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Abstract:
A continuous process for carbonization of non-coking coals has been developed at Montana State
College. The process will produce char which meets coke specifications set by industries in the
surrounding area and creosote which meets American Wood Preservers' specifications from certain
bituminous coals.

The Montana State College char process employs a stainless-steel retort which is made up of four
concentric vertical cylinders. The coal flows by gravity through a two-inch annular space. It is heated
to a temperature of 1200 to 1400 degrees Fahrenheit by hot flue gases from a gas-fired furnace. The
coal is agitated by means of a lift which gives the inner cylinder an up-and-down motion.

The char plant operated for extended periods .of time without deterioration of equipment.

Coals from Montana, Wyoming, and Utah were tested in the char plant. Those which performed
satisfactorily were evaluated economically to determine the desirability of building a commercial plant.

Estimates show that it would be profitable to build a commercial char plant in Red Lodge, Montana;
Superior, Wyoming; Rock Springs, Wyoming; and Hanna, Wyoming. Of these proposed sites,
Superior, Wyoming appears to offer the highest return on investment. 
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ABSTRACT

A c o n tin u o u s  p r o c e s s  f o r  c a r b o n iz a t io n  o f  n o n -c o k in g  c o a ls  h as  
b e e n  d e v e lo p e d  a t  M ontana S t a te  C o l l e g e .. The p ro c .ess  w i l l  p ro d u ce  
c h a r  w hich  m eets  coke  s p e c i f i c a t i o n s  s e t  by i n d u s t r i e s  i n  th e  s u r ­
ro u n d in g  a r e a  and  c r e o s o te  w hich  m ee ts  A m erican  Wood P r e s e r v e r s  1 
s p e c i f i c a t i o n s  from  c e r t a i n  b itu m in o u s  c o a l s .

The M ontana S t a t e  C o lle g e  c h a r  p r o c e s s  em ploys a  s t a i n l e s s - s t e e l  
r e t o r t  w hich i s  made up  o f  f o u r  c o n c e n t r i c  v e r t i c a l  c y l i n d e r s . The 
c o a l  f lo w s by g r a v i t y  th ro u g h  a  tw o - in c h  a n n u la r  s p a c e .  I t  i s  h e a te d  
to  a  te m p e ra tu re  o f  1200 to  1400 d e g re e s  F a h r e n h e i t  by h o t  f l u e  g a se s  
fro m  a  gas •‘f i r e d  f u r n a c e .  The c o a l  i s  a g i t a t e d  by means o f  a  l i f t  
w h ich  g iv e s  th e  i n n e r  c y l in d e r  a n  up -and-dow n  m o tio n .

The c h a r  p l a n t  o p e ra te d  f o r  e x te n d e d  p e r io d s  .o f tim e  w ith o u t  
d e t e r i o r a t i o n  o f  e q u ip m e n t.

C oals from  M o n tan a , Wyoming,, and  U tah  w ere t e s t e d  i n  th e  c h a r  
p l a n t .  Those w h ich  p e rfo rm e d  s a t i s f a c t o r i l y  w ere e v a lu a te d  econom-. 
i c a l l y  to  d e te rm in e  th e  d e s i r a b i l i t y  o f  b u i ld in g  a  co m m erc ia l p l a n t .

E s t im a te s  show t h a t  i t  w ould  be p r o f i t a b l e  to  b u i l d  a  co m m erc ia l 
c h a r  p l a n t  in  Red L o d g e , M ontana; S u p e r io r ,  Wyoming; Rock S p r in g s ,  
Wyoming-; and H anna, Wyoming. Of th e s e  p ro p o se d  s i t e s ,  S u p e r io r ,  
Wyoming a p p e a rs  to  o f f e r  th e  h ig h e s t  r e t u r n  on in v e s tm e n t .



INTRODUCTION

O th e r  f u e l s  h av e  ta k e n  much .of th e  m a rk e t away from  th e  c o a l  

I n d u s t r y .  S in c e  t h e r e  a r e  l a r g e  d e p o s i t s  o f  c o a l  in  M ontana and  

n e ig h b o r in g  s t a t e s  > d ev e lo p m en t o f  new m a rk e ts  w ould be a  b ig  b o o s t  

f o r  th e  economy o f  th e  .a r e a .

T here  i s  a  m ark e t f o r  a b o u t  900 ,0 0 0  to n s  o f  c a rb o n  p e r  y e a r  in  

t h i s  a r e a  ( 5 ) .  W ith t h i s  i n  m in d , th e  E n g in e e r in g  E x p e rim en t S t a t i o n  

o f  M ontana S t a t e  C o lle g e  s p o n s o rs  r e s e a r c h  i n  th e  c a r b o n iz a t io n  o f 

c o a l . ■ '

T here  hav e  b e e n  s e v e r a l  p r e v io u s  a t te m p ts  a t  lo w - te m p e ra tu re  

c a r b o n iz a t io n  o f  c o a ls  (4 , 7 , 8 , 9 ) .  None o f  them  w ere c o m p le te ly  

s u c c e s s f u l .  The r e s e a r c h  a t  M ontana S t a t e  C o l le g e ,  h o w e v e r , h a s  d e v e l 

bped a p r o c e s s  w hich  i s  s u c c e s s f u l  to  d a te  on a  p i l o t  p l a n t  s c a l e .

T h is  p ro c e s s  t u r n s  o u t a  l o w - v o l a t i l e  p r o d u c t ,  w hich we c a l l  c h a r ,  and  

b y -p ro d u c t  l i q u i d s  from  w h ic h , in  many c a s e s ,  a  s p e c i f i c a t i o n  g rad e  

c r e o s o te  can  be m ade.

The c h a r  p ro d u c e d  from  c e r t a i n  b itu m in o u s  c o a ls  h a s  a  p h y s ic a l  

s t r e n g t h  and  h a rd n e s s  w hich  m ake, i t  e q u iv a l e n t  to  coke f o r  some u s e s ,  

su c h  a s  in  th e  p r o d u c t io n  o f  e le m e n ta l  p h o s p h o ru s . I t  i s  im p o s s ib le  

to  p r e d i c t  w hich  c o a ls  w i l l  g iv e  th e  c h a r  w i th  th e  b e s t  p h y s ic a l  

p r o p e r t i e s .  A t e s t  i n  th e  p i l o t  p l a n t  .is  r e q u i r e d .
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T h is  p a s t  y e a r  c o a ls  from  M on tana , W y o m in g a n d  U tah  w ere t e s t e d  

i n  th e  M ontana S t a t e  C o lle g e  c h a r  p l a n t . T hese c o a ls  w ere t e s t e d  to  

d e te rm in e  th e  q u a l i t y  Of c h a r  p ro d u c e d , th e  q u a n t i t y  an d  q u a l i t y  o f 

b y -p ro d u c t  o i l s  p ro d u c e d , and  any  p o s s ib l e  o p e r a t io n a l  d i f f i c u l t i e s  

p e c u l i a r  to  th e  c o a l s , : r ■

The c o a ls  w hich  p e rfo rm e d  s a t i s f a c t o r i l y  in  t h e  c h a r r in g  t e s t s  

w ere th e n  e v a lu a te d  e c o n o m ic a lly  to  d e te rm in e  th e  d e s i r a b i l i t y  o f 

b u i ld i n g  a  co m m erc ia l c h a r  p l a n t .
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EQUIPMENT AND PROCEDURE

The M ontana S t a t e  C o lle g e  c h a r  p l a n t  i s  a .s e m i* c o m m e rc ia l ' p i l o t  

p l a n t  w ith  a  c a p a c i ty  o f  from  2 to  3 to n s  o f  c o a l  p e r  d a y . F ig u re  2 

i s  a  s i m p l i f i e d  f lo w  d iag ram  o f  t h i s  p l a n t .  The t h r e e  p r i n c i p a l : p a r t s  

o f  th e  c h a r  p l a n t  ah e  th e  r e t o r t , ,  th e  b y -p ro d u c t  r e c o v e ry  .sy s tem , and 

th e  f u r n a c e .

. The r e t o r t  c o n s i s t s  o f  f o u r  u p r i g h t .  C o n c e n tr ic  s t a i n l e s s - s t e e l  

c y l in d e r s  w hich  a r e  1 2 , 2 0 , 24-, and  38 in c h e s  in  d ia m e te r .  C o a l i s  

g r a v i t y  f e d  from  h o p p e rs  .above th e  r e t o r t  i n t o  th e  tw o - in c h  a n n u la r  

s p a c e  b e tw e en  th e  se c o n d  and  t h i r d  c y l i n d e r s . The a n n u la r  s p a c e  i s  

a b b u t  34 in c h e s  h ig h ,  The in n e r  c y l i n d e r  i s  g iv e n  an  up -and-dow n  

m o tio n  by a  m ec h a n ic a l, l i f t .  T h is  k eep s  th e  c o a l  a g i t a t e d ,  p r e v e n t in g  

b r id g in g  be tw een  th e  two c y l i n d e r s  >. thus- p r e v e n t in g  c h a n n e l in g  .and 

i n s u r i n g  a  m o re ,u n ifo rm  p r o d u c t ,  A i r  i s  p r e v e n te d  from  e n te r in g  th e  

a n n u la r  s p a c e  by w a te r  s e a l s  a t  b o th  th e  to p  and. b o tto m . The r e t o r t  

is. i n s u l a t e d  by a  l a y e r  o f  lo o s e  i n s u l a t i o n  c o n ta in e d  i n  a  m ild  s t e e l  

s h e l l  w hich  h o u se s  th e  r e t o r t .

The c h a r r e d  c o a l  i s  rem oved from  th e  b o tto m  o f  th e  r e t o r t  by two 

v a r i a b le - s p e e d  s t a i n l e s s - s t e e l  sc re w  c o n v e y o rs . By c o n t r o l l i n g  th e  

sp e e d  o f  t h e s e  .c o n v e y o rs , th e  th ro u g h p u t ,  a n d  t h e r e f o r e  t h e  v o l a t i l e  

c o n te n t  o f  t h e .c h a r , ca n  be f ix e d  a t  an y  d e s i r e d  . l e v e l .  The c h a r  i s  

a llo w e d  to  f a l l  i n t o  ...w a te r-sea led  b a r r e l s  w hich  a r e  rem o v ab le  when 

th e y  become f u l l .  The b a r r e l s  a r e  w e ighed  when th e y  a r e  rem oved.
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T h is  w e ig h t i s  com pared .to  th e  w e ig h t .o f c o a l  c h a rg e d  to  th e  r e t o r t  

to  d e te rm in e  c h a r  y i e l d s .

A th e rm o c o u p le  i n d i c a t e s  th e  te m p e ra tu re  o f th e  c h a r  l e a v in g  th e  

r e t o r t .  I t  was fo u n d  t h a t  a t  c h a r  te m p e ra tu re s  below  1200 d e g re e s  

F a h r e n h e i t > th e  c h a r  p ro d u c e d  c o n ta in e d  more v o l a t i l e  m a t te r  th a n  

■ d e s ire d ,.  T h e r e f o r e , th e  p l a n t  was o p e ra te d  .s-o t h a t  th e  te m p e ra tu re  

o f  th e  c h a r  o u t l e t  was be tw een  1200 and  1400 d e g re e s  ,F a h r e n h e i t .

The- u p p e r  te m p e ra tu re  i s  l i m i t e d  by th ro u g h p u t .

H ot .c o m b u stio n  g a s e s  fro m  th e  fu rn a c e  e n t e r  th e .o u te r m o s t  a n n u la r  

s p a c e  n e a p  th e  b o tto m  a n d . t r a v e l  upw ard a n d  th e n  down th ro u g h  th e  

in n e rm o s t a n n u la r  s p a c e .  They a r e  th e n  p u l l e d  by a. b lo w e r  up th ro u g h  

.th e  in n e r  t u b e ,  and  a r e  r e c y c le d  to  th e  f u r n a c e , Ttie c o a l  i s  t h e r e ­

f o r e  h e a te d  on b o th  s id e s  a s  i t  i s  r e t o r t e d .

■The m o is tu re  an d  v o l a t i l e  m a t te r  w h ich  a r e  d r iv e n  from  th e  c o a l  

i n  th e  .c h a r r in g  o p e r a t io n  e s c a p e  from  the- coat, zone th ro u g h  lo u v er 's  

i n t o  f o u r  v e r t i c a l ,  s l o t s  w hich b r id g e  th e  .o u te r  h e a t, z o n e . These 

g a s e s ,  w h ich  .a re  u n d e r  a  s l i g h t  vacuum c a u se d  by a, b lo w e r  in  th e  by-­

p ro d u c t  r e c o v e ry  sy stem ., a r e  su c k ed  up th ro u g h  a  V--.shaped m a n ifo ld , 

N e x t , th e y  t r a v e l  th ro u g h  a  C yclone w h ich  rem oves any  dus t  w hich  .may 

become e n t r a in e d  in  th e  gas s tr e a m . B o th  the- m a n ifo ld  an d  c y c lo n e  

a r e  .h e a t - j a c k e te d  t o  p r e v e n t  v o l a t i l e s  from , c o n d e n s in g  o u t .

The g a s e s  th e n  p a s s  to  th e  b y -p ro d u c t  r e c o v e ry  s y s te m . T h is 

c o n s i s t s  o f  t h r e e  condenser colum ns i n  s e r i e s  in  w h ich  th e  g a se s  a r e  '



i - 8  -~

s c ru b b e d  w ith  a  w a te r  s p r a y .  The w a te r  and  v o l a t i l e s  which, a r e  Conj- 

d e n sed  a r e  pumped by a  c e n t r i f u g a l  pump to  a  d e c a n t in g  drum w here th e  

b y -p ro d u c t  o i l s  a r e  d e c a n te d  o f f .  The' w a te r  i s  pumped th ro u g h  a  h e a t  

e x c h a n g e r  w h ich  c o o ls  i t ,  and  i t  ,is  r e c y c le d  to  th e  s c r u b b e r  co lu m n s, 

■The p e rm an en t g a s e s  p ro d u c e d  i n  th e  p r o c e s s  a r e  d is c h a r g e d  from  th e  

t h i r d  c o n d e n se r  th ro u g h  a  s t a c k  and  a r e  b u rn e d .' I n  a  co m m erc ia l p l a n t ,  

t h e s e  g a s e s  c o u ld  be .com p ressed  and  u s e d  to  h e a t  th e  f u r n a c e .

The fu rn a c e  i s  f i r e d  .w ith  n a t u r a l  g a s . An a u to m a tic  c o n t r o l l e r  

r e g u l a t e s  th e  am ount o f  gas f i r e d  to  th e  f u r n a c e , k e e p in g  th e  tem p e ra ­

t u r e  o f  th e  co m b u s tio n  g a s e s  e n t e r in g  th e  r e t o r t  c o n s ta n t .

The f u rn a c e  i s  e q u ip p e d  w ith  a  d r a f t  so  t h a t  p a r t  o f  th e  h o t  com­

b u s t io n  g a s e s  r e t u r n i n g  from  th e  r e t o r t  may be r e c y c le d ,  an d  th e  ex ­

c e s s  may be v e n te d  to  th e  a tm o s p h e re .
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RESULTS .ANB CONCLUSIONS

S ev erA l c o a ls  from  M ontana and. n e ig h b o r in g  s t a t e s  w ere . r e t o r t e d  

i n  th e  M ontana S t a t s  C o lleg e , c h a r  p l a n t , The c h a r  p l a n t  was o p e ra te d  

f o r  tw o s u s ta i n e d  r u n s .  The f i r s t  ru n  . l a s te d  28 days > and  the se co n d  

l a s t e d  42 d a y s . T hese ru n s  c a u se d  no v i s i b l e  dam age to  th e  r e t o r t  o r  

. a u x i l i a r y  e q u ip m e n t.

■ R our o f  th e  c o a ls  t e s t e d  w ere from  th e  Red L odge, M ontana a r e a .  

T hese c o a ls  w e re .f ro m  th e  B ro p h y , M ontana C oal and  I r o n ,  J a n s k o v ic h , 

and  B urns m in e s .

F iv e  to n s  .o f B rophy c o a l  was ru n  th ro u g h  th e  ,c o l le g e  r e t o r t .

The c h a r  was produced a t  an  a v e ra g e  r a t e . o f  2540 pounds p e r  d ay . As 

shown i n  T a b le  I i th e  .c h a r  p ro d u c e d  had  a  f ix e d - c a r b o n  c o n te n t  o f  8 6 .7  

p e rc e n tv  T h is  .m eets th e  s p e c i f i c a t i o n s  w h ich  a r e  s e t  by th e  p h o sp h o ru s  

and. n o n - f e r r o u s  m e ta ls  i n d u s t r i e s  i n  t h i s  a r e a .  The c h a r  p ro d u c e d  

fro m  B rophy c o a l  .a g g lo m e ra te d > g iv in g  i t  a  h a r d n e s s ' s u i t a b l e  f o r  u se  

i n  th e  p h o sp h o ru s  i n d u s t r y .

P h o sp h o ru s  m a n u fa c tu re r s  r e q u i r e  a  c h a r  w i th  p h y s ic a l  s t r e n g t h  to  

r e s i s t  b re a k -u p  d u r in g  h a n d l in g .  The c h a r  m ust h a v e  a  s i z e  ra n g e  b e ­

tw een  1 /8  ,and .3 /4  i n c h e s . The c h a r  m ust a ls .o  ,c o n ta in  l e s s  th a n  5 p e r ­

c e n t  v o l a t i l e  m a t te r  and  h av e  a  f ix e d - c a r b o n  c o n te n t  o f  a p p ro x im a te ly  

85 p e r c e n t  o r  g r e a t e r .

Each to n  o f  Br.ophy c o a l  y ie ld e d  .108O pounds o f  c h a r  an d  1 9 . I  g a l ­

lo n s  o f  b y -p ro d u c t  o i l s . These y i e l d  f ig u re s .*  a lo n g  w ith  y i e l d s  from
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o th e r  c o a ls  a r e  t a b u l t e d  In  T a b le  I I ,

A C re o s o te  w hich  m ee ts  s p e c i f i c a t i o n s  s e t  by th e  A m erican  Wood 

P r e s e r v e r s  A s s o c ia t io n  was' p ro d u c e d . The o i l  p ro d u c e d  from  c h a r^  

r i n g  B,rophy c d a l  was d i s t i l l e d  I n to  t h r e e  f r a c t i o n s .  A g a s o l in e  c u t  

a c c o u n te d  f o r  1 1 ;3  p e r c e n t  .of th e  o i l  by vo lum e. The c r e o s o te  

f r a c t i o n  was 6 8 .4  p e r c e n t  o f  th e  t o t a l  vo lum ^ o f  o i l ,  The re m a in ­

d e r  was p i t c h .  T a b le  I I I  shows a  c o m p a riso n  o f  the. c r e o s o te  f r a c t i o n  

w ith  A m erican  Wood P r e s e r v e r s  I s p e c i f i c a t i o n s  ( 2 ) ,

■Coal from  th e  Red Lodge .mine owned by M ontana C oal .and I ro n  

Company p ro d u c e d  & c h a r  w hich  i s  v e ry  s i m i l a r  to  t h e  C har p ro d u ce d  

from  B rophy c o a l .  The c h a r  h a d  a  f ix e d ^ c a r b o n  C o n te n t o f  8 4 .0  p e r ­

c e n t .  Bdch to n  o f  M ontana C ddl and  I r o n  c o a l  p roduced . 1068 pounds 

o f  c h d r  a n d  .20 .4  g a l lo n s  o f  o i l s .

S in c e  th e  .a n a ly s i s  * h a r d n e s s , . a n d  y i e l d s  o f  c h d r  p ro d u c e d  from  

M ontana C oal and  I ro n , c o a l  is . s o  s i m i l a r  to  t h a t  p ro d u c e d  from  Brophy 

c o a l ,  i t  i s  assum ed t h a t  th e  two c o a ls  a r e  e q u a l ly  s u i t e d  f o r  char*, 

r in g ..

Over two to n s  o f  c o a l  from  th e  J a n s k o v ic h  m ine n e a r  Red Lodge 

was t e s t e d  in . th e  c h a r  p la n t . ,  The c h a r  p ro d u c e d  .was h ig h  i n  a sh  

w ith  a  f ix e d ^ c a r b o n  c o n te n t  o f  o n ly  sJ l A  p e r c e n t .  T h is  ,c h a r  is. n o t  

S -U itpble f o r  u se  i n  th e  .e le m e n ta l  p h o sp h o ru s  i n d u s t r y .

C har p ro d u c e d  from  th e  B urns m ine n e a r  Red Lodge Was a l s o  Of in *  

f e r i o r  q u a l i t y .  The f ix e d - c a r b o n  c o n te n t  was o n ly  7 0 ,0  p e rc e n t '.
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SfOur h lg h rc o k in g  c o a ls  from  U tah  w ere t e s t e d  i n  th e  M ontana S t a te  

C o lle g e  c h a r  p l a n t . The c o a ls  t e s t e d  w ere from  m ines owned by In d ep eh d ^  

e,nt C oal and  C oke, K n i g h t - I d e a l , K e n n e lw o r th , and  W e ste rn  A n i l in e  an d  

C hem ical Company. T hese c o a ls  coked  up i n s i d e  th e  r e t o r t , p ro v in g  • 

th e m se lv e s  u n s a t i s f a c t o r y ,  f o r  c h a r r in g  in  a. p l a n t  .o f t h i s  d e s ig n .

T h ree  c o a ls  from  Wyoming w ere r e t o r t e d  in  th e  c h a r  p l a n t .  Wyoming 

c o a ls  t e s t e d  w ere Union. P a c i f i c  c o a l  from . S u p e r io r ;  Rainbow  QQatJL from  

Rock S p r in g s ; an d  M o n o lith  c o a l  from  Hanna.

'C oal from  th e  U nion P a c i f i c  C oal Company m ine i n  S u p e r io r ,  Wyoming 

p ro d u c e d  ,a g g lo m e ra te d  c h a r  w h ich  h ad  a  f ix e d ^ c a rb o n  c o n te n t  o f  91,2  

p e r c e n t .  The p h y s ic a l  s t r e n g t h  o f  t h i s  c h a r  was t e s t e d  by W eStvaco 

C hem ical Company o f  P o c a t e l l o I d a h o .  The c h a r  h ad  a  tu m b lin g  s t r e n g th  

o f  9 2 .5 .  A tu m b lin g  s t r e n g t h  above 90 m eets s p e c i f i c a t i o n s  f o r  coke 

i n  e le m e n ta l  p h o sp h o ru s  p r o d u c t io n .

Each to n  o f  c o a l  from  S u p e r io r  y i e l d e d  I 082 pounds o f  c h a r  and 

2 7 . I  g a l l o n s .o f  o i l s .  A c r e o s o te  was made by d i s t i l l i n g  o f f  8 0 ,5  v o l ­

ume P Q reen t o f  t h e . o i l s .  .The re m a in d e r  o f  th e  o i l s  was p i t c h .  No 

g a s o l in e  c u t  was ta k e n .  T a b le  IV i s  a c o m p a riso n  o f  th e  . d i s t i l l a t e  w ith  

A m erican  Wood P r e s e r v e r s '  s p e c i f i c a t i o n s  ( 2 ) .

C oal from  th e .R a in b o w  m ine in  Rock S p r in g s  > Wyoming, owned by 

Kemmerer C oal Company,. a l s o  p ro d u c e d  an  a g g lo m e ra te d , c h a r .  The tu m b lin g  

s t r e n g t h  o f  th e  Rainbow  c h a r  was 9 1 • I ■ The f ix e d - c a r b o n  c o n te n t  was 

9 2 .7  p e r c e n t ,  • The Rainbow  c o a l  y i e ld e d  108.0 pounds o f  c h a r  and  .20 ,1  ■
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g a l lo n s  o f  b y -p ro d u c t  o i l s  p e r  to n .

C oal from  a  Hanna-, Wyoming .mine owned by th e  M o n o lith  C oal Company 

p ro d u c e d .a  s o f t  c h a r  when r e t o r t e d  i n  th e  Montana. S t a t s  C o lle g e  c h a r  

p l a n t .  The c h a r  c o n ta in e d  8 6 . 0  p e r c e n t  f i x e d  c a rb o n . T h i s . c h a r .w i l l  

n o t  m eet th e  . s p e c i f i c a t i o n s  o f th e  e le m e n ta l  p h o sp h o ru s  i n d u s t r y ,  b u t  

w i l l  m eet th e  s p e c i f i c a t i o n s  o f  n o n - f e r f ous m e ta l  p r o d u c e r s ,

. An economic- c o m p a riso n  was made f o r  c o a l  c h a r r in g  o p e r a t io n s  in  

Rsd Lodge,, M on tana; S u p e r io r ,  Wyoming; Rock S p r in g s ,  Wyoming, and Hanna., 

Wyoming, The f a c t o r s  w hich  in f lu e n c e  t h s -econom ids a r s  th e  y i e l d s  o f 

c h a r  a n d  l i q u i d  b y - p r o d u c t s , th e  p r i c e  o b ta in a b le  f o r  th e  c h a r ., th e  

d i s t a n c e  fro m  m a r k e ts , an d  th e  p r i c e  o f  th e  c o a l .

P h o sp h o ru s  g ra d e  c h a r  .w ill  b r in g  $22 p e r  to n  d e l i v e r e d  to  th e  

p h o sp h o ru s  p r o d u c e r .  . C har b r e e z e ,  u se d  i n  l e a d  and  z in c  r o a s t i n g  

o p e r a t i o n s , on th e  o th e r  hand  > w i l l  o n ly  b r in g  $ 1 1 .5 0  p e r  to n  d e l iv e r e d  

to. th e  s m e l te r .

S u p e r io r  and  Rock S p r in g s  c h a rs  a r e .o n l y  ,about o n s ^ th i r d  f i n e s  

s in c e  s i z e d  c o a l  i s  a v a i l a b l e ,  w h ile  Red Lodge c h a r  y i e l d s  a b o u t 50 p e r ­

c e n t  b r e e z e .  A l l  o f  th e  Hanna c h a r  m ust be s o ld  a s  b re e z e  b e c a u se  i t  

w i l l ,  n o t  m eet p h o sp h o ru s  p r o d u c e r s ' s p e c i f i c a t i o n s ,

•The c h a r  p r i c e s  l i s t e d  f o r  econom ic co m p ariso n  In  T a b le  V a r e  an  

a v e ra g e  p r i c e s  i n c lu d in g  b o th  c o a r s e  c h a r  and  b r e e z e .  They a r e  n e t

p r i c e s  f . o . b ,  p l a n t  . s i t e .  I n  c a l c u l a t i n g  th e s e  v a lu e s ,  f r e i g h t  r a t e s
■ .

w ere ta k e n  fro m  a  p l o t  o f  f r e i g h t  c o s t  p e r  to n  of, coke b re e z e v e rs u s
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m i l  m ile s  ( 6 ) .  T h is  p l o t  ,may be s e e n  in . F ig u r e  I .

M arke ts  f o r  c h a r  i n  M ontana a r e  V ic to r  C hem ical Works a t  S i l v e r  

Bows and  A m erican  S m e lt in g  an d  .R e f in in g  Company .a t  E a s t  H e le n a . O th er 

c h a r  m a rk e ts  i n  th e  .a re a  a r e  W estvaco C hem ical Ĉompany a t  P o c a t e l l o ,  

Id a h o j  M onsanto C hem ical Company a t  Soda S p r in g s , I d a h o ; an d  TI, S . 

S m e ltin g  .'and R e f in in g  Company a t  G a r f i e ld ,  U tah .

F r e ig h t  r a t e s  f o r  Red Lodge c h a r  a r e  b a se d  oh m a rk e tin g  th e  f i n e s  

a t  E a s t  H e le n a ,  and  th e  c o a r s e . .m a te r ia l ,  a t  S i l v e r  Bow.

■ The p r i c e  o f  c o a r s e  c h a r  from  S u p e r io r  and  Rock S p r in g s  a r e  

f ig u r e d  u s in g  Soda S p r in g s ,  Id ah o  as t h e 'm a r k e t .  G a r f ie ld . ,  U tah  i s  

th e  in te n d e d  m a rk e t f o r  th e  c h a r  b re e z e  from  S u p e r io r  and  Rock S p r in g s  

and  a l l  o f  th e  Hanna c h a r .

The a v e ra g e  p r i c e  o f  th e  , l i q u i d  b y -p ro d u c ts  p ro d u c e d  was ta k e n  a s  

22 c e n ts  p e r  g a l lo n  ( I ) .

■ The o p e r a t in g .e x p e n s e s  a r e  c a l c u l a t e d  to  be a b o u t $ 3 .5 2  p e r  to n  

o f  c o a l  c h a rg e d . A breakdow n o f  th e  o p e r a t in g  e x p e n se s  may be s e e n  in  

‘T a b le  V I. The c o s t  o f  th e  c o a l  w a s .o b ta in e d  from  th e  m ine o w n e rs .

An econom ic .com parison  f o r  v a r io u s  c h a rs  h a s  b een  made b a se d  on 

b o th  a  100-ton  o f  c h a r  p e r  d a y .p la n t , ,  and  a  50Q*ton p e r  day  p l a n t .  The 

r e s u l t s  a r e  t a b u l a t e d  i n  T a b le  V II .

A c h a r r in g  ,o p e r a t io n  a t  any  o f  th e  S i t e s  m e n tio n e d  w ould  be p r o f i t ­

a b l e .  S u p e r io r ,  Wyoming a p p e a rs  to  be th e  l o c a t i o n  w hich  .w i l l  .y i e ld  

t h e . h i g h e s t . r e t u r n  on in v e s tm e n t .
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In. e v e ry  c a s e > a. p l a n t  c a p a b le  o f  p ro d u c in g  500 to n s  o f  c h a r  p e r  

day gave a  s l i g h t l y  h ig h e r  r e t u r n  on in v e s tm e n t  th a n  a  IO O ^ton p e r  

day p l a n t . The in v e s tm e n t  r e q u i r e d  f o r  a  5 0 0 - to n  p e r  day  p l a n t  w as, 

o f  c o u r s e , much h i g h e r .

The econom ic c a l c u l a t i o n s  a r e  b a se d  on b u i ld i n g  a  new p l a n t  a t  

p r e v a i l i n g  c o s t s ,  No c o n s id e r a t io n  was g iv e n  th e  p r e s e n t  c h a r r in g  

f a c i l i t i e s  a t  Red L odge, M ontana,
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TABLE ,I

ANALYSIS OF VARIOUS .CHARS

V o l a t i l e s F ix e d  C arbon Ash

3 ,0 # 8 6 . 7# . 1 0 ,3 #

4 .0 8 4 .0 12.0

4 ,6 7 1 .4 2 4 , 0

3 . 2 91.2 5 . 5

3 , 0 9 2 .7 4 ,3

3 ,0 9 6 ,0 11 .0

4 .0 70 ,0 26 ,0B u r n s
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TABLE .11

DATA ON .VARIOUS COALS

Mine C har Y ie ld  
fo by W tv

■ O i l  Y ie ld  
g a l / tq n

• P ro d u c tio n  
■Rate

l b ,  c h a r /d a y

B rophy 54 v O 19 v I 2540

M ont, C oal .& I r o n 5 3 ,4 20,4 2290

J a n s k o v lc h 51» 6 9 .4 2210
B urns 53,8 12,8 1650

U nion P a c i f i c 54 ,2 27- 1 I 6IO

Rainbow 52,0 20 ,1 2100

M o n o lith 5 4 ,3 26 ,0 1695

-V1'! '  , M l

I I "  f / . l l  I

128323 ■



TABLE ,III

COMPARISON OF CREOSOTE. FROM BROPHY COAL 
WITH AMERICAN WOOD PRESERVERS' SPECIFICATIONS

C re o s o te  T e s t S p e c i f i c a t i o n Brophy. T ar

S» G. a t  38/ 1 5 . 5°C 1 ,0 3 + 1.039
D i s t i l l a t i o n : up to  210° 5 . T (w t,$ ) 3.36

,210-235 5 -25 1 4 .3 4

2.35-270 20 + 36.83

270-35% 60*85 70,18

355+ iO.d- 2 8 . 60 ,

Coke R e s id u e 2 . 0- 0,8

W a te r, Wt. % 3,Ô . P a ss

B enzene I n s o lu b le  W t. % 0 . 5- P a ss



. TABLE IV

COMPARISON. OE CREOSOTE .EROM UNION PACIFIC COAL 
■WITH AMERICAN NOOD PRESERVERS f SPECIFICATIONS.

—21—

C re o s o te  T e s t S p e c i f i c a t i o n U. P . Taii

S . G. a t  5 8 /1 5 .5 * C 1 ,0 5 + 1 .0 2 5

D i s t i l l a t i o n :  up to 2 IO tiC 5 - (Wt, fo) 0 .9 1

210 -235 5+25 7 .0 9

255-270 20+ 2 7 .6 3

270 -555 60-85 65 .2 4

555+ IOid- 3 4 .1

Coke R e s id u e 2 . 0 - 1 .1 7  '

W a te r , Wt, 5 , 0+ P a ss

Bengene I n s o lu b le 0 , 5- P a ss



■ TABEEl V

COMPARATIVE ECONOMICS OF SEVERAL CHARS

R evenue Red Lodge,. S u p e r io r , Rock S p r in g s , H anna,
M ontana ' Wyoming Wyoming Wyoming

C har P r i c e  -  $ / t o n $ 1 1 ,2 5 $ 1 3 .2 7 $13.35 $ 5,00

C har Y i e l d . -  I b g / t m 1080 1084 1040 . 1086

Incom e from  C h a r . >* $ / to n
c o a l 6 .08_.. 7 ,1 8 6,95 ■ 2 .7 1

L iq u id  b y - p r o d u c t .y ie ld  -  
g a l / t o n  C oal 20 27 20 26

Incom e from  b y -p ro d u c ts  -• 
$ / to n  c o a l 4 .4 0 5 .9 4 4 .4 0 5 .72

T o ta l  Incom e -  $ / t o n  -coal 10 .4 8 1 3 .1 2 1 1 .3 5 8 . 43

E xpenses

O p e ra tin g  E xpenses -  
$ / t o n  c o a l 3,52 3.52 3 .5 2 3.52

C o al C ost -  $ / t o n 4 .8 0 4 ,5 0 4 .5 0 2.00

T o ta l  C o st -  $ / ton c o a l 8.32 . ■8 .0 2 8 . % . 5.52
N e t Incom e b e fo r e  Income, ta x  

$ / t o n  c o a l 2 .1 6 5 .1 0 3.33 2 .9 1



TABLE VI

•ESTIMATED OPERATING. EXPENSES

C harge 185 to n s  o f  c o a l /d a y  y i e l d s  100 to n s /d a y  
o f  char.,; 350 d a y s /y e a r .

P e r  Tori o f  C oal

E l e c t r i c i t y  $.0,08  ( I )

,P l a n t  L ab o r -  5 m e n / s h i f t .5 3 s h i f t s / d a y ;
a t  $2 v00/ h r *  $.1.44

P l a n t  S u p e f in te n d O n t -  $53Q /tnonth $ 0 . 1,1

u t i l i t i e s  f  Steam ,; G as, w a te r  $ 0.09

R e p a i r  M a te r ia l s  . . $ 0 . 2 5

' P a y f o l l -Taxes a n d  .O ff id e  O verhead  $0..O6

P r o p e r ty  Tax and  I n s u r a n c e . -  %  o f
P l a n t  In v e s tm e n t  $0„.28

S e l l i n g  ,and A d m in is t r a t iv e  E xpenses  $.0*28

P l a n t  A m o r t i z a t i o n . 10$  o f  $ 600,000
Ih v e  s tm e n t $0.93

TOTAL-EXPENSE .$.3*52



ECONOMIC COMPARISON

TABLE V II

IOO to n /d a y  P l a n t Red L odge> 
M ontana

S u p e r io r , .
Wyoming

Reek S p r in g s y 
Wyoming

H anna,
Wyoming

P la n t ' In v e s tm e n t $600>000 (3) $6OO>O0O $600,000 $ 600,000

N et Incom e . a f t e r  
Fed-. Incom e T a x . 67,500 1.59 >.000 108,000 90,000

.A nnual R e tu rn  on  
In v e s tm e n t fa ■ .11 >2 2 6 ,5 1 8 . 0 ■i5.o

P l a n t  P ay o u t Time y r s 8 .9 3 ,8 5 .6 6 , T

500 to n /d a y  P l a n t  ■

P l a n t  In v e s tm e n t $2,-900 ,000 $2 ,900 ,000 $2 ,900 ,000 $2 ,900 ,000

N et Incom e . a f t e r  
F e d , Incom e Tax 3)7x0.00 7 9 5 ,0 0 0 5301000 "'450 ,,000
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