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The Metal Miner and 
Hercules Dynamite 

There is probaljly no class of men more sltilll'ul 
In tlie uso ol' cxiilosivea tliiui thc metal miners. 
Tlioso men have a lliorougli linowlcilso oi: the 
conditions that exist in tlieir mines. They 
laiow Ihc way in which the liolcs should bo 
drilled imd charged in order to get the best 
results from a shot. 

But when thc fuse is lighted or the contact 
made iu the blasting machine—it is up to t i ie 
powder to do tiie worlt. No matter how sltili-
J'ully tho miner does his part oE the job, his 
resuils depend upon whether or not his ox-
plosives mako good. 

JJorculcs explosives do mako good—and the 
atrongest evidence of this is our largo ajid y 
growing business iu thc metal mines of the i 
United SLates. More than half tho country's | • 
copper and a very large proportion of the 
other metais and minerals is mined with liiei'-
cules Dynamite. 

Use these powders in your mine.. Their high 
and unii!orm quality will help you to increase 
oro products and cut costs. 

HERCULES POWDER C a 

Chicago St. IJOIIIS New Tork 
f Pittsburg, Kan. Denver Hazleton, Pa, 
^ San Francisco Salt Lake City Joplin 
i\ Chattanooga Pittsburgh, Pa. "VVilminKton, Del. 

The World's Tonnage 
Record is held by 

"LONGLIFE'' 

AG O O D R I C H " L O N G L I F E " Con^ 
veyor Belt installed at a Utah copper 

mine in the Spring of 1914 carried 7,313/ 
400 tons of ore during a period of four 
years at a cost of less than twenty cents 
per thousand tons. 

Never—to Goodrich's knowledge—has 
this achievement been approached, let 
alone equalled. Further comment seems super­
fluous in the face of such mighty testimony. 

W h y not dictate a letter to Goodrich asking 
them to send you their Belting Catalog? Sure­
ly it will have an economic message for you. 

THE B. F. GOODRICH RUBBER C O M P A N Y 
Akron, Ohio 



A Modern 

for Your 

L A B O R A T O R Y 

Labora to ry tests on properly designed 
apparatus enable you to determine the 
m i l l m g process best adapted to your ore 
before touildinff the mi l l—they help you 
regulate every step of the process for 
highest efdciency—-and the cost is ins ig ­
nif icant as compared w i t h a m i l l run. 
M A S S C O Labora tory M i l l m g Equipment 
saves money, and minimizes the possi­
b i l i t y of f a i l u r e i n ore treatment—why 
not equip your laboratory w i t h M A S S C O 
ore test ing specialties? 

W r C P L E Y T A B J i B Ho. 13 
A laboratory size W i l f l e y complete in 
every detail—enclosed head motion— 
t i l t i n g device—and two interchangeable 
decks w i t h W i l f l e y roughing and flnish­
ing r iff les—-a duplicate of our large ta­
bles at a low cost that w i l l surprise you, 

T H E McCOOIi P t f l i V E R I Z E B A N U 
SAMFSOIT C R U S H E K 

Two machines that enable you to quiclUy 
prepare the pulp Cor test ing purposes, 
crushed or ground to any desired de­
gree of flneness—they can be depended 
upon f o r long service, 

T H E B U T H 
P L O T A T I O U MACHI3Sri! 

' Cons is t ing of an agi ta t ion com­
partment, impeller and spitz-
Imsten furn ishes an ideal out-

I nt for determining tlie flotative 
properties of any ore and the 

ii effect of various oils and rea-

g gents. The pulp thoroughly 
m i x e d w i t h air d rawn down the hol­
low impel ler shaf t 
i s a e r a t e d a n d 
forced i n a steady 

stream toward the 
spitzl iasten and 
f r o t h discharge 
l i p — i t i s a com­
plete laboratory 
m o d e l of t h e 
large R u t h M a ­
cliines. 

W r i t e f o r our Bu l l e t in s . Massco Equipment includes every laboratory requirement. 

The Mine & Smelter Supply Co. 
S E i n r E B , COIiOBABO 

H e w Y o r k Office; 42 Broadway A Service Stat ion w i t h i n reach of you. 
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Straitflo 
Ventilator 
Soon Pays for Itself by 
the Saving in Power 

T h e center disc e l imina tes the c h u r n i n g m o t i o n and 
was t e o f power o f o r d i n a r y disc f a n s . 

Other Special 
Features of 
the Jeffrey 
Straitflo Fan: 

Both bearings 
mounted on 
one side 

*P1 

Capacities: 15,000 to 110,000 feet per minute. 

Accessible: Both bearings are mounted on ono 
side of wheel. 

Can be erected in less than one day's time anti 
by any ordinary mechanic. 

No vibration. 

In asking for quotations state whether A. O. or 
D. C. Current is available and give voltage. 
If A. 0. is used advise phase and cycle. 

Send for our new Bulletin No. ;270-H 
. giving complete details. 

The Jeffrey Mfg. Co. 
950 N. Fourth St.. COLUMBUS. OHIO 

Denver Office: 
First National Bank Buiidincj 

.EADERS • 

in the Manufacture of Elevating and Convey­
ing Machinery, Coal Cutters, Drills, Pit Car 
Loaders, Electric Trolley and Storage Battery 
Locomotives, Coal Tipple Machinery Equip­
ment, Crushers, Pulverizers, Mine Ventila­
tion Fans, Etc, 
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Concentration of Chrome Ore, Black Sand, and 
Ferro-Chrome Slag 

By J . C. Williams, '13.* ' 

D u r i n g tbe w a r w h e n the d e m a n d f o r 
3 r a r e m i n e r a l s m c r e a s e d to sueb an 

(ixtent tha t e v e r y a v a i l a b l e source was 
c imsidered , the D e p a r t m e n t of M e t a l l u r -
j ; l c a l R e s e a r c h of the Co lo rado S c h o o l of 
Mines was ca l l ed npon to m a k e numer­
ous i nves t i ga t i ons r e l a t i v e to tbe treat-

mt of products n a r m a l l y of no com-
•eial va lue . A m o n g ores e x a m i n e d 

wvve those of r a d i u m , u r a n i u m , vana­
dium, tungsten , m o l y b d e n u m , manganese , 

and c h r o m i u m . 
T h i s paper deals w i t h c h r o m i u m and 

t l iree types of m a t e r i a l are considered—• 
f i l l ore f r o m M o n t a n a , a " b l a c k s a n d " 
Jrom Oregon, and a s l a g r e s u l t i n g f r o m 
l l H ' p r o d u c t i o n of f e r r o - c h r o m i u m i n the 
e l ec t r i c fu rnace . 

l i e f o r e c o n s i d e r i n g these p a r t i c u l a r 
c:i.-ses some gene ra l i n f o r m a t i o n regard-
ii i i^ c h r o m i u m and i t s uses m a y be of i n -
l.f'vest. 

Chromite. 

he mos t i m p o r t a n t f o r e i g n deposi ts 
;irn those of N e w C a l e d o n i a , T u r k e y , and 
]{lnidesia. In a d d i t i o n c h r o m i t e Is m i n e d 
bl s m a l l quan t i t i e s In R u s s i a , Ind ia , A n s -
lr:i . l ia, Greece , Canada , and N e w f o u n d -

L A l l f o r e i g n deposi ts occur as i r reg-
!!!;ir masses , or pockets , s i m i l a r to the 
dt ' i iosits i n C a l i f o r n i a , so t ha t m i n i n g 
: i ! i i | t r ea tmen t me thods s i m i l a r to those 
iiMi'd abroad c a n be used here. 

be mos t va luab l e deposi ts of ch rome 
i n the U n i t e d States occur i n C a l i ­

l b rn ia , Oregon , W y o m i n g , and A l a s k a . 
T t i c g rea te r pa r t of the coun t ry ' s supp ly 
IK nn the P a c i i i e Coas t and tbe d e m a n d 
is on the A t l a n t i c . T r a n s c o n t i n e n t a l 
r .r;iusportatiou f r o m the p roducers t o the 

i u m e r s is , therefore , a l a rge p r o b l e m 
tself. 

In the U n i t e d Sta tes c h r o m i t e i n com-
lu i ' vc i a l quant i t i es was first d i s c o v e r e d 
Iiy Isaac T y s o n , J r . , nea r B a l t i m o r e , 
M j i r y l a n d , i n 1827. T h e s to ry o f the dis­
covery and deve lopment f o r m s a mos t i n -
( c r c s t i n g chap te r i n the h i s t o r y of A m e r l -
cjtu m i n i n g . T y s o n had become inter-
os i f 'd i n the r e c e n t l y d i s c o v e r e d e lement 
<;lir<imiura and at tha t t i m e was p r o b a b l y 

o n l y m a n i n A m e r i c a wbo possessed 
Iho knowledge? necessa ry to m a k e use of 
III" d i s cove ry . H e one day no t i ced a 

i.ssistant Director, Department of Meta l -
I'li-^ilcal Research, Colorado School of Mines. 

f a r m e r d r i v i n g a w a g o n i n w h i c h were 
bar re l s kep t f r o m r o l l i n g by b locks of a 
heavy , b l a c k ore. T h e s e b locks he de­
t e r m i n e d to be chromi te . H e f o u n d the 
l o c a l i t y f r o m w h i c b they came a n d ac­
qu i red c h r o m i t e b e a r i n g g round . H e 
s tud ied these deposi ts and came to the 
conc lus ion tha t ch romi t e w o u l d be f o u n d 
o n l y w i t h serpent ine , a l i ne of r e a s o n i n g 
tha t enabled h i m to d i scove r c h r o m i t e 
In other l oca l i t i e s . P r o m 1828 to 1850 
the d i s t r i c t near B a l t i m o r e supp l i ed mos t 
of the ch rome ore consumed by the 
w o r l d . T h e m a n u f a c t u r e of ch rome ye l ­
l o w was s ta r ted there i n 1828. T h e ex­
por t t rade f r o m B a l t i m o r e came tb an 
end about 1S60 on account of the develop­
ment of the l a r g e r and r i c h e r T u r k i s h 
deposi ts . 

T h e d e m a n d f o r ch rome ore ar i ses 
ch ie f ly f r o m i t s use i n m a k i n g f e r ro ­
chrome w h i c h is used i n m a n u f a c t u r i n g 
s tee l f o r p ro jec t i l e s , f o r a r m o r plate, and 
f o r c u t t i n g too l s ; i n m a k i n g r e f r a c t o r y 
ch rome b r i c k and f u r n a c e h n i n g ; i n 
c h e m i c a l i ndus t r i e s f o r the p r o d u c t i o n of 
m a n y colors a n d dyes ; a n d i n t a n n i n g . 
Its a p p l i c a t i o n f o r these purposes i s i n ­
c r e a s i n g and the d e m a n d f o r i t i s stead­
i l y g r o w i n g . O n account of i t s gi-eat 
hea t - res i s t ing qual i t ies , c h r o m i t e i s used 
as a n e u t r a l r e f r a c t o r y l i n i n g f o r fu r ­
naces. I t is e i the r made up in to b r i c k s 
w i t h va r ious b inders , o r l u m p s of the ore 
are packed i n t i gh t to m a k e a s o l i d l i n ­
i n g . C h r o m i t e has two va luab l e qua l i t i e s 
f o r these purposes : i t s tands change of 
t empera tu re w e l l and a l so r e s i s t s 
s t rong ly the a c t i o n of m o l t e n meta l s . 
F o r r e f r a c t o r i e s an ore c o n t a i n i n g 38 to 
45 per cent of c h r o m i c ox ide can be used. 
T h e mos t i m p o r t a n t use. however , i s f o r 
m a k i n g fe r ro-chrome. 

T h e w o r d c h r o m i u m i s d e r i v e d f r o m 
the G r e e k w o r d m e a n i n g color , on ac­
count of the wide r ange of co lo r of v a r i ­
ous sal ts of, c h r o m i u m . C h r o m i u m also 
fo rms the c o l o r i n g ma t t e r of s eve ra l m i n ­
erals . T h e green co lo r of the emera ld i s 
due to c h r o m i u m . M e t a l l i c c h r o m i u m is 
not k n o w n to occur i n tbe na t ive state. 
A c c o r d i n g to Roscoe and S c h o r l e m n e r , 
m e t a l l i c c h r o m e f o r m s a l i g h t green , 
g l i s t e n i n g p o w d e r w h i c h exh ib i t s , under 
the microscope , aggrega t ions of c rys t a l s 
of a t i n w h i t e color , w i t h a spec i f i c grav­
i t y of 6.81. T h e f u s e d m e t a l is u s u a l l y 
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as l i a r d and tong l i as c o r u n d u m , mel t s 
at a h i g h e r t empera tu re t h a n p l a t i n u m , 
is not magne t ic , and , w h e n i g n i t e d i n the 
air , i s on ly s l o w l y o x i d i z e d . H e a t e d i n 
the o x y h y d r o g e n f lame i t h u m s b r i g h t l y , 
w i t h e m i s s i o n of sparhs , and w h e n f u s e d 
w i t b sa l tpe t re or po t a s s ium chlora te , i t 
i s conver t ed i n to p o t a s s i u m chromate . 
P u r e c h r o m i u m is c l a i m e d to have been 
ob ta ined i n 1894 by M o i s s a n , by r e d u c i n g 
the ox ide w i t h c a r b o n i n the e l ec t r i c fu r ­
nace. It i s mos t eas i ly p r epa red i n 
s m a l l quan t i t i e s by the a l u m i n o - t h e r m l c 
proeess, w h i c h cons is t s of r e d u c i n g the 
ox ide w i t h a l u m i n u m powder . M e t a l l i c 
c h r o m i u m made by th i s process is used 
to the extent of s e v e r a l h u n d r e d tons a 
y e a r i n the m a n u f a c t u r e of high-speed 
too l s teel , as some m a n u f a c t u r e r s p r e f e r 
to add t h e i r c h r o m i u m th i s w a y r a the r 
t h an as f e r ro -chrome . 

T h e p r i n c i p a l a l l o y of c h r o m i u m is fer ­
ro -ch rome; the a l l o y of c h r o m i u m and 
i r o n , w h i c h u s u a l l y con ta ins 60 to 70 per 
cent c h r o m i u m . I t i s p roduced i n the 
e l ec t r i c f u r n a c e f r o m h i g h g rade ores . 
O t h e r a l l o y s of more t han s c i e n t i f i c i n ­
teres t are c h r o m i u m w i t h n l c l i e l , cobal t , 
m o l y b d e n u m , tungsten , manganese , cop­
per, o r v a n a d i u m , as w e l l as d i f f e r en t 
combina t i ons of two or th ree of these 
e lements . One of these a l l o y s i s c a l l e d 
" S t e i l i t e , " and is composed . of cobal t , 
c h r o m i u m , tungsten , and m o l y b d e n u m . 
It was deve loped b y E l w o o d H a y n e s , of 
K o k o m o , Ind i ana . T w e des i r ab le qua l i ­
t ies of th i s a l loy are i t s r e s i s t ance to 
co i ' ros ion a n d i t s a b i l i t y to t ake and h o l d 
an edge equa l to tha t of the 'best s tee l . 
It m a y be used f o r table k n i f e blades , 
pocke t cu t l e ry , s u r g i c a l i n s t rumen t s , 
den ta l i n s t rumen t s , s m a l l evapo ra t i ng 
dishes , spoons, f o r k s , or sc i ssors . 

C h r o m i u m i s added to s tee l i n the 
f o r m of f e r ro -chrome or as a m e t a l l i c 
c h r o m i u m . T h i s s t ee l i s p a r t i c u l a r l y 
adap ted f o r m a k i n g a rmor -p i e r c ing pro­
jec t i l e s , on account of i t s ha rdness and 
a lso i t s v e r y h i g h e las t i c l i m i t . It i s a lso 
used f o r a r m o r pla te f o r tbe same rea­
sons, f o r par t s of c r u s h i n g m a c h i n e r y , a n d 
f o r , v e r y b a r d s tee l plate, It i s e x t r e m e l y 
ha rd , tough, and dense, and possesses 
great tens i le s t r eng th . I t i s e spec i a l l y 
adapted to severe s e rv i ce ahd w h e r e re­
s i s t ance to ab ra s ion is des i red . P o r the 
w e a r i n g par t s of s tamp m i l l s , s u c h as 
ba t t e ry shoes and dies, cams and tap­
pets, c h r o m e s tee l has p roved to be the 
m o s t du rab l e and e c o n o m i c a l m a t e r i a i 
ob ta inab le . C h r o m e s tee l i n some re­
spects r e sembles the h i g h e r grades of 
tool s tee l but i n a d d i t i o n possesses prop­
er t ies combined i n no o ther k n o w n s tee l . 

It can be made so h a r d as to be di-il] 
p roof aga ins t the f ines t tools . Thenc 
qua l i t i e s are t a k e n advan tage of i n i lu i 
m a n u f a c t u r e of burg la r -p roof safes \.nu\ 
j a i l bars , bu i l t up of a l t e rna te l aye r i 
i r o n and ch rome s teel , w h i c h cannot 
cut or b r o k e n . A r m o r p la te contaii iH 
about 2 per cent c h r o m i u m and a ce r 
quan t i t y of n i c l t e l . Some steels w i t h un­
u s u a l qua l i t i e s have been made wli i i i t i 
con t a in as m n c h as 20 per cent cl iro-
m i u m . 

A l t h o u g h a number of m i n e r a l s c o n l a i n 
c h r o m i u m , v i r t u a l l y on ly one-cbr' 
i r o n ore or c h r o m i t e i s a c o m m e i 
source of c h r o m i u m . H o w e v e r , i t i s or 
in t e res t to note tha t the d i s cove ry of Ihn 
e lement c h r o m i u m was made bv inV' 
ga t ion of the m i n e r a l c rocoi te (lead' 
c h r o m a t e ) . T h e d i s c o v e r y was madf 
V a u q u e l i n , a P r e n c h chemis t , i n 179'i 

C h r o m i t e (Dana 's M i n e r a l o g y ) Iso; 
r i c . M a s s i v e , fine g r a n u l a r to comi: 
F r a c t u r e uneven . B r i t t l e , H a r d n e s s , 
S p e c i f i c g r a v i t y , 4.32. L u s t e r , submi 
l i e . C o l o r i ron-b lack to b rownish-b lack , 
some t imes ye l l owi sh - r ed i n t h i n secthnis . 
S t r e a k b r o w n . T r a n s l u c e n t to opa 
Somet imes f e e b l y magne t i c . Comj ios i -
t i o n — F e Cr^iOi or FeO.Cr:.On — c h r o m i u m 
ox ide 68 per cent, i r o n p ro tox ide 32 jicr 
cent. I n f u s i b l e be fo re the b lowp ipe i i i 
o x i d i z i n g flame; i n the r e d u c i n g flan 
i s s l i g h t l y rounded on edges and becoTuiAs 
magne t i c . W i t h bo rax and sa l t of pims-
phorus i t g ives beads w h i c h , w h i l e ho i , 
show on ly a r e a c t i o n f o r i r o n , bu1 ot) 
c o o l i n g become ch rome g reen ; the gi'i 'nn 
co lo r i s he igh tened by f u s i o n on c h a r m a l 
w i t h m e t a l l i c t i n . It i s not acted on 
r e a d i l y by ac ids but is decomposed liv 
f u s i o n w i t h po t a s s ium or s o d i u m b: 
phate. 

C h r o m i t e i s a c o m m o n cons t i tuen t of 
bas ic i n t r u s i v e rocks , such as per idol t leK 
a n d pyroxen i t e s , and e spec i a l l y of ser­
pent ine d e r i v e d f r o m them. A l l of ibo 
c o m m e r c i a l bodies of c h r o m i t e occu r iu 
these r o c k s . In p l ace i t is a l w a y s f 
i n a s soc ia t ion w i t h serpent ine , w h i c l i luis 
r e s u l t e d f r o m tbe a l t e r a t i on of basic 
r o c k s cons i s t i ng of o l i v i n e , hornble i ido , 
and pyroxene . I n these the percer 
of c h r o m i u m m a y v a r y f r o m 0.05 tf 
C h r o m e is by no means an i m p o r t a n l 
ment i n tbe ear th 's crust . T b e aver i ign 
g i v e n by P . W . C l a r k e i s 0.033 per 
A l t h o u g h i t occurs u s u a l l y i n bas ic ii'.ne-
ous rocks , i t i s somet imes f o i m d i n 1 
i f e r o u s i r o n ores to the extent of se 
per cent. It i s r a r e l y assoc ia ted w i i h 
o ther m e t a l l i c m i n e r a l s , except pos,-;il)ly 
magne t i t e and n i c k e l m ine ra l s . T h e 
m o n f o r m of occur rence is as r o u 
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:as or more o f t en m a s s i v e g r a n u l a r 
luiisses, w h i c h r e semble magne t i t e a n d 

somet imes been c o n f u s e d w i t b i t , 
d i f f e r f r o m i t i n b e i n g at the mos t 

I'nehly magne t i c . It is a mos t r e s i s t an t 
iTiiueral to w e a t h e r i n g . P o r th i s r ea son 
il ^̂ • o f t e n f o u n d i n u n c o n s o l i d a t e d ma-
tej-ials such as c lay , or i n s t r e am mater-

d e r i v e d f r o m roeks by e ros ion . I n 
l l ie w e a t h e r i n g of se rpen t ine the m o r e 
rcf i i s tant c h r o m i t e w i l l be concen t ra t ed 
on or near the su r face and be m i s l e a d i n g 
iis lo the r i c h n e s s of the depos i t be low. 
I ' l i icer deposi ts of c h r o m i t e are f o u n d 

-e the m i n e r a l s mos t r e s i s t an t to 
:her ing have been concen t ra t ed i n 

s i r r a m channe l s , and w h e r e these d r a i n 
jircas of se rpent ine or bas ic igneous 
rocl .s . A l o n g the P a c i f i c Coas t the re are 

3rs i n s t r e am beds a n d beach depos­
i t ; w h i c h car ry , besides ch romi t e , res is t -

minera l s such as go ld , p l a t i n u m , and 
^larnet. T h e pocke ty na ture of c h r o m i t e 
ih 'Posi ts makes the m i n i n g v e r y uncer-
l i i i u . T h e r e may be one or more of these 
pocl-ets or lenses sca t te red t h r o u g h tbe 
(lc!>nsit, but tbey do not occu r w i t h any 
regu la r i ty , 

'i 'he p roduc t ion of a h igh-grade ch rome 
concentra te m a y be made i n t w o w a y s : 
( i ) by hand cobb ing , (2) by m e c h a n i c a l 
concent ra t ion . H a n d s o r t i n g is gene ra l l y 
prsn tieed i n m i n i n g the ore, b y means 
of w h i c h a high-grade p roduc t m a y be 
ruade w i t h o u t tbe losses a t tendant upon 
cr t i f .hing and m i l l i n g . In m i l l i n g chro-
ni i in the genera] p rac t i ce i s to c r u s h i n 
JUaKe c rushers and then b y s tamps. T h e 
ci'nHhed ore i s t rea ted b y c l a s s i f l e r s a n d 
led to tables of the W i l f l e y type . F o r 
dt'intsits such as beach sands, w h i c h con-

besides ch romi te , m a n y m i n e r a l s 
Wil l i d i f f e r en t degrees of m a g n e t i c per-
!iie;i b i l i t y , magne t i c t r ea tmen t i s a prae-

so lu t i on of tbe c o n c e n t r a t i o n prob-
In genera l , i t m a y be s a i d tha t a 

entrate c o n t a i n i n g 45 percent of 
inic ox ide is sought. 

(Ntaracter is t ic fea tures of ch romi te , by 
w i i i c h i t m a y be r ecogn ized a r e : L u s -

ri treous, sp lendent to m e t a l l i c or sub-
n i e i i d l i c . S t r e a k : d a r k b r o w n . I n f u s i b l e 

•e tbe b lowpipe , but m a y fu se s l ight -
1 the r e d u c i n g flame and then be-
!S magne t i c . U s u a l l y assoc ia ted 

serpent ine . E a c h g r a i n shows a 
smooth c o n c b c i d a l f r a c t u r e w i t h 

lus t re . B e a d tests as desc r ibed un­
der "Ores of C h r o m i u m . " 

C o n c e n t r a t i o n Tes t s of C h r o m e Ore . 

e m a t e r i a l npon w h i c h these tests 
made was r ece ived as a m i x t u r e of 

[•ent grades of ores. It was sor ted 
3 to have th ree g rades—high , medi ­

um, and low, and these grades were k e p t 
separate . 

T h e tests were made w i t h the purpose 
of a s c e r t a i n i n g the f o l l o w i n g p o i n t s : 1. 
A m e n a b i l i t y of tbe m a t e r i a l to table con­
cen t ra t ion and fac to r s In f luenc ing such 
w o r k . 2. P r o b a b l e va lue of concen t ra te 
p roduced . ' N o a t t empt is here made to 
ou t l ine a c o m m e r c i a l me thod of treat­
ment , as th i s l ies outs ide of tbe field o f . 
the w o r k done by tbe D e p a r t m e n t of 
M e t a l l u r g i c a l R e s e a r c h . S u c h w o r k 
p rope r ly belongs to an engineer inter­
p r e t i n g resul ts ob ta ined here. 

T h e m a t e r i a l as r e c e i v e d cons i s ted 
of l umps . These were b r o k e n i n a s m a l l 
j a w c rusher so tba t the grea te r pa r t of 
the m a t e r i a l w o u l d pass a 4-mesh screen . 
It was t hen d iv ided in to two^por t ions b y 
means of a Jones r i f f l e sp l i t t e r , one par t 
b e i n g re ta ined f o r the test a n d the o ther 
he ld i n reserve . T h e n e x t step was to 
c ru sh i n a s m a l l set of ro l l s so tha t a l l 
the m a t e r i a l w o n l d pass a 20-mesh 
screen. T h i s r e d u c t i o n was g radua l , the 
m a t e r i a l b e i n g r o l l e d and t hen screened 
so tha t there m i g h t be no excess of flne 
m a t e r i a l p roduced , A sample of th i s ma­
te r i a l was then screened as f o l l o w s : 

M i n u s 20 mesh P l u s 35 m e s h 
M i n u s 35 m e s h P l u s 48 mesh 
M i n u s 48 mesh 

T h e d i f f e ren t sizes we re e x a m i n e d 
under a mic rosope and t rea ted separate­
l y on a s m a l l W i l f l e y t ab le w h i e h s h o w e d 
that the first s i ze con ta ined a n appre­
c iab le amoun t of m i d d l i n g mater ia l—• 
(par t ic les of c h r o m i t e a t t ached to 
gangue ) ; the second s i z e a s m a l l amoun t 
of m i d d l i n g ; the t h i r d s ize , m i n u s 48 
mesh , p r a c t i c a l l y no m i d d l i n g . It c a n 
thus be seen that to ob ta in the best met­
a l l u r g i c a l e x t r a c t i o n as a f a i r l y c lean 
concentra te , the g r i n d i n g shou ld be car­
r i e d on so tha t the m a t e r i a l passes a 
48-mesh screen. It i s not mean t tha t 
best c o m m e r c i a l resu l t s cou ld be ob­
ta ined th is way . F o r one reason the 
tonnage of a g iven t r ea tmen t p lan t w o u l d 
be s m a l l e r the finer the f eed . T h e cost 
of r e g r i n d i n g is a l so a great f ac to r . 
These are mat te r s of ope ra t ing costs i n 
the m i l l i t s e l f and are i n f luenced by fac ­
tors such as gi-ade of concen t ra t e de­
s i red , tonnage to be obta ined, and others 
of w h i c h no knowledge was ava i l ab l e . 

T h e m a t e r i a l was s ampled and w e i g h e d 
and t rea ted upon a s m a l l W i l f l e y table . 
T w o produc ts w e r e obta ined—concen­
trates and t a i l i ngs , each of w h i c h were 
we ighed and sampled . 

T h e gangue m a t e r i a l con ta ined qui te 
an amoun t of h e a v y s i l i ca tes , p r i n c i p a l l y 
o l i v ine . A s the spec i f ic g r a v i t y of o l i v ­
ine is about 3.5, and of c h r o m i t e about 
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4.5, the concentra tes con ta ined a n ap­
p rec iab le amoun t of these heavy s i l i ­
cates. O w i n g to t i i e s m a l l s ize ot tbe 
t ab l e used, a c lose sepa ra t ion be tween 
the o l i v i n e a n d c h r o m i t e c o u l d not be 
made . Proba.bly th i s w o u l d not be tbe 
case w h e n w o r k i n g w i t h a f u l l s ize table 
upon a p rope r ly p repa red feed . 

T o a s c e r t a i n the m a x i m u m amount of 
c h r o m i c ox ide w h i c h m i g h t be ob ta ined 
i n these concentra tes , and a lso tbe ra t io 
of c h r o m i u m to i r o n , samples of the low-
grade a n d high-grade concentra tes were 
c leaned by u s i n g a W e a t h e r l l l magne t i c 
separator . O l i v i n e i s s l i g h t l y less mag­
ne t i c t han c h r o m i t e and a c lean separa­
t i on can be made . T h e o r e t i c a l l y , chro­
mi te consis ts of F e O , Cr^Og i n the pro­
po r t i on of i r o n ox ide 32 percent and 
ch romi t e ox ide 6S percent . H o w e v e r , as 
f ound , c h r o m i t e con ta ins M g O (magne­
s i a ) , and AhOg ( a l u m i n a ) , r e p l a c i n g the 
ox ides of i r o n and c b r o m l u m . T h e 
a m o u n t of r ep l acemen t v a r i e s w i t h i n ­
d i v i d u a l deposi ts . F o r th i s reason, w h i l e 
t be c h r o m i t e i t s e l f m a y be abso lu te ly 
f r e e f r o m gangue, the c h r o m i c oxide 
content m a y be f a r b e l o w the theoret i ­
c a l amoun t of 68 percent . 

T h e mean a n a l y s i s of t h e m a g n e t i c a l l y 
c leaned tab le concent ra tes was 40.74% 
c h r o m i c ox ide and 26.96% i r o n oxide. 
T h e r e f o r e , i t can be seen t ba t no table 
concen t ra te of a h ighe r grade cou ld be 
made. T h i s i s due to the h i g h propor­
t i o n of i r o n to c h r o m i u m , tha t i s , i r o n 
w h i c h is i n c h e m i c a l c o m b i n a t i o n w i t h 
c h r o m i u m . T h e o r e t i c a l l y , the ra t io 
c h r o m i u m —1.82, but in- th is case the 

i r o n 

r a t i o c h r o m i u m —1.28. 

i r o n 

B y table concen t r a t i on an e x t r a c t i o n of 
the c h r o m i c o x i d e content of the ore was 
made w h i c h r anged f r o m about 70 per­
cent to 90 percent , depend ing upon the 
c h r o m i c ox ide content of the f eed . I n 
the case of the low-grade ore i t is prob­
a b l e tha t b y c a r e f u l p repa ra t ion of the 
f e e d and close a t t en t ion to t h e t ab le 
w o r k , a grea te r e x t r a c t i o n m a y be made 
t h a n is here i nd i ca t ed . H o w e v e r , i t i s 
no t the m e t a l l u r g i c a l e fhe iency of t be 

t r ea tmen t w h i c h is to be cons ide red so 
m u c h as the ne t • c o m m e r c i a l returns, 
T h a t i s , i t m a y not pay to m a k e a greater 
e x t r a c t i o n as the expense of so doing 
m i g h t be grea te r t han the inc reased value 
of the product . 

T h e h ighes t grade t ab le concentrate 
i t i s poss ib le to m a k e f r o m tb i s ore con­
ta ins about 40 percent Cr^O„, and 27 per­
cent F e O , w i t h a c h r o m i u m - i r o n ra t io of 
1.28. T h i s i s of great im por t ance i n con­
s i d e r i n g the c o m m e r c i a l va lue of t h e ore 
f o r fe r ro -chrome m a n u f a c t u r e , as it 
w o u l d not be f e a s i b l e to produce ferro­
ch rome c o n t a i n i n g m u c h over 55 percent 
c h r o m i u m f r o m th i s ore, a n d i t w o u l d be 
necessa ry to m i x i t w i t h o re con ta in ing 
less i r o n . M a r k e t a b l e fer ro-chrome 
shou ld con ta in 60 percen t c h r o m i u m or 
more . T h e h i g h percentage of i roa 
w h i c h i s combined c h e m i c a l l y w i t h tbe 
c h r o m i u m i n th is ore seems to l i m i t its 
use tb c h e m i c a l manu fac tu r e r s , refrac­
tor ies , and i n a l i m i t e d w a y to ferro­
ch rome produc t ion . 

Concentration Tests on Black Sand. 

I n a n a r t i c l e en t i t l ed , "Sepa ra t i on ol 
M e t a l l i c s f r o m P a c i f l c Coas t Sands,"* 
H e n r y E . W o o d discusses the extrac­
t ion of ch romi t e and o ther m i n e r a l s f r o m 
" b l a c k sand , " T h e f o l l o w i n g paragraphs 
are t a k e n f r o m th i s a r t i c l e : 

" P o s s i b l y the l a rges t amoun t of chro­
m i u m " i n s igh t " t oday is con ta ined in 
the b l a c k sands" of the P a c i f l c C o a s t 
w h i c b ex i s t f o r m a n y mi le s a l o n g the 
shores of Ca l i fo rn ia . , Oregon , and Wash­
i n g t o n , w h e r e they are p l a i n l y exposed 
not o n l y at the present _ beach l ine , bui 
a lso on the anc ien t sea leve ls , w h i c h art 
i n v i e w , i n some reg ions , f o r seve ra 
m i l e s i n l a n d . F o r m a n y years thes( 

% R e ­
cove ry 

68.3 
84.8 
91.3 

87.4 

sands have a t t r ac t ed the a t t en t ion o: 
m i n e r s , on account of t he i r go ld and 
p l a t i n u m contents , and i n m a n y places 
suf f l c ien t ev idence is present to w a r r a n 
a t tempts to r ecover them. F o r over two 
h u n d r e d mi les , as I k n o w f r o m personal 
exper ience , f e w loca l i t i e s ex is t where 
by c a r e f u l pann ing , one canno t obta in 

* Separation or Metallics from. Pacific Coas 
Sands. Henry E . Wood, Engineering am 
Min ing Journal, February 7, 1920, p. 398. 

Summary of Results—Table Concentration. 

F E E D T A I L I N G S C O N C E N T R A T E S 

W e i g h t i n % W e i g h t i n % W e i g h t i n % 
M a t e r i a l G r a m s C n O , G r a m s Cr. .O, G r a m s C r , 0 , 

L o w Grade 4000 6.78 3160 3.05 500 37.0 
M e d i u m Grade . 3365 24.78 800 9.5 1810 39.04 
H i g h G r a d e 4675 33.64 6tO . 14.59 3750 38.36 
C a l c u l a t e d 
M e a n G r a d e . . . .12040 22.1 5980 5.57 6060 38.45 
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t ract ive showings of flne, flake go ld also ev ident f r o m tbe f ac t that , of the 
d occas iona l ' s ca l e s of the ha rde r plat- sands w h i c h have been w o r k e d , a l l of 

irunn. T b e go ld i s i n an exceed ing ly the m i n e r a l s sought are p r a c t i c a l l y of 
e s ta te of d i v i s i o n , hut s a t i s f a c t o r y the same size, 75 percent of t he i r to ta l 
i thods f o r i t s r e cove ry have been dem- w e i g h t b e i n g between 70 a n d 100 mesh . " 
s t ra ted. A s severe s to rms are of f r e - T h e m a t e r i a l used i n tbe expe r imen t s 
ent occurrence , mos t of the equ ipmen t was a chromi te -bear ing b l a c k s a n d sa id 

d ' cc t ed f o r such purposes has been to come f r o m near B a n d o n , Oregon . T h e 
ecked, as i s p l a i n l y ev ident to the v i s - sand con ta ined i n add i t ion to chromi te -
i \ . magnet i te , i lmen i t e , garnet, z i r con , tour-
Di smteg ra t ion of the se rpen t ine f o r m a - ma l ine , and quar tz . A n extended inves t i -
ns i n reg ions h a c k f r o m the coast, ero- ga t ion w o u l d undoub ted ly r e v e a l the 
in, and wave and t i d a l ac t ion f o r nn- presence of other m i n e r a l s ' a lso. T b e i n -
o w n ages have been the p r i m e f ac to r s d i v i d u a l pa r t i c l e s appeared to be en t i r e ly 
a concen t r a t i on of a l l the heav ie r m i n - f r e e f r o m i m p u r i t i e s , so tha t no f u r t h e r 
l is , the hardness of tbese m i n e r a l s a lso c r u s h i n g was necessary . T h e c h r o m i t e 
L y i n g an i m p o r t a n t par t . N a t u r a l l y , garnet , and i l m e n i t e gra ins , we re f o r the 
; r a t i o of concen t r a t i on is u n k n o w n , mos t par t r ounded ; the quar tz tou rma-
t undoubted ly i t is a h i g h one, pos- l ine , and z i r c o n angular , 
l y severa l thousand in to one. A A screen ana lys i s of the sand showed 
igb c l a s s i f l c a t i o n of the m i n e r a l s i s the f o U o w i n g : 

Screen Analysis. C r O 

, ^ W e i g h t i n % % w t . Cr.O., D i s t H b u -
^^^^^ G r a m s W e i g h t Cr..O:, i n G r a m s t i o n i n % 
^f^s 1313 '100 26.26 341.38 100.00 
™ " S h 28 1313 100 26.26 341.38 100 00 
rough 2 8 ~ O n 35 10 0 777) 
rough 35—On 48 60 4.61 \ ^-^^ "^ '^ 1-4 
rough 48—On 65 335 25.77 20.26 67 87 19 9 
rough 65—On 1 0 0 . . . 810 62.31 30.70 248 67 72 7 
rough 100 85 6.54 24.30 20 66 6 0 

To t a l s 1300 100.00 341,97 100.0 

In m a k i n g the test thc endeavor was to produce as c lean a concen t ra te as possl-
w i t h the Idea tha t t be va lue of a high-grade p roduc t w o u l d more t ha n offse t a 

^ht loss i n ex t r ac t ion occas ioned . 

A number of p r e l i m i n a r y tests were made to de te rmine tbe best cond i t ions f o r 
•rynig out the test. B r i e f l y the procedure waa : 

1, C o n c e n t r a t i o n on W i l f l e y table , 
2, W i l f l e y concentra tes d r i e d and t reated on W e t h e r i l l magne t i c separa tor 
3, C h r o m i t e produc t of W e t h e r i l l t rea ted on H u f f e lec t ros ta t ic separator . 
Wilfley T a b l e Concentration.—A sample of the d ry sand w e i g h i n g 10 k i l o g r a m s 
lbs.) was f ed a u t o m a t i c a l l y to a 24-inch W i l f l e y table, at a ra te of about 13 k g m 

• hour (10 k g m . i n 45 m i n . ) . T w o produc ts we re made—a quar tz t a i l i n g and a 
icentrate c o n t a i n i n g ch romi te , garnet , and other heavy mine ra l s . T b e f eed was 
, c l a s s i f l ed as the p roper de t e rmina t i on of th i s po in t w o u l d have r e q u i r e d more 
•e t han ava i l ab le . 

Resul t s of Table Test. q^. q 

W e i g h t i n % W t . Cr , .0 . D i s t r i b u -
'i'odnct G r a m s C r , 0 , i n G r a m s t i on i n % 
Ills 10000 26.26 2626,0 TOO 0 

1300 4.54 59.0 2 5 
Ci i i icenLrate 8510 30.00 2557.0 97.5 

9810 
i cen t ra t ion R a t i o — 1.17 in to 1 
r a c t i o n — 97,38% 

Magnetic Concentration.—-The concentra tes f i ' o m the W i l f l e y table were d r i e d 
I then t rea ted on a W e t h e r i l l t w o double-magnet separator . T h e ra te of feed was 
lUt 45 k g m , (100 lb.) per hour . T h e feed bel t had a w i d t h of s i x inches and was 
i'en at the ra te of 50 fee t pe r minu te . T b e magnets were so set tba t no adjus t -
;it o ther than tha t of c h a n g i n g the amperage was necessa ry throughout the test. 
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Results of Magnetic Test. Magnetic Test. 
Cr .O, . 

W e i g h t % W t . C r , 0 , D i s t r i b u ­
A m p e r a g e P r o d u c t i n G r a m s C r , 0 , i n G r a m s t i on i n % 

H e a d s 8290 30.06 2455.9 100,0 
•0.2 M a g n e t i t e 80 5.43 . 4.34 ,2 
1.0 350 10.69 37.42 1,5 
2.0 Garne t 1985 17.63 350.00 14.2 
2.0 G a r n e t a n d 

C h r o m i t e T a i l s 3755 35.60 2048.78 83.4 

8170 2440.54 99.3 
C o n c e n t r a t i o n R a t i o —1,42 in to 1 
E x t r a c t i o n — 83.4% 

T h e amperage was t hen r a i sed to 4 and the t a i l s , cons i s t i ng of chromi te , garnet 
and heavy s i l i ca tes put through. T h i s r e s u l t e d i n a p r o d u c t - d e l i v e r e d f r o m the m a g 
nets of m i x e d c b r o m l t e and garnet , a n d a t a i l i n g of heavy s i l i ca tes , such as z i r c o i 
a n d t o u r m a l i n e , w h i c h , r e m a i n e d w i t h the heavy m i n e r a l s on the W i l f l e y table . 

C r , 0 , 
W e i g h t % W t , C r , 0 , Dis t r i i )u -

P r o d u c t i n G r a m s Ci%0-, i n G r a m s t i on i n % 
H e a d s 5660 35,60 2015.00 100.0 

4,0 T a i l s 400 0.97 3.88 0.20 
Concen t ra t e 5200 38.46 2000.00 99.25 

5600 99,45 
C o n c e n t r a t i o n R a t i o — 1.09 in to 1 
E x t r a c t i o n — 99.25% 

Electrostatic Concentration.—The m i x e d ga rne t and ch romi t e product , resu l t in : 
f r o m magne t i c concen t ra t ion , was t r ea t ed on a H u f f e lec t ros ta t ic separa tor , using^ i 
s i ng le - ro l l ro l l - feed type mach ine , p u t t i n g the m a t e r i a l t h rough t e n t imes to approxi 
mate cond i t ions of a 10-roll c o m m e r c i a l macb ine . A toboggan-feed type of s ix elec 
t rodes was ava i l ab l e , bu t tbe s ing le e lec t rode w a s used as b e i n g easier of ad jus tment 
T h e vol tage was m a i n t a i n e d at 28,000. T h i s resu l t ed f n two produc t s—a high-gradn 
concent ra te and a t a i l i n g of garne t and ch romi t e . T h i s t a i l i n g m i g h t be r e tu rned t 
tbe W e t h e r i l l , u s i n g the H u f f to p roduce a c l ean concentra te . 

Result of Electrostatic Test 

W e i g h t % 
V o l t a g e P r o d u c t i n G r a m s Gr.O:, 

H e a d s 5070 38.46 
28000 T a i l s 1145 15.16 

Concen t ra t e 3860 45.82 

5005 
C o n c e n t r a t i o n R a t i o -
E x t r a c t i o n — 

-1.31 in to 1 
90.7% 

W t . C r , 0 , 
i n G r a m s 

1950,0 
* 173.6 
1768.7 

1942.3 

C r , 0 . 
Distr i lDu-
t i o n i n % 

100,0 
9.0 

90.7 

99.7 

Summary of Concentration. 

C o n c e n t r a t i o n R a t i o E x t r a c t i o n 

W i l l i e y 1.17 in to 1 97.38% 

W e t h e r i l l 1.42 in to 1 83.43% 

W e t h e r i l l 1,09 in to 1 99.25%, 

H u f f 1.31 in to 1 90.69% 

F i n a l concen t ra t ion based on W i h 

fley beads and H u f f concentra te , 

2,59 in to 1 67.34% 

Summary of Assays. % 
S a m p l e Cr^O, 
H e a d s 26,26 
T a b l e T a i l s 4-64 
T a b l e Concen t r a t e 30.06 
M a g n e t i c P r o d u c t 0.2 ampere (mag­

net i te) 5.43 
M a g n e t i c P r o d u c t , 1.0 ampere (Il­

men i t e ) 
M a g n e t i c P roduc t , 2.0 ampere (Gar­

net) 17.6;! 
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net ic P roduc t , 2,0 ampere 
b r o m i t e and G a r n e t ) . . . 35.60 
l i e r i i l T a i l s (heavy S i l i c a t e s ) . . 0.97 

T a i l s 15.16 
Concen t ra t e 45.S2 

le f e r r i c oxide content of the concen-
: was 28.26%. A s s u m i n g tha t a l l 

(;];rnniium i n the concent ra te i s present 
i romi te , and tha t the f o r m u l a of th i s 
mite is P e O , Cr203(Fe,04) h y ca lcu-
n tbe re was an excess of i r o n equiv­

alent to 4,46 f e r r i c oxide over tha t ueces-
to c o m b i n e w i t h the c h r o m i u m as 

mite. 
w i l l be not iced that ex t r ac t i ons are 
i on we igh t s and assays ef products , 
m be ca lcu la t ed f r o m assays alone. 

l-lo\\ ever, as i t is v e r y l i k e l y tha t the 
3t conta ins c h r o m i u m , th is w i l ! show 
ipparent r ecove ry of the c h r o m i t e 
f t b a n is a c t u a l l y the case. C l e a n 
3t and ch romi t e p roduc ts shou ld be 
ned a n d the c h r o m i u m content de­

termined. T h i s w o u l d a id i n a r r i v i n g at 
rue recovery , 
e advantages and d i sadvan tages of 
% and c l a s s i f l c a t i on shou ld he stud-

It is p robable that s i z i n g w i l l be 

f o u n d p r e f e r a b l e — m a k i n g two produc ts 
—plus a n d m i n u s 65 mesh . 

I n c o n c e n t r a t i n g i t i s r a the r d i f f l cu l t 
to t e l l hy the eye u n t i l w e l l t r a ined , 
whe the r a c lean produc t i s b e i n g ob­
ta ined . Some b l a c k pa r t i c l e s w h i c h to 
the n a k e d eye appear to be ch romi te , 
under the mic roscope are seen to be gar­
net. 

Concentration Test on Ferro-Chrome 
Slag. 

T h e m a t e r i a l used i n th i s exper iment 
cons i s ted of f e r ro -chrome i n s l ag . T h e 
fe r ro-chrome occur red as i r r e g u l a r 
shaped pieces w e i g h i n g . h a i f an ounce 
and less and shot the s i ze of buck-shot 
and smal le r . T h e angu la r pieces we re 
f o r the most pa r t r a r e l y f r e e f r o m s lag . 
T h e shot we re imbedded i n the s lag . 

O w i n g to the grea t d i f f e rence i n spe­
e i f lc g r a v i t y be tween tbe f e r ro -chrome 
and s l ag a lmos t a n y me thod of g r a v i t y 
concen t r a t i on shou ld be s u c c e s s f u l . 

F o r th is tes t a 4 x 6 i n c h t w o compar t ­
m e n t H a r z type j i g was used. T h e ma­
t e r i a l was flrst a l l c rushed so as to pass 
a two-mesh screen . A screen ana lys i s 
of th i s p roduc t showed the f o l l o w i n g : 

+ 4 
+ 8 
+ 14 
+ 20 
+ 28 
+ 35 
+ 48 

S C R E E N A N A L Y S I S . 
( A l l T h r o u g h 3 M e s h ) 

W t Gm. % w t . 

m e s h 1105 — 5 4 . 1 0 — 54.10 
m e s h 460 — 23,44— 76.54 — 13.76 
m e s h 220 — 10.75— 87.29 — 12.00 

Assay 
% Cr. 
-16.64 

Wt , Cr. . % of Cum. of 
Tota lCr . Total Cr, 

m e s h 
m e s h 
mesh 
m e s h 
m e s h 

3,66— 90.95 — 12.72 
1.96— 92.91 — 11.20 
1.96— 94.87 — 10.56 
1,71— 96.58 — 10.40 
3.42—100.00— 8.40 

-183.9 
- 63.3 
- 26.4 — 
- 9,5 — 
- 4,5 — 
- 4,3 — 
- 3.6 — 
- 5.9 — 

61,2 
21.0 

S.7' 
3.2-
1,5 
1.4-
1.2-
1.8-

- 61.2 
- 82.2 
- 90,0 
- 94,1 
- 95,6 
- 97.0 
- 98.2 
-100,0 

T o t a l • 2045 

lieads—2045 gm. 
r heads—12.16%> Or. 
Cr . i n heads—248,7 gm. 
D w e i g h t of the c h r o m i u m i n the 
) (248.7 gm,) s h o u l d equal the eom-

biiipfl we igh t s of the c h r o m i u m i n the 
ent s izes i n the sc reen a n a l y s i s 

(;!iil 2) 
the test 12825 gm, (38 lb.) of un-
f eed s i m i l a r to t ba t i nd i ca t ed b y 

icreen ana lys i s gave the f o l l o w i n g 
ic ts : A s s a y W t , C r . 

W t . G m . % C r . G m . 
Concentrate 1455 53,60 780.0 
I b n c h p roduc t 650 15.60 101.4 

10270 7.20 739,4 
Sl inui (not saved) 

301.2 100.0 

12375 1620.8 
heads 12825 
' heads 12.16% C r . 

W i . C r , i n heads . .1559.5 
the w e i g h t of the c h r o m i u m i n the 

we igh t s of c h r o m i u m i n a l l j i g products 
the re are m a n i f e s t l y er rors i n e i ther 
s a m p l i n g or a s say ing . T h e r e f o r e , no ex­
t r a c t i o n c a n be accura te ly de te rmined . 
Moreove r , as the s l ag i t s e l f con ta ins 
c h r o m i u m , th i s t ends to s h o w an appar­
ent e x t r a c t i o n a c t u a l l y l o w e r t han the 
r e a l one. 

A l m o s t any me thod of g r a v i t y concen­
t r a t i o n w o u l d p r o b a b l y be succes s fu l . 

It m a y requ i re g r i n d i n g to flner t han 
2 mesh, but the l a rge r pieces of fe r ro­
ch rome shou ld be t a k e n out flrst c lean 
and then the t a i l i ngs reground , as a sav­
i n g i n the cost of c r u s h i n g w o u l d be ef­
fec ted thereby. 

T h e d i sc repanc ies s h o w i n g i n the m e t a l 
balances are due to the f ac t tha t accu­
ra te samples cou ld not be secured, as 
i t was des i red to save a la rge par t of 
each produc t f o r f u r t h e r examina t i on . 
T h i s lead to t a k i n g a s m a l l e r p ropor t ion 
of the produc ts t h a n good s a m p l i n g re-
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Calcium Molybdate as an Addition Agent 
in Steel Making* 

By Alan Kissock, '12. 

I n the p r o d u c t i o n o l a l l o y steel , mo lyb ­
denum, l i k e mos t s i m i l a r me ta l s , i s com­
m o n l y added to a s tee l b a t h i n the f o r m 
of a f e r ro -a l loy , u s u a l l y less t han a ha l f 
hour be fore the f u r n a c e is tapped. 

I n the open-hear th f u r n a c e p r a c t i c e 
va r ies , f r o m m e l t i n g tbe f e r r o i n a s m a l l 
e l ec t r i c f u r n a c e a n d m a k i n g a hot m e t a l 
add i t i on , to c r u s h i n g to about one-quarter 
m e s h and a d d i n g i t co ld , or, as i s per­
haps mos t c o m m o n at present , the a l l o y 
is t h r o w n in to the fu rnace , con ta ine r and 
a l l , jus t as i t comes f r o m the manufac ­
turer . I n the e l ec t r i c f u r n a c e w i t h i t s 
more concen t ra t ed heat, the m a n n e r of 
i n t r o d u c t i o n is of lesser impor t ance . 

F o r m e r l y a f e r r o c o n t a i n i n g f r o m 75 to 
80 per cent m o l y b d e n u m was gene ra l l y 
spec i f i ed . B e c a u s e of tbe d i f f i c u l t y of se­
c u r i n g a n ere su i tab le f o r m a n i i f a c t i u ' i n g 
such a h igh-grade a l loy , and because of 
the h i g h m e l t i n g po in t of the me ta l , w i t h 
a t tendant d i f f i c u l t i e s of p roduc t ion , the 
cost of th i s a l loy was n e c e s s a r i l y h i g h . 
In the con t inued a t t empt to decrease pro­
d u c t i o n cost, and s ince there can be no 
r e a l ob j ec t ion on the p a r t ' o f the s tee l 
m a n u f a c t u r e r s , more recent p r a c t i c e has 
heen to produce a f e r r o c o n t a i n i n g ap­
p r o x i m a t e l y 50 per cent m o l y b d e n u m . 
T h i s gi-ade of f e r r o , bes ides b e i n g less 
cos t ly to produce , i s perhaps the p r i n c i ­
pa l f a c t o r i u the sm^cess of i t s d i r ec t 
a d d i t i o n to s teel . Its l o w e r m e l t i n g po in t 
is r e spons ib le f o r less Segregat ion and 
e l imina t e s the necess i ty of p re -me l t ing 
or flne c r u s h i n g . 

Merit and Cost of Molybdenum. 

In the a t tempt to create or s t i m u l a t e 
the use of a n y t h i n g new, the first re­
qu i r emen t is to e s t ab l i sh i t s m e r i t a n d 
secondly to decrease i t s cost. T h e first 
r equ i s i t e—the va lue of m o l y b d e n u m as 
an a l l o y f o r c e r t a i n s teels— is cont inu­
a l l y b e c o m i n g bet ter k n o w n . P r i n c i p a i l y 
f r o m lac l f of demand, tbe war - t ime p r i c e 
of f e r r o m o l y b d e n u m has f a l l e n consider­
ably , hut i f the me ta l i s to find ex tens ive 
use i t i s necessa ry tba t a r easonab le and 
m o r e cons tan t cost he es tab l i shed . 

In deposi ts of c o m m e r c i a l extent , mo l ­
y b d e n u m se ldom occurs i n percentages 
suf f ic ibn t to pe rmi t , even by the m o s t 
e i f ic ien t k n o w n means of ere concent ra ­
t ion , a r e c o v e r y of g rea te r t h a n 10 l b . 

* Chem. & Met. Eng. , June 2, 1920. 

of m e t a l per ton of c rude ore mined. 
O f t e n c o n s i d e r a b l y less m a y b 
t r ac ted . A great m a n y costs, thernl'nre, 
mus t be cha rged aga ins t tbese 
pounds of m e t a l recovered , f r o m the min­
ing , t h r o u g h the o f t en -d i f i i cu l t conccntn i -
t iou , to the final t r anspor t a t ion . 

T o these mus t be added the cunt oj' 
e l ec t r i c s m e l t i n g w i t h i t s h e a v y IOSJHOS, 
even i n the best of p rac t ice , the di l l i t iu l l -
ies of c o m i n g w i t h i n the eusto) 
r i g i d spec i f i ca t ions ef the consumer , and 
the u n c e r t a i n t y of s e l l i n g the p] 
w h e n finished; It i s eas i ly seen, ibdro-
fore , tha t i f a f a i r and reasonable I ' e lnni 
is to be made to the p roducer , fe r romoU 
y b d e n u m cannot become cheap enintjdi 
to compete l a r g e l y w i t h some c 
more c o m m o n s t ee l - a l loy ing elei 
A s s u m e that every poss ib le cost ot min­
i n g and t r ea tmen t has been brous 
i t s l owes t point . T h e n i f any f u r t l n u ' (In­
crease i n cost i s to be obta ined , 
conies poss ib le o n l y t h r o u g h s o n 
p r o v e m e n t i n the m e t a l l u r g i c a l 
ment or t h rough the e l i m i n a t i o n of y-mtu; 
step i n the p repa ra t i on of a s i 
p roduc t f o r the s tee l m a n u f a c t u r e i 

W i t h these f ac t s i n m i n d , i t oc( 
tha t i t raight be poss ib le success fu l ly 
to i n t roduce m o l y b d e n u m in to st< 
tbe use of a sal t of the m e t a l r a the 
by the use of f e r r o m o l y b d e n u m . Cnnli i 
th is be e f f l c i en t ly accompl i shed , thi 
e iee t r i c f u r n a c e r e d u c t i o n of ore; 
p roduc t s w o u l d he e l i m i n a t e d and in lis 
p lace a m u c b lower-cost c h e m i c a l 
ment could be subst i tuted.v 

C h e m i c a l Compounds as A d d i t i o n Arients, 

T b e idea of i n t r o d u c i n g an al 
m e t a l i n to s tee l by means of s o n 
or comi iound thereof i s uot pa r t i cn ln r ly 
new. It has been t r i ed , b o t h i n t l 
nace and i n the lad le , w i t h ce r t a in ot iho 
meta ls , and w i t h more or less s i 
S e v e r a l d i f f i cu l t i e s , bowever , are e 
te red i n c o n s i d e r i n g the more cc 
sal ts or compounds of m o l y b d e n u n 

T b e o r d i n a r y 60 per cent mo lyb t l c i i i l e 
concentra te , or even tbe h ighe r gr; 
unf i t f o r d i rec t add i t ion f o r sever; 
sons. A l l such concent ra tes con 
c e r t a i n p ropor t ion of s i l i c a and i n 

f Compare, for instance, J . P . B 
"Notes on the Metalkirgv of W i l l : 
Chtm. & Met. Eng. . V o l . 21, p. 264. S< }<r. 1». 
1S19. 
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ace p rac t i ce i t i s des i r ab le to avo id , 
ar as poss ib le , a n y i n t r o d u c t i o n of 

pi l ica in to the ba th . U p o n a d d i t i o n of 
'bdeni te to s tee l at l eas t a p o r t i o n 

(it I he ore w o u l d be conve r t ed in to the 
:ide a n d as such w o u l d r e a d i l y v o l a -
) and be lost . T h e mos t se r ious eb­
on, however , i s the 25 to 30 per cent 
:iur content of h igh-grade concen-

li-;ilcs. In a test made at the p lan t of 
Southern C a l i f o r n i a I r o n & S t e e l Co. , 
iS A n g e l e s , an a t tempt was made, b y 
a d d i t i o n of h igh-grade m o l y b d e n i t e , 
i i t roduce 0,4 per cent m o l y b d e n u m 
steel . It was f o u n d tha t a l t h o u g h a 
iderahle p r o p o r t i o n of the molybde-
entered the s teei , su lphur , w i t h i t s 

I a f f ln i ty f o r i r o n , was a lso in t ro -
dnficd to the extent of 0.25 per cent . B y 
Jong t r ea tmen t i n tbe furnalce, w i t h m a n ­

se and l i m e add i t ions , t h i s s u l p h u r 
m t m i g h t have been l owered , but 
tbe fu rnace -man ' s cons tan t e f fo r t to 
the s u l p h u r l o w i n h i s product , a 

in()l,\ bdeni te w o u l d h a r d l y be l o o k e d upon 
f avo r . 

as ted mo lybden i t e concen t ra te or 
ide of m o l y b d e n u m w o u l d se rve as 
•ect a d d i t i o n agent, we re i t no t f o r 

the ease w i t h w h i c b th i s compound is 
i l i z e d . A t 1,200 deg. F . the vapor 
mre of m o l y b d i c ox ide i s qu i te h i g h , 
l a t r ecover ies f r o m an a d d i t i o n at 
-fiu-nace t empera tu res w o u l d he un-
:ably low. S u c h roas t ed concen-
s w o u l d a lso c a r r y the s i l i c a gangue 
e unroas ted m a t e r i a h and t hough i t 
' ssible to m a n u f a c t u r e a m o r e pure 
ide, the cost of s u c h is p r o h i b i t i v e , 
ice m o l y b d e n u m uni tes i n v a r y i n g 
n-tions w i t h o;;fygen, i t i s poss ib le 
one or more ox ides m i g h t be f o u n d 
[i w o u l d not be v o l a t i l e at f u r n a c e 

tcni peratures . T h e d i f f i cu l t y , however , of 
snt ly p r o d u c i n g sueh ox ides m a k e s 

compounds of d o u b t f u l va lue f o r 
( loiisideration as a d d i t i o n agents . 

i i u m molybda te raight serve as 
ler poss ib le agent hut f o r the h i g h e r 

Cfi'-ii of p r o d u c i n g i t of a su f l i e i en t ly h i g h 
bdenum content . 
the case of some m o l y b d e n u m ores, 
3P be tween c o n c e n t r a t i o n a n d the 
[facture of f e r r o i n v o l v e s e i the r a 
c e or a c h e m i c a l , t r ea tmen t f o r the 
va l of poss ib le i m p u r i t i e s and the 
i c t i on of an a l k a l i n e sa l t of m o l y h -

ik 'nnm, p r e f e r a b l y c a l c i u m mo lybda t e . 
l U g h i n the p r o d u c t i o n of f e r r o f r o m 
odenite i t i s not a l w a y s necessa ry to 
ide e l ec t r i c f u r n a c i n g hy a roas t or 
t rea tment , sueh a process can be 
ly app l i ed and a c a l c i u m m o l y b d a t e 
2,h g rade v e r y ea s i l y p roduced . 

T h e o r e t i c a l l y , c a l c i u m molybda te 
shou ld serve as an exce l l en t a d d i t i o n 
agent to s tee l . It can be ea s i l y and com­
p a r a t i v e l y i n e x p e n s i v e l y made of a h igh-
grade, c o n t a i n i n g p r a c t i c a l l y n o t h i n g hut 
the oxides of m o l y b d e n u m and c a l c i u m . 
T h e sa l t is eas i ly r educed a n d tbe i i m e 
appa ren t ly prevents loss b y v o l a t i l i z a t i o n 
of the m o l y b d e n u m t r i o x i d e . U p o n re­
duc t ion of the m o l y b d e n u m , by the car­
bon or s i l i c o n i n the stee!, the l i m e 
w o u i d s i m p l y serve as a s m a l l added 
source of m a t e r i a l f o r the o r d i n a r y bas ic 
s lag . 

E a r l y i n 1918, i n N e w Y o r k C i t y , sev­
e r a l s m a l l s tee l heats we re made. A n 
e x p e r i m e n t a l e l ec t r i c f u r n a c e was em­
p loyed and m o l y b d e n u m was success­
f u l l y i n t roduced hy the use of c a l c i u m 
m.olyhdate w i t h a r e c o v e r y of 95 per 
cent. 

E u c o u r a g e d b y these tests and w i t h 
the k i n d co-operat ion of P . E . M c K i n n e y , 
m e t a l i u r g i s t at the U . S. N a v a l G u n fac­
tory , a c o m m e r c i a l tes t was made at tbe 
N a v y Y a r d In W a s h i n g t o n , i n September , 
1918. T h e c a l c i u m molybda te was made 
f r o m the w u l f e n i t e ores of the M a m m o t h 
D e v e l o p m e n t Co. , of L o s A n g e l e s , and 
f u r n i s h e d gra t i s by tha t c o m p a n y f o r the 
test. U s i n g a H e r o u l t f u r n a c e , s i x t ena 
of sc rap was me l t ed and at tbe p roper 
t ime su f f i c i en t c a l c i u m molybda te added 
to in t roduce about 1 per cent molybde­
n u m in to the s teel . T h e m o l y b d e n u m 
content of the product , as s h o w n by 
final ana lys i s , c o n f l r m e d c o m m e r c i a l l y 
the p rev ious e x p e r i m e n t a l resu l t s . A t a 
l a t e r date, C. E . M a r g e r u m , m e t a l l u r g i s t 
of the U , S. N a v a l O r d n a n c e p l an t at 
C h a r l e s t o n , W . V a , , repea ted the success 
secured at the N a v y Y a r d i n W a s h i n g t o n , 
A t i i i r d e l ec t r i c - fu rnace tes t was made at 
the p l an t of the C a r b o n S t e e l Co. , i n 
P i t t s b u r g h , P a . A 6-ton H e r o u l t f u r n a c e 
was emp loyed , and a r epe t i t i on of the 
success of the two p rev ious heats gave 
ample assurance tha t c a l c i u m m o l y b d a t e 
was a s a t i s f a c t o r y a d d i t i o n agent f o r use 
i n the e l ec t r i c f u r n a c e . 

Molybdate in the Open Hearth. 

H a v i n g succeeded i n these at tempts, i t 
was conceded tha t because of the s t rong 
r e d u c i n g ac t ion of the e iee t r i c f u rnace , 
the resu l t s ob ta ined were to be expected. 
T h a t the same success c o u l d he secured 
i n the s t rong ly o x i d i z i n g a tmosphere and 
ac t ion of the open-!iearth f u r n a c e was , 
however , open to a rgument , and consider­
able s k e p t i c i s m had to be overcome. 

E x p e r i m e n t a t i o n has s h o w n molybde­
n u m to have leiss a f f i n i t y f o r o x y g e n t h an 
e i t h e r . i r o n or ca rbon . I n d u s t r i a l l y , th i s 
i s aga in p roved by the f ac t that once i n 
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the s t ee l b a t h n e i t h e r " o r e i n g d o w n " no r 
" b o i l i n g " appears to l o w e r the molybde­
n u m content . 

P r o v i d e d the m o l y b d a t e cou ld come i n 
d i r e c t contac t w i t h the m o l t e n me ta l , i t 
was thought tha t the sa l t m i g h t be re­
duced e i the r b y the m e t a l l i c i r o n i t s e l f 
or by one of i t s r e d u c i n g cons t i tuents . 
B y tbe cour teous a id of the o fhc ia l s of 
the C a r b o n S tee l Co. , 50 tons of p i g i r o n 
and scrap w a s cha rged in to one of the 
bas ic open hear ths at t h e i r p lan t i n P i t t s ­
b u r g h d u r i n g N o v e m b e r , 1918. A t the 
p roper t ime suf f i c ien t c a l c i u m m o l y b d a t e 
was added to i n t roduce the de s i r ed per­
centage of m e t a l . A n a l y s i s of the ingots 
p roduced s h o w e d a h i g h r e c o v e r y of the 
m o l y b d e n u m added, a n d the success so 
a t t a i ned a m p l y r e w a r d e d the e f for t ex­
pended. 

E a r l y i n M a y , 1919, w i t h the h i n d i n ­
teres t and co-opera t ion of tbe s taff of the 
U n i t e d A l l o y S t e e l C o r p o r a t i o n , a second 
open-hear th tes t was a r r anged . T w o 
100-ton heats a n d a t h i r d but s m a l l e r 
has ic f u r n a c e heat was made and tbe de­
s i r e d amoun t ot c a l c i u m m o l y b d a t e 
added i n each ease. T h e p r a c t i c a l l y com­
ple te r ecove r i e s of m o l y b d e n u m secured 
p roved beyond ques t ion tha t m o l y d e n u m 
i n tb i s f o r m m a y be succes s fu l l y , and 
v e r y e fRc ien t ly , In t roduced in to s tee l 
made i n the open-hearth. In a l l tests, 
r o l l i n g m i l l r ecove r i e s co r respond w i t h 
those u s u a l l y ob ta ined w i t h tbe cus tom­
a r y f e r r o add i t i on . 

In o rde r tha t the molybda te m a y come 
i n d i r ec t contac t w i t h the m o l t e n i r o n , i t 
i s neces sa ry tha t the a d d i t i o n be made 
i n the e a r l y stages of the heat. I n one 
of the tests the m o l y b d e n u m was i n the 
open-hear th f u r n a c e over a 14-hr. p e r i o d 
and unde r v e r y severe o x i d i z i n g condi ­
t ions . T h e f ac t tha t tbe m o l y b d e n u m 
content r e m a i n e d p r a c t i c a l l y cons tan t is 
proof of another v e r y i m p o r t a n t cons id­
e r a t i on i n connec t ion w i t h the m e t a l . I t 
i s c o n c l u s i v e ev idence tba t m o l y b d e n u m , 
l i k e n i c k e l , and u n l i k e v a n a d i u m , " s t a y s " 
w i t h s tee l . I n the use of m o l y b d e n u m , 
the re fore , the " c r o p s " and scrap ord inar ­
i l y encounte red i n a l l a l l o y s tee l manu­
f a c t u r e c a n be r e m e l t e d w i t h hut l i t t l e 
loss , the reby r e d u c i n g the amount of a l ­
l o y i n g m e t a l r equ i red . • Because of the 
economv tha t m a y be e l fec ted , the i m ­
por tance of th i s f a c t mus t be apprec i ­
ated w h e n c o n s i d e r i n g m o l y b d e n u m as 
an a l l o y i n g m e t a l to r ep l ace c e r t a i n of 
the m,etals n o w b e i n g used , and f o r pur­
poses i n w h i c h i t m a y serve equa l ly w e l l . 

Method of Operation. 

T h e i n t r o d u c t i o n of m o l y b d e n u m in to 
s tee l by means of c a l c i u m m o l y b d a t e i n ­

v o l v e s no c o m p l i c a t i o n s wha tever , i t b 
i n g on ly necessa ry to bear the f o l l o w i u 
i n m i n d : 

W i t h the s t rong ly r e d u c i n g ac t ion au 
concen t ra t ed hea t of the e l ec t r i c f u r n a c 
the t i m e of a d d i t i o n is of less impor 
ance. B e s t r e su l t s have been secured by 
i n t r o d u c i n g the m o l y b d a t e immedia te ' 
a f t e r s k i m m i n g of the f i r s t , or pho 
phorus s lag , the final o r w h i t e s l ag ind 
ea t ing , of course, t ha t r e d u c t i o n has bee 
comple te . 

I n open-hear th p rac t i ce , the molybdai 
mus t be added i n tbe ea r ly stages of t l 
beat, no t w i t h the cha rge because of po 
s ib le loss i n the f u r n a c e bo t tom, but pre 
e r a b l y a l i t t l e be fo re the me l t becomf 
" l e v e l " . I n o ther words , i n a n y type of 
f u r n a c e i t is on ly necessa ry to remembi 
tha t the molybda te mus t come i n d ire-
contact with the molten iron, and ther 
fo re i n the b a s i c open-hear th i t mus t 1 
added jus t be fo re tbe l i m e begins lo 
come up. A l a y e r of s l ag w o u l d coi 
p l e t e ly p reven t contac t w i t h the mett 
S h i p p e d i n sheet i r o n d r u m s of conve 
i en t size, the m o l y b d a t e i s added, eo 
t a iners and a l l . * 

Advantages. 

F r o m the s t andpo in t of the m i n e r t l 
p r o d u c t i o n of c a l c i u m m o l y b d a t e is pa 
t i c u l a r l y advantageous . In a lmos t evei 
occur rence , m o l y b d e n i t e i s associated 
w i t h cons ide rab le percentages of bo 
i r o n and copper su lph ides . In order 
p roduce a m a r k e t a b l e concent ra te , a l l of 
the copper and a cons ide rab le p o r t i o n 
the i r o n mus t be r emoved . T h i s m a y lie 
accom.pl ished by se lec t ive flotation, bul 
th i s c l e a n i n g process not on ly adds 
tbe o p e r a t i n g costs, but i n v a r i a b l y mea: 
a l o w e r ex t r ac t ion . I n o ther words , ai 
r e f i n i n g opera t ion , w h e t h e r i t be i n co 
cen t r a t i on or i n the e l ec t r i c f u r n a c e p i 
d u c t i o n of f e r ro , is n e c e s s a r i l y a cost 
one. N e i t h e r copper no r i r o n in ter feres 
i n tbe p r o d u c t i o n of c a l c i u m molybda i 
so tha t the need of e i the r of these refin­
i n g opera t ions i s e n t i r e l y e l i m i n a t e d , 
t he re fo re becomes unnecessa ry f o r t] 
m.iner to m a k e a h igh-grade eoneentra 

* A l l rights to the process as outlined, bo 
in the United States and foreign countrii 
are covered in t l . S. P a t 1,300,279, and a 
owned by the Steel Al loys Co., Investme 
Building', Los Angeles, Calif . I t has been i 
ranged that license to use the process w 
he furnished gratis by thc Steel Al loys C 
to any steel company tiiat may purchase c; 
cium molybdate f r o m such molybdenum pi 
ducers or sellers as may be speciiied up 
the license. Since it is expected, howev 
that the arrangement mentioned w i l l be ma 
wi th a l l principal molybdenum producers, 
hardship to the steel manufacturer, either 
payment of royalty or l imi t ing of purchasl 
power, w f l l be effected. 
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or to separate t h e r e f r o m any of the cop­
per or i r o n su lph ides tha t m i g h t be con­
tained. T h e m i l l m a n w i l l r e a d i l y appre­
ciate the s a v i n g tha t m a y thus be 
effected. 

T h e p r o d u c t i o n of c a l c i u m m o l y b d a t e 
offers a f u r t h e r advan tage i n t ha t the 
equipment f o r i t s m a n u f a c t u r e .does not 
i n v o l v e great cost nor i s e spec ia l s k i l l 
r equ i red i n the opera t ion . T h e m e t h o d 
' comparab le to the . c y a n i d e process i n 

lat l a rge tonnages m a y be r e a d i l y 
Ireate and i n m a n y cases s u c h m a y be 
ca r r i ed out r i g h t at the m i n e . T h e elec-

ic - furnace p r o d u c t i o n of f e r r o not on ly 
squires v e r y l a rge expend i tu res f o r ton-
ige t rea tment , but a lso necess i ta tes 
i r t i c u l a r exper ience and s k i l l . O n l y i n 
ire cases is the- m i n i n g c o m p a n y i n po­
t ion to c a r r y out such an opera t ion , and 

i l thus becomes dependent on some met-
l u r g i c a l conce rn to put i t s p roduc t in to 

marke tab le f o r m . 

C a l c i u m m o l y b d a t e i s r e a d i l y made, 
and w i t l i h i g h r ecove ry , f r o m a l l mo lyb -
d i m u m ores by s i m p l e c h e m i c a l treat­
ment. T h e sal t as u s u a l l y f u r n i s h e d car­

es a p p r o x i m a t e l y 40 per cent m e t a l l i c 
o l y b d e n u m and conta ins no i m p u r i t i e s 

(h i t r imenta l to good s tee l m a n u f a c t u r e . 
It has been p roved beyond ques t ion tha t 

o lybdenum, i n th is f o r m , is ' a v e r y effi­
c ient a d d i t i o n agent f o r the i n t r o d u c t i o n 

the me ta l in to s tee l . 
T h e p a r t i c u l a r advan tage of the proc­

ess i s that a carbon-f ree m o l y b d e n u m 
Idi t ion agent m a y be a f f o r d e d to the 
eel m a n u f a c t u r e r at a p r i c e w h i c h w i l l 

i i^suredly p e r m i t the c o m p e t i t i o n of the 
meta l w i t h those at present i n more gen-

a l use. It i s not w i t h i n the scope of 
i s a r t i c l e to a t tempt to po in t out the 
le or benef i t s of m o l y b d e n u m i n s teel , 
l e va lue of a l l o y steel i n gene ra l i s con-
ant ly becoming het ter apprec ia t ed . I n 

f i l e w r i t e r ' s op in ion , m o l y b d e n u m is the 
• l y me ta l c o m m e r c i a l l y a v a i l a b l e i n 

is coun t ry w h i e h is capab le of develop­
ing i n steels p roper t ies equ iva len t to 

ose p roduced by meta l s w h i e h mus t 
IW be impor t ed . A poss ib le s t r a t eg ic 
,lue ex is t s i n the a m p l e and cons tan t 

domes t ic supp ly of m o l y b d e n u m that i s 
iHtw assured . F r o m tbe r e su l t s of the 

) rk tha t i s be ing done by concerns , as 
i l l as i n d i v d u a l s of p rominence , i t i s 

c e r t a in that m o l y b d e n u m w i l l s h o r t l y flll 
. i m p o r t a n t p lace i n the a l l o y s tee l i n ­

dus t ry . 

RADIUM S C A R C I T Y . 

O w i n g to the s c a r c i t y of r a d i u m — 
l i c h is now p r i ced at $100,000 a g r a m — 
d the f a i l u r e to d i scove r new sources 

of supply , i t i s f e a r e d the shor tage w i l l 
become exceed ing ly acute. I n the mean­
t ime , i t i s r epor t ed tha t r a d i u m f o r use 
i n m e d i c a l r e sea rch is b e i n g p repa red 
by a s p e c i a l me thod . A w e a k so lu t i on 
is made w h i c h g ives off r a d i u m emana­
t ions ; these, w h i c h are detected o n l y b y 
de l ica te i n s t rumen t s , are co l l ec ted i n 
t i n y sealed g lass v i a l s a n d the v i a l s are 
sent to m e d i c a l m e n . It i s s ta ted that 
the e f f icacy of s u c h bo t t l ed emana t ions 
las t s one week. 

W O R L D P R O D U C T I O N O F C O A L 
IN 1919. 

T h e wor ld ' s p r o d u c t i o n of coa l i n 1919 
seems to have dropped back to the l e v e l of 
1910, P r e l i m i n a r y es t imates , n e c e s s a r i l y 
rough , p lace the t o t a l output of a l l k i n d s 
of coa l i n 1919, at 1,170,000,000 m e t r i c 
tons, or 1,290,000,000 net tons. T h i s i s 
162,000,000 m e t r i c tons less t ha n the pro­
d u c t i o n i n 1918, the l a s t yea r of t h e 
W o r l d W a r , and about 171,000,000 tons 
less t ha n tha t of 1913, the yea r before 
the w a r began. 

T h i s es t imate i s based by the Geologi ­
c a l S u r v e y upon repor ts to the Supreme 
E c o n o m i c C o u n c i l f r o m count r ies w h i c h 
con t r ibu te about 85 per cent of the 
wor ld ' s output. O b v i o u s l y , r e t u rn s f r o m 
the o ther count r ies may m a t e r i a l l y a l t e r 
th is figure; i f a n y t h i n g , they w i l l prob­
a b l y reduce i t s t i l l f u r t h e r . 

T h e f o l l o w i n g t ab le shows the esti­
ma ted p r o d u c t i o n of the w o r l d f o r each 
yea r f r o m 1910 to 1919. Because of dis­
tu rbances and i n t e r r u p t i o n s i n the com­
p i l a t ions of G o v e r n m e n t s ta t i s t ics , par­
t i c u l a r l y i n c e n t r a l and eas te rn Eu rope , 
the figures s ince 1913 are not to be re­
garded as final. T h e m e t r i c ton of 2,205 
lbs , i s used because i t i s the p r e v a i l i n g 
un i t i n n o n - E n g l i s h s p e a k i n g count r ies . 
A m e r i c a n s w i l l r e m e m b e r i t mos t eas i ly 
as be ing rough ly equ iva l en t to the gross 
ton a n d the E n g l i s h ton. 

World's Production of Coal 1910-1919. 

{ M e t r i c T o n s of 2,205 lbs.) 

P r o d u c t i o n , P e r Cen t 
i n P a r t P r o d u c e d 

Y e a r E s t i m a t e d by U , S. 
1910 1,160,000,000 39.2 
1911 1,189,000,000 37.2 
1912 1,249,000,000 38.8 
1913 1,341,000,000 38.5 
1914 1,208,000,000 38.5 
1915 1,190,000,000 40.5 
1916 1,270,000,000 42.1 • 
1917 1,336,000,000 44,2 
1918 1,332,000,000 46.2 
1919 1,170,000,000 42.1 

C o m p a r a t i v e p r o d u c t i o n i n five of the 
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be l l i ge ren t coun t r i e s be fo re aud a f t e r tbe 
w a r i s sbown i n tbe f o l l o w i n g t a b l e : 

Production of Coai in Certain Countries, 
1913 and 1919. 

(In M i l l i o n s of M e t r i c Tons . ) 
U n i t e d K i n g d o m 292 237 
F i ' ance (present b o u n d a r i e s ) * . 44 22 
B e l g i u m 23 IS 
G e r m a n y (present boundar ies ) y : 

B i t u m i n o u s 173 109 
L i g n i t e 87 94 

U n i t e d S ta tes 517 494 
It i s po in ted out by tbe Supreme ISco-

n o m i c C o u n c i l tha t f r o m 1913 to 1919, the 
output of b i t uminous coa l i n the f o u r 
E u r o p e a n coun t r i e s s h o w n i n the table 
has f a l l e n f i -om 532,000,000 to 386,000,000, 
the decrease b e i n g about 20 per cent i n 
the U n i t e d K i n g d o m and B e l g i u m , and 
n e a r l y 40 per cent i n G e r m a n y . In the 
S a a r V a l l e y , whose output appears to 
have f a l l e n f r o m 12,000,000 torts i n 1913 
to about 8,000,000 i n 1919, the percentage 
of decrease was over 30. T h e r educ t ion 
i n tbe F r e n c h output i s m a i n l y due to 
the d e s t r u c t i o n of the m i n e s i n the N o r d 
and P a s de C a l a i s ; 

T b e output of l i g n i t e i n G e r m a n y i n 
1919, t hough less t han i n 1918, was s t i l l 
gi-eater t b a n be fore the war , b e i n g 
94,000,000 tons, as c o m p a r e d w i t b 
87,000,000 i n 1913. 

In the break-up of A u s t r i a - H u n g a r y the 
b u l k of tha t coun t ry ' s c o a l and l ign i t e , 
the p r o d u c t i o n of w h i c h amounted be fore 
the w a r to about 55,000,000 tons, was i n ­
he r i t ed b y the R e p u b l i c of Czechos lo­
v a k i a . T h e 1919 p r o d u c t i o n of Czecho­
s l o v a k i a was about one- th i rd l e ss , t h a n 
tbe same t e r r i t o r y p roduced i n 1913. 

* Inc ludes A l s a c e - L o r r a i n e , 
t E x c l u d e s A l s a c e - L o r r a i n e and the 

Saar . 

COIVliVIERCIAL G E O L O G Y . 
T h e s tudy of f o r e i g n m i n e r a l deposi ts 

and suppl ies by the G e o l o g i c a l Survey , 
D e p a r t m e n t of the In te r ior , bas f o r years 
been i n c i d e n t a l to the p u b l i s h e d a n n u a l 
i n v e n t o r y of the m i n e r a l p r o d u c t i o n and 
resources of the U n i t e d States . D u r i n g 
the war , however , th i s s tudy took on new 
impor t ance , and w o r k was begun on the 
s tudy of the d i s t r i b u t i o n of the w o r l d ' s 
r e se rves of the e s sen t i a l m i n e r a l s , re­
s u l t i n g i n the compi l a t i on , f o r the use of 
the Gove rnmen t , of a w o r l d a t las s h o w i n g 
the p r o d u c t i o n and resources of the more 
i n ipo r t an t m i n e r a l commodi t i e s . 

A f t e r tbe da t a thus c o m p i l e d h a d 
se rved the i m m e d i a t e c o n f i d e n t i a l needs 
of tbe G o v e r n m e n t i t se l f , the S e c r e t a r y 
•of the In t e r io r w a r m l y indor sed the pro­

posa l to p repare the m a t e r i a l f o r publ ica­
t ion , so as to m a k e i t u s e f u l to the 
e r a l pub l i e . 

T h e " A t l a s of C o m m e r c i a l Geek 
the first par t of w h i c h i s now i n p 
w i l l exh ib i t g r a p l i i c a l l y the d i s t r ib i 
of m i n e r a l p r o d u c t i o n and of m i n e r f 
serves . A n e f for t i s made to g i v e the 
e s sa ry w o r l d v i e w hy means of miliern} 
maps of every cont inent . T h e bas l i 
po r t ance of the r a w - m a t e r i a l resourci',-. ro 
the c o u n t r y m a k e s i t a p r i m e p u b l i c duly 
of c i t i zens gene ra l l y to k n o w the f a d 
g a r d i n g the m i n e r a l i ndus t ry , and t 
c e r t a i n these f a c t s ; the i n t ens ive stui 
our o w n resources i s not enough; 
mus t a lso acqu i r e a comprehens ion ol 
w h a t m i n e r a l s o ther count r ies conta in io 
supp lement w h a t we have at home. 

If i t we re poss ib le to cons t ruc t a 
posi te d i a g r a m s h o w i n g e i the r tbe cm 
output or the f u t u r e r e se rves of the e 
t i a l m i n e r a l s i n a l l the count r ies ol 
w o r l d the g r a p h i c e x h i b i t w o u l d show so 
l a rge a c e n t r a l i z a t i o n i n N o r t h A m e r i 
to suggest tha t he re i s a group of naiui 'c-
f a v o r e d na t ions . Y e t the present i i 
t r i a l demands f o r fue l s , meta l s , and ( 
m i n e r a l r a w m a t e r i a l s f o r ce the A m e i 
bus iness m a n to look beyond the pr( 
decade a n d beyond the borders of 
U n i t e d States . " C o m m e r c i a l Geolog: 
s i m p l y the sc ience of geology appi i ( 
the p rob lems of i n d u s t r y i n term,-, nf 
t rade . T h e " A t l a s of C o m m e r c i a l e c o l ­
ogy" w i l l p resent the basa l f ac t s f o i 
hy the bus iness m a n and thus sho^ 
r e l a t i o n of geology to n a t i o n a l l i f e , 
n u a l Repor t , D i r e c t o r U , ' S, Geolo 
Su rvey , ) 

ROIVIANCE IN I N D U S T R Y . 

S e n s i n g a r ea l i t y i n tbe r o m a n t i i ' nr 
h u m a n in te res t s ide of present-day i ! 
t ry , C h a r l e s M . R i p l e y of the Geinu'al 
E l e c t r i c C o m p a n y , has w r i t t e n a 
en t i t l ed , " R o m a n c e of a Grea t F a c t 
I n i t he has p i c t u r e d the cur ious , 
t acu la r and awe- in sp i r i ng aspects ol 
a ch ievemen t s and l i f e i n a b i g Indus 
p l an t a n d descr ibes " tbe s ights nnd 
sounds of the shop and i ts men , ^ l i ic l i 
he t e rms " a great i n d u s t r i a l orches 

In an i n t roduc t ion , Dr , Charlei^: i ' . 
S te inmetz , states tha t w r i t e r s too ( 
f a i l to see the wonders of our day. " i n 
tbe mode rn f ac to ry , " says D r . S t e in i 
" there i s f a r more romance and p( 
t h a n there has ever been i n the h i ; 
of the past, but we mus t be l i v i n g 
i t to see and unde r s t and it , T h a 
we mus t be l i v i n g w i t h the m e n oi onr 
cen tu ry and not she l t e red i n the du 
past ages. 
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The Olympic Games at Antwerp 
By Arthur Drew. 

„ F o r . a l l A m e r i c a n s in t e re s t ed i n ama-
tertr spor t and r ec rea t ion , 1920 is an i m ­
portant year , f o r the S e v e n t h O l y m p i a d 
w i l l be he ld i n A n t w e r p th i s summe r . 
Throughou t the U n i t e d States , tbe e i i m i -
a t ion t r i a l s w h i c h w i l l dec ide the per­
sonnel of the A m e r i c a n O l y m p i c t e a m 
have r e v i v e d the f e r v o r of contes t tha t 
flames up w i t h the app roach of every i n ­
t e rna t iona l compe t i t i on . T h e depar tu re 
of the h o c k y and gol f t eams a n d the t ry-
outs f o r the other t eams w h i c b w i l l m a k e 
;iip the A m e r i c a n r e p r e s e n t a t i o n at A n t ­
werp have been f o l l o w e d more en thus i -
as t i ca i ly t han i n a n y p rev ious O l y m p i c 
year. T h e A r m y and N a v y , t h r o u g h a 
special commit tee , w i l l t ake a more ac­
t ive pa r t t han he re to fo re i n the t r i a l s . 

Gus tavus T, K i r b y , ])resident of the 
A m e r i c a n O l y m p i c Commi t t ee , po in t s out 
that the sp i r i t of the O l y m p i c contes t is 
peace and good w i l l . M o r e p a r t i c u l a r l y 
Is t i l l s t rue of the seven th of tbe m o d e r n 
series of games. T h e cho ice of A n t ­
werp as the place f o r the contest was a 
happy one; B e l g i u m is a d r a m a t i c i f 
somewhat t r ag i c flgure a m o n g the na­
tions tha t have sac r i f l ced so m u c h f o r 
peace and good w i l l . 

In f o r m e r O l y m p i c games, the U n i t e d 
States has t a k e n so p r o m i n e n t a pa r t 
that the A m e r i c a n t e a m th i s y e a r w i l l be 
watched w i t h u n u s u a l in t e res t by tbe 
thonsands of specta tors w h o w i l l c r o w d 
the s t a d i u m i n A n t w e r p , A l l the more 
reason, then, w h y the hest of our ath­
letes, ins ide and outs ide the eol ieges, 
shonld be f o u n d on the A m e r i c a n O l y m ­
pic team. W e are g o i n g to have a r e a l l y 
representa t ive t e a m on ly i n the •event 
that every m a n boosts f o r f a i r p lay , f o r 
equali ty of oppor tun i ty , f o r spo r tmansh ip 
and for the amateur sp i r i t . 

W i n n i n g the l a rges t n u m b e r of points 
i n the S e v e n t h O l y m p i a d w i l l not be a 
glorious end i n i t se l f . S t a m i n a and tbe 
wi l l to w i n f a i r l y , by-products of tbe con­
test, are f a r more i m p o r t a n t t h a n b r ing ­
ing home the bust of C h a r l e s the 
T w e l f t h , w h i c h has been put up as a 
prize by the K i n g of S w e d e n f o r the clas­
sic pen ta th lon , or the cha l l enge cup of­
fered by the f a t h e r of the m o d e r n O l y m p ­
ic games. R a r o n P i e r r e de C o u b e r t i n , f o r 
the mode rn penta th lon , 
, It i s an encou rag ing c o m m e n t a r y upon 
A.m.erican l i f e that w o r k m e n , scholars , 
mi l l iona i re spor t smen , or bus iness m e n 
san m a k e the A m e r i c a n O l y m p i c team. 
That shows there i s a m p l e oppor tun i ty 

f o r a n y A m e r i e a n , t h r o u g h the s c i en t i f i c 
app l i c a t i on ef h i s l e i sure t ime , to w i n the 
h ighes t honors i n the a th le t i e w o r l d . 
G r a n t e d tha t tbere i s jus t a l i t l e too 
m u c h emphas is upon the s tar s y s t e m i n 
A m e r i c a n ama teu r a th le t ics , the f ac t re­
ma ins that more and more people are be­
i n g d r a w n in to r ec r ea t i on a n d sports . 
E v e r y k i d i n a p l ayg round , every m a n on 
a u n i v e r s i t y t rack , e v e r y w o r k e r who 
uses a e o m m u n i t y center c a n develop 
h i m s e l f . It 's a f a i r fleld f o r a l l tha t the 
A m e r i c a n O l y m p i c C o m m i t t e e o f fe rs to 
A m e r i c a n a th le tes . 

C o n s i d e r f o r a m i n u t e the make-up of 
f o r m e r A m e r i c a n O l y m p i c teams, M e n 
f r o m a l l corners of f h e U n i t e d States , 
f r o m a l l p ro fess ions and ca l l ings , have 
been se lec ted . T b e success of the A m e r i ­
can t eams i n ea r l i e r O l y m p i a d s speaks 
pre t ty w e l l f o r tbe g e o g r a p h i c a l d i s t r i bu ­
t i on of s t amina , f a i r p l ay and spor t sman­
sh ip th roughou t the U n i t e d States. To 
c a r r y th i s idea of geog raph i ca l d i s t rbu-
t i on a l i t t l e f u r t h e r , it is i n s p i r i n g to see 
tba t w i n n e r s of the d i f f e r en t events come 
f r o m so m a n y na t ions . . T h i n k of the 
spec tacu la r games at A t h e n s i n 1906, 
w h i c h were a par t of the G r e e k and not 
the interuEtt ional cyc le . • A p r i v a t e s o l d i e r 
f r o m P a t r a s n a m e d T o p h i l o s w o n the 
we igh t l i f t i n g . M r . T a f f y ( this was the 
w a y the Morning Acropolis spe l l ed Duf­
fy ' s name) was bea ten by tbe " t e r r i b l e 
R o b e r t s o n " i n the t r i a l s of the 100-metre 
race. C a n a d a w o n the M a r a t h o n , w i t h 
the C r o w n P r i n c e of Greece, b i t t e r l y dis­
appoin ted at the defea t of h i s o w n coun­
t r y i n th i s c l a s s i c event, s h o w i n g h i m s e l f 
a good sport by r u n n i n g a longs ide the 
w i n n e r and chee r ing . 

These d r a m a t i c t r i u m p h s i n the 
O l y m p i c s t ad ium serve o n l y to empha­
s ize the success tha t m a y come at home 
to any m a n who makes the r i g h t use of 
his oppor tun i t i es . T b e men w h o w i n i n 
the S e v e n t h O l y m p i a d , a f t e r a l l , are 
those who have se ized tbe chance pre­
sented to t h e m th rough schoo l gymnas i -
iim.s, throu.gb c o l l e g e d i amonds , , or 
t h r o u g h play-grounds , and who have 
s t ead i ly fough t t he i r w a y up f r o m obscur­
i t y to the first r a n k . T h e r e can be o n l y 
one w i n n e r of tbe 100-metre race i u A n t ­
w e r p , but there c a n be thousands of as­
p i ran ts , a l l of w h o m w i l l be the bet ter 
f o r h a v i n g set an una t t a inab le goa l be­
fo re themselves . It i s because of the 
i n s p i r a t i o n that the O l y m p i a d bas fu r ­
n i shed the you th f r o m t i m e i m m e m o r i a l 
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—and these games go baelt a lmos t i n to 
the p reh i s to r i c mis t s—tha t they were so 
impor t an t i n c l a s s i c days and are c o m i n g 
to mean so m u c h i n mode rn t imes . 

T h e raan who "goes out f o r " the A m e r ­
i c a n O l y m p i c t e a m is an i n s p i r a t i o n to 
the other young m e n of his coramuni ty , 
p a r t i c u l a r l y i f he makes h i s way up to the 
flual e l i m i n a t i o n tes t i n B o s t o n i n J u l y . 
It is i n t e r e s t i n g to see that even w h e n a 
m a n has gene across to compete w i t h the 
great a thletes of other nat ions , i t i s the 
thought of applause f r o m h i s o w n f o l k s 
tha t steels w i l l a n d nerve to the ordea l . 
A s w h e n the v i c t o r i n the anc ien t games 
re tu rned to h i s c o m m u n i t y c r o w n e d w i t h 
wreaths of o l i ve leaves, to become the 
v i l l a g e hero, so the A m e r i e a n a th le te re­
tu rns to h i s o w n people to be ido l i zed f o r 
the t ime be ing . A f t e r a l l , a n a t i o n i s no 
s t ronger and no w e a k e r t han are tbe rep­
re sen ta t ive y o u n g m e n of i n d i v i d u a l com­
mun i t i e s . If the s p i r i t of the t o w n Is 
opposed to the deve lopment of sports 
and rec rea t ion , there is no i i l t e l i bood 
tha t a great a th le te w i l l ever be pro­
duced there, or tha t the people of tba t 
e o m m u n i t y w i l l be no ted f o r the i r pro-
gress iveness or t he i r f a i r p i ay . If W a ­
ter loo was w o n on the p l a y i n g flelds of 
E t o n and H a r r o w , m u c h more so w i l l the 
A n t w e r p O l y m p i a d have been won on the 
g r i d i r o n or the p l o y g r o u n d . 

So c lose ly are the f a m e d O l y m p i c 
games bound up w i t h t rue r ec r ea t i on a n d 
spor t i n the U n i t e d States tha t C o m m u n ­
i t y Se rv i ce , Inc., the successor of W a r 
C a m p C o r a m u n i t y Se rv i ce , w h i c h organ­
ized so m a n y a t b l e t i c p r o g r a m m e s f o r 
so ld ie r s and s a i l o r s d u r i n g the war , i s 
a s s i s t i n g the A m e r i c a n O l y m p i c C o m m i t ­
tee i n v a r i o u s w a y s t h roughou t the coun­
t ry . T h e S e c r e t a r y of W a r has po in ted 
c t tha t the w o r k of the A m e r i c a n 
O l y m p i c C o m m i t t e e i s impor t an t i n 
p h y s i c a l educa t ion , apar t f r o m w h a t i t i s 
d o i n g i n c ' l l t i v a t i n g i n t e r n a t i o n a l good ' 
f e e l i n g . T h e in te res t s of C o m m u n i t y 
Se rv i ce , Inc., and of the col leges a n d un i ­
v e r s i t i e s of A m e r i c a are i d e n t i c a l w i t b 
those of the O l y m p i c C o m m i t t e e . 

L A R G E S T E E L M A N U F A C T U R E R DE­
C L A R E S M E T R I C S T A N D A R D I Z A -

T I O N E A S Y ; N O T E X P E N S I V E . 

S p e a k i n g f o r one of the l a rge s tee l 
m a n u f a c t u r i n g compan ie s of the U n i t e d 
Sta tes , R . H . Page , V i c e - P r e s i d e n t T rus -
c o n S t e e l C o m p a n y , N e w Y o r k C i t y , and 
M a n a g e r o f the ' F o r e i g n T r a d e Depar t ­
m e n t of the T r u s c o n S tee l Co. , of Youngs ­
town , O h i o , has jus t dec la red to the 
W o r i d T r a d e C l u b of S a n F r a n c i s c o , t ha t 
i n the s tee l i n d u s t r y , the advance to met­

r i c s t anda rd i za t i on c o u l d be made easi ly 
a n d w i t h o u t apprec iab le cost. M r . J 'ago 
dec la res that h i s c o m p a n y s t r o n g l y favurs 
the adop t ion of m e t r i c s t andards exchis-
i v e l y by U . S. A m e r i c a . H e asser ts ili . ' i t 
f o r e i g n t ransac t ions w o u l d be g r 
s i m p l i f l e d by d e a l i n g i n m e t r i c un i t s 
t ha t the f o r e i g n t rade of the Un i t ed 
States w o u l d be grea t ly advanced . 

H e declares that the re are no r e a l d i f f i -
cut t ies i n the w a y of adop t ion of met r ic 
s tandards . " T h e heavy equ ipmen t i n Ibo 
bas ic i n d u s t r i e s — s u c h as ro l l s i n 
s tee l i n d u s t r y — a r e of shor t l i f e and could 
be en t i r e ly r ep laced w i t h m e t r i c s izes in 
two or th ree years ' t i m e , " he dec l 
" T h e more complex tools and dies would 
requ i re somewhat l onge r to replace , l>ut, 
m e a n w h i l e , £he products thereof could he 
l i s t e d i n the i r present m e t r i c equ iva l fULs . 
M a n y of our l a rge r firms i n c e r t a i n l i j ies 
a l r eady m a i n t a i n dupl ica te equipmen 
the m a n u f a c t u r e of m e t r i c sizes for their 
f o r e i g n marke t s , thus r e c o g n i z i n g th ' 
po r t ance of ge t t ing in to step w i t h the ma­
j o r i t y of the c i v i l i z e d na t ions . " 

S o m e of the o ther la rge s tee i m a n 
tu re rs s u p p o r t i n g the m e t r i c s t anda i 
t i o n a re : R . T, Crane of the Crane Co., 
C h i c a g o ; T h e T a c o n y S t e e l Co. of I 
d e l p h i a ; T h e V i c t o r A n i m a t o g r a p h C 
Davenpor t , I o w a ; S t a n d a r d S t e e l C a r Co., 
B u t l e r , P a . ; H a m i l t o n W a t c h Co., L a n ­
caster P a . ; A m e r i c a n W i r e F a b r i c s Co., 
Ch icago , - i n . ; T h e H y d r a u l i c Pressed 
S tee l Co . of C l e v e l a n d , O b i o ; T h e A m e r i ­
can Insula ted W i r e & C a b l e Co . of C h i ­
cago, 111., etc. 

X - R A Y FINDS F L A W S . 
T h e d i f f i cu l t y of de tec t ing flaws and 

the presence of f o r e i g n bodies, of a me­
t a l l i c o r other nature , i n buil t -up m i c a 
w h i c h i s used f o r i n s u l a t i n g purposes 
caused one la rge m a n u f a c t u r i n g com 
to i n s t a l l a X - r a y t e s t ing out f i t f o r 
purpose . W i t h th is appara tus fo: 
objects , such as p ins , b i t s of w i r e , 
as w e l l as tbe w e a k or t h i n spots i i 
m i c a i t se l f can be r e a d i l y detected, 
de tec t ion of these flaws be fore the ui ica 
i s a c t u a l l y used f o r i n s u l a t i o n purj iosns 
is h i g h l y impor t an t , as m u c h da: 
a n d loss of t ime and money du 
f a u l t y m i c a are aver ted . Other mate r i a l s 
c a n be e x a m i n e d i n the s ame way . 

T h e Gene ra l E l e c t r i c C o m p a n y employ­
i n g some 22,000 people i n i t s Schenec tady 
p lan t has launched an A m e r i c a n l z M I ion 
e a m p a i g n des igned to t each every non-
E n g l i s h s p e a k i n g employee the E n 
language and a f a m i l i a r i t y w i t h A m e r i ­
c a n s tandards of thought and l i f e i n 
broades t sense. 
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FUNDS S O U G H T BY A M E R I C A N C O L ­

L E G E S T O T A L $250,000,000. 

at f o l l o w i n g tbe example set by H a r ­
vard, m o r e t b a n one quar te r of a b i l l i o n 

rs i s now b e i n g sought f o r a d d i t i o n a l 
endi iwment hy hundreds of i n s t i t u t i ons of 

ir l e a r n i n g i n th i s c o u n t r y i s po in ted 
out iiy E l i o t W a d s w o r t h , c h a i r m a n of the 
H a r v a r d E n d o w m e n t F u n d , i n an a r t i c l e 

1- he has w r i t t e n f o r the M a r c h i ssue 
3 H a r v a r d Gradua te s ' M a g a z i n e . T h e 

H a r v a r d F u n d of $15,250,000 i s f a s t ap­
proach ing the $12,000,000 figure. 

• . W a d s w o r t h bas gone to E u r o p e to 
a l l e n d the first congress of the L e a g u e 
Ol' l{ed Cros s Socie t ies i n G e n e v a as one 
nl l ive A m e r i c a n delegates. H e was for -

v i c e - c h a i r m a n of the A m e r i c a n R e d 
(.'l•o^'s, and because of his w o r k i n tha t 
nr t : ; iuizat ion he r e c e n t l y r e c e i v e d the 
D i s l i e g u i s h e d S e r v i c e M e d a l a w a r d e d by 
l i u ' P res iden t . 

" T h e f a c t tha t i n d i v i d u a l s h a d any defi-
[•esponsibility to the ma in t enance of 
educat iona l m a c h i n e r y was h a r d l y 

recognized ," says M r . W a d s w o r t h . " C l t i -
zciiM voted once a yea r f o r member s of 

Ichool B o a r d . Co l l ege A l u m n i vo ted 
;it C o m m e n c e m e n t f o r A l u m n i D i r e c t o r s 

members of the G o v e r n i n g B o a r d . 
T l i i s , to a la rge extent , was the measure 
ol onr in teres t and thought ." 

3king back over the l a s t s i x mon ths 
.-iince the H a r v a r d F u n d was s tar ted, M r , 
W a d s w o r t h says : 

m a y he s a f e l y sa id tha t H a r v a r d 
i layed a v e r y i m p o r t a n t pa r t i n lead-

in j ; this movement . W h i l e m a k i n g the 
plans f o r the c a m p a i g n i t was deter­

mined that the p u b f l c i t y f o r the H a r v a r d 
Ih idowmen t F u n d s h o u l d have two ob-

F i r s t , to s h o w the need of H a r -
second, and f a r more impor t an t , to 

KIUIW the ser ious s i t ua t i on w h i e h con-
ad a l l educa t iona l w o r k . " 
3se objec ts h a v e s ince heen 
ved, f o r the c o u n t r y has been 

ar'(nised to the need of s u p p o r t i n g h i g h e r 
i.tion. T b e r e i s , a s tory , too, tha t i s 
i n th i s connec t ion . A w e l l - k n o w n 
3r has asser ted tba t the H a r v a r d 
w m e n t F u n d caused h i m to r e a l i z e 

i h i i l he owed h i s o w n a l m a mate r f o r 
Ihc ntart she gave h i m i n l i f e . 

Ill the course of the a r t i c l e , M r , W a d s -
1 s a y s : 

" W i t h cons t an t ly Inc reas ing emphas i s 
i c t bas been borne i n u p o n educated 

nu'u a n d w o m e n tha t the schools and co l -
needed the i r i n d i v i d u a l a t ten t ion , 

legan to rea l ize tha t our w h o l e edu-
l a l s y s t e m was i n danger of deterio-

]'!itfnn or even disas ter . 
undreds of i n s t i t u t i ons have heen 

brought to a r e a l i z a t i o n of the serious­
ness of the i r financial condi t ions by the 
r i s i n g costs of 1919, w i t h the r e su l t tha t 
campa igns f o r a d d i t i o n a l endowment have 
been ina.ugurated w i t h a to ta l amount 
a s k e d f o r r u n n i n g over $250,000,000. C i t i e s 
and towns h a v e f a c e d the same p r o b l e m . 
D e m a n d s f o r a d d i t i o n a l pay by strug­
g l i n g teachers have been ins i s ten t . Spe­
c i a l e lec t ions have been h e l d ; taxes have 
been l e v i e d to meet th i s u n i v e r s a l . c ry 
f r o m a hard-pressed p ro fe s s ion . 

"Toge the r w i t h the g r o w i n g sense of 
the danger t h rea t en ing our ins t i tu t ions , 
there has come a cons t an t ly g r o w i n g c ry 
f o r more educa t ion . T h e s tee l s t r i ke , the 
c o a l s t r i ke , the ev iden t need f o r bet ter 
A m e r i c a n i z a t i o n have developed w r i t e r s 
and ora tors galore a l l r a i s i n g t he i r vo ices 
i n the same cause. M o r e and bet ter edu­
ca t ion f o r the masses ; a h ighe r and 
broader i n t e l l e c t u a l deve lopment of the 
col lege s tudents , has been advoca ted i n 
no u n c e r t a i n t e rms . N o p o l i t i c a l speech 
is comple te w i thou t i t s m e n t i o n of our 
needs f o r bet ter A m e r i c a n i z a t i o n — w h i c h 
means , as a f u n d a m e n t a l , het ter educa­
t ion . "No d i s cus s ion of the i n d u s t r i a l 
p rob lems w h i c h c o n f r o n t the coun t ry 
f a i l s to b r i n g f o r t h the need of a bet ter 
u n d e r s t a n d i n g be tween employer and em­
ployee. M a n y methods f o r b r i n g i n g th is 
about are suggested, n e a r l y e v e r y one of 
w h i c h i n v o l v e s more educa t ion . 

" A n d so, s ide by side have a r i s e n these 
two grea t changes i n p u b l i c s en t imen t : 
F i r s t , a sense of r e s p o n s i b i l i t y a m o n g in ­
d i v i d u a l s f o r the s u p p o r t of the educator 
and the u p h o l d i n g of the s t andard of edu­
c a t i o n ; second, the r e a l i z a t i o n of the enor­
mous impor t ance of u n i v e r s a l a n d proper 
educa t ion i n the f u t u r e deve lopment of 
A m e r i c a . " 

M r . W"adsworth l ays s t ress upon the 
p r a c t i c a l suppor t g i v e n by the la te H e n r y 
C. F r i c k , who "wro t e i n his w i l l a tes t i ­
m o n i a l as to h i s o p i n i o n of the va lue and 
impor t ance of our ins t i t u t ions of h i g h e r 
l e a r n i n g . " M r . R o c k e f e l l e r , he says, "has 
expressed, i n no u n c e r t a i n te rms , h i s f eeh 
i n g as to the i m p o r t a n c e of h i g h e r edu­
ca t ion to th i s coun t ry by h i s g i f t of 
$50,000,000 f o r d i s t r i b u t i o n a m o n g colleges 
of the coun t ry . " 

A c c o r d i n g to sc ien t i s t s t h e o r d i n a r y 
flow of the r i v e r at H o r s e Shoe F a l l s , 
N i a g a r a , i s 275,000 cubic fee t per second, 
deve lop ing an unha rnes sed horsepower 
of a p p r o x i m a t e l y 5,000,000 or the power 
of 15,000,000 s t rong d r a f t horses , each 
horse b e i n g conf lned to an eight-hour 
day. 
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G E N E R A L . 
The Fixed Nitrogen Research Labora­

tory. By Arthur B. Lamb. (C. & M. 
E. , May 26, 1920.) 

T h i s a r t i c l e deals w i t h the p r o h l e m s 
confi-onting- the W a r D e p a r t m e n t i n tbe 
d i s p o s i t i o n of i t s n i t r o g e n p lan t s . T h e 
F i x e d N i t r o g e n R e s e a r c h L a b o r a t o r y 
was t he re fo re e s t ab l i shed i n W a s h i n g t o n 
to i nves t i ga t e the uses of n i t r o g e n as a 
f e r t i l i z e r . T h i s w o r k inc ludes the hy-
d r a t i n g of l i m e n i t ra te , the g r a n u l a t i o n 
of c y a n i d e and tbe p r o d u c t i o n of v a r i o u s 
f o r m s of a m m o n i u m . T h e opera t ion of 
tbe p l an t u s i n g the H a b e r process de­
pends on the f i n d i n g of an ac t ive ea ta lyp t 
f o r t he r e a c t i o n be tween n i t r o g e n and 
h y d r o g e n . T h e process of f i x a t i o n by the 
e lec t r ip a r c i s b e i n g s tud ied because i t 
m a y be i n s t a l l e d r a p i d l y i n t imes of 
ero.ergency. G e r m a n r e s e a r c h w o r k on 
these p rob lems is sa id to have e m p l o y e d 
250 chemis t s d u r i n g the w a r . J . A . H . 

Stabilization of Coal Industry Depends 
on Improvement in the Railroad Situa­
tion. By Howard N. Eavanson, (M. & 
M., June, 1920.) 
T h i r t y per cent of the by-product ovens 

of the IJn i ted States C o a l and C o k e C o m ­
p a n y have been c losed because of the car 
shor tage . T h i s shor tage has been so 
acute tha t p r i v a t e cars of the c o m p a n y 
have been d i v e r t e d to o ther par t s of the 
c o u n t r y and have not been r e tu rned . 
T h i s shor tage has caused t en per cent of 
the t o t a l loss of t ime i n the pas t s i x 
years . T h e las tes t r e c o m m e n d a t i o n f o r 
economy i n c o a l c o n s u m p t i o n is hy tbe 
e l e c t r i f i c a t i o n of i ndus t r i e s . J . A . H . 

The Fertilizer Situation. By IVIilton 
Whitney. (C. & M. E. , June 2, 1920.) 
T h e m e r g i n g of tbe s m a l l e r companies 

w h i c h p roduced the o l d brands of f e r t i ­
l i z e r s i n l a rge corpora t ions has made i t 
poss ib l e to e levate the t rade in to a r e a l 
c h e m i c a l i n d u s t r y . T h e present treat--
ment of phospha te roek w i t h s u l p h u r i c 
ac id en ta i l s a loss of two- th i rds of the 
r o c k because i t con ta ins i r o n , a l u m i n u m , 
a n d phosphate . P h o s p h o r i c ac id i s d i f f i ­
cu l t to t r anspor t as an a c i d but i t c a n 
r e a d i l y be changed to a so lub le sal t . 
Co t tonseed m e a l , a n i m a l t ankage , a n d 
the other was t e p roduc ts w h i c h once sup­
p l i e d n i t r o g e n to the f e r t i l i z e r i n d u s t r y 
h a v e become so p r o m i n e n t as a n i m a l 
feeds tha t t he i r p i i c e m a k e s t h e m pro­
h i b i t i v e f o r the f o r m e r purpose. T h e s e 

n :a te r ia l s are so necessa ry to g ive the 
f e r t i l i z e r a p roper meehan iea l t ex tu re 
t ha t some subs t i tu te mus t he f o u n d . T h e 
l o g i c a l source of s u p p l y i s f r o m fixed n i ­
t rogen products , s u c h as c a l c i u m , cya,-
n ide , a m m o n i a , or some of the com­
pounds of a m m o n i a . T b e s e p roduc t s 
c o u l d be m i x e d i n s o , concen t ra t ed a 
f o r m tha t tbey w o u l d r equ i r e SO per cent 
of i ne r t f e r t i l i z e r s . T h e d i l u t i n g agents 
w o u l d be v e r y e c o n o m i c a l as water , so i l , 
or s a n d cou ld be used. D i p O t a s s i u m 
phospha te i s p r epa red b y f u s i o n of a 
m i x t u r e of potash, shale , phospha te rock , 
and coke, and p r e c i p i t a t i o n the v o l a t i l e 
sa l t s . T h e f e r t i l i z e r i n d u s t r y of the f u -
tiu-e mus t be based upon c h e m i c a l inves­
t i g a t i o n and con t ro l . J , A . H . 

G E O L O G Y . 

Diamonds. By Sydney H . Ball. (E. & 
IVl. J , , May 29, 1920.) 
D i a m o n d s occur i n a l l par t s of the 

w o r l d assoc ia ted w i t h igneous roeks and 
p o s s i b l y w i t h m e t a m o r p h i c r o c k s . A l ­
t h o u g h the c o m m o n . occu r rence i s i n 
pipes of pe r ida te there i s good r eason to 
be l i eve tha t t l i ey m a y also occur i n 
ve ins , and as a gangue m i n e r a l f o r met­
als . T h e more c o m m o n l y assoc ia ted 
m i n e r a l s are gold , c o r u n d u m , topaz, en-
clase , cyan i t e and p l a t i n u m . T h e per­
centage of r ecove ry , va r i e s g r ea t l y i n 
d i f f e r e n t l oca l i t i e s , but the average s ize 
is m u c h the same. J . A , H . 

M E T A L L U R G Y A N D O R E D R E S S I N G . 

A Comparative Test Upon High-Speed 
Steels—I. By A. J . Langhammer, M.E. 
(C. & M. E., May 5, 1920.) 
T h e m a n u f a c t u r e of high-speed s tee l 

has g r o w n i n s ix t een years f r o m a meta l ­
l u r g i c a l e x p e r i m e n t to an i m p o r t a n t i n ­
dus t ry . T h e s e l l i n g methods are disap­
p o i n t i n g as sa lesmen w i l l o f t e n m a k e 
tests w i t h a spec i a l q u a l i t y and fill o rders 
w i t h a m u c h lower grade of s teel . B u y ­
ers are a lso at f a u l t i n b u y i n g cheap steel , 
or s t ee l of va r ious brands , w h i c h m a y 
requ i r e d i f f e ren t t rea tment , thus th row­
i n g the w h o l e p lan t i n to c o n c i s i o n . Car­
b o n s teels are n o w f a l l i n g i n to dis-use 
because of the p rema tu re d u l l i n g of the 
c u t t i n g edges. It was succeeded by 
mushet , or s e l f -ha rden ing s teel , w h i c h i n ­
creased speed 60 percent , but w h i e h i s 
yet too s l o w f o r present use. Its speed 
was i n c r e a s e d 400 percent by high-speed 
s t ee l w h i c h w i l l r e t a i n i t s c u t t i n g edge 
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) the po in t of b r e a k i n g d o w n . S te i l i t e , 
n a l loy of cobal t , c h r o m i u m , and m o l y b ­
enum is 100 percen t f a s t e r t h a n h igh-
peed s tee l f o r c u t t i n g cast i r o n , and 700 
ercent f a s t e r f o r c u t t i n g bronze , but i t s 
f l ic iency i s r educed by Its i n a b i l i t y to 
i t b s t and sudden shocks . C a s t h lgb-
Qeed steel is a p r o m i s i n g i n n o v a t i o n , 
ut its va lue i s not ye t f u l l y p roved . E n g -
sh b rands of s teel , m a d e w i t h o u t tung-
.en a re s t i l l a fa ihu 'e . T h e c h e m i c a l 
Dmposit ion w i l l g ene ra l l y be t r ay a poor 

steel, but i t i s one of so m a n y f ac to r s 
la t i t i s no guarantee of a good s teel , 
ungs ten i s the mos t va luab l e componen t 
3cause i t ra i ses the s t r e n g t h of s tee l 
nd the po in t of f u s i o n . J . A . H . 

C o m p a r a t i v e T e s t Upon High-Speed 
Steels—II. By A. J . Langhammer, M . E . 
(C. & M. E., M a y 12, 1920.) 
T h i s a r t i c le descr ibes the tests to 
h i c h s tee l f o r the m a n u f a c t u r e of L i b -
•ty motors under t be F o r d me thod was 
ib jec ted . T h e th i r t een e lements w h i c h 
f ee t the c u t t i n g speed of tools we re 
ade as nea r ly cons tant as poss ib le to 
iduce the number of va r i ab l e s . A cut-
ng speed of 35 fee t was chosen, w h i c h 
im ina t ed tha t v a r i a b l e f ac to r . T h e 
l a l i t y of m e t a l to be cut was made con­
ant by u s i n g i n the test L i b e r t y air-
ane mo to r cy l inde r s of a def in i te hard-
3SS. T h e c h e m i c a l c o m p o s i t i o n of the 
lol s teel , and i t s beat t r ea tmen t was 
j ce s sa r i l y a v a r i a b l e as va r ious brands 
• s teels were used. T h e t h i c k n e s s of 
l a m i n g was the same th roughout the 
:st. T h e shape or con tour of the c u t t i n g 
ige of the too l was made constant , w h i l e 
D coolant or c u t t i n g compound was 
ied, m a k i n g tha t f a c t o r zero. T b e dep th 

cut was 5-32 i n c h i n every test. T b e 
ement of du ra t ion or l eng th of cut cou ld 
Jt be made constant . T b e tool ho lders 
ere made as r i g i d as poss ib le , so that 
iha t t e r ing" was reduced to a cons tant 
ip roaeh ing zero. " D i a m e t e r of w o r k " was 
is i iy made a cons tan t by se l ec t i ng o n l y 
lecimens of equal d iameter . C h a n g e of 
ed and speed poss ib le was e l i m i n a t e d 
' e s t ab l i sh ing the c u t t i n g speed and the 
ipth of cut at the beg inn ing . T h e re-
igged eons t ruc t ion of the la the pre-
^nted any v a r i a t i o n due to the " p u l l i n g 
Id f e e d i n g power of the m a c h i n e t o o i . " 
tie " h u m a n e lement" was made as con­
ant as possible b y h a v i n g exper t super-
s ion. • J . A . H . 

Comparative Test Upon High Speed 
Steels—ili. By A. J . Langhammer, 
M.E. (C. & M. E . , May 19, 1920.) 
T h e f u n d a m e n t a l f ac to r s of a test a re 
e s tee l , t be m a n u f a c t u r e of the too l . 

i ts heat-treatmeht, i t s g r i n d i n g , t h e w o r k ­
i n g detai ls , a n d tbe c h e m i c a l and meta l ­
l o g r a p h i c tests. I n these tests, best grade 
steel was ordered, w i t h o u t m e n t i o n of the 
tests. W h e n the tools we re made they 
were ha rdened a c c o r d i n g to tbe spec i f ica­
t ions of the s tee l m a n u f a c t u r e r s . Spec i a l 
precaut ions w e r e t a k e n i n g r i n d i n g to 
p reven t overhea t ing . I n cu t t ing , t he l i f e 
of the too l was ca l cu l a t ed w i t h a stop­
w a t c h and tables we re prepared , deta i l ­
i n g the p e r f o r m a n c e of each b r a n d . T h e 
c h e m i c a l and m e t a l l o g r a p h i c a l t es t s we re 
conduc ted i n the P a c k a r d l abo ra to ry and 
w h e n i n doubt tbey were checked i u two 
other l abora to r i es . J , A . H . 

The Remodeled Arizona Hercules Con­
centrator, By J . T. Shimmin. (E. & 
M. J . , May 15, 1920.) 
B y the o r i g i n a l flow sheet of the A r i ­

zona H e r c u l e s M i l l , eve ry day 1,200 tons 
of ere were c rushed , classifled,* concen­
t ra ted and prepared f o r sh ipmen t under 
tbe new flow sheet the capac i ty has been 
decreased, but tbe e f f i c i ency of concen­
t r a t i o n has heen g rea t ly r a i sed . T h e au­
thor be l ieves tha t g r a v i t y concen t ra t ion 
shou ld precede fiotation on the flow sheet, 
as the flotation alone is not en t i r e ly de­
pendable . J . A , H . 

A Russian Copper Refinery Under Bol­
shevik Control. By R. G. Knicker­
bocker. (M. & S. P., May 8, 1920.) 
T h e r e f i n e r y on the I^yph t im estate, i n 

the U r a l M o u n t a i n s was se ized by the 
B o l s h e v i k i i n 1917. T h e whole opera t ion 
of the p lan t was so poor tha t at least 
one quar ter of the copper, gold , and s i l ­
v e r was need less ly was ted . A commis­
s ion of R u s s i a n engineers- ih 'yest igated 
cond i t ions a n d repoi ' ted flfte'eti' sugges­
t ions, mos t of w h i c h r e g a r d ^ r o b b e r y 
the greates t cause ot loss.- I n g e t t m g 
out of the count ry , M r . - K n ^ t k e r b o c k e r 
had the u s u a l d i f f i cu l t j e s 'of ^ 6 l s h e v i k i 
red-tape,- mi se rab le t r a n spo r t a t i on ac­
commoda t ions and w o i s e loo f l 

X A . H . 

Reverberatory Copper Smelting in Ari­
zona. By Cbarles F. Mason. (E. & M. 
J. , May 8, 1920.) 

I t i s s a i d tha t the r e v e r b e r a t o r y fur ­
nace has doubled the, e fhe iency of the 
blas t f u r n a c e . M u c h of th i s ef f le iency 
has heen due to a cut i n expenses by us­
i n g s l a c k coa l i n s t ead of o i l . T h e fur ­
naces a re b e i n g made s l i g h t l y w i d e r w i t h 
s t ra igh t - l ine a rches and l a rge r up takes 
and flues. S ide -cha rg ing i s the s t anda rd 
p rac t i ce i n A r i z o n a , and the con t inuous 
s l ag tap is c o m i n g in to genera! use. 
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Steam boi le rs are tbe m o s t e f f ic ient 
agents f o r tbe r e c o v e r y of was te heat, 
but the c o n n e c t i n g flues mus t be as shor t 
as poss ib le and of la rge cross-sect ion, to 
p reven t loss by r a d i a t i o n . J , A . H . 

The Metallurgical Research Department 
of the Utah State Schooi of Mines. By 
L. W. Chapman. (C. & M. E., May 12, 
1920.) 
T h e off ices of the D e p a r t m e n t of Met ­

a l l u r g i c a l R e s e a r c h , and of the TJ. S. 
B u r e a u of M i n e s have been i n s t a l l e d i n 
a l a rge f i re-proof b u i l d i n g erected by 
state app rop r i a t i ons and pub l i c subscr ip­
t ion . T h e ore-dress ing l abora to r i es are 
equipped w i t h g r inde r s , c rushers , d i sc 
p u l v e r i z e r s , s a m p l e sp l i t t e r s , spec i a l 
g r i n d i n g m i l i s , j i g s , c o n c e n t r a t i n g tables , 
flnishing tables , b a l l m i l l s and j a r m i l l s . 
T h e flotation laboi ' a tory i s equipped w i t h 
t e s t i ng mach ines , flotation mach ines , suc­
t i o n filters, and d e h y d r a t i o n heaters . 
T h e equ ipmen t i s a r r anged so tha t re­
su l t s of smal l - sca le tests m a y be substan­
t i a ted by large-scale tests, and so tha t 
the s tudents m a y l ea rn the ca l cu la t ions 
i n v o l v e d i n the ope ra t ion of the v a r i o u s 
mach ines . F i n e c r u s h i n g m a y be done 
i n e i the r a M a r c y m i l l , a H a r d i n g e m i l l , 
a H u n t i n g t o n m i l l o r a s t amp m i l l . T h e 
tab le equ ipmen t consis ts of two W i l f l e y s , 
a D e i s t e r - O v e r s t r o m finishing table, and 
an O v e r s t r o m r o u g h i n g table , a l l h a v i n g 
i n t e r changeab l e r i f f l e s . T h e flotation 
equ ipment cons is t s of a J a n n e y m a c h i n e , 
A n z i n g e r m a c h i n e , a n M , S. mach ine , and 
magne t i c separa tors . T h e c h l o r i d e v o l a ­
t i l i z a t i o n process i s p e r f o r m e d by crush­
i n g the ore to a su i tab le flneness, m i x i n g 
w i t h c h l o r i d i z i n g agents, bea t ing , recov­
e r i n g the v o l a t i l i z e d ch lor ides , and treat­
i n g t h e m to ob ta in the va lues i n sa leable 

f o r m . , / ; : J . A . H . 
• -atio • • _ _ _ 

Experimental Briquetting Plant. By Al ­
bert LuStlllman. (C. & M. E., June 2, 
1920.) ' 
T h e "Importance of b r i q u e t t i n g has 

passed f r o m an th rac i t e c o a l to ore d-ist, 
saw-dust and m e t a l l i c t u rn ings . Tbese 
m a t e r i a l s a re now b e i n g success i ' i 'Uy 
b r ique t t ed by m a n y companies . T h e 
greatest ques t ion was w h e t h e r the care­
f u l w o r k of the l abo ra to ry c o u l d be i m i ­
ta ted on a c o m m e r c i a l sca le . T h e most 
i m p o r t a n t po in t i n the i n d u s t r y i s the 
d i f f e r ence i n va lue of the b r ique t s and 
the m a t e r i a l f r o m w h i c h they are made . 
To a n s w e r some of the o ther f o u r t e e n 
quest ions, the G e n e r a l B r i q u e t t i n g Co, 
es t ab l i shed a comple te o p e r a t i n g p lan t 
f o r e x p e r i m e n t a l purposes . C o a l dust i s 
t h o r o u g h l y m i x e d w i t h 5 pe r cent of 
heavy o i l and r o l l e d i n to eggettes. T h e 

equ ipmen t i nc ludes shredders a n d break­
ers, r o t a r y f u r n a c e s , bel t magne t i c sepa­
ra to r s , and h y d r a u l i c presses. T b e gen­
e r a l p rocedure i s to de te rmine w h e t h e r 
a b i n d e r i s necessary , w h a t p ressure 
g ives the best r e su l t s and w h e t h e r the 
m a t e r i a l pe rmi t s of la rge sca le opera­
t ions . Lim,e i s somet imes added to 
b r ique t s of ore-dust to m a k e t h e m firmer 
and to a id i n s m e l t i n g . T h e a r t i c l e ends 
w i t h a l i s t of p rob lems inves t i ga t ed and 
the resu l t s , ,1, A , H , 

Scientific Contro! of the Filter Station. 
By Arthur Wright, M . E . (C. & M. E. , 
June 2, 1920.) 
M o d e r n i n d u s t r i a l A l t e r s w i l l q u i c k l y 

drop b e l o w the i r capac i ty unless they 
are h a n d l e d h y an opera tor w h o k n o w s 
h i s w o r k . C l a r i t y of filtration i s due to 
the supe r l a t i ve s t r a i n i n g of pa r t i c l e s of 
suspens ion f r o m tbe l i q u i d . W h e n fab­
r i c s are used the c l a r i f l c a t i o n begins 
a f t e r a l a y e r of s ed imen t has been de­
pos i ted , but the use of sand g ives imme­
d ia te c l a r i f l c a t i o n at the su r face . T h e 
fllter c lo th shou ld be as t h i n as i s p rac t i ­
c a l i n o rde r that sed iment m a y not he 
caught w i t h i n the mesh . T h e use of two 
laye r s of t h i n c l o t h i s ob jec t ionab le be­
cause i t has the d i sadvan tages of bo th 
t h i n and t h i c k f a b r i c s . T h i s p l a n is 
p r a c t i c a l o n l y w h e n the t h i n f a b r i c i s re­
i n f o r c e d by bur lap or m a t t i n g . I n ob­
t a i n i n g c l a r i t y one of the m o s t impor t an t 
necess i t i es i s to have p roper a g i t a t i n g 
devices . F i l t e r aids, w i l l he lp i f they 
have a l o w speei f lc g r a v i t y , h i g h filter­
i n g cha rac t e r i s t i c s and an iner t c h e m i e a l 
compos i t i on . J . A , H . 

The Bunker Hill Enterprise—X. By J . A. 
Rickard. {M. & S. P., May 29, 1920.) 
M r , R i c k a r d gives an i n t e r e s t i n g ac­

count of the ef for ts of the G u g g e n h e i m s 
to get c o n t r o l of the m i n e by d i r ec t nego­
t i a t i o n and b y apex l i t i g a t i o n . T h i s i n ­
v o l v e d flve l a w sui ts d e a l i n g w i t h mos t 
of the p rob lems of conf l i c t s and ext ra-
l a t e r a l r i gh t s . T h e w h o l e B u n k e r H i l l 
p rope r ty i s about flve m i l e s l o n g and has 
a m a x i m u m w i d t h of 3% m i l e s . T h e 
s m e l t i n g of the ore was the cause of 
m u c h l i t i g a t i o n w i t h the G u g g e n h e i m 
companies and resu l t ed i n the b u i l d i n g 
of a sme l t e r at the m i n e . T h e a r t i c l e 
ends w i t h paragraphs on the p r i n c i p a l 
people to w h o m the success of the enter­
p r i se was due. J . A . H . 

Recent Developments at Yellow Pine 
Property. By Percy M. Cropper. (S. 
U M. R., May 30, 1920.) 
T h i s m i n e i s the larges t sh ipper of 
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zinc carbonate i n tbe IJn i ted States and 
one of the la rges t s i lve r - l ead p roducers 
in Nev ada. It became i m p o r t a n t i n 1911, 
When the concen t r a t i on p lan t and a nar­
row-gauge r a i l w a y to J e a n were bu i l t . 
The ore i s ca lc ined , w i t h the c h l o r i d i z a -
tion and subsequent r e c o v e r y ef the s i l ­
ver and lead. T h e m i l l i n g equ ipmen t i n -
cl rdes H a r t z j igs , D e i s t e r - O v e r s t r o m and 
O v e r s t r o m - U n i v e r s a l Tab le s , B y ca l c in -
ina-. the z i n c percentage of the concen­
trate is r a i sed f r o m 32 to 42 per cent, 
wi th a w e i g h t r e d u c t i o n of 34 per cent, 

J , A , H , 
Flotation of Molybdenite at Empire, Colo. 

By Will H. Coghill and J . P. Bonardi. 
(E. & M. J., May 29, 1920.) 
The ore occurs w i t h py r i t e , galena, 

sphalerite, and magne t i t e i n the U r a l 
Mine of the P r i m e s E x p l o r a t i o n Co., near 
E3n7.pire, T h e r e f l n i n g p l an t w i l l t reat 
low grade concent ra tes so tha t a h i g h 
concentra t ion m i i l i s unnecessa ry . T h e 
j re-c i rcui t was u n s u c c e s s f u l because the 
are was b e i n g los t i n the fine g r i n d i n g 
ivhich was thought necessa ry to separa te 
tbe mo lybden i t e f r o m the s i l i ceous gan-

3. T h e flotation of the ore was t hen 
•estigated by the staff of the TJ. S, B u -
u of M i n e s , hy a m i c r o s c o p i c s t u d y of 
I ore at d i f f e r en t degrees of pu lve r i za -
a. These obse rva t ions p r o v e d that a 
y flake of m o l y b d e n i t e on the su r f ace 
the gangue m i n e r a l w o u l d m a k e i t 

It, so tha t i t was unneeessarv to f r e e 
I ore by v e r y flne g r i n d i n g . A sample 

of the p y r i t i c eoneentra te f r o m the t a i l -
s c o n t a i n i n g about 75 per cent of a l l 

[lui pv r i t e i n the ore, a s s ayed o n l y 0 55 
15CI' cent of Mo3.„ w h i c h p roved tba t v e r y 
l i l l l e m,elybdenite was l o c k e d i n the pyr-

A n p l i c a t i o n of these d i s cove r i e s to 
: m i l l at E m p i r e r educed the pereent-
! of MoS. . i n the s l i m e to an average of 
>. P r e v i o u s l v , the o n l y c e l l of twe lve 
i ch r r o d u e e d a p roduc t of s h i p p i n g 
de, had been d i l u t e d w i t h low-grade 
t e r i a l f r o m succeed ing ce l l s . 

— • J . A - H . 
'^o'nparative Test Upon Hi"h-Speed 
teels—IV. By A. J . Langhammer, 

"I.E. (C. & M. E. , May 26, 1920.) 
t was found tha t s tee l of a good com-
i t i o n and s t ruc tu re f a i l e d because of 
Its i n the process of m a n u f a c t u r e . 
3 more im,portant cond i t ions i n the 
n i ' f acu re of good s tee l a re a wel l -ba l -
;ed o rgan iza t i on , mode rn , h igh-grade 
i ipment, c a r e f u l l y p l anned and exe-

c led w o r k , expe r i enced and c a r e f u l 
;'km.en, and the best of r a w m a t e r i a l s 
I expert s u p e r v i s i o n . M i l l s should , 
anever possible , con t ro l tbe produc-
1 of t he i r r a w m a t e r i a l . M e l t i n g 
' ' Id he c a r r i e d on w i t h the proper con-

essen t i a l i n f o r g i n g . E l e c t r i c f u rnaces 
are of grea t advantage i n the m i x i n g of 
the a l loys . T h e resu l t s of the tests dem­
ons t ra ted that tools of the same bar and 
t r ea tmen t sub jec ted to the same w o r k i n g 
cond i t ions , gave w i d e l y v a r y i n g resu l t s . 
T h e tests were checked by o ther s ing le 
tests and the average resu l t s were prac­
t i c a l l y unchanged . N i n e o ther companies 
u s i n g t o o l s t ee l supp l i ed i n f o r m a t i o n 
w h i c h agreed c l o s e l y w i t h the P a c k a r d 
tests descr ibed , S u p e r i o r tool steels 
ef fec t a s a v i n g of f r o m flve to t en per 
cent i n l abor costs as they can be de­
pended upon i n c r i t i c a l t imes . T h e 
c h e m i c a l a n a l y s i s of tbe best s tee l re­
vea l s a la rge percentage of tungs ten and 
c h r o m i u m as compared w i t h the o ther 
a u x i l i a r y e lements . M i c r o p h o t o g r a p h s of 
annea led s tee l showed w i d e v a r i a t i o n s i n 
s t ruc ture . In the ha rdened steels prac­
t i c a l l y a l l of the carb ides were t aken 
in to so lu t ion . j . a. H . 

Reliability of Materials and Mechanism 
of Fractures. By Charles De Fremen-
ville. (C. & M. E. , May 26, 1920.) 
T h e needs of the au tomob i l e i n d u s t r y 

led to the flrst s c i en t i f i c i n v e s t i g a t i o n of 
w h a t d i f f e r en t types of s tee l w o u l d do 
unde r d i f f e r en t condi t ions of shock and 
s t r a in . T h e cause of f r a c t u r e can be 
a r r i v e d at o n l y by a s tudy of the appear­
ance of the f r a c t u r e , w h i c h seems to i n ­
d ica te tha t the p a r t i n g of a m a t e r i a l i s 
s l i g h t l y p receded by c r a c k i n g . I n a l l 
cases the f r a c t u r e begins be low the sur­
f ace of the m a t e r i a l , even though the 
shock i s e v ide n t l y grea te r at the su r face . 

— — J , A . H . 

OIL. 
The Market for Rocky Mountain Petro­

leum. Bv John D. Northrop. (E. & M 
J. , May 29, 1920.) 
U n t i l tbe l a s t f e w years the pe t ro l eum 

i n d u s t r y of the W e s t has heen unab le to 
ob ta in E a s t e r n cap i t a l because of the ap­
parent l a c k of a m a r k e t f o r i t s product . 
F i v e i m p o r t a n t f ac to r s have d i s s ipa ted 
th i s obstacle , w h i c h can no longer ex is t 
i n the f ace of the s taple na ture of petro­
leum., the h i g h gi-ade of P o c k y M o u n t a i n 
o i l , the na tu re of the e x i s t i n g marke t s , 
and the p r o m i s i n g f u t u r e of the W e s t , 
Th*e r eg ion i s a d m i r a b l y loca ted to sup­
p ly the demands of the v a s t t e r r i t o r y 
where o i l i s not found , and of the ever-
i n c r e a s i n g popu la t ion . N e w o i l fields i n 
the N o r t h , as w e l l as i n Colorado . N e w 
M e x i c o , A r i z o n a , a n d U t a h w o u l d find an 
i m m e d i a t e m a r k e t f o r t he i r product . T h e 
M i d w e s t R e f l n i n g Co . used th i s m a r k e t 
f o r a p rof i t of 66 per cent i n 1917, and a 
d a i l y capac i ty i n c r e a s e d to 56,000 ha r re l s 
of c rude o i l . T h e m a r k e t i s so l a rge tha t 
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P E R S O N A L S 
'92. 

W . E . H i n d r y i s l oca t ed at • Pa sadena , 
C a l i f . 

'02. 
J o h n V . R i c h a r d s is w i t h the B i s h o p 

Creelc M i n i n g & M i l l i n g Co. , B i s h o p , 
C a l i f . 

M o n t a g u e B u t l e r , D e a n Col lege of 
M i n e s and E n g i n e e r i n g , T n c s o n , A r i z o n a , 
was ' a G o l d e n v i s i t o r recen t ly . 

'05. 
P . .Tay L o n e r g a n ' s address i s L e a v e n ­

w o r t h , W a s h . 
'06. 

R u s h T a b o r S i l l i s loca ted at 1011 
Sou th F i g u e r o a Street , L o s A n g e l e s , 
C a l i f . 

'08. 
M o r r i s o n H a r r i s i s loca ted at C l a y -

mont , D e l . 
C a r l E : T^esher is ed i tor of " C o a l A g e , " 

36th S t ree t and 10th A v e n u e , N e w Y o r h 
C i t y , N . Y . 

'10. 
G e o r g e M . L e e is ch ief chemis t , G r a n b y 

C o n . M . S. & P . Co . . A m y o x , B . C. 
.Tene M c C a l l u m is w i t h the R i v e r 

S m e l t i n g and R e f i n i n g Co. , F lo r ence , 
Colo . 

J . C o u r t n e y B a l l a g h is p res ident and 
manage r of tbe Sou thwes t e rn W e h i i n g 
Co. . 506 San F r a n c i s c o Street , E l P a s o , 
Texas . 

'11. 
R . G . B o w m a n is w i t h the A n a c o n d a 

L e a d P r o d u c t s Co., E a s t Ch icago , Ind . 
W a l t e r J . M a y e r is w i t h the A e t n a L i f e 

Ins. Co. , 529 Idaho B l d g . , B o i s e , Idaho. 
P . M . M c H u g h , sales manage r of the 

D o r r Co., was i n D e n v e r r e c e r t l y . 
'12. 

A l a n K i s s o c k is' p res ident of the S tee l 
A l l o y s Co. , Inves tment B l d g . , L o s A n ­
geies, C a l i f . H e repor ts the a r r i v a l of 
J e a n M c N e i l K i s s o c k . 

•C. Tv. H a r r i n g t o n , of the R a d i u m Co-, o f 
A m e r i c a , i s conduc t i ng tests at the Ore 
T e s t i n g P l an t , G o l d e n , C o i o . 

P a u l H i l l s d a l e of Sa l t L a k e C i t y is on 
a bus iness t r i p i n the E a s t . 

J o h n Davenpor t , m e t a l l u r g i c a l engi­
neer, 5 C u s t o m H o u s e Street , B o s t o n , 
M a s s , i s now w i t h the W a u s a u A b r a s i v e s 
Co., W a u s a n . W i s . 

'13. 
F r a n k A , Downes is w i t h the D o r r c o 

Sia te C o m p a n y , M i d d l e G r a n v i l l e , N e w 
Y o r k . 

S. P . W a r r e n , who has heen w o r k i n g 
at the Ore T e s t i n g P l a n t i n Go lden f o r 
severa l months , is n o w at C l i m a x , C o l o . 

I r v i n g A . C h a p m a n is i n t h e E n g i n 
i n g D e p a r t m e n t of J a rd ine , Matheso: 
Co. , L t d . , 25 M a d i s o n A v e n u e , N e w Y 

James W . Dudgeon , f o r m e r l y w i t b 
B a s i n Sa lvage Co. , B a s i n , Mont . , i s uow 
w i t h the D a v i s - D a l y Copper Co. , Bi 
M o n t . 

M r . and M r s . J o h n R . D a v i s , of Bnn-
nock, Mont . , are r e j o i c i n g over the 
r i v a l of an eight-pound daughter . 

'14, 
F r e d e r i c k W . Foo te i s at presem 

L o n d o n on business . 
N e i l M . M a c N e i l , of B i sbee , A r i z 

i s spend ing severa l weeks i n Go lden 
A d o l p h B r e g m a n is loca ted at 155 \V 

84th Street , N e w Y o r k C i t y , N . Y . 
'15. 

V a n C l e a v e A . O l son has r e s igned f 
'•'•e S i n c l a i r Conso l i da t ed O i l and 
Co. , W i c h i t a P a l l s , T e x a s , a n d is t e i 
r a r i t y at P a r k C i t y , D t a h . 

'16. 
J o h n J . Cado t i s p roduc t ion man ; 

of tbe H a r d i n g e Company , and is i 
p o r a r i l y loca ted at Y o r k , P a . 

H o w a r d L . M i n i s t e r i s loca ted at 
S o u t h Sth Street , L a r a m i e , W y o . 

V a n D y n e H o w b e r t was m a r r i e d 
M i s s H e l e n L o u i s e W e i f f e n h a c b on J 
10th, D e n v e r . C o l o . T h e y w i l l res id . 
S a l t i l l o . C o a h u i l a , M e x i c o . 

'17. 
M a x T , I-Ioflus has re tu rned to B e 

B r i t i s h H o n d u r a s , C. A . 
George M . Cheney , f o r m e r l y of C u 

Quii , E c u a d o r , i s n o w w i t b the A i 
Copper Co. , A n t o f a g a s t a , Ch i l e , S. A 

'19. 
R e n e J . M e c h i n was m a r r i e d to ] 

C a r o l y n E l i z a b e t h S m i t h on June 23r 
M a r t i n , T e n n . M r . M e c h i n i s i n the 
g i n e e r i n g depar tment , C i a de San ta 
t rudes , P u c l i u c a , H i d a l g o , M e x i c o . 

'20. 
J u a n E . Ser rano i s w i t h the Inge: 

R a n d Co., E a s t o n , P a . 
Q u i r i c o A . A b a d i l l a ' s address is 

G e o l o g i c a l Depar tmen t , C i a M e x i c a n ! 
Pe t ro l eo . " E l A g u i l a . " T a m p i c o , M e : 

V i c t o r J . L y n c h is w i t b the P b i 
Dodge Copner Co. , T y r o n n e , N . M e x 

H e r b e r t K . L i n n ' s address is C i a ] 
i c a n a De Pe t ro leo , " E l A g u i l a , " S, 
T a m p i c o . M e x i c o . 

George G . G o o d w i n has gone in to 1 
ness w i t h his b ro ther at F r e s n o C 
H i s address i s care P a c i f i c T e n t & i 

• l ug Co. 
L u t h e r J . B u c k was m a r r i e d to ] 

M a r i o r i e B r o a d of Golden , Colo . , 
B u t t e , M o n t , June 16th. T b e y w i l l 
s ide at A n a c o n d a , w h e r e M r . B i i c l 
e m p l o y e d i n the m i l l t e s t i ng depar t r 
of the A n a c o n d a Copper C o . 
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EX-MINES N O T E S . 
'83. 

W a i t e r H . W i l e y ' s address i s P a l m 
ru'ive, G l e n d o r a , C a l i f . 

'06. 
H a r o l d S. M u n r o e has r e s i g n e d as man-

:i.;'.;;r of the Conso l i da t ed Coppe r M i n e s 
Co., K i m b e r l e y , Nev . , to become genera l 

ager of the G r a n b y C o n . M . S. & B . 
Ci i . . A n y o x , B . C , 

'10. 
. i i ihn A . B a k e r i s i n charge of the ore 

ng p ian t of the D o r r C o . at W e s -
C o n n . 

W H E R E A R E T H E S E M E N ? 
W m . B . M i d d i e t o n , '83. 
M i f f l i n M . B u t l e r , '19. 
S idney W . F r e n c h , '08. 
H o r a c e T . Reno , '02. 
Chas . B . W h e e l e r , '94. 
W m . B . P a t r i c k , '09. 
W . P . C a r y , '10. 
R . A . T h u r s t i n , '17. 
W . A . C o n l e y , '19. 
H o w a r d 1. F l i n t , '20. 
W a l t e r A . F u n k , '03. 

S C H O O L N O T E S . 
I)!'. V i c t o r C. A l d e r s o n sa i l s f o r th i s 

cou i i t ry f r o m L i v e r p o o l J u l y 21st, on the 
ip ia . 

T H E R E D CROSS R O L L C A L L . 

'IMie F o u r t h R e d Cros s R o l l C a l l w i l l 
bp l i e ld f r o m A r m i s t i c e D a y , N o v e m b e r 

o T h a n k s g i v i n g D a y , N o v e m b e r 25, 
H e r e a f t e r eve ry a n n i v e r s a r y of 

i nd of h o s t i l i t i e s i n the W o r l d W a r 
w i l ! be the occas ion f o r the A m e r i c a n 
imid ic to r e n e w i t s R e d Cros s a l l eg i ance 
H i r o u g h d o l l a r m e m b e r s h i p s . 

'I his was made k n o w n r e c e n t l y by D r . 
L i v i n g s t o n F a r r a n d , c h a i r m a n of the 
C e n l r a l C o m m i t t e e , w h e n he announced 
Hnii . as a r e su l t of the l a s t R o l l C a l ! the 
U i ' i l Cross n o w has more t h a n t en m i l l i o n 
n iembers . T h i s i s m o r e t h a n t w e n t y 
tiLOfiS the pre-war m e m b e r s h i p of the so­
cial y and does not t ake in to account the 
Ihnr leen m i l l i o n s ch o o l c h i l d r e n w h o are 
members of the J u n i o r R e d Gross . 

T h e m.embership d o l l a r s w i l l be used 
(o fu r t he r the g i g a n t i c peace t i m e a c t i v i -

of the A m e r i c a n R e d Cross , w h i e h 
are: 

T o con t inue w o r k f o r A m e r i c a ' s vet-
er;i.n,s of the W o r l d W a r , p a r t i c u l a r l y the 
d i sab led . 

A t t!ie R e d Cros s Ins t i tu te f o r 
! B l i n d near B a l t i m o r e , m o r e t h a n 
f of the A m e r i c a n so ld ie r s b l i n d e d 

i l l the W o r l d W a r have a l r e a d y heen 

t r a i n e d f o r l i v i n g and e a r n i n g w i th ­
out t he i r s igh t . 
T o serve our peace-t ime A r m y a n d 

N a v y . 
T h e G o v e r n m e n t has reques ted 

tha t the R e d Cros s con t inue th i s re­
spons ib i l i t y , p a r t i c u l a r l y tha t of act­
i n g "as a c o n n e c t i n g l i n k be tween 
the en l i s t ed m e n and t he i r f a m i h e s . " 
T o develop s touter n a t i o n a l r e s i s t ance 

to disease t h r o u g h h e a l t h centers . 
T h e R e d Cros s chap te r i n Seat t le , 

W a s h . , a lone is e t a b l i s h i n g twenty-
flve R e d Cross h e a l t h centers i n the 
towns of K i n g and K i t s a p Coun t i e s . 
T o inc rease the coun t ry ' s n u r s i n g re­

sources and to co-operate w i t h o f f l e i a l 
hea l th agencies . 

W h e n i n f l u e n z a v i s i t e d N e w Y o r k 
C i t y , the R e d Cross supp l i ed 12,600 
b lanke t s , towels , n igh tgowns , lay­
ettes, and o ther s i c k r o o m a r t i c l e s 
w i t h i n a f e w hours . In Ch icago , 
14,000 women t r a ined by the R e d 
Cros s d u r i n g the w a r were ca l l ed to 
s i c k r o o m serv ice . 

T o con t inue preparedness f o r d i sas te r 
re l ie f . 

M o b i l e r e h e f uni ts , c o n s i s t i n g of 
food and m e d i c a l supp l ies , are s tored 
i n R e d Cros s warehouses a l l over the 
count ry . I n t i m e of d i sas t e r they 
can be ru s hed to the s t r i c k e n com­
m u n i t y . 

T o con t inue H o m e S e r v i c e and com­
m u n i t y w o r k . 

R e d Cros s H o m e S e r v i c e w o r k e r s 
are i n fo r ty - f lve U . S. P u b l i c ITeal th 
S e r v i c e hosp i ta l s , w i t h a poss ib le 
popu la t i on of 10,000 pa t ien ts . 
T o comple te r e l i e f w o r k a m o n g the 

war-exhaus ted and d isease- r idden people 
of E r r o p e . 

T e n m i l i o n s of the 40,000,000 souls 
i n the B a l k a n States a lone were ben-
e f l c i a r i e s of R e d Cros s bbunty i n 
seventeen mon ths of r e l i e f w o r k 
there . T h e food and c l o t h i n g and 
m e d i c a l r e l i e f supp l i ed are g i v e n as 
" g i f t s of the A m e r i c a n people ." 

E L E C T R I C T R A C T I O N P O P U L A R IN 
B E L G I U M . 

W h y B e l g i a n s w a n t e l ec t r i c t r ac t ion is 
b rought out i n a recent i ssue of E l e c t r i c a l 
W o r l d . T h e B e l g i a n gove rnmen t has de­
c ided to s tar t e l e c t r i f y i n g i ts r a i l roads , 
beg inn ing w i t h the l i n e f r o m B r u s s e l s to 
A n t w e r p . E c o n o m i c a l l y , s team l ines are 
cheaper to operate t han e lec t r ic , and tbe 
i n s t a l l a t i o n costs are l o w e r ; but these 
a re coun te rba lanced by the p o s s i b i l i t y of 
r u n n i n g Increased f r e i g h t and passenger 
se rv ice by e l ec t r i c methods . 



PROFESSIONAL CARDS 

Mining Engineer. 
229 Coronado E ldg . , 
Denver, Colo. 

HAMMOND, JOHN' H A V S 
Mining Engineer. 
71 Bioadway , 
New Tork . 

Chemist and Assayer. 

1736-3S Lawrence Street, 
Denver, Colo. 

EUTI^EK, G-. M O N T A & T T B 
Mini ing and Geological Xing'iueer. 

Dean College of Mines and Engineer­
ing. Un ive r s i t y of Ar izona , Tucson, 

Examina t ions and problems Involv ing 
persistence, change in character, and 
loss of ore. 

Diamonds and other gems secured f o r 
Miner s or their f r iends at reduced 
rates. 

COBBY, A B T H U B V. 
Member Harper, Macdonald & Co., 

M i n i n g Engineers, Butte, Mont , 

M r L I i X K E I T , W I X L I A M B. 
Mining Engineer and Metallurgist. 
709-10 M i n i n g Exchange B ldg . , 
Denver, Colo. 

M O N T A N . ^ I ^ A B O B A T O B V C O . 
E. E . B X r U M E I T T H A I i 

Cliemist and Assayer. 
Ph i l l i p sbu rg , Mont . 

H . K. S T B O n C K 
Consulting Industrial Manager. 
Problems of Finance, Organization, 
Product ion, Labor and Account ing . 
743 Conway Bldg. , Chicago, 111. 

TAYI^OB, F B A H K B. 
Geologist and Oil Expert. 
Reports and Investigations. 
Box 325, Casper, W y o . 

DUGAN, WIX.UZAM F. 
General Agent for Southern Califor­
nia. 
Columbian Nat iona l L i f e Insurance 
Company. 
Old L ine , L o w Cost L i f e Insurance, 
Accident and I-Iealth Insurance. 
716-718 Trus t & Savings Bldg . , 
L o s Angeies, Ca l i fo rn i a . 

WAI.TMA1T, W. D. 

1215 F i r s t Na t iona l B a n k BIdg., 
Denver, Colo, 
Phone Champa 5236. 

WOJ.T, H A B B V J . 
Mining Engineer, 

42 Broadway, 
New Tor l i . 

Of f ice and Res idence , C o r , 15th and 

F o r d St ree ts 

DR. P A U L M E Y E R 
Physician 

P h o n e G o l d e n 21 Golden , C o l o r a d o 

P A T E N T S . 
B o o k l e t a n d i n f o r m a t i o n f ree . H i g h e s t 

references. Bes t resul ts . P r o m p t n e s s as­
sured . Send d r a w i n g s or m o d e l f o r pre­
l i m i n a r y e x a m i n a t i o n . 

W A T S O N E , C O L E M A N 
Patent Lawyer 

624 F Street, W a s h i n g t o n , D. C , 

T H E 
J. H , L I N D E R H A R D W A R E CO. 

Hardware, Plumbing, Heating 
Golden , Co lo rado ' 

A U G U S T B B R N I N G H A U S B N , P r o p r i e t o r 

C I T Y T A I L O R S H O P 

Cleaning, Pressing and Repairing 

G o l d e n , Co lo rado 

Off ice H o u r s : 9 to 12 a, m. , 1 to 5 p. m . 

P h o n e G o l d e n 16 4 W 

DR. L E S L I E C. A N D E R S O N 
Dentist 

R o o m s 9 and 10, o v e r R u b e y B a n k 

G o l d e n , Co lo rado 

• T e l e p h o n e G o l d e n 72 

C I T Y M E A T M A R K E T 
1118 W a s h i n g t o n A v e . 

M e a t s , F i s h , P o u l t r y , Vege tab le s , 
B u t t e r and E g g s — O y s t e r s i n Season 

GOLORADO SCHOOL OF MINES 
G O L D E N , C O L O R A D O 

U N E X C E L L E D 

L O C A T I O N 

A N D 

E Q U I P M E N T 

m 1 
» . 1 

HIGH 

S T A N D A R D 

O F 

E X C E L L E N C E 

A S ta te i n s t i t u t i o n i n w h i c h t u i t i o n is f r e e to bona-fide res iden ts of Colo­
rado. Of fe r s four -year courses i n M e t a l M i n i n g , C o a l M i n i n g , M e t a l l u r g y and 
M i n i n g Geology , l e a d i n g to the degree of E n g i n e e r of M i n e s . Gradua tes gen­
e r a l l y i n d e m a n d by best m i n i n g compan ie s ; e m p l o y m e n t secured th rough 
C a p a b i l i t y E x c h a n g e m a i n t a i n e d by the A l u m n i A s s o c i a t i o n . 

A wel l -equipped c lub a n d g y m n a s i u m p rov ide soc ia l d i v e r s i o n and a th le t i c 
t r a i n i n g . 

For further information address 

T H E R E G I S T R A R , C O L O R A D O S C H O O L O F MINES, G O L D E N , C O L O R A D O 

HAVE YOU A SET OF THESE ? 
A n e w r e p r i n t of the f o l l o w i n g i s r eady 

'or d i s t r i b u t i o n : 
"Notes on Fire Assaying," by F . W . 

T r a p h a g e n . A m a n u a l of methods of flre 
i s s a y i n g f o r gold , s i l v e r , p l a t i n u m , t i n 
m d l ead ores. Price $1.00. 

"Rapid Methods of Technical Analysis." 
h y F r a n d D . A l l e r , '92, M a n u a l o f s tand­

a rd smel t e r l abo ra to ry methods used by 

the A m e r i c a n S m e l t i n g & R e f i n i n g Co . 

Price $1.00. 

J E F F E R S O N C O U N T Y P O W E R 

A N D L I G H T CO. 

Golden , C o l o r a d o 

L U T H E R H E R T E L 
Clothier and Furnisher 

Sole A g e n t s : A r r o w C o l l a r s a n d S h i r t s 
" S I N C E R I T Y - C L O T H E S 

G o l d e n , C o l o r a d o 

N . K o e n i g , Pres . . W . H . B o h t h o , Sec . 

The K O E N I G M E R C A N T I L E CO, 
S T A P L E A N D F A N C Y G R O C E R I E S 

W a s h i n g t o n A v e a n d 12th St . 
, , G o l d e n 9 

Telephones: ^ ^ ^ ^ ^ ^ ^ . ^ j ^ ^ ^ ^ ^ ^ ^ ^ 

T e r m s S t r i c t l y C a s h and 30 D a y s . 

DELICIOUS C A N D I E S . 
To develop brain and muscle, we advise 

a l l students of the School of Mines to eat 
food bought of Th© John Thompson Grocery 
Stores Co. I t can be rel ied on as being 
pure, hea l t h fu l and nourishing, and they sel l 
their goods cheaper than most of the stores 
i n the State. They manufacture Candy, Ice 
Cream, Fancy Cakes and Bake ry Goods, 
equal to many high-toned caterers, and sell 
at about ha l f the other fe l low 's prices. 

F o r social funct ions , or f o r your best 
girl—-try their Chocolate B o n Eons, Ice 
Cream and Bake ry Goods. 

A l l the eatables and drinkables f o r a 
Dutch Lunch , Cigars , Tobaccos, etc. 

P h o n e G o l d e n 187 

S O R E N S O R E N S O N 

Stap le and F a n c y 

Groceries 
. 1214 W a s h i n g t o n A v e . 

Demonstrate where i t pays to advertise. B y i d e n t i f y i n g yoursel f and the Mines Magsyzine, 



T H E G O O D M A N 
L O W VEIN S H O R T W A L L MACHINE 

Has passed its period of test in service and has 
proven itself perfect in design and performance. 

It is more than six inches lower than the 
Goodman Standard Shortwall Machine. 

Book 203-S tells about it. 

Goodman Manufacturing Co., Chicago, 111. 
NewYork , Cincinnati, Denver; Pittsburg, St. Louis, Seattle, 

Charleston, W. Va. Birmingham. (82) 

THE DORR AGITATOR 
Uniform Mixing at 

Low Cost 

The cost of agitating in 40'x25' 
DORR A G I T A T O R at one large 
Cyanide Plant is $0.0023 per ton 
of pulp per 24 hours. 

V'-. ^ Get acquainted with 
tri^' ' Dorr Apparatus 

The Dorr Agitator (Patented) 

T H E DORR C O M P A N Y 
E N G I N E E R S 

New York Denver London Mexico City 

The 
Roessler & Hasslacher 

Chemical Company 
709-717 S I X T H A V E N U E 

N E W Y O R K 

Works: Perth Amboy, N. J . 

CYANIDE OF SODIUM 

C Y A N O G E N 51-52 P E R C E N T 

"CYANEQQ" 
SODIUIVI C Y A N I D E 96-98 P E R C E N T 

IN E G G F O R M , E A C H E G G W E I G H I N G 
O N E O U N C E 

C Y A N O G E N 51-52 P E R C E N T 

F. B. ROBINSON 
H E A D Q U A R T E R S FOR S C H O O L O F IVIINES 

B O O K S A N D S U P P L I E S 

Subscriptions Taken to Ai l Magazines and Periodicals 

Mail Orders Promptly Attended To 

F. B. ROBINSON - G O L D E N , C O L O R A D O 

I M P O R T E R S E X P O R T E R S 

M A K E OUR S T O R E Y O U R H E A D Q U A R T E R S FOR A L L 
L A B O R A T O R Y R E Q U I R E M E N T S . 

Rubber Aprons—Scientific Instruments—Chemicals— 
Glassware—Metallurgical Clay Goods—Filter Paper 

T H E D E N V E R F I R E C L A Y C O M P A N Y 
1742-1746 C H A M P A S T R E E T , D E N V E R , C O L O R A D O 

S A L T L A K E CITY N E W Y O R K CITY 



For Reliable Mine Work 

m 

Locomotive Cranes occupy an important place in the art of 
handling materials and are adapted to a wide range of service 
and conditions—in many cases where the possibilities for savings in 
time, labor and money are great. 

The Link-Belt Crane represents the highest degree of efficiency in design 
and mechanical construction known in the crane building art. 

Let us tell you more about it. Send for catalog. 

LINK-BELT COMPANY 
Philadelphia Chicago Indianapolis 

Denver—Lindrooth-Shubert & Co., Boston Bldg. 

L O C O M O T I V E C R A N E S 

r « 
m\ i l l 

*T-w*OU business men of the future cannot afford to 
\ / risk your reputations for good judgment and 
^ business stability or incomplete knowledge. 

You should understand the advantages and possibilities 
of high grade malleable castings called "Certified," such 
as those made by the holders of certificates described 
in our booklet. 

This booklet places at your disposal a store of knowl­
edge accumulated through years of research. 

Full information as to the development of the Malle­
able Industry to its present day efficiency, will be gladly 
furnished upon request. 

.^...ji'ter Ending* M a r c h 31, X920. 
binn Mal leable I ron Co., A l b i o n , M i c h , 
merican Mal leable Co., Owosso, M i c h , 
lie C i t y Malleable Iron Co., Racine, W i s . 

i:na!n-Eelt Co., Milwauicee, W i s . 
!hieago Malleable Castin{?s Co., We.st P u l l ­

man, Cliicag-o, III. 
:hisholm-Moore Mfg- Co., Cleveland, O. 
:oIumbas Mal leable Iron Co., Columbus, O. 
)a]ivillc Mal leable Iron Co., Danvi l l e , III. 
)ayton Mal leable Iron Co., Dayton, O. and 

Ironton, O. 
-astern Mal leable Iron Co, 

Naugatuuk MalJeahle I ron Works , N a u -
gatnclt, Conn. 

B r i d g e p o r t Mal leable Ii-on Works , 
Bridgeport , Conn. 

Troy Malleable Iron Worlts . Troy, N . T. 
W i l m i n g t o n Mal leable I ron W o r i c s , 

Wi lming ton , Del . 
V u l c a n Iron Works , New B r i t a i n , Conn, 

hie Malleable Iron Co.. ii:rie, Pa . 
'ederal Mal leable Co., West A l l i s , W i s . 

Ha,5keli & Barke r Car Co., M i c h i g a n Ci ty , 
Ind. 

I l l ino is Malleable Iron Co., Chicago, III. 
Iowa Malleable Ti'on Co., Fa i r f i e ld , l a . 
Lnconia Car Co.. Laconia , N . H . 
Mar ion Mal leable Iron Works , Mar ion , Ind, 
Na t iona l Mal leable Cast ings Co., Cleveland, 

p.. Chicago, III.. Indianapolis, Inch, To­
ledo, 0-, IT, St. I.onis. I l i . 

Nor t i i e rn Malleable Iron Co., St. Pau l , 
M i n n . 

Nor t i iwestern Mal io . ib le Iron Co., M i l w a u ­
kee. W i s . 

Pitt.gburgh Mal leable Iron Co., P i t t sburgh , 
Pa . 

Hoekford Mal leable Iron Works , Hoclsford, 
111. 

TJoss-Meelian Foundries. Chattanooga. Tenn, 
St. Bonis Mal leable Cas t ing Co., St. T.,OLiis. 

M o 
Ptowell Co.. South Milwaukee , M"is, 
T. H . Symington Co., Rociieslrer, N . Y . 



Some of Ihe General Electric 
Company's Research Activities 

Diirins the War: 
Submarine detection devices 
X-ray tube for medical service 
Radio telephone and telegrraph 
Electric welding and applications 
Searchlights for the Army 

and Navy 
Electric furnaces for gun 

shrinkage 
Magneto insulation for air service 
Detonators for submarine mines 
Incendiary and smoke bombs 
Fixation of nitrogen 
Substitutes for materi&ls 

The Service of an Electrical 
Research Laboratory 

T h e research facilities of the General Elec t r ic Company 
are an asset of world-wide importance, as recent war 
work so clearly demonstrated. 

A most interesting story tells of the devices evolved 
which substantially aided i n solv ing one of tbe most 
pressing problems—the submarine menace. The results 
attained i n radio communication, special X - r a y equip­
ment for field hospkal service and many other products, 
for both combatant and industrial use, did their fu l l 
share in securing the victory. 

In tbe G - E laboratories are employed highly trained 
physicists, chemists, metallurgists and engineers—ex­
perts of international reputation. These men are work­
i n g not only to convert the resources of Nature to be of 
service to man, but to increase the usefulness of elec­
tricity in every line of endeavor. 

Scientific research works liand in hand with the development 
of new devices, more efficient apparatus and process of manu­
facture. It leads to the discovery of better materials, wliich 
ultimately make happier and more liv able the life of all mankind. 

Booklet Y-863, describing (lie company's several 
plants, will be mailed upon request. Arfdress Desk 37 

General O f f i c e 
Schenectady, N.Y 

Sales Offices i n 
al l large cities 95-140B 

r p H E Tonopah Extens ion M i n i n g Company, 
speaking through its Master Mechanic, M r . 

H . A . Re id , says of the W a u g h Mode! 8 D r i l l 
Sharpener: 

AS we have been using one of your Waugh D, S. 8 
drill sharpeners at the Tonopah Extension in Tono-
pah, and one at the White Caps mine in Manhattan, 
for a period of over three years with most gratifying 
results, I wish to state that we consider it the best 
sharpener on the market today. 

" W E have used several different types of machines, 
changing makes to keep abreast of improvements as 
they came up. * * * * * * 

T O date we have purchased no repairs for any of 
the equipment, and we consider the Waugh D. S. 8 
to be the best machine we have ever used from every 
standpoint, as to low upkeep, durability, low air 
consumption and efficiency." 

T R I B U T E S of this sort not on ly point the way 
to contentment and efBciency i n the mine 
blacksmith shop but afford further proof of the 
wel l -known fact that 



(T. W E I . H O R W J Presidenf: T . A i i K E B i u s , M a n a g e r of Sales 

Tke 

Colorado Fuel and 

Iron Company 

M A N U F A C T U R E R S O F 

P I G I R O N , B L O O M S , 

BILLETS 
S T E E L R A I L S — A L L W E I G H T S — A N G L E A N D 

S P L I C E B A R S , B A R I R O N 

M I L D S T E E L , T W I S T E D B A R S F O R R E I N F O R C E ­

M E N T , P I P E B A N D S , A N G L E S 

A N D C H A N N E L S 

T r a c k S p i k e s a n d B o l t s , W i r e Nails, C e m e n t - C o a t e d 

N a i l s , P l a i n a n d B a r b Wire, Ba le T i e s , 

F i e l d F e n c e , P o u l t r y N e t t i n g , C a s t 

Iron P i p e a n d C o k e 

M I N E R S O F 

Anthracite and Bituminous Coals for 
Domestic, Steam and Smithing Purposes 

GENERAL OFFICES 

Boston Building Denver, Colo. 

Demonstrate where It oavs to advertise. B v Ident l fv ine vourself ami the M i n s a Maa'aelna. 
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