1 .5 0

S te a m  fo r e v a p o ra tin g  e q u iv a le n t to  1500 lb s . coa l a t
$3 .00  a  t o n   ....................................................................  2 .25

W a te r ,  26 ,000 g a llo n s  p e r  d a y  a t  10 c. a  1000 g a llo n s  2 .6 0

$ 1 4 .4 7

Maximum amount of glycerine obtainable by 
waste soap lye methods is 8 lbs. absolute glycerine 
per 100 lb. neutral fat.

On stock containing 5 per cent, free fa tty  acids 
the amount of glycerine would be reduced to 7.5 
lbs.

On 8000 lbs. this gives 600 lbs. at 13 c. a lb., 
$78.00.

C o s t  o f  W o r k in g  T w i t c h e l l  P r o c e s s  G l y c e r i n e .

8000 lb s . s to c k  p e r  d a y  5200 lb s . g ly c erin e  w a te r ...................
L im e ....................................................................................................  $  0 .0 5
N o o th e r  ex p en ses  o f  tre a tm e n t .
L a b o r, o n e  m a n  a  d a y .................................................  1 .75
E x p e n se  (in su ran ce , re p a irs ,  d e te r io ra t io n ) :

20 p e r  c e n t, o f 1350 eq u a ls  $ 2 7 0 .0 0  p e r  y e a r  of
250  d a y s .— .................................................................. 1 .0 8
S te a m  fo r e v a p o ra tin g , 433 lb s . coa l a t  $ 3 .0 0  a  to n  0 .6 5
W a te r , 12,500 gallo n s  p e r d a y  a t  10 c. a  1000 g a llo n s  1 .25

S 4 .7 8

Maximum amount of glycerine obtainable, 95 
per cent, of the glycerine in the.fat, at 5 per cent,
free fa tty  acids in the fat, would give 9.5 lbs.
glycerine in the water per 100 lbs. stock and al­
lowing 5 per cent, loss of glycerine in process of 
working up the glycerine water, would give 9 lbs. 
of absolute glycerine on the fat. On Sooo lbs. 
this gives 720 lbs. glycerine at 14 c., a lb. equals 
$100.80.

O ld m ethod. T w itche ll process .
C ost. C ost.

M ak in g  s o a p .................  $ 4 4 .1 6  M ak ing  so ap , in c lud -
G ly ce rin e  re c o v e ry .. .  14 .4 7  i n g  c o s t  o f

----------- T w itc h e ll p ro cess . $ 4 0 .7 2
$ 5 8 .6 3  G lyce rine  re c o v e ry  . 4 .7 8

4 5 .5 0

P ro fit o f ............................... $ 1 3 .1 3  d u e  to  m a n u fa c tu r in g .
$ 4 5 .5 0

V alu e  o f  g ly cerin e  reco v e red  b y  T w itc h e ll p r o c e s s . . $ 1 0 0 .8 0
V a lu e  o f g ly cerin e  re c o v e re d  b y  w a s te  so ap  lye

p ro c e ss ......................................................................................... 7 8 .0 0

.P ro f it  d u e  to  g ly c e r in e ................................................    $  2 2 .8 0

P ro f it  d u e  to  m a n u f a c tu r in g ..............................................  $1 3 .1 3
P ro f it  d u e  to  g ly c e r in e ......................... ...................................... 2 2 .8 0

P ro f it  o n  8000 lb s . s to c k ..........................................   $35 .93
P ro f it  o n  100 lb s . s to c k ..............................................................  0 .4 5
A d d itio n a l p ro f it p e r  d a y  d u e  to  th e  T w itch e ll p ro cess  $35 .93
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The advantages mentioned above are due to 
the following differences between the two processes:

First, the fact that almost all the glycerine is 
separated from the stock before it goes to the ket­
tle avoids the loss due to glycerine remaining 
in the soap, and the loss due to the complicated 
and lengthy process necessary in recovering glycer­
ine from waste soap lyes.

Second, the fact that Tw itchell process liquors 
contain from 15 per cent, to 20 per cent, glycerine, 
while waste soap lyes run between 3 per cent, 
and 5 per c e n t , results in a saving of glycerine 
on account of the very much less evaporation 
required in the case of Tw itchell liquors.

Third, the greater strength in glycerine of the 
liquors reduces the amount of water to be removed 
by evaporation to 1/4 or 1/6 of w hat is necessary 
to be removed from waste soap lyes. This of 
course makes a commensurate reduction in the 
amount of steam, condensation water, labor and 
time, and consequently expense.

Fourth, the absence of salt from the glycerine 
liquors is a most im portant advantage, which, 
while readily recognized by all who have used the 
waste lye methods, is not fully appreciated until 
both methods have been used and compared.

The presence of salt in glycerine lyes makes a 
larger, more complicated and more expensive 
evaporator necessary. I t  also causes the evap­
orator and all other parts of the plant to corrode 
and wear out much more rapidly. I t  necessitates 
salt strainers and an extra pump, and a consider­
able extra amount of labor, while some glycerine al­
ways remains in the salt, and sometimes much. 
This glycerine salt should, of course, go back to 
a kettle which is having the glycerine extracted 
from it, but it does not alw ays go this w ay, and 
even when it  does there is some loss of glycerine 
anyw ay, as mentioned abo\e.

Fifth, the much greater purity of Twitchell 
liquors over waste soap lyes makes several addi­
tional savings. The treatment necessary is sim­
ple and cheap in the extreme, both in regard to 
materials and labor required. The waste material 
separated as a result of this treatm ent is so much 
smaller in amount that there is a saving of glycerine 
here, as such residues can never be completely 
freed of glycerine.

T h e absence of salts and other im purities causes 
the glycerin e liquors to evap orate  m uch more 
easily, w ith  a consequent savin g sim ilar to th at

accruing from the less amount of water to be re­
moved as above mentioned.

Sixth, a crude glycerine containing 90 per cent, 
of glycerine can be obtained with much more ease 
and certainty than an 80 per cent, crude can be 
obtained from waste soap lyes. This makes an 
appreciable saving in drums, labor of handling 
and freight.

Seventh, the greater strength and purity of the 
crude glycerine puts it in a special class known as 
saponification crude. Saponification crude should 
have 88 per cent, of glycerine or more and 5/10 
per cent, or less of ash. This standard is easily 
reached by Tw itchell liquors. Saponification crude 
usually brings one cent a pound or more on the 
absolute glycerine contained than soap lye crude. 
This advantage accrues to the producer when the 
glycerine is sold as crude. If a plant distils its 
own crude it derives the advantage in the form 
of greatly increased capacity of a still of a given 
size for this crude over waste soap lye crude, less 
steam and labor and a greater yield, and a purer 
product with one distillation, as C. P. glycerine 
can be made with one distillation. Finally, I 
never heard of any one finding glycols in Tw itchell 
glycerine.

Another important" advantage is the saponifica­
tion with sodium carbonate instead of sodium 
hydroxide. This makes a saving of 14 or 15 c. 
on every hundred pounds of stock saponified in 
this way. For a good m any years there was a 
strong, prejudice against the sodium carbonate 
saponification. This prejudice was w ithout rea­
son and during the last few  years it has almost 
entirely disappeared. I t  is a fact that the soap 
made b y  carbonate saponification is the same 
in every w ay as soap made from the same stock 
by caustic saponification. There is also no diffi­
culty in m aking the carbonate saponification in 
the kettle, except the slight difficulty which alw ays 
accompanies a new method of procedure. This 
fact was first demonstrated in Europe, but is now 
accepted b y  all the experienced American soap- 
makers.

There are in addition several lesser advantages 
which the Tw itchell process possesses. One is 
the decrease in the odor which the process occasions 
in the case of m any strong smelling stocks. In 
some cases this becomes a m atter of great im­
portance. Corn oil for instance was formerly of 
little value for soap and was but little used for 
this purpose, but since the introduction of the
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Tw itchell process its use has been greatly increased, 
as the process diminishes the odor so greatly, 
that corn oil becomes available for soap and soap 
powder, when worked by the Twitchell process, 
while it is entirely out of the question when not 
so worked. The process removes the heavy dis­
agreeable odor of this oil to such an extent that it 
is not noticeable in the finished soap product, 
even when unperfumed. The odor of animal 
fats is also greatly diminished and this is a great 
advantage in the manufacture of toilet soaps.

There is a class of soaps, known as cold-made 
or half-boiled, in the manufacture of which the 
glycerine has heretofore been lost, as it remained 
in the soap. There are several special reasons 
why soaps of this nature should be made, and they 
are made in large quantities. These soaps can 
be made from Twitchell fa tty  acids, and large 
quantities are now being so made, the glycerine 
being previously removed and saved. As glycerine 
has 110 apparent detergent qualities and as it some­
times comes out on the soap, to its detriment, 
the soap is really better without the glycerine 
than with it, aside from the great money-saving.

Although many persons claimed that the glycerine 
made some difference in the appearance of the soap, 
it has been demonstrated to' the satisfaction of a 
great many soap men, including the writer, that 
this is not so. The writer remembers one instance 
in particular where four soaps were prepared, 
one without glycerine and the other three with 
5, 10 and 15 per cent, of glycerine respectively, 
and it was impossible to tell them apart by ap­
pearance, feeling or trial washing.

Also in the case of soft soaps there is 110 other 
w ay of saving the glycerine than by making them 
of fa tty  acids. Large quantities of soft soaps 
have been made in Europe by the Twitchell process 
for several years past. There has been ample 
demonstration, both in this country and Europe, 
that the removal of the glycerine from soft soaps 
makes 110 apparent change in the appearance or 
other properties of these soaps, nor ill the washing 
properties. In fact it requires a careful chemical 
analysis -to distinguish between the soaps with 
glycerine and those without. While some soft 
soaps are being made by the Twitchell process 
in this country, the m atter has not been taken up 
in this respect to the extent that it should be, 
although it looks as if there would be an advance 
in this respect in the near future, especially since 
the price of glycerine has become so high.

Finally, this process is rapidly increasing in use 
in this country, Europe and in other parts of the 
world, and there is no doubt but w hat the next 
few years will see the process in such general use 
as to be almost universal.

[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  A r t h u r  D. L i t t l e .]

HYGIENIC SIGNIFICANCE OF SULPHUR IN GAS.
B y  F . E . G a l l a g h e r .

R ec e iv ed  J u ly  17, 1909.

Several states— namely, Connecticut, District 
of Columbia, Massachusetts, Wisconsin, and New 
Y o rk — have statutory limitations relating to the 
purity of illuminating gas, particularly in regard 
to sulphur. In addition to the state restrictions, 
there are local restrictions in a number of cities. 
In general these restrictions specify that the sul­
phur compounds shall not exceed 20 to 30 grains 
per 100 cu. ft. These laws can all be traced to 
arbitrary English legislation, and cannot be said 
to be based upon a rational experimental founda­
tion.

Sulphur exists in illuminating gas mainly as car­
bon bisulphide, which upon burning goes to sul­
phur dioxide. Sulphuric acid m ay be formed 
under certain conditions by subsequent oxida­
tion.

The experiments here described were- made 
near a gas works (Malden, Mass.) from which 
gases containing different amounts of sulphur 
were obtained. A  small room of 600 cu. ft. capacity 
was fitted up as a gas-burning room, and equipped 
with a fan for stirring the air and an exhaust fan 
for controlling the ventilation. Air samples were 
drawn from the room through Emmeling absorp­
tion towers containing hydrogen peroxide solu­
tion, which served to oxidize and absorb the sul­
phur dioxide, which was finally determined as 
BaSO<. All results were corrected to standard 
pressure and temperature. There were deter­
mined in each experiment:

1. The amount of sulphur entering the room.
2. The sulphur dioxide content present in the 

air of the room.
3. Hum idity.
4. Carbon dioxide content in the air of the room. 

This was used as a measure of the ventilation.

The ventilation was considered to be good when 
C0 2 equaled 6 to 12 parts per 10,000 and very 
restricted and unfavorable when CO , equaled 
30 to 40 parts per 10,000.
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Each individual experiment was run for 6 to 8 
hours. Gas was alw ays burned at the rate of 
5 cu. ft. per hour.

The following are illustrative of the experiments 
m ade:

Expt. 1 .— W ith one man in the room the ventila­
tion was regulated so that the C 0 2 equaled 7 parts 
per 10,000. The gas was then lighted and the 
average increase in S0 2 over several hours de­
termined. W ith the sulphur in gas equal to
21.6 grains per 100 cu. ft., the average S 0 2 con­
tent in the air equaled 0.28 part per million. 
W ith the sulphur in gas equal to 27.5 grains per 
100 cu. ft., the average S0 2 content of air equaled 
0.34 part per million.

Expt. 2.— The exhaust was regulated so that 
good ventilation was maintained with the gas 
continuously burning. W ith 18.6 grains gas, the 
SO, in the air under equilibrium conditions equaled 
0.28 parts per million. W ith 31.6 grains gas, 
the S 0 2 in the air equaled 0.49 part per million.

Expt. 3 .— The ventilation was checked as much 
as possible, window and door closed and sealed, 
and exhaust fan stopped. The C0 2 content then 
equaled 38 parts per 10,000. W ith 23.3 grains 
gas the S 0 2 value under equilibrium conditions 
equaled 0.53 part per million. W ith 35.8 grains 
gas the SO, value under equilibrium conditions 
equaled 0.77 part per million.

These experiments are but a few of many made. 
They illustrate, however, the general experimental 
scheme and indicate the extreme values encountered 
for S0 2 content in gas-lighted rooms; namely, 
0.2 to 0.8 part per million. For conditions of 
good ventilation and with practically any com­
mercial gas the limiting concentrations for sul­
phur dioxide in the air of rooms would be o. 1 to
0.4 part per million. For conditions of very 
restricted ventilation these limits would be 0.4 
to 0.8 part per million.

As a  result of extensive experiments, Lehmann 
showed that S 0 2 in the air could not be detected 
below 6 parts per million; between 6 and 11 parts 
per million it would be just noticeable, while 14 
to 20 parts would be somewhat disagreeable for 
people not accustomed to sulphur dioxide. He 
furthermore established1 the fact that sulphur di­
oxide, when present in the air in such amounts as 
to be irritating to the nasal passages, produced no 
lasting physiological injury. In connection with this 
data our experimental results indicate that the

1 K .  B .  L e h m a n n :  A r ch , fu r  H ygiene, 1 8 , 180  (1 8 9 3 ) .

S0 2 content of gas-lighted rooms is wholly negli­
gible as regards com fort or health.

Further experiments bearing upon this problem 
gave the following results:

1. In no case, even under the most restricted 
conditions of ventilation, did the burning of gas 
give rise to noticeable odors of sulphur gases.

2. W ith the doors and windows sealed and the 
ventilation restricted as much as possible, the air 
of the room changed 1.8 times per hour. When 
the ventilation was rendered favorable for regular 
living conditions, the rate of change of air was 
several times greater than the figure just given.

3. A s regards the vitiation of air by carbon 
dioxide, it was found that one man actively  exer­
cising had about the same effect as gas burning 
at the rate of 5 ft. per hour.

4. Paper on the walls and ceiling only moderately 
reduced the effectiveness of the plaster in the ab­
sorption of sulphur gases.

5. Sulphur gases formed on the combustion of 
illuminating gas are removed from the air of rooms 
in three w ays: by the changing air in the ordinary 
course of ventilation, by condensation along with 
water vapors on the cold walls and windows, 
and through absorption by the alkaline constituents 
of the walls and ceilings.

6. A s the sulphur content of a room increases 
m arkedly, the rate of reaction between the plaster 
and the sulphur gases becomes greater, thereby 
effecting a proportionally more rapid removal 
of the sulphur gases.

7. Calculations of the sulphur dioxide content 
of the air of rooms from the sulphur introduced 
by the inflowing gas. are wholly unreliable if they 
fail to take account of the different w ays in which 
sulphur dioxide escapes from a room.

The considerations and fears that originally 
prompted stringent sulphur-in-gas lim itations were 
for the most part without justification and the 
liability of danger from sulphur has been greatly 
exaggerated and misunderstood.

MOISTURE DISCREPANCIES IN PHOSPHATE 
ROCK OF THE PACIFIC.

B y  C a r l t o n  C . J a m e s .

R e c e iv e d  J u l y  17 , 1 9 0 9 .

The Committee on the Analysis of Phosphate 
R ock of the National Fertilizer Association pre­
sented a report some time ago which showed the 
results obtained by some thirty chemists upon
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four samples of phosphate rock from the Southern 
States of South Carolina, Tennessee and Florida. 
These samples were prepared as uniformly as it 
was possible to make them, yet in the moisture 
determination the difference between the maxim a 
and minima of the four samples ranged from 0.48 
to 0.8x per cent. If the samples had been taken 
from the cars or cargo by thirty chemists indi­
vidually in quantities that each thought sufficient, 
reduced to the form they considered proper, and 
in the w ay they deemed best, quartered and re­
duced by each in his own w ay to the desired size 
sample and placed in containers that each thought 
proper, it would not be unreasonable to suppose 
that the differences would show still more astonish­
ing discrepancies. W e have had occasion to study 
these differences in the phosphate of the Pacific 
with the idea of determining the causes and to 
reduce them as much as possible.

The material with which we have to deal comes 
from Ocean and Pleasant Islands, two small isles 
west of the Gilbert group and nearly on the equator. 
The material ranges in size from fine dust to rocks 
six inches in diameter. It  is of cpral origin and 
some of the larger pieces show distinctly the coral 
formation. Much of the material is in the form 
of spherical pieces resembling bird shot. Analysis 
of this material shows about 83 per cent, trical- 
cium phosphate, 3.5 per cent, to 4 per cent, calcium 
carbonate and usually less than 1 per cent, iron 
and aluminium oxides. This rock is received 
in cargoes of from 2000 to 4000 tons so that it is 
of considerable importance that representative 
samples be taken, not only for quality but for 
moisture as well. A  difference of five- to eight- 
tenths per cent, in the moisture determina­
tions would mean a financial consideration of 
$250 to $500, an amount about which probably 
no one would care to have any doubt as to whether 
it were his own or his neighbor’s.

The sampling is done in a manner agreed upon 
by buyer and seller. As the rock comes out of 
the steamer practically one per cent, of the cargo 
is taken as sample: for a 2000-ton cargo the sam­
ple weighs about 25 tons. E very hundredth 
bucket- or basketful as it comes from the hold is 
set aside in closely woven sacks and held on board 
in a dry place until the cargo is discharged. The 
moisture sample is taken twice a day in glass 
jars holding at least two pounds. Usually Mason 
jars holding two quarts are used and any pieces 
too large to enter are broken with a hammer to

a convenient size. When discharging is com­
pleted the moisture sample, weighing from 100 
to 200 pounds, is combined in the presence of 
agents of buyer and seller and three samples of 
about five pounds each are taken. If there are 
many large rock pieces, these are again broken 
by hammer until they are about one-half to three- 
fourths of an inch in diameter. When both agents 
signify that they are satisfied the samples are 
sealed and each agent takes one for analysis; the 
third is retained for a referee in case the analyses 
should fall outside the lim its set in the contract.

The quality sample of one per cent, of the cargo 
is sent in sealed bags to the fertilizer works where 
it  is crushed and ground in the presence of the 
seller’s agent to about 50 mesh. A  small sample 
is taken from each 125 pounds. These are com­
bined, quartered to about 25 pounds and three 
samples drawn as was done with the moisture 
sample.

The results of the analysis of several such sam­
ples are here g iv e n :

M oistu re  sam p le . G ro u n d  q u a l i ty  sam p le . D ifference
P e r  ce n t. P e r  ce n t. P e r  ce n t.

3 .11 2 .5 8 0 .5 3
4 .9 6 3 .2 1 1 .75
4 .5 5 3 .8 0 0 .7 5
3 .8 2 3 .2 6 0 .5 6
5 .1 6 3 .4 1 1 .75

Each result given is the average of some six 
separate samples, all of which did not vary  more 
than two-tenths per cent. I t  will be seen 
that the third column shows some remarkable 
differences between the moisture in the moisture 
sample and that in the ground sample.

By grinding the moisture sample in a small 
mill to about eight mesh it had been discovered 
some time ago that not only the size of the rock 
was* reduced but the moisture content as well. 
Consequently, it was desirable that grinding and 
handling of the moisture sample should be prac­
tised as little as possible.

When the last above-mentioned result was 
obtained showing a difference of 1.75 per cent, 
between the two samples it was believed that a 
mistake had been made somewhere in the process 
of taking the sample or in its analysis, and sug­
gestions were made that the jars in which the rock 
was placed w'ere not entirely dry, that the drying 
temperature had been too high and that the sam­
ples had taken up moisture in cooling.

I11 order to shed some light upon the subject, 
during each day of discharging, tests were made
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of the rock  taken  from  the steam er and of the 
sam e rock from  the m ill a fter grinding. T he 
results are as follow s:

U n g ro u n d . G ro u n d  to  50 m esh . D ifference.
P e r  ce n t. P e r  cen t. P e r  ce n t.

3 .7 2 3 .4 8 0 .2 4
3 .7 5 3 .5 8 0 .1 7
3 .5 1 3 .3 4 0 .1 7
4 .0 1 3 .8 8 0 .1 3
3 .4 3 3 .1 6 0 .2 7
4 .5 8 4 .2 8 0 .3 0

The results given are averages of six determina­
tions. Samples of 20 grams each were weighed 
into glass' stoppered weighing bottles and dried 
in an air bath at ioo ° C. for five hours, both 
ground and unground samples being in the same 
air bath a t the same time and cooled in the same 
desiccator so that the conditions should be as nearly 
identical as possible.

The results show that some moisture is lost in 
grinding but do not account for such a difference 
as 1.75 per cent. It  had been noticed in weigh­
ing out the moisture sample that a representative 
sample depended to a considerable extent upon 
the operator. In a sample consisting mostly of 
fine and shotty particles there were embedded 
small pieces of rock from one to two and occasion­
ally three centimeters in diameter. If the sample 
were shaken the fine particles would sift to the 
bottom and the larger particles would come to 
the surface, a point which had to be guarded against. 
Therefore, it was decided to make other experi­
ments to determine if the size of the rock particles 
would have sufficient influence to make such a 
difference.

Three samples of 20 grams each were weighed 
into weighing bottles, duplicates being run at the 
same time. The samples were neither crushed 
nor ground and were subjected to no treatment 
other than that they were separated 011 screens 
according to size.

The first sample consisted of large rock pieces 
15 mm. in diameter; the second, small pebbles 2 
to 5 mm. in diameter; the third, fine particles 
through a 30-mesh screen. The samples were 
all placed in the same air bath and subjected to 
a temperature of 100-105° C. to constant weight 
which took about five or six hours. When all 
the samples showed constant weight, that weight 
was taken as the loss at 100-105° C. The tem­
perature was then raised to 120-125° C. and wras 
maintained thereat until constant weight was 
again established. Results:

P e r  ce n t.
P e r  c e n t, lo ss a t  ô ss ^ e -

D iam .   ■--------------- , tw ee n  100
in  n u n . 10 0 -1 0 5 ° . 12 0 -1 2 5 ° . a n d  1 2 5 ° C.

R o c k  p ie c e s .....................  15 3 .3 6 1  3 .5 1 9  0 .1 5 8
S m all p e b b le s .................  2 -5  3 .9 7 0  4 .2 0 5  0 .2 3 5
T h ro u g h  30  m e s h   0- 0 . 8  4 .8 5 8  5 .0 6 2  0 .2 0 4
D ifference in  loss b e ­

tw ee n  ro c k  p ieces
a n d  fine p a r t ic le s ...................... 1 .4 9 7  1 .543

The loss at 120-125° C. is shown to be greater 
than that a t 100-1050 C. by about 0.2 per cent., 
but this m ay or m ay not represent water. In 
the case under consideration the loss m ay be due 
to organic m atter: roots and stems which have 
become too small to be removed. Probably such 
a high temperature would never be used for ob­
taining the moisture in phosphate rock, and dis­
crepancies due to this cause would be nil. The 
results also show that moisture is retained un­
equally in th'e sample and varies with the size of 
the particles. This no doubt is due to the greater 
surface exposed b y  the finer material, but whether 
the moisture varies in proportion with the fine­
ness has not been determined. It is desirable 
to get a representative sample containing pro­
portional parts of the fine and coarse material 
so that the correct amount of w-ater m ay be de­
termined, but as has been pointed out above, 
two difficulties are presented. If the sample is 
to be ground to particles of about the same size 
it would have to be reduced to 40 or 50 mesh w'ith 
a loss of moisture, whereas, if it is left unground 
there must be left to the discretion and integrity 
of the chemist the procuring of correct results.

Other conditions and other material might not 
give rise to such discrepancies: we simply present 
these two points as they have occurred here, but 
from the results obtained here and those published 
by the National Fertilizer Association it would 
seem that the determination of wrater is not as 
simple as at first might be supposed and deserves 
more consideration than is usually given it.

L a b o r a t o r y  o f  t h e  P a c if ic  
G u a n o  &  F e r t i l i z e r  C o .,

H o n o l u l u , H a w a i i .

[C o n t r ib u t io n  f r o m  t h e  L a b o r a t o r y  o f  A r t h u r  D . L i t t l e . I n c .]

THE ANALYSIS OF LEAD ARSENATE FOR 
WATER-SOLUBLE IMPURITIES.

B y  R o g e r  C . G r i f f i n .

R ec e iv ed  J u ly  17, 1909.

Where large lots of any material are being held 
pending the result of the analysis of the sample, 
time becomes an im portant factor. The determina-
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tion of water-soluble impurities in arsenate of 
lead according to the method of H ayw ood1 re­
quires at least eleven days and generally twelve. 
Our experience in the analysis of a considerable 
number of samples of this substance has led us 
to believe that the necessary time can be very 
m aterially shortened without sacrificing accuracy 
of results. In the first place, to determine whether 
it is necessary to shake the dried sample with water 
for as long a period as ten days, the following 
experiment was carried out:

Portions of two grams of the dried sample were 
weighed into large glass-stoppered bottles con­
taining two liters of distilled w'ater free from C0 2. 
Each bottle wras thoroughly shaken about eight 
times each day. A t the end of two days the con­
tents of the first bottle (A) were filtered through 
a dry filter, 200 cc. of the filtrate evaporated to 
dryness in a weighed platinum dish on the water 
bath and the total soluble impurities dried at ioo° 
in an oven for two hours, then cooled in a desiccator 
and weighed. A t intervals of about twTo days 
the contents of one of the remaining bottles were 
treated in exactly the same manner, the contents 
of the last bottle being analyzed on the tenth day.
The results obtained were as follows:

B o ttle . A . B . C. D .
D a y s ................................................. 2 4 6 10
W t. o f  sol. m a tte r  (g ra m ) . . . 0 .0 0 7 5 0 .0 0 6 0 0 .0 0 6 5 0 .0 0 6 4
P e r  ce n t, of sol. m a tte r  (d ry

b a a s ) ........................................... 3 .7 5 3 .0 0 3 .2 5 3 .2 0

The increase after four days is seen to be insig­
nificant since it is hardly possible to w'eigh closer 
than to 0.0005 gram under these conditions. On 
this account it also seems advisable to take 500 cc. 
for evaporation instead of 200 cc. On another 
sample tests w-ere made after shaking for three 
days and for ten days, respectively, evaporating 
500 cc. of the filtrate. The results were as fol­
low's :

B o tt le . F . G.

D a y s .................................................................. 3 10
W t . o f sol. m a t te r  (g r a m ) ......................  0 .0 2 5 3  0 .0 2 5 0
P e r  ce n t, o f  sol. m a tte r  (d ry  basis) 5 .0 8  5 .0 0

The difference between the results obtained 
from three days’ shaking with water and those 
obtained from ten days’ shaking is well within 
the lim its of experimental error.

Considerable difficulty was often experienced 
in obtaining a clear filtrate, and the precipitate 
has considerable tendency to clog the pores of the 
filter paper and make the filtration proceed very 
slowly. We found, however, that with a Gooch

1 D ept, o f A gricu ltu re , B u rea u  o f C hem istry , B u ll .  105 .

crucible a perfectly clear filtrate could be ob­
tained, and at the rate of 500 cc. in from 5 to 15 
minutes. The asbestos m at must be thoroughly 
washed, of course, to remove any soluble matter 
or loose shreds. The filtration is also more rapid 
if the crucible and m at are ignited before use. 
The method of procedure which we finally found 
to be the most satisfactory and rapid is as follows:

The m at should be thick enough so that when 
held up to the light the holes in the crucible are 
not quite visible. A fter it has been prepared in 
the usual manner about 250 cc. of distilled wrater 
are poured through the crucible, followed by 5 cc. 
concentrated HC1 and this in turn by 250 cc. more 
of water. The crucible is then strongly ignited 
for two or three minutes. A fter it is cool, 5 cc. 
of concentrated HC1 are drawn through it and 
then 200 cc. of w'ater. The suction flask is thor­
oughly rinsed out with water and as much as possi­
ble poured out. It is not necessary to dry either 
the flask or the crucible. About 25 cc. of the 
liquid to be filtered are sucked through the crucible, 
and the flask is rinsed out with this liquid and 
emptied. This is repeated twice and then the 
filtration is proceeded with until about 600 cc. 
of filtrate have been obtained. This is then poured 
into a graduated 500 cc. flask, after rinsing out 
the latter several times with small portions of 
the liquid, and made up to the mark.

After having weighed the total soluble matter, 
time m ay be saved by using this material for the 
determination of water-soluble As20 5. (It may 
be said here that in only two of the samples we have 
analyzed have we found any water-soluble PbO, 
one of these contained only a trace and the other 
0.30 per cent. In case soluble PbO is present, 
however, it is necessary to evaporate another 
portion of the water extract for its determina­
tion.) The residue is taken up in a little water 
and evaporated with a few cc. of H N 0 3. If it 
is evaporated directly with H2S0 4, according to 
the method of Haywood, the H2S0 4 chars the ace­
tates which are alw ays present (unless the arsenate 
was made from Pb(N 0 3)2) and the separated car­
bon causes considerable inconvenience. Evapora­
tion to dryness with IIN 0 3 destroys these acetates. 
This dry residue is then taken up with a very little 
water and after adding 0.5 cc. of concentrated 
H2S0 4, evaporated to a syrup on the steam bath, 
and then 011 the hot plate to fumes, to remove 
the H N 0 3. From  this point the method of H ay­
wood as given in Bulletin  10 5 is followed.
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Briefly then, the method for the determination 
of water-soluble impurities in arsenate of lead, 
which we have found to give satisfactory results 
with a minimum expenditure of time, is as follows:

Tw o grams of the dried material are weighed 
into a large glass stoppered bottle containing 
2000 cc. of distilled C0 2-free water, and allowed 
to stand three days, shaking frequently. The 
solution is then filtered through a Gooch crucible 
and 500 cc. of the filtrate are evaporated to dryness 
on the steam bath in a weighed platinum dish, 
dried to constant weight (two hours) in a water 
oven and weighed for total soluble matter. The 
latter is taken up with very little water and a 
few cc. of H N 0 3, evaporated to dryness on the 
steam bath, washed into a small beaker with a 
little water and after adding 0.5 cc. of concentrated 
H,SOj evaporated to a syrup on the steam bath 
and then to fumes on the hot plate. 10 cc. of 
water are added and the beaker gently swirled 
to throw any PbSO., into the centre. If any is 
present it is filtered out through a tiny filter paper, 
washing with 5 per cent. H2S0 4. The ASj0 5 is de­
termined in the filtrate according to the method 
of H aywood. If soluble PbO is present it is de­
termined in a separate portion of the original 
filtered w ater extract by H ayw ood’s method. 
The complete analysis can easily be carried out in 
five days.

The samples of arsenate of lead which have come 
under our observation have been very variable in 
composition. The total PbO has ranged from 64.32 
per cent, to 73.28 per cen t.; total As20 5 from 32.48 per 
cent, to 23.73 Per cent.; total water-soluble matter 
from 1.96 per cent, to 5.08 per cent.; and soluble 
AsjOj from 0.12 per cent, to 1.95 per cent. These 
percentages are based on the dry material. The 
moisture in the original paste has varied from 
43 per cent, to 68 per cent.

H ayw ood1 gives the soluble As,0 5 obtained from
C. P. arsenate of lead as 0.63 per cent, to 0.85 
per cent.

The water-soluble As20 5 in the commercial 
samples of lead arsenate has two possible sources: 
(1) dissolved arsenate of lead, and (2) disodium 
arsenate incom pletely washed out of the material. 
The fact, however, that a sample m ay contain as 
little as 0.12 per cent, of water-soluble A s20 5, 
whereas chem ically pure lead arsenate has been 
ound to dissolve sufficiently in water to give 0.85 

per cent, of water-soluble As^O,, seems to indicate

1 h o c  cit., p . 168.

that lead arsenate is practically insoluble in water 
which contains even a very small amount of di­
sodium arsenate. 0.12 per cent, of water-soluble 
As20 5 corresponds to 0.0019 gram of N a^ A sO ., 
per liter of water, or only about 2 parts per mil­
lion. The water-soluble A s20 5 in commercial lead 
arsenate therefore is due to the Na2H As0 4 present 
as im purity; and as this substance is com paratively 
easily soluble in water, it must all be dissolved 
out of 2 grams of lead arsenate by 2 liters of water 
in much less time than ten days.

ON THE VOLUMETRIC ESTIMATION 6 f
URANIUM AND VANADIUM. ( 0t-lT£CfiN '

B y  E d w a r d  D e M il l e  C a m p b e l l  a n d  C h a s . E .  G r i p  '

R e c e iv e d  J u n e  16, 1909 . ^  ^  \ ^

Up to this time there have been three volum em t— —  
methods proposed for the quantitative estimation 
of uranium and vanadium  when occurring together.
These methods have all been put forth because 
of the need for a rapid and accurate method for 
the analysis of carnotite ores.

The first of these is that of Friedel and Cum enge.1 
In this method the ore is dissolved in nitric acid 
and the vanadium , iron and aluminum are ren­
dered insoluble b y  evaporating to complete d ry­
ness. Uranium and the alkalies are extracted 
by water containing a little ammonium nitrate.
The vanadium, in acid solution, is reduced with 
sulphur dioxide and the uranium with zinc and 
sulphuric acid, after which each is titrated with 
standard permanganate.

A  second method is that of A. N. Finn.2 The 
ore is dissolved in dilute sulphuric acid ( 1 :5 ) ,  evap­
orated to fumes, cooled and diluted, An excess 
of sodium carbonate is added, the solution boiled 
and filtered and the precipitate washed with hot 
water. The precipitate is redissolved in the smallest 
possible amount of sulphuric acid and reprecipi­
tated with an excess of sodium carbonate in order 
to insure complete extraction of the uranium and 
vanadium. The combined filtrates and wash waters 
are slightly acidified with sulphuric acid, 0.5 g. 
of ammonium phosphate added and the uranium 
precipitated as phosphate by rendering the solu­
tion alkaline with ammonia. The solution is 
filtered and the uranium estimated by dissolving 
the precipitate in sulphuric acid and reducing 
with zinc. The filtrate from the uranium phosphate 
is acidified with sulphuric acid, the vanadium  re-

1 A m c r . J o u r . S c i , ,  10, 135 (1900).
2 J o u r . A m er. Chent. Soc ., O c t., 1906.
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duced w ith  sulphur dioxide, and titrated , like 
the uranium , w ith  a  standard solution of potassium  
perm anganate.

A  third m ethod is th a t of F ritch le .1 T h e ore 
is dissolved in n itric  acid, d iluted w ith w ater, 
sodium  carbonate added in excess follow ed b y  
a  large excess of sodium  hydroxide. T h e sodium  
hyd ro xid e retains the van adium  in solution b u t 
leaves the iron and uranium  undissolved. T h is 
precipitate, a fter w ashing, is dissolved in hot, 
d ilute n itric  acid and the iron precipitated  w ith  
am m onium  hydroxide, the uranium  being k ep t 
in solution b y  the addition  of a large excess of 
am m onium  carbonate. T h e uranium  is reduced 
w ith  strip  alum inum  and titrated  w ith  perm an­
gan ate. T h e p recip itate  of ferric hydroxide is 
dissolved in dilute sulphuric acid, the iron re­
duced w ith  alum inum  and determ ined w ith  per­
m anganate. In a  separate sam ple the uranium , 
van adium  and iron are reduced together w ith  
sheet alum inum  and titrated  w ith  perm anganate, 
the van adium  being calcu lated  from  the total 
am ount of perm anganate less th a t required for 
the uranium  and iron. T h e assum ption is m ade 
th a t the am ount of perm anganate required to 
oxidize van adium  reduced b y  sheet alum inum  
is a p p roxim ately  tw ice th a t w hich would be rer 
quired if the van ad iu m  had been reduced w ith 
sulphur dioxide.

T h e o b ject of the present research w as to devise 
a vo lu m etric  m ethod for the determ ination of 
uranium  and van adium  in the presence of each 
other, the m ethod n ot in volvin g a  gravim etric 
separation of these tw o elem ents.

G. E d g a r has proposed a  m ethod for the differ­
en tial reduction of iron and van ad iu m 2 and another 
for the differential reduction of m olybdenum  
and van ad iu m .3 T h e iron is reduced to the fer­
rous condition  and the van ad iu m  to the V 20 2 
condition b y  the use of zin c and sulphuric acid 
in  a Jones reductor. T h e reduced solution is 
cau gh t in a  titration  flask containing a ferric salt. 
T h e  solution of h igh ly reduced van adium  reduces 
the ferric iron to the ferrous condition and the 
am ount of reduced iron present registers the re­
duction  of the van adium . T h e solution is then 
titrated  as if a  solution of ferrous iron alone were 
to be reoxidized w ith  perm anganate.

T h e  reduction of a  van ad iu m  solution to the 
condition of V ,0 2 and oxidation  in the ordinary

1 E n g . a nd  M in .  J o u r ..  70, 548 (1900).
2 A m er . J o u r . S c i ,, 26 , 79 (1908).
3 Ib id .. 25 , 332 (1908).

w a y  w ith  perm anganate a lw ays fa ils to g ive  ac­
curate results for the reason th a t the solution of 
van adium  in this reduced condition  has such a 
strong affin ity  for oxygen  th a t it  becom es p artia lly  
reoxidized before the solution can  be titrated . 
T h e use of the ferric alum  as suggested b y  E d g a r 
p reven ts this oxidation.

In  the experim ents tried in this lab o rato ry  
s ligh tly  acid  solutions of pure v a n a d y l sulphate 
and pure u ran yl su lphate were used. T h e uranium  
solution w as stan dardized b y  the usual m ethod 
of p recip itation  and w eighing as U 3O s ; also volum et- 
rica lly  b y  reduction  w ith  zin c and sulphuric acid  
and titration  w ith  stan dard tw entieth-norm al 
perm anganate. T h e van ad iu m  solution w as stan d­
ardized b y  reduction w ith  sulphur dioxide, the 
excess of w hich w as rem oved b y  the passage of 
a curren t of carbon  dioxide through the boiling 
solution, follow ed b y  titration  w ith  perm anganate.

P relim in ary  exp erim ents were m ade to dem on­
strate th at sulphur dioxide has no reducing action 
on u ran yl solutions and th a t the titra tio n  of v a n a ­
dium  solutions when reduced w ith  zinc and sul­
phuric acid  to the V 20 2 condition  a lw ays requires 
less than three tim es the num ber of cu b ic  cen ti­
m eters of perm anganate n ecessary to reoxidize 
w hen reduced w ith  sulphur dioxide. N um erous 
experim ents were m ade to determ ine the best 
conditions for the reduction  and titration  of uranium  
solutions.

B elouhoubeck in 1867 proposed the m ethod 
for the reduction of u ran yl solutions b y  zinc and 
sulphuric acid  and titration  w ith  perm anganate. 
In vestigato rs since th a t tim e are m uch divided 
in opinion concerning the a ccu racy  of results thus 
obtained. Som e claim  th a t the reduction  pro­
ceeds fu rth er than the U 0 2 stage and th at the 
reduced solution needs exposure to the air in order 
to reoxidize to the U 0 2 condition  before the titra­
tion w ith  perm anganate is m ade. A m o n g those 
supporting this v iew  are P u llm a n ,1 G oettsch,- 
and M cC oy and B u n zel.3 K ern  m ade exten siye 
researches on uranium  in 1900'* and show s that 
the reduction  does n ot proceed below  the UO* 
stage w hen sulphuric acid is used, even  upon five 
hours’ boiling. A ll of the ab ove used n ot less than 
fifty  gram s of zinc, and the ratio  of concentrated 
acid  to w a ter varied  from  x : 6 to 1 : 4 .

K ern  used sodium  carbon ate in the titration

1 A m er . J o u r . S c i . .  16, 229 (1903).
2 J o u r . A jn er . Chem . Soc .. 28 , 1541 (1906).
3 Ib id .. 31 , 367 (1909).
* Ib id .. 23 , 685 (1901).
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flask to create an atmosphere of C0 2 in order to 
prevent the oxidation of the uranous solution 
by air, but Pullman is of the opinion that this 
means was ineffective and that the reduced solu­
tion was really reoxidized to the U O, condition 
before the titration was made.

In numerous reductions which were made in 
this laboratory as K ern directs, except that not 
more than 15 grams of granulated zinc were used 
in any one reduction, it was found that results 
were not very concordant. I t  was thought that 
less violent reducing conditions would more easily 
effect the reduction of uranyl compounds in solu­
tions not so strongly acid.

Reductions were tried on several solutions of 
uranyl sulphate containing 0.1023 g- ° f elemental 
uranium, gravim etrically standardized. In some 
cases 5 g. of zinc were used with 5 cc. of con­
centrated sulphuric acid and 95 cc. of water. The 
reduction was carried 011 at a slow-boiling tem­
perature in an Erlermieyer flask, the mouth of 
which was closed with a cork through which a 
small funnel passed. In some cases 2 cc. of free 
acid were added to 95 cc. of water, and in other 
cases one cubic centimeter was sufficient to effect 
the reduction. About 5 cc. of concentrated sul­
phuric acid were added when the reduction was 
thought to be complete; the solution was cooled 
somewhat and was then rapidly filtered through 
glass wool to remove undissolved zinc. After 
dilution to 150 to 175 cc. the solution was titrated 
with twentieth-normal permanganate. Results 
obtained in this w ay showed but small variation 
among themselves. The average of a large num­
ber gave a uranium content of 0.1036 g ,  or a posi­
tive error of 0.0013 g. from gravim etric results. 
The average of a large number of reductions car­
ried on exactly  in the w ay that K ern directs gave 
a larger positive error than this. Kern states 
that at least 45 minutes are needed for the reduc­
tion of 0.1 g. of uranium solution, but the re­
duction in the presence of relatively small amounts 
of free acid was alw ays complete in a half hour, 
and more often in 15 minutes on this quantity 
of uranium, 0.2 g. was easily reduced in this manner 
in 45 minutes. The conclusion is that a solution 
more nearly neutral is more desirable for the rea­
son that it is more rapid and the results show less 
variation among themselves. Pullman and others 
speak of the appearance of brownish colors when 
the reduction is effected with such large quan­
tities of zinc and acid. This indicates reduction

below the UO, condition. W orking in the presence 
of relatively small amounts of free acid such color 
changes have not been noticed, and this m ay 
account for the uniformity in results obtained 
here, since there is no necessity for the reoxidation 
by atmospheric oxygen to the U0 2 stage.

Numerous experiments were made with other 
elements than zinc as reducing agents on mixed 
uranyl and vanadyl solutions. Among those tried 
wrere silver, lead, copper, and aluminum. Kern 
used alum inum 1 as a reducing agent for uranium 
and Fritchle used it for both uranium and vanadium. 
Silver, lead and copper offered no advantages 
which would suggest their use for this purpose. 
I t  was thought that some agent might be found 
which would reduce uranium to the UO, condition 
but at the same time would reduce the vanadium 
only to the V ,0 ., or V ,0 3 condition. The solution 
could then be tritated with permanganate in the 
ordinary way. Since uranium is more difficult 
to reduce than iron, and since vanadium  is much 
more easily reduced than iron, any agent tried 
which com pletely reduced the uranium was found 
to reduce the vanadium  to such a low state of 
oxidation that reoxidation by the air took place 
before the solution could be titrated. It  was 
thought that possibly the oxygen of the air could 
be utilized in oxidizing the reduced solution to 
some definite point before titration with per­
manganate. Experim ents were made to test the 
effect of bubbling air through the reduced solu­
tions but it was found that conditions of acidity, 
concentration and temperature of the solution 
so influenced the results as to make them unreliable 
as a basis for a quantitative method.

Aluminum offered some advantages over zinc 
as a reducing agent for the reason that it left no 
residue in the solution and after reduction is com ­
pleted the aluminum can be washed free of all 
adhering liquid very  easily. I t  was effective 
in the reduction of both uranyl and vanadyl solu­
tions. When strip aluminum was used in an open 
vessel with mixed solutions of these two elements,
2 or 3 cc. of sulphuric acid being present, reduc­
tion proceeded rather slowly. To hasten this 
process a spiral of heavy aluminum wire, wound 
to fit a ten-inch test-tube, was used. A  mixed 
solution of uranyl sulphate and vanadyl sulphate 
was placed in the test tube and 50 cc. of water 
and 5 cc. concentrated sulphuric acid were added. 
The spiral was dropped in, the solution heated to

1 J o u r . A m ^ r. Che?n. Soc .. 23 , 685 (1901).
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boiling over the naked flame and then immersed 
in a bath of boiling water. The tube was cov­
ered with a watch-glass. Reduction began at 
once and about five minutes after the lavender 
color characteristic of V 30 2 had appeared the 
reduction was found to be complete. The test- 
tube and contents were cooled somewhat by im­
mersion in running water, then the spiral was 
withdrawn by means of an aluminum hook fastened 
to a glass rod. A  cubic centimeter or two of con­
centrated sulphuric acid was added and titration 
made with permanganate.

Using this manipulation with uranium solu­
tions alone, the following results were obtained:

10 cc. uranyl sulphate solution required the 
following number of cc. of twentieth-normal per­
manganate :

1 1 . 5 4
1 1 . 3 4
1 1 . 3 4
11 .40

15 cc. uranyl sulphate required
16.71
17.01

The calculated number of cubic centimeters 
of permanganate needed for 15 cc. of the above 
solution was 17.08. This figure was calculated 
from gravim etric results, weighing as U 30 8 and 
assuming oxidation to take place on titration 
from U 0 2 to U 0 3.

When vanadium solutions alone were reduced 
and titrated in the same w ay less permanganate 
than the calculated amount was always needed, 
and this was the case with mixed solutions of 
uranium and vanadium.

As the vanadium  content was lessened in pro­
portion to the uranium content the results came 
nearer the calculated amount and became more 
uniform. This would be expected on account 
of the strong tendency of V ,0 2 to reoxidize in con­
tact with air. To prevent this reoxidation 50 cc. 
of a solution of ferric alum, made b y  dissolving 
26 grams of the crystallized salt in a liter of water 
slightly acidulated w ith sulphuric acid, were used.

The manipulation was as follows: The mixed 
solutions of uranium and vanadium were placed 
in a ten-inch test tube, 2 to 5 cc. of concentrated 
sulphuric acid added with 50 cc. of water, the tube 
heated on the open flame to boiling, then covered 
with a watch-glass and immersed in a boiling 
water bath until reduction was complete as in­
dicated by the lavender or grayish color of the 
solution. The tube is cooled in running water

until hydrogen bubbles just cease to rise from the 
surface of the spiral, the spiral drawn to the top 
of the test-tube with the aluminum hook, 50 cc. 
of the cold ferric alum solution are poured over the 
spiral and allowed to m ix with the reduced solu­
tion, the spiral is drawn out and the solution ti­
trated with twentieth-normal permanganate in 
the test-tube until nearly finished; a little free sul­
phuric acid is added, if necessary, and the solution 
finished in an Erlenm eyer flask at a temperature 
of 80 °.

Operating in this w ay the following results were 
obtained, using 5 cc. uranyl sulphate solution and 
5 cc. vanadyl sulphate solution:

Cc. tw e n tie th -n o rm a l p e rm a n g a n a te .

18.39 18.49
18.49 18.74
18.34 18.7
18.59 18.65
18.68

The calculated amount of permanagnate needed 
is 18.6 cc. This calculation is based on the assump­
tion that the vanadium  is reduced to the V 20 2 
condition and requires three times as much per­
manganate as the same quantity reduced with 
sulphur dioxide, while the calculation for uranium 
is the same as in uranium alone above.

Satisfactory results were obtained in this way 
when the uranium and vanadium  were present 
in equal quantities; when the vanadium  is greatly 
in excess the tendency to reoxidize is harder to 
overcome and the results show more variation.

To apply this method to a carnotite ore the 
manipulation would be as follows:

0.3 to 0.5 g. of the ore is dissolved in an Erlen­
meyer flask in 40 cc. of 1 :5  sulphuric acid or a 
mixture of nitric and sulphuric acids, if desired, 
care being taken to expel all the nitric acid by 
evaporation. The solution is evaporated until 
the greater part of the acid is driven off. It is 
cooled, diluted, an excess of sodium carbonate 
added and, wrhile boiling, hydrogen peroxide is 
added drop by drop until the color of the precipi­
tated iron shows it to be in the ferric condition. 
The solution is filtered and the precipitate washed 
with hot water. The precipitate is dissolved in 
the smallest possible amount of 1 : 1  sulphuric 
acid, an excess of sodium carbonate added, after 
which it is boiled, filtered and washed. The 
combined filtrates and wash waters are acidified 
with sulphuric acid and an excess of the acid added 
amounting to 2 to 5 cc. of the concentrated acid. 
Sulphur dioxide is passed in and when the color



C A M P B E L L  ON H Y D R A T IO N  O F  M A G N E S IU M  O X ID E . 665

indicates that the vanadium  is reduced the solu­
tion is boiled and a rapid current of carbon dioxide 
passed through the boiling solution to expel the 
last traces of the sulphur dioxide. The titration 
is made on the hot solution with permanganate 
of a strength not to exceed twentieth-normal. 
The iron precipitate can be dissolved and the 
iron estimated in the usual w ay if desired.

The volum e at this point can not conveniently 
be more than 75 cc. if the reduction with the spiral 
is to be carried on in one tube.

If the ore is quite rich it is well to divide the 
solution here and carry the reduction on in two 
test-tubes. The two solutions m ay be combined 
by pouring into the Erlenmeyer flask near the 
end of the titration and the titration completed 
as if the reduction had been carried on in one tube. 
From this point on the procedure is the same as 
in the reduction of the mixtures of the pure salts 
described above. The number of cubic centi­
meters of standard permanganate used in the 
titration of the reduced solutions in the test-tube 
minus three times the number of cubic centi­
meters used in the titration after reduction with 
sulphur dioxide gives the number of cc. needed 
to reoxidize the uranium alone from U 0 2 to U 0 3.

Four samples of carnotite thus treated gave 
for uranium, 15.92, 15.66, 15.26, 15.46 per cent.; 
for vanadium, 8.47, 8.57, 8.44, 8.44 per cent.

Edgar used a Jones reductor filled with zinc 
in the differential reduction of iron and vanadium 
and of molybdenum and vanadium. In a num­
ber of experiments in this laboratory, where a 
zinc reductor was used for the reduction of the 
uranyl and vanadyl solutions, the results obtained 
were not so satisfactory as those obtained with 
the apparatus above described. If it be true 
that the uranium is reduced below the U 0 2 state, 
as Pullman and others suggest, then to pass it in­
to a solution of ferric alum at once would give 
too high results, as far as uranium alone is con­
cerned, but since some provision of this kind is 
necessary to prevent the reoxidation of the highly 
reduced vanadium  it appears that an error is likely 
to occur in one direction or the other whether the 
ferric alum be used or whether it be omitted.

The method above described furnishes a con­
venient means of separating uranium and vanadium 
without the necessity of gravim etrically sepa­
rating these two elements and of determining each 
with a degree of accuracy fully equal to that which

can be obtained by any of the methods heretofore 
published.

U n iv e r s it y  o f  M ic h ig a n ,
A n n  A r b o r , J u n e  14, 1909.

ON THE INFLUENCE OF THE TEMPERATURE
OF BURNING ON THE RATE OF HYDRA­

TION OF MAGNESIUM OXIDE.
B y  E d w a r d  D e  M il l e  C a m p b e l l .

R ec e iv ed  J u ly  1, 1909.

In 1885 a court-house in Kassel, Germany, was 
seriously injured b y  expansion of the cement 
used in its construction. An investigation of 
the cause of this expansion was made by a govern­
ment commission, of which Rudolph Dykerhoff, 
Dr. Ing. h. c ,  was Chairman. The cement used 
in the construction of the court-house was found 
to contain from 18-20 per cent, magnesium oxide. 
This led to a series of experiments to determine 
the influence of magnesia on Portland cement, 
and particularly the maximum amount which 
could be present without causing dangerous ex­
pansion. A fter more than tw enty years of ex­
perimental work in Germany, France, England 
and the United States, different investigators 
have failed to come to complete unanim ity re­
garding the maximum allowable per cent, of mag­
nesia in Portland cement.

In an article entitled “ Some Conditions In­
fluencing Constancy of Volum e in Portland 
Cements” 1 which appeared in 1906, the author, 
in conjunction w ith A. H. White, gave the results 
of a series of experiments extending over a period 
of four years, which showed that the expansion 
of Portland cement caused by magnesia was due 
to the slow hydration of free magnesium oxide, 
and that combined magnesia is without effect so 
far as expansion is concerned. The fact that the 
amount of expansion caused by the presence of 
magnesia is due more to the form in which the 
magnesia exists than to the total amount present 
offers a simple explanation for the differences in 
opinion of different investigators concerning the 
maximum allowable per cent. The expansion 
bars made from neat Portland cement contain­
ing free magnesia show that when kept in water 
the bar containing 1 per cent, of free magnesia 
has ceased to expand at the end of three years, 
that with 2 per cent, at the end of six years, while 
those with 3 per cent, and 4 per cent, have ap­
parently not ceased expanding after eight years’ 
immersion.

‘ J .  A m . Chem . Soc .. 28, 1273, O c t., 1906.



For many years it has been well known that 44.40 per ce n t, loss on ignition 51.06 per cen t,
certain natural cements, which are burned a t a total 99-95 per cent. The composition of the
com paratively low temperature, but which often burnt magnesite from such materials would be
contain as much as 28 per cent, of magnesia, will b y  calculation: silica 2.53 per c e n t, alumina
give mortar or concrete as constant in volume and ferric oxide 2.70 per c e n t, calcium oxide
as that made with good Portland cement. A t 3.96 per ce n t, magnesium oxide 90.78 per cent,
the same time such natural cements cannot be If there was no combination of magnesium oxide
depended upon, as not infrequently concrete made after dissociation of the carbonate with silica,
from such material will slowly expand and oc- alumina or ferric oxide, the amount of water
casionally completely disintegrate from excessive required to com pletely hydrate the magnesia
expansion. Since these natural cements, high in according to the equation
free magnesia and yet giving satisfactory results, MgO +  H 20  =  M g(OH)2
are burned at a much lower temperature than would be 40.51 per cent, of the weight of the burnt
Portland cements, it  would seem natural to ex- magnesite. Under the same conditions, the amount
pect that since the expansion is due to the hydra- of water which would be required to satisfy the
tion of magnesium oxide there must be some close equation
relation between the temperature of burning and CaO +  II20  =  C a(O fI)2
the rate of hydration. would be 1.27 per cent, of the weight of the burnt

I11 a special publication by Rudolph Dyker- magnesite,
hoff, Dr. Ing. h. c ,  entitled ‘ ‘Ueber die W irkung In burning the various samples the method of 
der Magnesia in gebranntem Zeinent,” published procedure was substantially the same in all the
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T a b l e  I .
l e n g t h  H y d r .

OOO«O 6oo° 700°. 8oo°. 9000. iooo°. 1100°. 1200°. 13000 1400°. 145°°.
1 d a y ............ ...........................  2 4 .8 3 36 .6 1 36 .51 3 6 .5 2 2 3 .4 0 18 .0 0 7 .61 0 .4 3 0 .4 6 0 .5 8 0 .3 4
3 d a y s .......... 3 7 .6 3 3 7 .9 2 3 8 .6 5 4 1 .0 0 41 .93 2 2 .8 4 2 .0 5 1 .25 1 .2 4 0 .9 3
7 d a y s ........... 3 7 .9 3 3 8 .3 0 38 .5 1 4 2 .2 6 4 2 .3 8 3 9 .2 2 4 .8 5 2 .1 7 1 .85 1 .55

14 d a y s .......... 3 8 .2 1 3 8 .5 5 3 8 .7 2 4 2 .5 9 4 2 .7 3 41 .65 1 5 .2S 3 .3 2 2 .7 4 2 .4 3
21 d a y s .......... ........................... 2 6 .0 9 3 8 .3 8 3 8 .6 9 3 8 .8 9 4 2 .7 5 4 3 .0 6 4 2 .3 4 3 2 .2 3 4 .4 3 3 .5 6 3 .2 9
28 d a y s .......... 3 8 .0 3 3 8 .4 5 3 8 .6 4 4 2 .0 5 4 2 .7 3 4 2 .1 3 3 6 .1 5 5 .7 5 4 .1 1 3 .3 5

2 m o n th s . . . ..........................  3 0 .5 8 4 0 .6 3 40 .61 4 0 .4 1 4 4 .4 6 4 4 .3 9 4 3 .9 7 3 8 .9 2 17 .3 6 13 .2 4 10 .64
3 m o n th s . . . 4 0 .3 8 4 0 .4 7 4 0 .3 3 4 4 .5 1 4 4 .5 7 4 4 .6 9 3 9 .1 2 2 0 .2 9 17 .55 14.81
4 m o n th s . . . 4 0 .3 8 4 0 .4 7 4 0 .2 9 4 4 .5 8 4 4 .5 7 4 4 .6 9 4 0 .0 2 2 2 .5 5 2 0 .4 8 17 .55
6 m o n th s . . . ........................... 3 0 .5 9 4 0 .3 5 4 0 .4 5 4 0 .2 9 4 4 .6 4 4 4 .7 0 4 4 .8 6 4 0 .4 8 2 4 .5 4 2 4 .1 2 2 0 .4 5
9 m o n t h s . . . 4 0 .3 5 4 0 .3 9 3 9 .9 4 4 4 .7 2 4 4 .8 5 4 5 .1 8 4 1 .1 9 2 7 .4 8 2 7 .6 0 2 2 .5 9

12 m o n th s . . . 4 0 .3 4 4 0 .5 3 4 0 .3 2 4 4 .8 8 4 4 .9 2 4 5 .3 3 4 1 .3 4 2 8 .9 9 2 8 .1 2 23 .3 1
18 m o n th s . . . ........................... 2 9 .9 9 4 0 .0 3 4 0 .1 4 4 0 .0 3 4 4 .6 3 4 4 .5 4 4 5 .3 4 4 1 .7 4 3 1 .2 2 3 0 .3 1 2 4 .8 5

in 1908, the author summarizes the results of his cases. For temperatures up to IO O O ° C. 16-
own experiments extending over a period of more grams of the finely ground magnesite, contained
than twenty years, and assumes that magnesium in a magnesium oxide crucible, were placed in a
oxide burned at a low temperature hydrates readily Heraeus platinum resistance furnace. Tw o stand-
and com pletely when immersed in water, but ardized platinum-rhodium thermocouples were used
shows that the same oxide, when burned in a wind for measuring the temperature. One couple was
furnace at a temperature such as is employed for placed in the annular space between the crucible
sintering Portland cement, combined with only and the side of' the furnace, while the other was
about 3.5 per cent, of water during each of two embedded in the center of the finely ground magne-
evaporations to dryness. site. The temperature of the furnace was grad-

The object of the experiments here described ually raised until the thermocouple inside the
was to determine the quantitative relation ex- crucible containing the magnesite had reached the
isting between the temperature at which magne- desired temperature, and after this had been reached
sium oxide from magnesite was burned and the the temperature was maintained for one hour,
rate at which such magnesium oxide would com- The furnace was then allowed to cool and the burnt
bine with water at ordinary temperature to form magnesite removed, ground to pass a 100-mesh
the hydroxide. The magnesite used for the work sieve, and quickly stoppered. For samples burned
had the following composition: Silica 1.24 per above 1000° C. the magnesite was first subjected
c e n t, alumina and ferric oxide 1.32 per ce n t, to burning at a low red heat in order to completely
calcium oxide 1.94 per c e n t, magnesium oxide remove carbonaceous m atter and so prevent de-
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terioration of the thermocouple embedded in the 
magnesite when a high temperature was reached. 
These samples were burned in a specially designed 
platinum resistance furnace which was capable 
of maintaining a temperature of 1450° C. for a 
good m any hours without volatilization of the 
platinum and consequent burning out. The con­
trol of the temperature was such that in no case 
did the thermocouple inside the crucible con­
taining the magnesite vary  more than four de­
grees in the hour during which the material was 
being held at constant temperature.

Samples of one gram each of the burnt magnesite, 
ground to pass a 100-mesh sieve, were placed in 
a series of weighed porcelain crucibles. Sufficient 
distilled water was then placed in each crucible 
to com pletely cover the sample. As soon as the 
samples were covered the crucibles were placed 
in a vacuum  desiccator containing concentrated 
sulphuric acid, and the water was allowed to 
evaporate. Samples which were covered with 
water one day and placed in a vacuum  desiccator 
over sulphuric acid appeared dry the following 
day. The rack containing the set of crucibles 
was then placed in a drying-oven at from 102 
1050 C. and allowed to remain over night. After 
cooling, the crucibles were weighed, and the gain 
in weight taken as the one-day hydration. After 
the one-day hydration water was again added, 
and the samples allowed to stand in a closed des­
iccator containing some water for two days, after 
which they were again dried in vacuo over sulphuric 
acid for one day, and again in a steam drying- 
oven over night. This second gain in weight 
was taken as the hydration after a total of three 
days. A  similar method of hydrating and drying—  
first in  vacuo, followed by steam drying-oven—  
.was used for the hydrations up to and including 
the twenty-eight day test. Through an over­
sight the samples in this last case were left in the 
drying-oven two days before weighing. The fact 
that the samples dried in the drying-oven lost 
appreciably after prolonged drying led to a change 
in the method of drying after the twenty-eight 
day test. Beginning with the two-month test 
the samples, after allowing to stand covered with 
w ater a t room temperature, were placed in a 
vacuum  desiccator over sulphuric acid and allowed 
to remain until the weight had become practically 
constant. This usually required from seven to 
nine days. The percentage gain in weight of the 
various samples, after the different periods of 
hydration, is given in Table I.

The table shows clearly that at 5000 C. the 
magnesite was not com pletely dissociated in one 
hour. Experiments made in this laboratory upon 
calcite showed very slight dissociation at 6oo° C. 
after an hour’s heating. Since magnesium oxide 
alone probably exists as such in the sample burned 
at 6oo° C ,  and since such magnesium oxide, as 
stated in the earlier part of this paper, would 
require 40.51 per cent, of the weight of the burnt 
magnesite for complete hydration, this amount 
has been taken as the basis for com puting the curves 
given in Table II, which shows graphically the 
progress of the hydration.

A  study of the curves, considered in connection 
with the fact that samples after hydration lose 
some of their water when dried in a steam-oven, 
seems to indicate the following conclusions:

1. T h at magnesite is not com pletely dissociated 
at 5000 C. in one hour under the conditions used 
in the experiments.

2. T h at dissociation of the magnesium carbonate 
is complete at 6oo°, while that of calcium car­
bonate is not.

3. That the hydration of magneisum oxide 
burned at 6oo°, 700° or 8oo° C. is practically 
complete in three days.

4. T h at between 8oo° and 900° C. the calcium 
carbonate is dissociated, and that combination 
takes place between basic and acidic oxides, re­
sulting in the formation of silicates or aluminates. 
The silicates or aluminates so formed combined 
with more water than would be required for the 
complete hydration of the basic oxides alone.

5. T h at a change in the constitution of the magne­
sium oxide sets in between iooo° and n o o °  C. 
resulting in a marked decrease in the rate of hy­
dration, and that this change becomes more marked 
with rise of temperature of burning, until at 1450° 
C ,  or nearly the temperature required for burning 
Portland cement, the magnesium oxide after 
eighteen months’ immersion in water has combined 
with only 61.4 per cent, of the water required 
for complete hydration.

C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  
o p  M i c h ig a n , A n n  A r b o r ,

J u n e  18, 1909.

FREE LIME IN PORTLAND CEMENT. A MILL 
STUDY.

B y  A r t h u r  G . S m i t h .

R e c e iv ed  J u ly  17, 1909.

The purpose of this paper is to present actual 
results obtained by testing for free lime both the 
night and day runs of portland cement as manu­
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factured at the mill according to the microscopic 
method of detecting free lime, as published by 
Alfred H. W hite.1

A  preliminary statem ent as to how samples are 
taken and observed is necessary here to properly 
interpret the results following. Prom four tube 
mills grinding finished cement a sample was taken 
each hour in the twenty-four, upon which tests for 
fineness, setting time and soundness were made. 
This gave a very  accurate set of results showing 
the nature of the product leaving the mills for each 
hour. The pats so made from these separate sam­
ples, were, after 24 hours, kept in boiling water 
seven hours and a careful record made as to their 
condition. It  will be noted that the results are 
reported as the number of perfect pats, number of 
fair pats and number of bad pats. B y perfect 
pats are meant those which were strong, neither 
checked nor warped, and free from cracks; fair 
pats, those slightly checked or warped; bad pats, 
those badly checked, cracked or disintegrated. In 
addition to the hourly samples taken, a general 
average sample was taken on each shift. To get 
this sample as nearly an average of the output of 
all four mills as possible it was decided to take it 
from the screw conveyor carrying the cement to 
the stockhouse. The method devised is as follows: 
In the bottom  of the screw conveyor housing a 
hole about 1/8 inch in diameter was bored and so 
placed that it was directly under the flight of the 
conveyor. From this it will be seen that upon 
each revolution of the screw a small portion of the 
cement was forced through the opening and col­
lected. It  was upon this general average sample 
from each twelve-hour run that the microscopic 
tests were made. The results covering a two- 
week run are herewith tabulated:

D a y  R u n .
P re d ic tio n  from B oiling  te s t .
m ic ro sco p ic  te s t

1909. o f  av e ra g e G en e ra l P e r ­
D a te . sam p le . av e ra g e . fec t. F a ir . B ad .
J u n e 3 P e rfe c t P e rfe c t

(T race) T o ta l p a t s , . ___  47 45 2

“ 4 P e rfe c t P e r fe c t
(T race) T o ta l p a t s . . . . . .  48 41 4 3

M 5 P e rfe c t P e r fe c t
(T race) T o ta l  p a t s  . . ____48 45 1 2

14 6 P e rfe c t P e rfe c t
(T race) T o ta l  p a t s . . ___  48 47 1

M 7 P e rfe c t P e rfe c t
1/ 8  b a d T o ta l p a t s . . ___  48 39 9

44 8 P e rfe c t P e r fe c t
(T race) T o ta l p a t s . . 44 2

M 9 P e rfe c t P e r fe c t
(T race) T o ta l  p a t s . . 44 2

1 T h i s  J o u r n a l , 1 ,  5 ,  J a n u a r y ,  1 9 0 9 .

D a y  R u n  (C o n t .). 
P r e d ic t io n  f ro m  B o i lin g  t e s t ,
m ic r o s c o p ic  t e s t  ,------------------------------------- ■----------

1909. o f  a v e ra g e G en e ra l P e r ­
D a te . sam p le . av e rag e . fec t. F a ir .  B ad .
J u n e  10 P e rfe c t P e rfe c t

(T race) T o ta l  p a t s .  . . . .  . 25 25
M 11 P e rfe c t P e rfe c t

A b o u t 1 /6  b a d  T o ta l  p a t s  . . . . . .  48 40 1 7
M 12 P e rfe c t P e rfe c t

1 /4  b a d T o ta l  p a t s . . . . , . 48 38 10
“ 13 P e rfe c t P e r fe c t

(T race) T o ta l  p a t s  . . . . . . 48 48
“ 14 P e rfe c t P e r fe c t

(T race) T o ta l p a t s . . . . . . 48 48
" 15 P e rfe c t P e r fe c t

(T race) T o ta l  p a t s ,  . , . . . 4 6 45 1

“ 16 P e rfe c t P e rfe c t
1 /4  b a d T o ta l  p a t s .  . .  

N ig h t  R u n .

, 43 36 2 5

J u n e  3 P e rfe c t P e rfe c t
A b o u t 1 /4  b a d T o ta l p a t s .  . . . , 44 35 9

« 4 P e rfe c t P e r fe c t
A b o u t 1 /4  b a d T o ta l  p a t s .  . . . . . 48 40 6 2

5 P e rfe c t P e rfe c t
A b o u t 1 /4  b a d  T o ta l  p a t s .  . . 48 39 4 5

6 P e rfe c t P e rfe c t
(T race) T o ta l p a t s .  . .  ,. , . 48 45 1 2

7 P e rfe c t P e rfe c t
1 /3  b a d T o ta l p a t s .  . . . 36 8 4

8 P e rfe c t P e r fe c t
1 /4  b a d T o ta l p a t s .  . . , 48 40 2 6

9 P e rfe c t P e r fe c t
(T race) T o ta l  p a t s . . . . , , . 37 36 1

“ 10 P erfec t P e rfe c t
(T race) T o ta l  p a t s . . . . , . . 46 44 2

u 11 P e rfe c t P e rfe c t
1 /3  b a d T o ta l  p a t s .  . .  . 48 32 5 11

M 12 P e rfec t P e rfec t
(T race) T o ta l p a t s . . . . . . 48 45 3

H 13 P erfec t P e rfe c t
(T race) T o ta l p a t s .  . . . , . . 48 48

4 P e rfe c t P e rfe c t
(T race) T o ta l p a t s .  . . . 41 41

“ 15 P e rfe c t P e rfe c t
1 /4  b a d T o ta l p a t s .  . .  . , . 38 32 4 2

M 16 P e rfe c t P e r fe c t
1/8  b a d T o ta l p a t s .  . . . . . 43 37 3 3 ‘

In making our prediction with the microscope 
we endeavored to estimate the number of the 
hourly pats which we thought would be bad, judg­
ing from the amount of free lime present in the aver­
age sample. I t  m il be noted that in most cases 
the prediction with the microscope checked very  
accurately with the boiling tests.

In predicting results b y  the microscopic method, 
we practically assumed that no other agencies be­
sides free lime were causing unsoundness in the 
cement. We think we were justified in this, be­
cause the routine operation at this plant is very 
favorable for elimination of the other factors which 
m ight cause unsoundness except free lime, it being 
the standard practice to grind the raw materials, 
consisting of limestone and clay, to a fineness of
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not less than 97 per cent, through a 100-mesh 
screen and the finished cement to an average fine­
ness of 98 per cent, through a 1 oo-mesh sceen and 
83 per cent, through a 200-mesh screen. Further, 
the raw materials contain less than the average 
proportion of ingredients which might cause un­
soundness.

It  will be noted that on each shift there were 
some few hourly pats which did not perfectly pass 
the boiling test. We attribute this to two causes: 
first, an occasional non-uniform m ix of the raw 
materials, and second, to the formation of “ rings” 
in the kiln. It is the nature of the class of raw 
materials used to cause “ ringing” in the kilns, 
and when these so-termed “ rings” have to be barred 
out, some underburned clinker is very likely to go 
through the kiln. This underburned clinker has 
no chance to age as the clinker passes direct from 
the kilns through a cooler and is ground to finished 
cement in from six to eight hours after leaving 
the kilns.

C O N C L U S IO N .

It is the writer’s belief that the microscopic 
test for free lime will be a great aid to the manu­
facturer. If the results obtained can be made 
quantitative, and an accurate method for sampling 
devised, good results must be obtained.

COPPER-CLAD STEEL—A NEW METALLURGI­
CAL PRODUCT.

B y  W ir t  T a s s i n .

R e c e iv e d  J u l y  1, 1909 .

For many years past attem pts have been made 
to cover steel with a copper coat which could be 
of any desired thickness, and to so firmly weld 
the two metals that the combined product could 
be submitted to any of the usual methods for work­
ing metals without destroying the integrity of 
this weld.

The many methods tried in the past have been 
more or less successful failures, either from a 
metallurgical or a commercial standpoint, and it 
is only recently that a process has been developed 
for the successful welding of copper to steel in such 
a manner that it will stand the many methods 
used for working metals, and be at the same time 
a commercial metallurgical product. The weld 
between the copper and the steel is perfect within 
the limitations of a metallurgical process. The 
copper can be separated from the steel only by 
melting it off. The weld will resist sudden tem­

perature changes such as heating the combined 
metals red hot and then quenching them in ice- 
water. It  will resist both stress and shock. In 
the accompanying illustration (Fig. 2) a section of 
a round is shown that has had its copper cut through 
to the steel, the section placed in a vise and re­
peatedly struck with a hammer.

The process b y  which this result is obtained 
may be described as follows: Steel of any de­
sired composition and shape, which, for the pur­
pose of this description will be regarded as being 
a mild basic open-hearth steel, rolled into rounds 
and cut into 26" billets, to make wire rods, is sand­
blasted and pickled to remove scale. The billet, 
which has previously been drilled and tapped at 
each end, is hung by means of a rod and bushing 
screwed into one end, in a pre-heater and is brought 
to a red heat. When the desired temperature 
has been reached, the billet is then drawn into a 
tube (also previously heated) by means of a rod 
which is screwed into the top of the bushing. This 
rod slides up and down in the center hole of a three- 
jawed chuck, which holds the tube and centers the 
billet in it. A  steel flange is then screwed 011 the 
bottom of the billet, thus forming with the tube a 
mold in which the billet is the core.

The mold and billet are now carried to a pot of 
specially prepared copper which is in a super- 
molten condition. The billet with its attached 
flange is now lowered out of the tube and into this 
copper, and kept there for a length of time suffi­
cient to wet the surface of the steel and to form 
an alloy film. The billet is then drawn from the 
copper up into the tube, and the billet and its mold 
is carried to a second pot containing commercially 
pure copper, in which the final coat of copper is 
applied. The mold with its billet as a core is low­
ered into this pot and the molten copper rushes in 
through two openings in the top of the tube until 
the mold is filled. The mold is then withdrawal 
from the second crucible, and when the copper has 
frozen, the chuck, rod and flange are unscrewed. 
The tube and its contents are next placed in a ram 
and the copper-clad steel billet is pushed out of 
its mold. The billet is now given a washing heat 
and is then rolled to the desired size.

The rolling is, in general, similar to that of steel 
or copper, and it is interesting to note that in spite 
of the great differences between the physical prop­
erties of copper and steel, the two metals when so 
welded have, under proper conditions, practically 
the same rate of flow. The proportional areas
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of the copper and the steel remains practically a 
constant from the larger to the smaller sizes.

The tensile strength of copper-clad is also re­
markable. Regarding the metal as having 40 
per cent, of its sectional area made up of copper, its 
tensile strength after the proper treatm ent is equal 
to, and m ay be greater than that of a steel having 
a composition similar to that of the steel in the 
copper-clad, but whose sectional area is equal to 
that of the clad metal. An illustration of this 
may be seen in the following table of commercial 
wires, in which due allowance m ust be made for 
the difference between hard and so ft drawing:

D iam . in  B rea k in g  w eig h t
N am e . inches . in  lbs.

G a lv a n iz e d  s te e l ........................................  0 .1 6 2  1406
B . B .................................................................  0 .1 6 2  1250
E . B . B ........................................................... 0 .1 6 2  1140
C o p p e r............................................................  0 .1 6 2  1237
C o p p e r -c la d .................................................  0 .1 6 2  1874

having a relatively low elastic limit, gives a figure 
directly comparable with that of a steel treated 
under like conditions whose sectional area is equal 
to that of copper-clad, and whose composition is 
similar to that of the steel composing its core.

Copper and steel in the presence of moisture 
form a galvanic couple, and the corrosion of the 
steel proceeds with great rapidity. The resistance 
to corrosion of copper-clad so far as the copper 
coating is concerned is, of course, the same as that 
of copper. But, in view  of the marked galvanic 
action set up between copper and steel, it would be 
assumed that corrosion would quickly occur at the 
exposed ends, and be a constant factor so long as 
an electrolyte was present. This supposition is 
not so, at least in the presence of fresh or salt water. 
Test samples placed in water, through which a 
current of air has been allowed to bubble con-

F ig . i.

This table is an illustration of the fact that the
tensile strength of copper-clad is not the mean of
the strength of copper and steel, for the com­
position of the steel in the galvanized wire quoted 
is practically that of the steel in copper-clad, and, 
making liberal allowance for the difference in the 
heat treatm ent of the two, the breaking weight of 
the copper-clad is equal to, if not greater than, that 
of the galvanized, and but six-tenths of it  is steel.

The above statem ent is also true of its elastic 
limit, which will average 90 per cent, of its tensile 
strength. The elastic lim it of copper under the 
best conditions is 60 per cent, of its ultimate
strength. T hat of steel is a variable, but for com­
parison take it a t 90 per cent. Copper-clad steel, 
four-tenths of whose sectional area is a metal

tinuously for three months, demonstrated that 
after a certain period of time, somewhere between 
15 and 40 days, corrosion practically ceases, as 
shown by taking the loss in weight of the tests at 
varying periods. It is believed that this stopping 
of corrosion is a result of the following conditions: 

A fter a certain amount of rust has been formed, 
it appears that a thin film of copper mixed with 
some copper oxide is plated out or deposited be­
tween the iron oxide and the unattacked steel, 
and that this film will act as a preservative coat 
as long as it remains intact. If broken, further 
oxidation sets up and the process simply repeats 
itself. While it is true that the corrosion on the 
end of a wire is not a factor in its life, y e t the cor­
rosion of the end of a relatively large diameter
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m ay become very serious. If the above observa­
tions hold true on larger sizes (so far it has not 
been tried on sizes above 3/8"), it  will have quite 
a bearing on material suitable for marine work. 
Tests along this line are now being carried out, 
and the evidence to date points to a confirmation 
of the observations made on the smaller sizes.

The uses to which copper-clad steel m ay be put 
are many. The first and most obvious is a wire 
to be used for electrical and mechanical purposes. 
The conductivity requirements for electrical use 
depends directly upon the amount and kind of 
copper used in the coat. Thus a copper-clad 
wire, four-tenths of whose sectional area is copper,

320 lbs. The one weighs 166 pounds per mile 
and the other 61. Comparing copper-clad with 
galvanized iron telephone wire, a much smaller 
size of copper-clad m ay be used for the same ohmic 
resistance, thus:

D iam . in  O h m s p e r  m ile  W e ig h t pe r 
W ire . in ch es . a t  6 8 ° F . m ile . L bs.

E . B . B .............................  0 .1 3 4  18 .8 3  250
B . B ......................................  0 .1 3 4  2 2 .0 4  250
C o p p e r-c la d .......................  0 .1 3 4  7 .5 0  266

Where a high tensile strength and resistance 
to corrosion is an essential and an increased con­
ductivity is desirable, as for example in power trans­
mission requiring long spans and in catenaries, 
its value is apparent.

F ig . a.

will have a conductivity of 40, since both cop­
per and steel wire possess certain disadvantages 
for electrical work: the one having a low tensile 
strength and under given conditions a lack of 
toughness, the other having a low conductivity 
and is subject to a more or less rapid corrosion. 
Copper-clad wire has a strength and toughness 
equal to that of steel, a conductivity far greater 
than that of steel, and it  will not corrode. For 
example, in telephone work the life of a line is de­
pendent upon its breaking weight and elastic 
limit. The breaking weight and elastic lim it of 
a No. 10 copper wire are respectively 530 and 293 
lb s , while that of a No. 14 copper-clad is 760 and

For mechanical purposes, such as bridge work, 
derrick guys, rigging, springs, rounds of all sizes 
suitable for anchor bolts, pump rods, e tc ,  where 
resistance to corrosion combined with a high ten­
sile strength is an essential, copper-clad is ad­
mirably adapted since steel having any desired 
physical qualities m ay be used as the core.

For large structural shapes it is questionable 
whether or not this m aterial will ever have a com­
mercial use, but for light shapes suitable for sky­
light and similar work, its value is obvious. It 
is non-corrodible and possesses the strength of 
steel. Copper is weak, galvanized iron corrodes.

To sum up, th e  m aterial has a greater stren gth
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than copper, and, under given conditions, is equal 
to, if not greater, than that of steel. It  has a 
greater conductivity than steel and less than that 
of copper. Its resistance to corrosion is equal 
to that of copper and immeasurably greater than 
that of steel.

A SERIES OF PARALLEL DETERMINATIONS 
WITH THE MAHLER AND PARR 

CALORIMETERS.
B y  S. W . P a r r  a n d  W .  P .  W h e e l e r .

R ec e iv ed  J u ly  10, 1909.

The samples used in this series of parallel tests 
were kindly furnished by fuel engineering com­
panies and inspection chemists in the course of 
regular inspection work from the larger com­
mercial centers, such as New Y ork, Pittsburg, 
Chicago, Birmingham, Louisville, Topeka, etc. 
An examination of the record shows the samples 
to have come from the following states: fourteen 
from Pennsylvania, eight from W est Virginia, 
seven from Illinois, six from Kansas, three from 
K entucky, two from Alabam a, and one each from 
Maryland and Indiana.

I t  was sought also to cover a wide range in com­
position, and in consequence the h constituent 
is seen to vary  from three per cent, to twenty- 
two per cent, and the sulphur from one-half to five 
and one-half per cent.

For the bomb calorimeter the Mahler-Atwater 
type was employed, being platinum-lined and 
using oxygen from the Lindd A ir Products Com­
pany. The bomb was standardized by means of 
pure naphthalene, using 9692 calories as the value 
of that substance. A  Beckmann thermometer, 
graduated to hundredths of a degree, corrected by 
the Bureau of Standards a t Washington, was used 
in both series of tests.

In the Parr calorimeter the procedure was sim­
plified to the extent that all coals were air-dried 
to a content of moisture not exceeding 3 per cent, 
and, in consequence, no further drying in the oven 
was needed. In addition to the sodium perox­
ide, the uniform amount of one gram of pure potas­
sium chlorate as accelerator was used in the charge, 
with the usual one-half gram sample of coal. The 
rise in temperature was corrected by a factor 
made up of the following components:

E a ch  p e r  ce n t, o f a sh  w as m u ltip lie d  b y  0 .0 0 2 7 5 °  C.
E a ch  p e r  c e n t,  o f  s u lp h u r  w as m u ltip lie d  b y  0 .0 0 5 °  C-
T h e  c o rrec tio n  fo r h e a t  re a c tio n  o f th e  ac c e le ra to r  w as  0 .1 3 0 °  C.
T h e  h e a t  o f  co m b u stio n  fo r th e  fu se  w ire  w as  0 .0 0 8 °  C.

This correction factor was uniform for all of the 
coals excepting those of the Illinois-Indiana type, 
which had an additional correction of 0.024° C. 
This additional factor is made necessary by reason 
of the high percentage of hydration or water of 
composition which characterizes the coals of this 
type. They are readily distinguished by the 
fact that their normal content of water is high, 
exceeding 5 per cent. Another characteristic is 
the high content of volatile m atter which results 
in a low ratio of fixed carbon, the latter constituent 
being almost without exception below 50 per cent, 
of the coal. The deriving of the correction fac­
tors in this manner greatly simplifies this phase of the 
process, and as is evident from an examination of 
the table, it is applicable to all the wide variations, 
not only in type of coal, but in ash and sulphur 
content. In the table of results which follows, 
the variations ±  are calculated to percentages 
of the Mahler values. It will be seen that the 
average variation of the entire forty-tw o coals is 
0.03 per c e n t, the highest variation being 0 .7  
per cent. There are only three cases where this 
amount of variation occurs. The results are, 
therefore, in rem arkably close agreement, indeed 
approxim ating the duplication of results that is 
ordinarily possible with good manipulation by 
means of the same instrument.

Attention should be called to the anthracites, 
Nos. 28 and 29. These have had a correction 
made for the unburned carbon. A fter dissolving 
the fusion and acidifying, the unburned material 
was caught upon a filter, dried and swept into a 
counterpoised capsule for weighing. Sample 28, 
for example, has as an average of three determina­
tions, 2.82 per cent, of unburned carbon. The 
indicated heat value, therefore, applying the 
usual correction for ash, sulphur, e tc ,  was 12775, 
and this multiplied by 1.0282, gave as a final 
value 13135 B. T . U. In sample No. 29 the indica­
ted heat value was 12595 and the unburned coal 
was 2.867, hence the final value was™ 12595 X
1.0286 or 12955 T. U.

Concerning this additional correction, it m ay 
be well to note the necessity of making a similar 
correction for anthracites in using the bomb calorim ­
eter. No determination on such material is 
reliable which does not take account of the un­
burned substance remaining in the bomb. This 
is especially notable in anthracites with an ash 
content above 6 or 7 per cent. For example, 
with the anthracite sample No. 28, the washings



from the bomb were filtered through a Gooch 
crucible, weighed and ignited as for an ash deter­
mination. The loss of weight was o .o io . This 
loss represents pure carbon, hence it should have 
added to it the proportionate amount of ash and 
moisture in order to bring the loss to the same 
basis as the initial coal for correcting the weight 
taken or actually burned. The combined weight 
of ash and moisture is 0 .1241 gram, hence 
the above loss of 0.010 is divided by (1.00 —
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T a b . N o. L a b . No. L o c a li ty .
M o is tu re . 
P e r  c e n t.

1 2090A W illiam so n  Co., I l l .............................. . . .  2 .3 2
2 2 1 1 1 K a n a w h a , W . V a ................................. . . .  0 .8 8
3 2 1 1 2 P i t t s b u rg  s e a m ...................................... . . .  1 .07
4 2113 K a n a w h a  s p l in t .................................... . . .  1 . 1 2
5 2114 F ox  R idge , E . K y ................................ . . .  1 .31
6 2115 P it t s b u rg  s e a m ...................................... . . .  1 . 0 0
7 2116 W a v e rly . W . K y ................................... . . .  1 .8 8
8 2119 F ro n te n a c , K a n .................................... 1 .1 6
9 2120 F ro n te n a c , K a n ....................................

10 2 1 2 1 F ro n te n a c , K a n .................................... . . .  1 . 12
11 2122 F ro n te n a c , K a n .................................... . . .  1 .8 0
12 2123 F ro n te n a c , K a n .................................... . . .  1 .43
13 2124 F ro n te n a c , K a n ....................................
14 2125 B lack  C reek , A la ...........................
15 2126 L i tt le  W a rr io r , A la ......................... . . .  0 .8 8
16 2127 P a . G as , W a sh . Co., P a .....................
17 2128 G eorge’s C reek , M d ............................. . . .  0 .7 8
18 2129 S o m erse t Co., P a .,  K n ick e rb o c k er . . .  0 .7 9
19 2130 S o m erse t C o., P a . ,  Q u e m a h o n ig .. . . .  0 .6 6
20 2131 C am b ria  Co., P a .,  H e n r ie t te ......... . . .  0 .7 9
21 2132 C a m b ria  Co., P a .,  H e n r ie t te ......... . . .  0 .6 5
22 2132 C am b ria  Co., P a .,  N a u t. Y  G lo . . . . . .  0 .6 4
23 2134 C a m b ria  Co., P a . S te r l in g ............. . . .  0 .5 7
24 2135 C am b ria  Co., P a .,  P a r d e e ............... . . .  0 .8 9
25 2136 C a m b ria  Co.. P a .,  M iller’s  V e in . ... . . .  0 .7 3
26 2137 C a m b ria  Co., P a .,  S u g a r  L o a f----- . . .  0 . 6 6
27 2138 C am b ria  Co., P a . ,  S u g a r L o a f----- . . .  0 .5 1
28 2139 A n th ra c i te ............................................... . . .  1 .1 9
29 2140 A n th ra c i te ................................................ . . .  1 .0 4
30 2141 P o c a h o n ta s .............................................. . . .  0 .7 3
31 2142 P o c a h o n ta s .............................................. 0 .9 1
32 2144 F lo y d  C ity ............................................... . . .  1 .71
33 2180 V erm ilio n  Co., H I ................................ . . .  2 .2 S
34 2193 In d ia n a  B lo c k ........................................ . . .  2 .3 9
35 1003 O ’F a llo n , I l l in o is .................................. . . .  2 .31
36 1114 S a lin e  Co., I l l in o is ................................ . . .  2 .5 5
37 1543 P o c a h o n ta s .................................. .. . . .  0 .8 5
38 1545 W illiam so n  Co., I l l ..............................
39 1763 T h a y e r , 111...............................................
40 1878 M u rp h y sb o ro , I l l in o is .........................
41 1884 W e stm o re la n d , P a ...............................
42 1999 W . V a. g as  c o a l ...................................
43 2000 P o c a h o n ta s ..............................................
44 2005 V erm ilion  Co., I l l ................................. . . .  2 .2 3
45 2392 B one c o a l .................................................

o. 1 2 4 1 ) or 0.87 5 9 , giving 0 . 0 1 1 5  as the amount
of unburned coal. This figure, subtracted from 
the coal as weighed out, gives the amount of coal 
actually involved in the combustion and which 
must be used in calculating the Mahler value.

Occasionally coals of the bituminous type are 
met with, sufficiently high in carbonate of lime to 
require a correction for the Mahler process, due to 
the heat required to dissociate the CaC0 3. This

amounts to 7.86 B. T. U. for each per cent, of cal­
cium carbonate present and, as coals of the cen­
tral-western type are not infrequent with four or 
five per cent, of this material present, it  consti­
tutes a variable that m ay properly receive attention 
where that type of apparatus is employed.

In the case of sample No. 45, use was made of 
this coal to test the effect of abnormally high ash 
upon the heat of fusion with sodium peroxide and 
thus verify the correction factor made use of for
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w it h  t h e  M a h l e r -A t w a t e r  B o m b .

A sh . 
P e r  c e n t.

S u lp h u r . 
P e r  c e n t.

C a lo r ie s  b y  
M a h le r -  
A t w a te r  

b o m b .

C a lo r ie s  
b y  P a r r  
c a lo r im ­

e te r .

DiiT.
in

c a lo r ie s .

DiiT. in  
p e r  c e n t, o f  
b o m b  v a lu e . 

P e r c e n t .
11 .60 2 .6 7 6922 6907 — 15 — 0 .2
10 .70 1 .82 7571 7587 +  16 — 0 . 2
10.41 1 .26 7496 7527 +  31 +  0 .4
14 .94 0 .9 2 6982 6970 — 12 — 0 . 2

8 .6 3 4 .4 1 7559 7540 — 19 — 0 .2
11.35 1 .79 7446 7449 +  3 0 . 0
11.92 3 .8 3 6926 6929 +  3 0 . 0
12 .14 4 . SO 7200 7159 — 41 — 0 . 6
8 .0 8 3 .2 0 7621 7618 — 3 0 . 0

2 0 .4 6 5 .5 8 6405 6415 +  10 +  0 .2
6 .2 9 3 .0 0 7786 7814 +  28 +  0 .4

13 .76 3 .4 4 7066 7084 +  18 +  0 .3
5 .9 8 3 .0 9 7783 7798 +  15 +  0 . 2

12 .63 0 .9 3 7434 7450 +  16 +  0 . 2
15.53 0 .8 2 7100 7153 +  53 +  0 .7
8 .3 2 0 .9 7 7624 7659 +  35 +  0 .5
8 .5 1 1 . 1 2 7904 7895 — 9 — 0 . 1
9 .1 0 0 .9 6 7854 7826 — 28 — 0 .4
6 .7 3 1 .00 8088 8066 — 22 — 0 .3
4 .8 9 0 .7 2 8313 8291 — 22 — 0 . 2
4 .1 2 0 .7 0 8406 8360 — 46 — 0 .5
6 .1 6 1 .41 8179 8148 — 31 — 0 .4
4 .9 9 1 .2 6 8285 8225 — 60 — 0 .7
7 .5 3 1 .63 7957 7991 +  34 +  0 .4
4 .5 9 0 .5 2 8332 8313 — 19 — 0 . 2
5 .8 9 1 .31 8163 8176 +  13 +  0 . 1
6 .0 6 2 .6 4 8201 8148 — 53 — 0 . 6

11  .22 0 .8 0 7284 7296 +  12 +  0 . 1
13 .13 1 . 2 0 7153 7197 +  44 +  0 . 6
5 .0 5 0 .6 4 8294 8241 — 53 — 0 . 6

16.51 1 ,2 5 7097 7109 +  12 +  0 . 2
4 .8 9 0 .9 9 7808 7845 +  37 +  0 .5

2 2 .4 0 5 .0 7 5931 5920 — 11 — 0 . 2
8 .1 4 2 .5 4 7278 7309 +  31 +  0 .4

1 2 .6 4 4 .7 9 6605 6652 +  47 +  0 .7
8 .8 1 2 .4 1 7194 7200 +  6 +  0 . 1
3 .23 0 .7 1 8447 8425 — 22 — 0 .3
9 .0 2 1 .S 9 6966 6982 +  16 +  0 . 2

1 0 .6 6 4 .8 2 6755 6789 +  34 +  0 .5
4 .6 4 0 .6 9 7631 7581 — 50 — 0 . 6
5 .2 9 0 .9 8 7998 8029 +  31 +  0 .4
3 .6 6 0 .7 0 8051 8073 +  22 +  0 .3
5 .2 6 0 .5 6 8288 S247 — 41 — 0 .5

1 7 .4 8 4 .3 2 6412 6393 — 19 — 0 .3
3 8 .7 1 5 .8 5 7240 7194 — 46 — 0 . 6

the ash. This is a bone coal and the correction
factor amounts to a total of 0.270°. The results 
are in sufficiently close agreement to establish the 
correction factor as applicable to even such a high 
ash as is here shown. W hile the factors as herein 
made use of are slightly altered from those form­
erly published,1 the variations are chiefly in the 
distribution of the correction factors. For ex-

1 J o u r . A m . C hem . S o c ., 29 , 1606.
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ample, the hydration of the ash is found to re- the organic matter. In spite of the care exer-
quire a larger factor for that constituent with a cised, some of the samples of ash would fuse and
correspondingly smaller one for that form of .hy- then the particles of unburned carbon could be
dration which has been designated as water of removed only by heating in the muffle,
composition. The phosphorus was determined on the ash by

W ith any method of heat determination too the usual gravim etric method after digestion with
much emphasis cannot 'b e  placed upon the need H N 0 3 +  HC1. Later the Neumann method of
of care in manipulation. It  m ust be remembered digestion with II2SO., +  H N 0 3 was used. Con-
that small errors in reading and a disregard for siderable difficulty was experienced in removing
radiation and thermometer corrections are mul- all the ash (especially when fused) from the cruci-
tiplied by two or three thousand in the final results, bles. Some of the samples were digested for an

U n iv e r s it y  o f  I l l i n o i s , entire day.
u r u a n a , iu..  _________  j n ¿ rcier to assure ourselves that the methods

employed were reliable, we determined the phos-

’ r p h° ™s » p ™ “ pi t o ‘ « »»»-
TH E DETERM INATION OF PHOSPHORUS IN P ^ ;  ^  »bout ,o  grams ol the fresh meat

exactly as for the nitrogen determinations, neu­
tralizing the excess of 11,8 0 , with strong NH,,OH, 

[i-irst paper.] ancj proceecjjng wjth the usual gravim etric deter-
By p. 1«. 1 row bridge. minations. These parallel determinations were
Received July 6,1909. made upon seventy-two samples from three animals,

During the winter of 1907-8 the author at- being the wholesale cuts of the meats (exclusive of
tempted to prepare the ash from a number of sam- bone), the skeleton, and the internal organs. We
pies of meats for a further study of the mineral have averaged the triplicate determinations by
constituents of flesh. the two methods and find that thirty-three of the

A large platinum dish was used and the ignition samples gave higher results by the determination
of the dry sample was made in a muffle furnace 0f the phosphorus from the ash, the average re-
at a very  low heat. The platinum  was attacked suit for the thirty-three samples being 0.0133
within a very  few minutes and the analysis of a per cent, above the determinations by digestion
piece of the fused bottom  of the dish showed the with H2SO.,. Thirty-seven of the samples gave an
presence of phosphorus. This raised the question average of 0.0064 Per cent, phosphorus higher
whether or not phosphorus was being volatilized by the method of digestion with H2SO< than by
from the regular m eat samples that were being the method of ashing. W ith two of the samples
ashed prior to a determination of the phosphorus. the average of the triplicates was the same for each

The method which we had adopted for the phos- method,
phorus determination in flesh consisted in baking For the seventy-tw o samples the method b y  ash-
in triplicate about 10 grams of the fresh meat in ing gives an average of 0.0028 per cent, phosphorus
tared crucibles in an air oven at 1 i0 °-i2 0 °  and then above that obtained by the other method. The
gently igniting in an open crucible over a Bunsen greatest excess which the ashing method gives
flame to a complete ash. W ith m any of the sam- above the other method is 0.0452 per cent., while
pies it was necessary to continue the heating eight the greatest excess obtained b y  the method of
or ten hours to obtain complete combustion of digestion with H ,S0 .[ is 0.0147 per cent.

p h o s p h o ru s  a f t e r  a s h in g  
o f  s a m p le .

P h o s p h o ru s  a f te r  d ig e s ­
tio n  w ith  H 2SC>4, e tc .

A v. o f  
g* i -

A v. o f
V, WyX.

T o ta
Av.L ab . N o. D e s c r ip t io n  o f  s a m p le . k . i. v. TV. X.

0 8 .2 .1 0 D ig es tiv e  a n d  e x c re to ry  o rg a n s ............ ........... 0 .2 2 3 4 0 .2 2 8 5 0 .2 2 5 0 0 .2 2 3 3 0 . 2 2 1 2 0 .2 2 6 2 0 .2 2 3 2 0 .2 2 4 7
0 8 .2 .6 3 D ig es tiv e  a n d  e x c re to ry  o rg a n s ........................ ...................  0 .2 0 4 3 0 .2 0 8 3 0 .2 1 1 7 0 .2181 0 .2 1 6 2 0 .2 1 3 2 0 .2 0 8 1 0 .2 1 5 8 0 . 2 1 2 0
0 8 .2 .4 1 D ig es tiv e  a n d  e x c re to ry  o rg a n s ........................ ...................  0 .1 9 3 7 0 .1 9 1 5 0 .1 9 2 9 0 .1 9 8 4 0 .1931 0 .1 9 1 4 0 .1 9 2 7 0 .1 9 4 3 0 .1 9 3 5
0 8 .2 .1 8 L e a n  o f ro u n d  a n d  r u m p ..................................... ...................  0 .1 9 9 6 0 .1 9 7 7 0 .2 0 1 9 0 .1 9 7 2 0 .1 8 0 8 0 .1 8 9 5 0 .1 8 9 7 0 .1 8 9 2 0 .1 9 4 5
0 8 .2 .7 1 L e a n  o f r o u n d  a n d  r u m p ..................................... ...................  0 .2 0 4 0 0 .2 0 9 8 0 .1 9 9 4 0 .2 1 7 2 0 .2 0 4 0 0 . 2 1 2 2 0 .2 0 4 4 0 . 2 1 1 1 0 .2 0 7 8
0 8 .2 .9 0 L e a n  o f  r o u n d ............................................................ ...................  0 .2 0 5 9 0 .2 0 5 5 0 .2 0 8 3 0 .2 0 9 7 0 .2 0 7 7 0 . 2 1 1 1 0 .2 0 6 6 0 .2 0 9 5 0 .2 0 8 1
0 8 .2 .2 0 L e a n  o f  lo in ................................................................ ...................  0 .1 9 4 4 0 .1 9 6 2 0 .1 9 6 0 0 .1 9 3 2 0 .1 9 3 8 0 .1 6 5 5 0 .1 9 5 5 0 .1 8 4 2 0 .1 8 9 9
0 8 .2 .2 2 L e a n  a n d  f a t  o f flan k  a n d  p l a t e . ..................... ...................  0 .1 1 5 7 0 .1 1 7 2 0 .1 1 6 3 0 .1 1 6 2 0 .1 1 3 4 0 .1 0 7 8 0 .1 1 6 4 0 .1 1 2 5 0 .1 1 4 0
0 8 .2 .2 3 L e a n  o f r i b .................................................................. ...................  0 .1 7 8 5 0 .1 7 1 7 0 .1 7 7 3 0 .1661 0 .1 6 9 7 0 .1 6 6 5 0 .1 7 5 8 0 .1 6 7 7 0 .1 7 1 8
0 8 .2 .5 5 L iv e r ............. ............... ............................................... ...................  0 .3331 0 .3 3 6 6 0 .3 3 2 5 0 .3 3 0 2 0 .2 7 2 8 0 .2761 0 .3341 0 .2 9 3 0 0 .3 1 3 6
0 8 .2 .8 0 Q fla l f a t .............................................................. ...................  0 .0 3 3 6 0 .0 3 6 0 0 .0 3 5 8 0 .0 3 5 3 0 .0 3 4 3 0 .0 3 5 7 0 .0351 0 .0 3 5 1 0 .0 3 5 1
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In most cases the whole six determinations 
agree so closely that all the results come easily 
within the lim it of error, and the separation into 
the two sets of determinations is purely for the pur­
pose of comparison. The preceding table shows a 
few of the results of the separate determinations.

We can only conclude that, while ignition of 
meats in a closed mu file causes a loss of phosphorus, 
the ignition in open crucibles with only a moderate 
heat will not cause the loss of an appreciable 
amount of phosphorus. However, as L eavitt and 
LeClerc1 have shown, too much care cannot be ex­
ercised in the digestion of the ash so as to put all the 
phosphorus in a form that will be precipitated by 
the ammonium molybdate. This seems to be 
most surely accomplished by the Neumann2 method 
of digestion with equal volume of sulphuric and 
nitric acids; or by long (8 to 10 hours) digestion 
with nitrohydrochloric acid.

Credit is here given Mr. Norman Hendrickson for 
his assistance in the laboratory work.

C o l u m b ia , M is s o u r i . J u n e ,  1909.

ANTI-PUTRESCENT EFFECTS OF COPPER.
B y  A l f r e d  S p r i n g e r , P h .D .,  a s s i s t e d  b y  A l f r e d  S p r i n g e r . J r  

R e c e iv e d  M a y  14 , 1 9 0 9 .

Following a discussion before the Cincinnati 
Section of the American Chemical Society as to 
whether the peculiar behavior of a certain Cincin­
nati certified milk, most largely used in that city, 
warranted the suspicion that it contained an 
antiseptic, I started a series of experiments both 
with certified milk and check ones with milk from 
one of m y cows, which I watched carefully so it 
could not be tampered with. Under like condi­
tions these milks behaved with marked difference. 
A fter making several incineration analyses of 
the certified milk, I found a trace of copper therein, 
but its presence was not sufficiently conclusive, 
because the copper chlorides are more or less vola­
tile. 1 therefore digested a half liter of certified 
milk with 350 cc. of sulphuric acid in a Kjeldahl 
llask, heating the same w ithout addition of any 
extraneous oxidizers twelve days until it had be­
come practically colorless, then drove off almost 
all of the sulphuric acid. P lacing the residue in a 
beaker, after diluting it with water, I electrolyzed 
it. The deposit on the cathode was then dissolved 
in hydrochloric acid, the excess of hydrochloric, 
acid driven off, and then dissolved in water. To

1 T h i s  J o u r n a l , 3 0 , 6 1 7  (1 9 0 8 ).
Ib id ., 21 , 1 1 0 6  (1 9 0 2 ).

this was added potassium ferrocyanide. and the 
iron and copper ferrocyanide separated by means 
of ammonia. I then filtered out the dissolved 
cupric ferrocyanide, allowed the excess ammonia 
to evaporate, and obtained a decided copper reac­
tion with every bottle of certified milk I examined, 
although the amounts varied considerably. From 
a half liter of milk the copper and traces of iron 
which alw ays deposited on the cathode hardly 
ever weighed more than two milligrams, but gener­
ally much less, therefore its exact weight could not 
be estimated. I then made check experiments 
with milk from m y cow, but could find no copper, 
although the methods of analysis were exactly 
similar. In order to convince m yself that only 
to the presence of this substance could be attribu­
ted the strange behavior of certified milk, I started 
a series of experiments first with copper salts, after­
wards with copper spirals placed in the milk. 
While copper salts have been used for antiseptic 
purposes, their particular application to milk 
have not received proper attention. Provided 
these salts or m etallic copper come in contact with 
milk, im mediately after milking, most deep-seated 
reactions take place; however, if the milk is allowed 
to stand a very  short time and become infected 
with numerous lactic bacteria the cupric salts 
cannot suppress these unless abnorm ally large 
amounts thereof are used.

I observed when ammonium hydrate, in quan­
tities of 0 .1 to 0. 15  per cent., is added to milk 
treated with copper salts a reddish brown change of 
color gradually takes place therein and the underlying 
liquid becomes turbid. Where no copper is in 
the milk this change does not take place. This 
reaction is most pronounced and affords a good 
test for the detection of copper in milk. Should, 
however, ammonium hydrate to the extent of 
more than 0.2 per cent, be added, milks with and 
without copper gradually assume the reddish 
brown color, but only those containing copper 
become turbid. The most marked change 
produced by the presence of copper is that the 
m ilk retains its sweet odor even after the acidity 
contents are sufficiently high to curdle it. The 
milk then becomes covered with molds and the 
odor becomes decidedly n u tty  without trace of 
putrescence.

H aving now satisfied myself that the certified 
milk contained copper and having employed meth­
ods which indubitably proved its presence, I next 
determined to find out where and how it was
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added to the milk in a manner to escape detection 
b y  the Milk Commission; furthermore, whether it 
was added with the intention to deceive or whether 
the dairymen were themselves the innocent v ic­
tims of a process they employed. My son, Alfred 
Springer, Jr., assisted me in most of the coming 
experiments and I herewith wish to acknowledge 
the services rendered by him.

Supplying ourselves with some absolutely clean 
broad-mouthed glass-stoppered bottles, we went 
to Lebanon, Aug. 10th, to inspect the dairy in
question. We found it a model of cleanliness
in every respect. H aving the presence of copper 
uppermost in our minds, we examined the various 
possibilities of its addition. The Star cooler, made 
of tinned copper, was the first apparatus that 
suggested itself as capable of supplying some. 
An examination thereof showed that the tin had 
partly worn oil at some few places and that the
filling valves were made of brass. We then fol­
lowed the steam pipes used for the cleaning of the 
bottles, the sterilization of the pails, the straining 
cloths and the cloths for wiping the udders of the 
animals. The pipes were iron but all of the gate 
valves brass.

The superintendent accompanied us through the 
dairy and willingly complied with all of our re­
quests. We asked that several cows be milked 
direct into the bottles we had brought along, so 
that the milk would not come in contact with any 
utensil they had in the building. This was done 
and called raw milk. Then we asked for two 
bottles of milk which, in the usual mode of procedure, 
had only gone through their straining cloth into 
the pails. This we called strained milk. We 
then took two bottles of milk which had passed 
through the Star cooler. All these bottles were 
immediately placed in their ice room, then packed 
in ice and taken to m y laboratory; we there sub­
divided them b y  running 25 cc. in two-ounce bot­
tles, leaving some closed in the ice-chest and others 
at room temperature. I also made K jeldahl 
digestions of the three kinds. The strained and 
the certified showed the presence of copper but not 
so the raw, thus proving that the copper had al­
ready entered through the straining cloths and 
the pails. The raw milk both in the ice-chest and 
at room temperature, as indicated by titrations 
with decinormal solutions of sodium hydrate, was 
much better than the strained or the certified. 
Both the strained and certified turned the second 
day at room temperature, the whey separating

completely, whereas the raw milk remained sweet 
three days and then turned normally. In the 
ice-chest the raw showed great superiority over 
the strained and certified. These experiments 
indicated a most undesirable state of affairs, 
the danger of which cannot be overestimated, 
namely, that even in a dairy, like that at Lebanon, 
where all precautions for absolute cleanliness are 
scrupulously followed, a milk taken directly from 
the cow, bottled and iced, should be so much 
superior to others set out from ten to fifteen min­
utes in the dairy atmosphere. It showed that 
the atmosphere of the dairy was charged 'with bac­
teria and spores of molds which quickly found 
their w ay into the milk. We then determined to 
make a still more crucial test and visited the dairy 
Aug. 18th, first having supplied ourselves with 
perfectly clean bottles, which we brought with us. 
W e asked the superintendent to milk six cows, part 
milked direct into the bottles, part through the 
straining cloths into the pails, and the rest sent 
through the Star cooler before any other passed 
over it. Some of the bottles which had been di­
rectly filled were im m ediately closed and others 
left open in the dairy fifteen minutes. Further­
more, we took samples of the condensed steam 
at the washing and sterilizing rooms, also of such 
used to sterilize the cooler. The various milks, 
all from the same cows, were taken to m y labora­
tory and subdivided into 152 two-ounce bottles 
with 25 cc. in each, some set out open, others 
closed in the ice-chest and at room temperature, 
some treated with ammonia, and others left for the 
growth of molds. The results on the charts indi­
cate that an exceptionally good milk direct from 
the udders of the cow had greatly deteriorated 
during the short exposure before bottling in the 
usual mode of procedure.

We examined the samples of water and found 
that the first one, condensed at the washing room, 
used to sterilize the bottles, pails and cloths, con­
tained part of the boiler compound mechanically 
carried over and copper. The condensed water used 
to sterilize the cooler also showed the presence of 
copper. We next examined the boiler compound 
used at this dairy and, strange to say, found that 
it contained copper salts and was really largely 
a t the bottom  of the whole trouble. The priming 
or passage of foam carried this copper over to the 
washing and sterilizing room, thus contaminating 
the cloths, bottles and pails used.

While no exhaustive experiments have been
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made to determine whether copper is unsanitary 
in such small amounts as I found in the certified 
milk, the very fact that it changes the normal 
characteristics of the milk should be sufficient for 
its exclusion. In certified and inspected milk 
dairies the so-called sterilization processes are 
produced by means of live steam. In many of 
these dairies the feed water is hard and the use of 
boiler compounds becomes necessary; these fre­
quently prime over even through pipes connected 
with the steam drum. E very  ingredient of a 
boiler compound, w hatever it is, ought be rigidly 
excluded from contaminating the sterilized cloths, 
pails or other apparatus. This can effectually be 
done by interposing a still, fed directly with water, 
and heating it with closed steam from the boiler. 
This still and all pipes leading to the sterilizing 
apparatus should be made of block-tin.

While examining the certified milk I made quite 
a number of experiments with copper salts. The 
one great fact which alw ays loomed up was that 
they, even in quantities of one part in two mil­
lions, act as antiseptics to putrescent bacteria. 
Organic m atter in solution seldom oxidizes di­
rectly to its final stage, but passes through inter­
mediate conditions whereby the more complex 
forms are broken down. Putrefaction is prac­
tically limited to the fermentation of albuminoid 
substances, and is largely a hydrolytic change 
caused by the energy of anaerobic organisms, 
while decay results from aerobic microbial ac­
tivity.

In order to test the efficiency of copper salts I 
made the following experiments, keeping check 
ones without the copper: egg albumin and water, 
blood albumin and water, egg albumin, pancreatin 
arid water, blood albumin, pancreatin and water; 
chopped m eat in water; eggs placed in cupric sul­
phate solution; egg and blood albumin with sewage; 
milk with sewage. In every case the copper salts 
displayed either greatly retardative or marked 
inhibitive properties towards the putrefactive bac­
teria, although in some cases the strength of the 
solution was insufficient to prevent putrefaction 
gradually setting in. I t  seems to me that this 
property possessed b y  cupric salts is of great thera­
peutic value and ought to be carefully studied by 
competent physiologists.

Diseases owing to the abnormally increased pres­
ence of putrefactive bacteria are not uncommon, 
and heretofore have not been successfully combated 
by the use of antiseptics. I t  strikes me that in

copper salts we have the means of introducing a 
substance powerfully antiseptic towards putre­
factive bacteria and probably otherwise harmless, 
which could be administered so as to dissolve in 
the alkaline mucus, secreted by the intestinal 
glands, while approaching the colon. Again the 
antiseptic properties of the copper salts toward 
the sewage bacteria m ay be of especial benefit 
to the dairymen, since so m any dairies are located 
near running streams which, through proxim ity 
to large cities, are nothing but open sewers. 

O c t o b e r  4, '08.

Milk from Springer cow, udders carefully washed, 
milked in the open and direct in the bottles. First 
bottle raw, second bottle contained Miami boiler 
compound 1 : 2500, third bottle contained copper 
salt, one part copper to 250,000. The bottles were 
kept cold in ice-chest.

C old  b o ile r  com ­ C opper,
R aw . p o u n d , 1 : 2500. 1 : 250.000.

O ct. 5 5 .4 5 5 .4 5 5 .4 5
M 6 5 .5 5 5 .5 5 5 .5 5
“ 7 5 .6 5 .6 5 .6

8 5 .7 5 .8 5 .8
u 9 5 .5 6 .1 5 5 .7
u 10 5 .8 5 7 .4 5 .9 5
u 12 15 .7 8 .3 5 9 .0 0
u 13 2 3 .8 13.1 18 .3

14 2 6 .5 . a ll b u t  4 
tu rn e d

19 .5 2 3 .5

“ 15 2 7 .0 21 .5 2 5 .0
“ 16 2 8 .0 , a ll tu rn e d 2 3 .0 2 6 .0
“ 17 2 8 .5 2 4 .0 2 7 .5
“ 19 3 3 .5 2 9 .5 ,  2 o f 5 tu rn e d 2 9 .0
u 20 3 3 .5 33 .5 . a ll tu rn e d 3 0 .2
“ 21 3 4 .0 3 3 .5 31 .2
“ 23 3 5 .0 3 5 .0 3 2 .0
a 24 3 5 .8 3 5 .7 3 2 .5
u 26 3 7 .1 3 7 .0 33 .0 , 1 in  15 tu rn e d
“ 27 3 7 .8 3 7 .7 3 4 .0
“ 28 3 8 .5 3 8 .4 35 .7 , h a lf  th e  b o t t le s

tu rn e d

NOTELS AND CORRESPONDENCE..

[ C o n t r i b u t i o n  f r o m  t h e  D e p a r t m e n t  o f  A g r i c u l t u r a l  C h e m i s t r y , 

U n i v e r s i t y  o f  M i s s o u r i .]

LIM ITATIONS OF STARCH  AS AN A C C ELER A TO R .

B y  C . K .  F r a n c i s .

In the course o f several analyses of soils in which the 
sam ple was m ixed w ith starch and sodium peroxide and 
then fused, it was found that the blank gave  practically 
the same percentage of phosphorus as several of the soils. 
T h is fact led to an investigation of the starch employed, 
and upon obtaining a positive test, several other samples 
of starches were exam ined. T he m ethod of analysis was to 
digest 5 gram s in H N O 3 -H C I (30 c c .- io  cc.) to a clear solu­
tion, cool, dilute with w ater, and then determ ine phosphorus 
by the gravim etric method.

The results, w ith name and source of the starch, are shown 
in the following table
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A sh, P 2Ofi.
p e r p e r

N o. S ta rc h . O b ta in e d  fro m ce n t. ce n t.
9 6128a P o ta to  s ta rc h E im e r & A m en d 0 .2 9 2 0 .1 5 1

“ b u a " “ 0 .2 9 2 0 .1 5 9
96129a C orn  s ta rc h u u 0 .5 4 8 0 .0 3 6

“ b “ “ u a 0 .5 6 0 0 .0 3 9
96130a B u lk  co rn  s ta rc h R id e n o u r , B ak e r 0 .1 1 6 0 .0 4 3

“ b “ 44 “ G ro cery  Co., K . C. 0 .1 2 4 0 .0 4 7
96131a T a b ic  co rn  “ E a r ly  B re a k fa s t 0 .1 0 4 0 .0 3 2

44 b “ 44 “ Coffee Co., S t.  L . 0 .1 1 6 0 .0 3 5
96132a W h e a t  s ta rc h E im e r & A m en d 0 . 1 1 2 0 .0 8 9

“ b 44 44 44 44 0 .1 2 4 0 .0 9 3
96133a S o lu b le  s ta rc h K a h lb a u m 0 .3 9 2 0 .1 6 7

“ b u u 44 0 .4 1 0 0 .1 6 9

W hile the am ounts of phosphorus found are relatively 
small, they are thought sufficient to be considered where 
starch is em ployed as an accelerator for sodium peroxide 
fusions, especially when analyzing certain soils or other 
m aterials which contain but traces of phosphorus. As 
phosphorus was found in all samples of starches examined, 
sugar has been substituted in its  place for the fusion work 
of this laboratory.

C o l u m b i a . M o .

F IR E  TEST AS GAUGE OF D AN G ER FOR KERO SEN E.

To the Editor of “ The Journal oj Industrial and Engineering
Chem istry:"

T here is a  paper on “ T he R elation  between the Tem pera­
ture of K erosene and the E xplosive Pressure of the Super­
n atan t M ixture of A ir and V a p o r”  b y  W . P. B rad ley and 
C. F . H are in  T h i s  J o u r n a l , V ol. I, No. 6, June, 1909, p.
345. I read it  w ith  great interest. I t  begins to put the
m atter on a  definite scientific basis.

T h ey  criticize fire test as a  gauge of the danger of oil.
Also I saw in the newspapers th a t an international com m ittee 
was to report 011 m ethods of oil testing, and am ong other 
things on the taking of the firing point. Surely the one 
d u ty  of scientific men to all present m ethods of taking the 
fire test is to  condemn them  as unscientific and misleading. 
In  a test to indicate the sa fety  or danger of an oil we require 
one th a t warns us of the beginning of danger like the Elliot 
closed flash point and n ot the much higher figures got in the 
fire tests. N either of the fire tests given, E lliot and 
Tagliabue, “ guarantee against danger while the oil is in 
bulk and k ep t a t  a tem perature below th at of the test.”  
These tests are worse than useless, for the seeming guarantee 
suggests security and hinders natural precautions and there­
by creates or increases danger. F or bulk quantities the 
tem perature of the close E lliot flash point is also the point of 
perm anent ignition.

I took a  shallow tin dish, circular, 9 inches in diameter, 
and covered it  w ith  a  lid having circular holes to test by. 
An oil th at in Abel close cup flashed a t  78° F. (25.6° C.), 
not only flashed but ignited perm anently, or fired, a t 76° F. 
or 20 below the closed flash point. U sing the same dish 
w ithout the cover as an open test, applying the flame every 
20 it  ignited explosively  a t 88° F. (3 10 C.) and continued to 
bum  furiously. T ested every degree the firing point was 
87° F .1 The point for flash or fire alters w ith the am ount of 
oil, and the danger we wish to gauge is not th at of cupfuls

1 C hem ica l N ew s , J u n e  3, 1893, a n d  J o u r n a l  o f  Soc ie ty  o f C hem ical 
I n d u s tr y , I S ,  173 (1896),

but the largest quantities in household use, say, large lam ps 
or gallon tins.

T h e fundam ental fact, then, is th at for bulk quantities in  cir­
cum stances where the vapors are allowed to accum ulate on the 
surface of the oil, the closed flash point, E llio t or Abel, is 
also the fire point.

I f  the fire point determ ined in any w ay is more than io °  F. 
above the closed flash point then in m y opinion the m ethod 
ought to be condemned as misleading.

I11 England, shops and cellars have often been burned in 
hot weather b y  the kerosene, which was being sold, acci­
den tally  catching fire and burning furiously, flash point 
between 73° F. (2 3 °C .) and 800 F. (270 C .), and n ot in ­
frequently the flame has run along the h eavy vapor some 
distance to the oil.

I f  an international or other scientific com m ittee takes 
up the m atter of fire test, I hope they fix  on one th a t aim s 
a t  w h at professes to be the minimum  tem perature of per­
m anent ignition; and th at for a t least the largest quantities 
in common household use. B u t I think the fire test should 
be done a w ay  w ith and only the flash point used and all 
dangers referred to th at standard. D. R . S t e u a r t .

B r o x b u r n , S c o t l a n d ,
J u ly  5 , 1909.

M OISTURE CONTENT OF B U T T E R .
Editor, Journal oj Industrial and Engineering Chemistry:

I have read w ith interest the N ote of Mr. F . W . Robison 
in the M ay num ber of T h i s  J o u r n a l , on “ V ariation  of 
Moisture Content in B utter, E tc .,”  and as I differ quite 
decidedly would like to note a few points.

Butter, as every  one knows, is not a homogeneous m ixture, 
the content of water, curd, sa lt and fa t  varies in every portion 
of a mass of butter from  a n y  other portion of th at mass. 
T he better the butter is made, the closer will the different 
constituents agree. B u tter containing more than 15.99 
per cent, of w ater is considered adulterated b y  the Federal 
Governm ent, and it is m y experience th at all b u tter handlers 
consider this a fair limit.

Thousands upon thousands of tubs of butter are sampled 
each year b y  the Revenue Officers, and the question of 
sam pling has been a  very  im portant one. In  the only case 
under the law  where a  cream ery has sued the G overnm ent 
to recover the ta x  assessed for m anufacturing adulterated 
butter, the testim ony shows th a t the Revenue A gent in 
taking the samples used a  trier for the first tub in the presence 
of the President of the Cream ery and the butter-nxaker. 
T h e trier had been thrust one or more times into the tub 
when the cream ery people objected and asked the officer to 
take the samples w ith a  ladle, and n ot use the trier as the 
tubs of butter a fter being punched five or six tim es w ith a 
trier would not have much of a m arket value. T h e officer 
complied, and the remaining samples were taken w ith  a 
ladle furnished b y  the cream ery, y e t when th ey protested 
against the assessm ent and the case cam e into the Federal 
Court, the cry  was raised th at the samples were not taken 
w ith  the trier, and were unfair. (The G overnm ent won the 
caĉ -.j

W hile assisting a  R evenue A gen t take some samples with 
a  trier, I  asked the Commission M erchant if he had trouble 
selling butter which had been sampled w ith a  trier; he said: 
“ Oh I will sell this one tub but will never sell another to the 
same m an.”
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T he Revenue Office has received so m any com plaints 
about sampling w ith a  trier th at the method had to be 
abandoned in the interest of the entire butter industry, 
as it  is the universal statem ent of the butter trade th at every 
tub of butter sampled w ith a trier b y  a R evenue Officer for 
moisture is ruined as far as its sale as table butter is con­
cerned.

The instructions now are to take a sample from the top 
of the tub and one from the bottom , combine the tw o into 
one sample, or to take tw o samples from opposite parts of 
the sides of the tub and com bine them. Our experim ental 
work proves this method to give as fair a  result for the tub 
as any possible method. T h e only com plaint I have ever 
heard against this m ethod of sam pling butter, came from 
the above-m entioned cream ery people, who wanted this 
m ethod used when the samples were being taken, bu t who 
cried “ u n fair”  when the case came into Court.

Respectfully,
A . B .  A d a m s .

C h i e f , D i v i s i o n  o f  C h e m i s t r y ,

B u r e a u  o f  I n t e r n a l  R e v e n u e ,

BOOK REVIEWS AND NOTICE5.

Sprechsaal Kalender for the Ceramic, Glass and Allied In­
dustries. J. K o e r n e r . 115 pp. Mueller &  Schm idt, 
Coburg.

T his publication of 115 pages is one of the most unique 
attem pts in chem ical technology. It  summarizes all of the 
recent w ork done in G erm any in the field of silicates, paying 
particular attention to the accurate, scientific researches 
such as the w ork of Berdel on the vitrification of c lay sub­
stance, quartz and feldspar, insoluble glazes, testing of 
glass, R ieke’s researches on mica, lime, magnesia and titanic 
acid, Sim onis’ results on ternary m ixtures of kaolin, quartz 
and feldspar, etc. In  addition a good deal of general in­
form ation is given regarding bodies, glazes and glass which 
is very useful. Dr. Koerner is to be congratulated in pro­
ducing such a radical change in the m ake-up of such a  pub­
lication, and it is to be hoped th at this feature will be m ain­
tained in the future and include also the results of Am erican 
research along these lines. A. V. B l e i n i n g e r .

The Testing and the Properties of Sand-Lime Bricks. II. 
B u r c i i a r t z . R o yal M aterials Testing Station, Gross 
Lichterfelde. 105 pp. Julius Springer, Berlin. 

E xh au stive  tests and statistics on the properties of these 
bricks. This w ork is probably the most thorough ever 
done in this field. The recom m endations for specifications 
governing the purchase of sand-lime bricks are especially 
interesting and are as follows: T h e bricks must possess 
good structure and m ust have a  good ring. T he w ater 
absorption should not be more than 15 per cent, of the 
weight o f the dry brick. W hen used as backing up bricks 
or as facing th ey  should have a  crushing strength of not less 
than 2100 pounds per sq. inch; the regular run of hard brick 
should show a crushing strength of not less than 2800 pounds 
per sq. inch, tested in the dry condition. T he bricks must 
not soften in w ater and the crushing strength when tested 
w et should not be lower than when tested dry b y  more than 
15 per cent. T h e y  m ust resist 25 successive freezings. The 
loss in crushing strength on freezing should not be more than

20 per cent, as com pared w ith the dry s tre n g th .^ T h e  crush­
ing strength to be accepted should be the average of 10 tests. 
Variations am ounting to 10 per cent, below the minimum 
requirements in strength are permissible.

A . V. B l e i n i n g e r .

NEW BOOK5.

T h is  l i s t  w a s  p r e p a re d  b y  M r. P a u l  E s c h e r?  13x9 P e a r l  S tre e t,  
A la m e d a , C a l.

Food Chemistry.

K ak ao  und Schokolade. B y  E . L u h m a n n . 1909. kl. 8°.
210 pp., 68 Abb. H annover. Mk. 4, Lnbd. 4.40.

Neue Arzneim ittel u. Pharm azeutisch Spezialitäten. B y  G. 
A r e n d s . 3 A. kl. 8°, V I II , 681 S. Berlin, 1909. Lnbd. 
M. 6.

Volksernährungsfragen. B y  M a x  R u b n e r . Leipzig, 
Akadem ische Verlagsgesellschaft m. b. H ., 1908. 143
Seiten.

Uebersicht üb. die Jahresberichte der öffentl. Anstalten zur 
technischen U ntersuchung v. Nahrungs- u. Genussm itteln 
im D eutschen Reich. 1905. L ex. 8°. V I II , 348 u. 45 S. 
Berlin, 1909. Mk. 7.60.

The Canning of Peas, Based on Factory Inspection and Ex­
perimental D ata. B y  A. W . B i t t i n g . Food Inspector, 
Bureau of Chem istry, pp. 32, figs. 6. (Bulletin  125, 
Bureau of Chem istry.) Price, 10 cents.

The Influence of Acidity of Cream on the F lavor of Butter. 
B y  L. A. R o g e r s  and C. E. G r a y . pp. 22. (Bulletin 
114, Bureau of Anim al Industry.) Price, 10 cents.

The Influence of Sodium Benzoate on the Nutrition and 
Health of Man. B y  I r a  R e m s e n  and A s s o c i a t e s , pp. 
784, charts 4. R eferee B oard of Consulting Scientific 
Experts. (R eport 88, Office of the Secretary.) Price, 
Si.oo.

The Science and Practice of Cheese M aking. B y  L . L. V a n  
S ly k e  and C. A. P u b lo w . 12 °. 16, 483 pp. N ew  Y ork, 
1909. Cloth, d. 1.75.

Beiträge zur Synthese der Fette. B y  P. S c h a c h t . S ym ­
metrische G lyceride. 8°. 60 S. Diss., Zürich, 1908. 

Handbuch der Drogisten-Praxis. B y  G. A. B u c i i i i e i s t e r . 

1 Teil. 9. Aufl. gr. 8°. I X ,  1115 S. m. 352 fig, Berlin, 1909. 
Mk. 12, Lnbd. 13.40.

Practical Physiological Chemistry. B y  P. B, H a w k . 2nd 
ed. 8°. London, 1909. 16 sh.

Am erican Medicinal B arks. B y  A l i c e  H e n k e l . Assistant 
D rug-P laut Investigations, pp. 59, figs. 45. (Bulletin 
139, B ureau of P lan t Industry.) Price, 15 cents.

Fermentation Chemistry.

Anleitung zur Biologischen Untersuchung u. Begutachtung 
Von Bierwürze, Bierhefe, Bier u. Brauwasser, zur 
Betriebskontrolle Sowie zur H efereinzucht. B y  H . W i l l . 

X V I I I  u. 482 S. m. 84 Abb. u. 3 T af. München, 1909. 
Lnbd. 12 Mk.

Handbuch des W einbaues u. der Kellerw irtschaft. B y  A. 
F r i i r . v . B a b o  and E . M a c k . i . Bd. W einbau. 3 A, 
Hrsg. v . K . M ader u. F. Zweifler, 1. H albbd. gr. 8°. X X ,  
623 S. Berlin, 1909. Lnbd. 16 Mk.
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Agricultural Chemistry.

D ie Destillation Industrieller und Forstwirtschaftlicher 
H olzabfälle. B y  W. B. H a r p e r . D eutsch von R . 
Linde. 1909. Berlin, J. Springer. Mk. 10, geb. Mk.- 11. 

Landwirtschaftlich-Technische Nebengewerbe. B y  K . S t e i n ­

b r u c k . K l. 8°. V I I I ,  5 9 , I X ,  160, I X ,  13 4 , V I, 13 0 , V III , 
89 u. V II, 5 9  S . m . Abb. u. 5  T af. Hannover, 190 9. 

Lnbd. 7 Mk.

Fum igation Investigations in California. B y  R . S. W o g l u m . 

Special F ield  Agent, pp. 73, Figs. 28. (Bulletin 79, 
B ureau of Entom ology.) Price, 15 cents.

Proceedings of the Tw enty-Fifth  Annual Convention of the 
Association of Official Agricultural Chemists, Held at W ash­

ington, D. C., November 12-16, 1908. E d ited  b y  H arvey 
W. W iley, Secretary of the Association, pp. 248, figs. 6. 
(B ulletin  122, B ureau of Chem istry.) Price, 40 cents. 

Die Fabrikation des Superphosphats M. Berücksichtigung der 
Anderen Gebräuchlichen Düngemittel. B y  L . S c h u c h t . 

3 A. gr. 8°. V I II , 460 S. m. 153 Abb. u. 4 Taf. B raun­
schweig, 1909. M. 18, gebd. 20.

Die Verm ehrung der K aliw erke u. der K aliabsatz. B y  H. 
M ü n s t e r . H alle a/S, 1909. M . 3.60 .

Electrochemistry.

Die Elektrochem ischen Verfahren der Chemischen Grob- 
Industrie. B y  J . B i l l i t e r . B d .  I .  Elektrom etallurgie 
wässriger Lösungen. H alle a/S, 1909. 12.

Elektrochem ie Geschmolzener Salze. B y  R .  L o r e n z  and E. 
K a u f l e r . Lex. 8 ° . V I ,  84 S . m . 17  A b b . Leipzig, 1909. 

3 -6° .
Calcium -Carbid und Seine Volksw irtschaftliche Bedeutung 

F. Deutschland. B y  W . L e  C o u t r e . Berlin, 1909. Mk. 

3 -
Production Electrique de L ’Ozone et Applications A  L ’In­

dustrie, L ’ H ygiene, La Thérapeutique. B y  E . D o u z a l . 

8°. 111. Paris, 1909. Fr. 15.

Analytical Chemistry.

Ueber die Anwendung der Thermischen Analyse zum Nachweis 
Chemischer Verbindungen. B y  R. K r e m a n n . Lex. 8°. 
76 pp. 43 A bb. Stu ttgart, 1909. Mk. 2.40. 

Logarithm ische Rechentafeln fü r Chemiker, Pharmazeuten, 
M ediziner und Physiker. B y  F. W . K ü s t e r . 9H1 Aufl. 
12. Leipzig, 1909.

Einrichtung von Laboratorien und Allgemeinen Operationen.
B y  V . S am ter. H alle a /S , 1909. Mk. 2.70. 

Laboratoriumsbuch F. die Industrie der Verflüssigten u. 
Kom prim ierten Gase. B y  K .  U r b a n . G r . 8°. V III , 

40 S. m. 24 Abb. H alle a/S, 1908. 1.80

Coal, F u el and. Petroleum.

Analyses of British Coals and Coke, and the Characteristics 
of the Chief Coal Seams W orked in the British Isles. B y  

A. G r e E n w E l l  and J. V . E l s d e n . 3rd ed. 4 0. London, 
190 9. sh. 10.

Tests of Coal and Briquets as Fuel for House Heating Boilers.
B y  D. T . R a n d a l l . 8 ° .  44  pp. London, 190 9. 1 sh. 6 d. 

Das E r d ö l. H rsg. v. C. E n g l ë r  u .  H. H ö f e r . 2 Bd. Die 
Geologie, die G ewinnung und der Transport des Erdöls. 
Lex. 3 . 992 S . m . 30 7 A b b . u. 26  T af. Leipzig, 1909. 

M k . 4 6 , H lb fr z .  50.

Explosives.

Explosivstoffe, auf Grund des in der Literatur Veröffentlichten 
M aterials Bearbeitet. B y  H . B r u n s w i g . 1909. 177
pp. 45 Fig. 56 T ab. Leipzig. Mk. 8, geb. Mk. 9.

Lustfeuerwerkerei für Berufsfeuerwerker und Leibliaber.
B y  H. F a l b e s o n ER. Mit 391 verschiedenen K om p osi­
tionen u. Angabe der Bereitung aller im H andel schw er 
erhaltl. P räparate, gr. 3. 256 S. m. 100 Abb. W ien, 
1909. 5, gebd. 6.

Photography.

Das Arbeiten Mit Farbenempfindlichen Platten. B y  E. 
K ö n i g . (Photogr. B ibi. 25 Bd.) 8°. V I I , 76 S. 111. Fig. 
im  T e x t u. 16 T af. Berlin, 1909. 2.25, gebd. 2.85.

Water and Water Supply.

The Disinfection of Sewage and Sewage Filter-Effluents. 
B y  E. B. P h e l p s . 1909. W ater-Supply Pap er No. 229, 
U. S. Geol. Surv,, W ashington.

Technical Chemistry.

W asch-, Bleich-, B lau-, Stärke- und Glanzm ittel. B y  L. E.
A n d e s . 190 9. 3 8 4  p p . 21 A b b . W e in , M k . 5 , g e b . M k . 

5 .8°.

Practical Electroplating: A  Guide for the Electroplater. B y  

W. L. D. B e d e l l . 12. 244 pp. N ew ark, 1909. Cloth,
$2.OO.

Das Salz, Dessen Vorkom m en und Verwertung in Säm tlichen 
Staaten der Erde. B y  J . O . F r h r . v . B u s c h m a n n . I. 
B d . Europa. Lex. 8°. 784 S. Leipzig, 1909. 26, H lbfrz.
30.

Die Starkefabrikation. B y  J . S c h m i d t . (Bibi. d. ges. 
Landw irtschaft. 39 B d.) I X , 134 S . m. 44 Abb. u. 5 T af. 
Hannover, 1909. Mk. 2.20, Lnbd. 2.50.

Betrachtungen ub. die Bewegende K raft des Feuers u. die zur 
Entw icklung Dieser K raft Geeigneten Maschinen. B y  S. 
C a r n o t . (1824), Ubers, u. hrsg. v . W. Ostwald. (Ost- 
w ald’s K lassiker d. exakt. W issenschaften Nr. 37) 2. A. 
8. 72 S. m. 5 F ig. Leipzig, 1909. 1.20.

Air Liquide, Oxygene, Azote. 8°. 403 p. av. fig. Paris, 
1909. F r. 15.

L ’ Industrie Des Parfüm s D ’ Apres Les Theories de la  Chimie 
Moderne. B y  M. O t t o . N otations et form ules. Les 
parfums naturels. Les parfuins artificiels. 8°. V III , 
545 PP- av. fig. et portr. Paris, 1909. Broche Fr. 22.50.

Handbuch der Farbenlehre. B y  E. B e r g e r . 2 A. kl. 8. 
X IV , 304 S. m. 36 Abb. u. 8 T af. Leipzig, 1909. Lnbd. 
Mk. 4.50.

Metallurgy and Geology.

Metallurgical Calculations. B y  J. W . R i c h a r d s . P art III . 
The M etals O ther than Iron (Non-ferrous M etals.) 8°. 
New Y o rk , 1908 (1909).

W elding and Cutting Metals by Aid of Gases or Electricity.
B y  L. A. G r o t i i . 8. London, 1909. 19 sh. 6 d.

The Preservation of Iron and Steel. B y  A l l e r t o n  S. C u s h ­

m a n . Assistant Director, Office of Public Roads, pp. 
40, pis. 4. (Bulletin 35, Office of Public Roads.) Price, 
10 cents.

Radioactivity and Geology. B y  J . J o l y . 8. London, 
1909. 7 sh. 6 d.
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Bibliography of North Am erican G eology for 1906 and 1907. 
B y  J. M. N i c k l e s . W ith subject-index. 1909. B ull. 
372, U. S, Geol. Surv., W ashington.

Miscellaneous.

K apillarchem ie. B y  H. F r e u n d l i c h . Eine D arstellung 
der Chemie der K olloide und verw andter Gebiete. Gr. 
8°. 600 S. m. 93 Fig. u. K u rv . Leipzig, 1909. 16.30, gebd. 

17-5°.

SCIENTIFIC AND INDUSTRIAL SO CIETIES.

SEVENTH  INTERN ATIONAL CONGRESS OF APPLIED  
C H EM ISTRY LONDON, M AY 27th TO JUNE 

2nd, 1909.

R e p o r t  o p  S e c t i o n  V III  C.

Bromatology.

F r i d a y , M a y  28T11, P r e s i d e n t  R. R. T a t l o c k .

“ The System s in Force for the Control of the Food S up­
p ly .”  T his subject was discussed b y  Dr. W iley, America, 
Dr. Roun and Dr. Bordas, France, and Dr. Buchanan, G reat 
Britain. Further discussion w as postponed until additional 
papers were read on M onday the 31st at 10 a .m .

S a t u r d a y , M a y  29TH, P r e s i d e n t  D r . B o r d a s .

The morning was devoted to reports and discussion b y  the 
International Commission for the U nification of A n alytical 
Results.

M o n d a y , M a y  3 1S T , P r e s i d e n t  D r . B o r d a s .

T he discussion of the subject “ T he System s in Force for 
the Control of the Food S u p p ly ”  w as continued b y  Dr. 
W auters, Dr. K erp, Dr. M cGill, Prof. Schaffer, Prof. W ysm an 
and Dr. Van Rijn. Drs. Thorpe, M cK erp and B litz  also dis­
cussed the subject. Papers on m ilk analysis were presented 
by Mr. Taffe, Messrs. Russell and Arm aud and Dr. Bordas.

T he International Commission 011 the Unification of 
A n alytical M ethods reported th at several m eetings had been 
held and a  plan of organization adopted. M ethods of 
analyses prepared by Messrs. André, von Buchka, Chap­
man, Cribb, Lavalls, Schoepp, M astbaum, Pintti, Vandevelde, 
W auters and W iley were reported. Several new members 
were added to the commission and the following officers 
elected: M. von B uchka, President; Messrs. Gautier, Thorpe,
Pintti, Schaffer, W auters, W iley, W ysm an, Vice-Presidents; 
and Mr. Vandevelde, General Secretary.

p .m ., D r . B o r d a s , P r e s i d e n t .

Papers on the com position of bran dy and other spirits 
were read and discussed. T he following resolution was 
adopted “ T h at brandy is a product of the distillation of wine, 
and the term is synonym ous w ith eau de vie de v in .”

T u e s d a y , J u n e  i s t , 1 0 - 1 2 .3 0  a .m ., P r e s i d e n t s , P r o p .

W y s m a n , M. W a u t e r s , D r . B u c h k a .

F . W. B eck read a  paper “ On the A dvantages and D is­
advantages of L egally  B inding Standards for Foods and 
D rugs.”  This was generally discussed and a t 12.30 the 
Section adjourned to be photographed.

1 2 .4 5 - 1 .3 0 , J o i n t  M e e t i n g  w i t h  S e c t i o n  I  ( C h o c o l a t e ) .

P r e s i d e n t s  D r . K l o p , P r o f . W y s m a n .

Several papers dealing w ith cocoa and chocolate were 
presented.

p .m ., 4 - 6 ,  P r e s i d e n t s  D r . M c G i l l , D r . B u c h a n a n , M r . 

F e r r i e r s .

Papers on “ T he Use of Preservatives in F o o d ”  b y  Mr. 
B evan, Dr. Thresh and Dr. W iley were read and discussed. 

T he Section adjourned a t 5.30 sine die.
F. C . C o o k .

RECENT PATENTS.

The following patents relating to industrial and engi­
neering chem istry are reported by C. L . Parker, solicitor 
of chemical patents, M cGill Building, 908 G  Street, N. W., 
W ashington, D. C.

922,494. Process of M aking Fertilizing M aterial. J o h n  W. 
L o w m a n , N ashville, Tenn. M ay 25, 1909.

T his is a  process of producing a  phosphatic fertilizer, by  
pulverizing a  predeterm ined am ount of phosphate material, 
burning and pulverizing a  predeterm ined am ount of dolomite 
or magnesia limestone, burning and pulverizing a  predeter­
mined am ount of fluor-spar, thoroughly m ingling all of the 
said substances, adding a  predeterm ined am ount of potash 
thereto, reducing the product thus form ed to  a plastic mass 
b y  stirring w ater thereinto, and then heating the said mass.

922,523. F lux for the Autogenous W elding of Aluminum.
M a x  U. S c i i o o p , Bois, Colombes, France. M ay 25, 1909. 

T he flux consists of chloride of potassium , chloride of 
sodium, bisulphate of potassium and chloride of lithium .

923,005. Process of Treating Nickle Ores. A n s o n  G. 
B E T T S , T roy, N. Y . M ay 25, 1909.

T his is a  process of treatin g an ore containing a  m etal of 
the iron group, b y  sm elting to an a lloy  w ith another metal 
of the iron group, and e lectrolytically  refining the alloy, 
using an electrolyte containing a  soluble sa lt of each of such 
tw o metals, and producing a refined a llo y  containing the 
said tw o m etals.

923,152. Silicon Alloy. J o h n  T . H. D e m p s t e r , Schenec­
tady, N. Y .  Assignor to General E lectric Com pany, a 
corporation of New Y o rk . June 1, 1909.

T h e a lloy  consists of silicon and tellurium .

923,228. Method of Insulating Sheet Metal. W i l l i s  R . 
W h i t n e y , Schenectady, N. Y . Assignor to G eneral E lec­
tric Com pany, a  corporation of New Y o rk . June 1, 1909. 

T h e process consists in coating a  sheet-m etal plate w ith  a 
colloidal suspension of gum  copal and then heating said 
plate to produce a  uniform adherent coating of gum  copal.

923,232. Process for M aking Alcohol. A d o l p h  W o o l n e r , 

J r ., and A l a d a r  L a s s l o f f y , Peoria, 111. Assignors to 
W oolner D istilling Com pany, Peoria, 111., a corporation of 
Illinois. June 1, 1909.

T his is a  process for the m anufacture of alcohol consisting 
in growing in distillery shop fungi h av in g  d iastatic prop­
erties, com bining the same w ith a  m alt converted mash and 
distilling the m ixture after ferm entation.

923,358. Non-conducting Compound. F r a n c  J. J e w e t t , 

New Y o rk , N. Y . Assignor to  H . W . Johns-M anville 
Com pany, a  corporation of New Y o rk . June 1, 1909. 

T his is a  com position of m atter for use in heat insulation
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com prising short asbestos fiber, granulated cork, disinte­
grated sponge treated w ith  a  boron compound and infusorial 
earth.

9 2 3 ,4 1 1 .  M anufacture of Zinc Dust. S i i e r a r d  O . C o w p e r - 

C o l ES, London, England. June 1 , 1909.

The process consists in electrodepositing zinc from a 
caustic soda solution upon a  revolving disk upon which the 
disk is deposited in the form of a  sponge and is continuously 
rem oved, and in then drying the spongy zinc so produced 
in a reducing atmosphere.

923.427. Process of Treating Petroleum  Sludge to Produce 
Pitch, Asphalt, Etc. J o h n  L. G r a y , E l iz a b e t h ,  N . J . 

J u n e  1 , 1909.

T he process consists in digesting the sludge until the 
m ajor part of the acid has been removed, and then slowly 
heating.

923.428. Process of Treating Petroleum Sludge. J o h n  L. 
G r a y , Elizabeth, N . J. June 1, 1909.

T his is a  process of separating the constituents of petroleum 
sludge into various grades b y  pum ping off any m echanically 
entrained oil which m ay rise to the top, digesting the sludge 
until the light constituents including the unsaturated hydro­
carbons rise to the top, w ithdraw ing this by-product and the 
acid, then digesting again until the lighter grade rises, re­
m oving th at grade and the acid, and so continuing until 
there rem ains a solid residuum.

9 2 3 .4 2 9 . Process of Separating Acid from  Petroleum Sludge. 
J o h n  L . G r a y , Elizabeth, N . J. June 1, 1909.

T he process consists in washing or digesting the sludge 
with a w eak acid solution.

923,581. Process for the Production of Carbon-Covered 
Metal Sheets for Dynam o-Brushes. J o h a n n e s  F. P. 

R i n g s d o r f f , Essen-on-the-Ruhr, G erm any. June 1, 
1909.

T he process consists in sm earing a carbon paste on the 
surfaces of said m etal sheets and subjecting them  to h y ­
draulic pressure.

923,846. Process of Extracting Nitrogen from  Air. O l i v e r  

P. H u r f o r d , Chicago, 111. June 1, 1909.

T his process is practiced b y  the use of the apparatus 
illustrated, in which carbonaceous fuel is burnt in the furnace 
shown a t the le ft of the illustration, air being adm itted in 
am ounts sufficient for com plete combustion. The gaseous 
products of com bustion which are free from carbon monoxide

enter through a  cham ber where th ey are subjected to the 
action of lim e w ater to absorb the carbon dioxide and the 
nitrogen being dried b y  the means of lime or other drying 
agent is drawn off for use.

923,864. Process for the Electric Dissociation of Metals by 
the W et Method. June 1, 1909.

T his is an electrolytic  proccss for cleaning m etal articles 
and subsequently coating them  w ith m etal which consists 
in placing the article to be coated in a  bath consisting of a 
concentrated alkaline solution and an alkaline cyanide, 
placing in the solution a  q u an tity  of the m etal of the kind 
of which the coating is to be formed, and connecting both 
the article and the coating m etal to a  suitable source of 
electricity, the form er as a cathode and the latter as the 
anode.

923,891. M anufacture of Bitum inous Roadways. C l i f f o r d  

R i c h a r d s o n , N ew Y o rk , N  Y . Assignor to the B arber 
A sphalt P avin g C o ., Philadelphia, Pa., a  corporation o f  

W est Virginia. June 8, 1909.

T his is a process of preparing bitum inous p avin g m aterial 
which consists in em ploying a  mineral aggregate of two 
sizes, the one consisting of No. 2 stone and the other screen­
ings from three-eighths of an inch to dust, the latter being 
proportioned to fill the voids of the form er; adding to the 
large sized m aterial while cold a  hot bitum inous cem ent in 
am ount more than sufficient to  coat the stone; thoroughly 
m ixing; and then adding the finer material.

923,916. Method of Thionous Precipitation. G e o r g e  C. 
W e s t b y , M urray, U tah. June 8, 1909.

T his is a  m ethod of precipitating copper or silver from 
their solution b y  means of the addition of a  liquor containing 
tliio  salts of iron.

923,967. Process of Producing Camphene. C h a r l e s  

G l a s e r , B altim ore, Md. June 8, 1909.

T he camphene is produced from bornyl chloride b y  the 
distillation of th at substance a t a  tem perature between 
1800 and 2 io ° C .  and for a  tim e refluxing the distillate, 
then separating the distillate and collecting it.

923.076. Process for Obtaining Pure Copper. L u c i e .n' 

J u m a u , Paris, France. June 8, 1909.

T he process consists in obtaining pure copper from a 
solution of a salt of copper, b y  subjecting said solution to  the 
action of carbon monoxide in a  closed receptacle, and h ea l­
ing the solution during such treatm ent.

923.077. Process for Obtaining Pure M etallic Copper from  
a Solution of Salt and Copper. L u c i e n  J u m a u , Paris, 
France. June 8, 1909.

The process consists in obtaining copper from  a  solution 
containing salts of copper and subjecting said solution to 
heat and pressure; in the presence of a reducing agent con­
taining hydrocarbons.

924,677. Process of Smelting Iron Oxides. H o r a c e  W. 
L a s i i , Cleveland, Ohio. June 15, 1909.

T he process consists in charging into a  furnace a  sm elt­
ing m ixture containing finely divided cast iron and carbon­
aceous m aterial, and distributing in the mass of the sm elting 
m ixture chunks or masses of pig m etal and ap plyin g a  sm elt­
ing heat to the charge.
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924,770. Art of Treating W ood for Lumber. W i l l i a m  A. 
H a l l , New Y o rk , N. Y .  Assignor to Am erican M ahogany 
Com pany, a corporation of Maine. June 15 , 1909.

The wood is im pregnated w ith  an alkalized solution of 
the phlobaphenes of the hemlock bark, which solution con­
tains an excess of alkali over th at necessary to dissolve the 
phlobaphene extract.

924,818. Process of Producing High-grade Steel from  Low- 
grade Material. W i l l i a m  R . P a l m e r , Bridgeport, Conn. 
Assignor one-half to  F rank A. W ilm ot, Bridgeport, Conn. 
June 15 , 1909.

The process consists in charging a  prim ary furnace, w ith 
low-grade m aterial of the character described, operating 
said furnace a t a tem perature below ordinary steel-m aking 
tem perature, partially  chargii.g a  secondary furnace w ith 
scrap and flux, operating said furnace a t ordinary steel- 
m aking tem peratures, transferring a  portion of the charge 
from the prim ary furnace to the secondary furnace for the 
com pletion of the refining operation, and returning a  portion 
of the charge to the prim ary furnace to form a  bath to re­
ce iv e 'th e  next charge of the low-grade material.

9 25 .253 - Process of M aking Amm onia and Chlorin or 
Hydrochloric Acid. N o r m a n  L . W h i t e h o u s e , Lewisham , 
London, England. June 15 , 1909.

T his is a process for obtaining chlorine from ammonium 
chloride consisting in heating a t a  low  tem perature ammonium 
chloride with an oxide of a  rare earth metal, adapting to 
expel am m onia from ammonium chloride a t that tem pera­
ture and then heating the residue a t  a  higher tem perature 
in an atm osphere adapted to expel chlorine from a  chlorine 
com pound of a  rare earth m etal a t  the said higher tem pera­
ture.

925,321. Process for Facing Stereotype Metal. W i l l i a m  

R . F i s h e r , San Francisco, Cal. Assignor one-third to 
Joseph F .  Moran, San Francisco, Cal. June 15 , 1909. 

The process consists in facing stereotype and like plates 
w ith  a  protecting m etal b y  first washing the plate in caustic 
potash, then placing it in a bath  of potassium cyanide, 
again washing the plate and placing it in a solution of 
platinum  cyanide, and subsequently applying the facing 
m etal b y  electro-deposition.

925,365. M etallization of Vitreous Ceramic Surfaces.
Q u e n t i n  M a r i n o , London, England. Assignor three- 
fourths to Edwin Joseph Richardson, London, England. 
June 1 5 , 1909.

The m etallizing of the ceram ic surface is accomplished by 
applying thereto a  solution resulting from dissolving in 
hydrofluoric acid a gray  substance consisting of filiform 
silver and basic n itrate of copper, and then, while the surface 
is wet w ith the solution, dusting said surface w ith a m etal in 
a  fin eh- divided state and such as w ill reduce the silver and 
copper in the fluoride to a m etallic state.

925,612. Refining o f Steel in  Electric Furnaces; O t t o  

T h a l l n e r , B ism arckhutte, G erm any. Assignor to The 
F irm  of Bism arckhutte, B ism arckhutte, G erm any. June 
22, 1909.

T his is a  process for producing high-quality steel b y  pre­
lim inary refining of the steel in a fuel-heated furnace, then 
passing the steel so refined for treatm ent in a  basic-lined

electric furnace, after which the steel is passed to an acid- 
lined electric furnace.

925,626. Apparatus for Recovering Metals from  Ores and 
Other Substances. L e o n  D i o n , New Y o rk , N. Y . A s­
signor to the A m erican-H erm atic Com pany, New Y ork, 
N. Y .,  a  corporation of Arizona. June 22, 1909.

In the treatm ent of ores to recover the m etals contained 
in them, part of the m etal passes off, in the form of fum es or 
vapors, when the ores or other substances containing them 
are subjected to the required heat to fuse them. T he metal 
or m etals thus carried off in the shape of fumes, gases or 
vapors m ay be concentrated or condensed, and thereby 
recovered or reclaimed, b y  subjecting these latter to the

action of an electric current supplied through appropriate 
electrodes, the result of which is to cause the particles of 
m etal contained in or form ing the fumes, or vapors of each to 
cohere and form masses of appreciable size, which arc then 
thrown down or precipitated b y  the action of g rav ity  or 
otherwise and m ay be recovered in that form. T he apparatus 
illustrated is designed for use in carrying out this process, 
the m etal laden fumes' being subjected to the action of a 
suitable elcctric current to precipitate the m etal.

925,670. Composition for Oxidizing and Purifying Ex­
plosive Gases. H e r b e r t  W a l k e r  K n i g h t s , T ransvaal. 
June 22, 190 9.

T his is a  composition for destroying the noxious or 
poisonous fum es or gas arising during the blasitng in mines, 
consisting of perm anganate of potassium, chloride of 
ammonium, and chlorate of potassium.

926,280. Process of Preparing Concentrated Hydrated 
M agnesia. W i n f i e l d  S. M o r r i s o n , O akland, Cal. June 
29, 1909.

T he process consists in preparing a concentrated magma 
of magnesium hydroxide, by  agitatin g and boiling the 
m agm a w ith  a separate portion of w ater and settling each 
d ay for several days and then straining to rem ove the surplus 
water.

926,"289. Process for Desulfurizing and Agglom erating 
Ores. C y r u s  R o b i n s o n , M ount Vernon, N . Y . June 29, 

1909.

T he m ethod consists in continuously desulfurizing ores, 
b y  continuously subjecting successive layers of moving 
ore to the action of heat in an oxidizing atm osphere without 
the use of extraneous fuel.


