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Abstract:
A medium temperature, continuous coal retorting process has been developed at Montana State
College. This process will produce from noncoking coals, a char that will meet coke specifications set
by industries in the surrounding area.

The Montana State College char process employs a stainless steel retort which is comprised of four
concentric, vertical cylinders. Coal flows by gravity down the two-inch annular space between the
second and third cylinders. The coal is heated to a temperature of 1300 to 1500 degrees Fahrenheit by
hot flue gases from a gas-fired furnace. The coal is agitated by means of a mechanical lift that gives the
inner cylinder a slight vertical movement.

The char plant operated for extended periods of time without deterioration of equipment, Coals and
lignites from Montana and a high-volatile char from Wyoming were tested in the retort. The Wyoming
char, after being re-duced in volatile matter, was tested by the Victor Chemical Works . The tests
proved that Superior, Wyoming, char will work as well as coke in the phosphorus industry.

Estimates show that it would be profitable to build a char plant in Roundup, Montana, A char plant
using lignites would not be profitable for the locations studied. 
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A ,medium t e m p e r a t u r e > c o n t in u o u s  c o a l  r e t o r t i n g  p r o c e s s  has  been  
d e v e lo p e d  a t  Montana S t a t e  C ollege ,.  T h is  p r o c e s s  w i l l  p r o d u c e  from  non­
c o k in g  c o a l s > a  c h a r  t h a t  w i l l  m eet ,cqke 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  t h e  s u r r o u n d i n g  a r e a .

The Montana S t a t e  C o l le g e  c h a r  p r o c e s s  employs 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  c o m p r ise d  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 Cpal 
f lo w s  by g r a v i t y  down t h e  tw o - in c h  a n n u l a r  s p a c e  .betw een t h e  second  and 
t h i r d  c y l i n d e r s .  The c o a l  i s  h e a t e d  t o  a  t e m p e r a tu r e  o f  IJOO £0 1J00 
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 s e s  f rom  a  g a s - f i j 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 m e c h a n ic a l  l i f t  t h a t  g i v e s  t h e  i n n e r  
c y l i n d e r  a  s l i g h t  v e r t i c a l  movement.

The c h a r  p l a n t  o p e r a t e d  f o r  e x te n d e d  p e r i o d s  o f  t im e  w i th 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 pals  land l i g n i t e s  from  Montana and  a  h i g h - v o l a t i l e  c h a r  from 
Wyoming were t e s t e d  i n  t h e  r e t o r t .  The Wyoming c h a r ,  a f t e r  b e in g  r e ­
duced  i n  v o l a t i l e  m a t t e r ,  was t e s t e d  by t h e  V i c t o r  C hem ica l  Works * The 
t e s t s  p r o v e d  t h a t  S u p e r i o r ,  Wyoming, c h a r  w i l l  work a s  w e l l  a s  coke in  
t h e  p h o s p h o ru s  i n d u s t r y .

E s t im a t e s  show t h a t  i t  would be p r o f i t a b l e  to  b u i l d  a  c h a r  p l a n t  i n  
Roundup, Montana., A c h a r  p l a n t  ,u s ing  l i g n i t e s  would n o t  be p r o f i t a b l e  
f o r  t h e  l o c a t i o n s  s t u d i e d .

ABSTRACT



INTRODUCTION

Montana * a lo n g  w i th  m ost o f  t h e  s u r r o u n d i n g  s t a t e s  and  p r o v i n c e s ,  

h a s  huge d e p o s i t s  o f  c o a l .  Over 200 b i l l i o n  s h o r t . t o n s  o f  c o a l  a r e  found  

i n  Montana a l o n e .  T h is  c o a l  i s  p f  t h r e e  m ain  types.:  b i t u m in o u s ,  sub*-

b i tu m in o u s f  and  l i g n i t e .

At t h e  t u r n  o f  t h e  c e n tu r y  many p e o p le  r e a l i z e d  t h a t  c o a l  was l o s i n g  

o u t  t o  o i l ,  n a t u r a l  g a s ,  and  e l e c t r i c i t y  a s  a  s o u rc e  o f  pow er i n  th e  U p i te d  

S t a t e s .  They r e a l i z e d  t h a t  c o a l  w ould  be i n  o v e r - s u p p ly  i n  t h e  f u t u r e .  .

As a  r e s u l t  ,of t h i s ,  many p r o c e s s e s  w ere d e v i s e d  to  u p - g ra d e  n o n ^ c o k in g  

c o a l  and l e t  them  compete a s  a  s o u r c e  o f  f i x e d  c a rb o n  i n  i n d u s t r y  ( 5 ,  8y 

9 ,  1 1 ) .  A m a rk e t  f o r  a b o u t  9 0 0 ,0 0 0  to n s  o f  c h a r  p e r  y e a r  e x i s t s  i n  th e  

s t a t e s  o f  M ontana , I d a h o ,  and  U tah  a lo n e  (7 ) .  Th is  m ark e t  . i s  b e in g  

s u p p l i e d  by a n  e x c e s s  o f . c o k in g  c o a l s  u s e d  i n  t h e  s t e e l  i n d u s t r y .  The- 

d i s a d v a n t a g e  o f  t h i s  i s  t h a t  when th e  s t e e l  i n d u s t r y  i s  boom ing , t h e  coke 

a v a i l a b l e  i s  i n  s h o r t . s u p p l y .  A lth o u g h  t h e  m ark e t  i s  b e in g  s u p p l i e d  by 

c o k e ,  n o n - c o k in g  c o a l s  w i l l  p r o d u c e  a c o k e - l i k e  p r o d u c t  t h a t  w i l l . f i t  

t h e  s p e c i f i c a t i o n s  o f  i n d u s t r y  i n  t h i s  a r e a .

A c o a l  c a r b o n i z a t i o n  p i l o t  p l a n t  was b u i l t  a t  Montana S t a t e  C o l leg e  

i n  1954 u n d e r  t h e  s p o n s o r s h ip  o f  t h e  P D F  P r o c e s s i n g  C o r p o r a t i o n .  A 

p l a n t  b u i l t  by them a t  M e ls to n e , M ontana , i n  1951 met w i th  v e r y  l i m i t e d  

s u c c e s s ,  so th e y  d e c id e d  t o  move th e  p r o c e s s  t o  t h e  Montana S t a t e  C o l leg e  

l a b o r a t o r y .  The r e a s o n  f o r  t h e  . f a i l u r e  was t h a t  m ild  s t e e l  was. u se d  in  

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



w i l l  d i s i n t e g r a t e  m i ld  s t e e l  r a p i d l y .  The p i l o t  p l a n t  a t  Montana S t a t e  

C o l le g e  was c o n s t r u c t e d  o f  s t a i n l e s s  s t e e l  w here t h e  t e m p e r a tu r e  w a r r a n t e d .  

The s p o n s o r s h ip  o f  t h e  p i l o t  p l a n t  was. t a k e n  o v e r  by th e  Montana S t a t e  

C o l le g e  .Experim ent S t a t i o n  i n  1955 . T h is  p i l o t  p l a n t  o p e r a t e d  f o r  t h r e e  

y e a r s ,  A c o m p le te ly  new. p i l o t  p l a n t  was b u i l t  i n  1957 by t h e  E xper im en t  

S t a t i o n  b e c a u s e  o f  m e c h a n ic a l  and  f u r n a c e  . d i f f i c u l t i e s  w hich  o c c u r r e d  i n  

t h e  f i r s t  o n e .  However, t h e  f i r s t  r e t o r t  d i d  p ro d u ce  c h a r  o f  th e  s p e c i f i ­

c a t i o n s  r e q u i r e d  f o r  t h e  i n d u s t r i e s  m e n t io n e d  and t h e  r e t o r t  d i d  n o t  d e ­

t e r i o r a t e  a p p r e c i a b l y  d u r in g  t h e  p r o c e s s .  The second  p i l o t  p l a n t  has  done 

away w i th  th e  m ino r  d i f f i c u l t i e s  o f  t h e  f i r s t  and o p e r a t e s  v e ry  sm o o th ly .  

Runs have  been  made o f  2 8 , 4 2 ,  and  44 days > w i th  o n ly  a  few  m in o r  s h u t  

downs.

The p u r p o s e s  o f  t h e  t e s t s  a t  Montana S t a t e  C o l le g e  a r e  t o  s e e  how a 

c o a l  w i l l  r e a c t  i n  t h e  r e t o r t  an d  to  d e te r m in e  t h e  q u a l i t y  o f  t h e  c h a r  and 

t h e  q u a l i t y  and  t h e  q u a n t i t y  o f  t h e  b y - p r o d u c t  o i l s  p r o d u c e d .  D uring  th e  

p a s t  y e a r  t w e n t y - t h r e e  d i f f e r e n t  c o a l s  and  l i g n i t e s  from  M ontana , Wyoming, 

and  U tah  were t e s t e d .  A h i g h  v o l a t i l e  c h a r  (10 to  12 p e r c e n t  v o l a t i l e  

m a t t e r )  made from  S u p e r i o r ,  Wyoming, c o a l  was a l s o  t e s t e d .
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EQUIPMENT AND PROCEDURE

The char* p i l o t  p l a n t  a t  Montana S t a t e  C o l le g e  h a s  a  c a p a c i t y  o f  from  

two t o  t h r e e  to n s  o f  c o a l  p e r  d a y .  A s i m p l i f i e d  f lo w  d iag ra m  i s  shown i n  

F i g u r e  2 .  As show n, t h e  m ain  p a r t s  o f  t h e  c h a r  p l a n t  a r e  t h e  f u r n a c e , . 

t h e  b y - p r o d u c t s  r e c o v e r y  s y s te m ,  and th e  r e t o r t .

The r e t o r t  i s  made up o f  f o u r  v e r t i c a l  c o n c e n t r i c  s t a i n l e s s  s t e e l  

c y l i n d e r s .  An o u t e r  s h e l l  which h o u s e s  t h e  r e t o r t  . is  made o f  m ild  s t e e l  

and  h a s  a d i a m e te r  o f  58 i n c h e s . The f o u r  i n n e r  c y l i n d e r s  w hich  com prise  

th e  h e a t e d  p art o f  t h e  r e t o r t  a r e  12 , 2 0 , 2 4 , and 38  i n c h e s  i n  d i a m e te r ,

A l o o s e  Z o n o l i t e  i n s u l a t i o n  i s  p l a c e d  i n  t h e  a n n u la r  s p a c e  be tw een  th e  

s h e l l  and th e  o u t e r  c y l i n d e r .  Coal i s  c a r r i e d  to  t h e  to p  ,of t h e  r e t o r t  

i n  f i v e - g a l l o n  b u c k e ts  and f e d  i n t o  t h e  f o u r  h o p p e r s .  The c o a l  th e n  f low s  

by g r a v i t y  t h ro u g h  th e  tw o - in c h  a n n u l a r  s p a c e  betw een  t h e  se co n d  and t h i r d  

c y l i n d e r s .  . The in n e rm o s t  c y l i n d e r  i s  g iv e n  a  s l i g h t  v e r t i c a l  movement by 

a  m e c h a n ic a l  l i f t .  T h is  h e l p s  t o  p r e v e n t  b r i d g i n g  be tw een  th e  two 

c y l i n d e r s , th u s  i n s u r i n g  a  u n i fo rm  p r o d u c t ,  b e c a u se  no c h a n n e l s  fo rm .

The r e t o r t  s t a n d s  11 f e e t  4 in c h e s  h ig h  from  th e  f l o o r .  The h e i g h t  o f  

t h e  - an n u la r  s p a c e  th ro u g h  w hich  th e  c o a l  f lo w s  i s  34 i n c h e s . A i r  i s  

p r e v e n t e d  from  e n t e r i n g  t h i s  a n n u l a 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 t to m .

The c h a r r e d  c o a l  d ro p s  from  t h e  a n n u l a r  sp a ce  i n t o  a f u n n e l  ty p e  

s t a i n l e s s  s t e e l  s h e l l  a t  t h e  b o t to m  o f  t h e  r e t o r t .  I t  t h e n  f a l l s  i n t o  

a n  a u g e r  box and i s  removed by two sc re w  c o n v e y o rs .  The t h r o u g h - p u t  and



th u s  th e  v o l a t i l e ■m a t t e r  o f  t h e  c h a r  can  be v a r i e d  g r e a t l y  d e p e n d in g  

upon th e  sp e e d  a t  w hich  t h e  c o n v e y o rs  a r e  o p e r a t e d .  IPhe c h a r  th e n  d rops  

i n t o  a  w a t e r - s e a l e d  b a r r e l .  When a  b a r r e l  becomes f u f I ,  i t  i s  removed 

and  a  new one i s  p u t  i n  i t s  p l a c e .  The f u l l  b a r r e l  i s  w eighed*  th e n  

dumped. The c h a r  i s  c o o le d  and p u t  i n t o  s t o r a g e  on an  o p e n - a i r  c h a r  

d e c k .  From t h e  w e ig h t  o f  t h e  e n t e r i n g  c o a l  and  th e  n e t  b a r r e l  w e i g h t , 

t h e  y i e l d  o f  c h a r  i s  d e te r m in e d .

Gases and  v a p o rs  w hich  a r e  d r iv e n  f rom  t h e  c o a l ,  d u r in g  t h e  c h a r r i n g  

o p e r a t i o n *  e s c a p e  from  t h e  c o a l  zone th r o u g h  lo u v e r 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  t h e  o u t e r  h e a t  z o n e .  . The l o u v e r s , w hich  may be .seen 

i n  t h e  A-A c r o s s - s e c t i o n a l  v iew  i n  F i g u r e  .2, a r e  a r r a n g e d  s i m i l a r l y  to  

V e n e t ia n  b l i n d s . The g a s e s  and v a p o rs  a r e  p u l l e d  . th ro u g h  t h e  gas m ani­

f o l d  by a  b lo w e r  l o c a t e d  in. th e  r e c o v e r y  s y s te m . N e x t ,  t h e  g a s e s  p a s s  

t h ro u g h  a  c y c lo n e  w hich  rem oves any  d u s t  t h a t  may be e n t r a i n e d  i n  th e  

gas  s t r e a m .  There  i s  a  h e a t  j a c k e t  a ro u n d  b o th  th e  m a n i f o ld  and  th e  

c y c lo n e  t o  p r e v e n t  t h e  v o l a t i l e  m a t t e r  f rom  c o n d e n s in g  o u t .

The d u s t  f r e e  g a s e s  a r e  t h e n  s e n t  t o  t h r e e  c o n d e n se r s  o p e r a t i n g  in  

s e r i e s .  W ater  and  o i l s  a r e  condensed  o u t  by a  c o ld  w a te r  s p r a y  a t  th e  

to p  o f  e ach  c o n d e n s e r .  The t e m p e r a tu r e  o f  t h e  l a s t  c o n d e n s e r  i s  main­

t a i n e d  u n d e r  100 d e g re e s  F a h r e n h e i t  to  make c e r t a i n  t h a t  a l l  t h e  con­

d e n s a b le  m a t t e r  h a s  been  removed from  t h e  gas  s t r e a m .  A c e n t r i f u g a l  

apUmp f o r c e s  t h e  c o ndensed  w a te r  and  o i l s  from  th e  bo ttom  o f  t h e  c o n d e n se r s  

t o  a  d e c a n t in g  drum.. The t a r s ,  b e in g  more dense*  a r e  removed from  th e  

b o t to m . W ater  t h a t  i s  t a k e n  o f f  t h e  to p  i s  s e n t  th ro u g h  a h e a t  ex c h an g e r
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where i t  i s  c o o le d  and  fo rm s t h e  c o ld  w a te r  s p r a y  f o r  t h e  c o n d e n s in g  

s y s te m .  .The p e rm a n en t  g a s e s  a r e  f l a r e d .  'In a  com m erc ia l  p l a n t ,  t h e s e  

g a s e s  would  p r o b a b l y  be u s e d  to  h e a t  t h e  f u r n a c e .

The c h a r r i n g  o f  t h e  c o a l  i s  a c c o m p l i s h e d  by h o t  .com bustion  g a ses  

f rom  t h e  f u r n a c e .  These g a s e s  e n t e r  t h e  ou te rY m ost  a n n u l a r  s p a c e  n e a r  

t h e  b o t tom  o f  t h e  . r e t o r t  and  t r a v e l  upward and  th e n  down th ro u g h  th e  

in n e rm o s t  a n n u l a r  sp a c e , th u s  t h e  c o a l  i s  h e a t e d  on b o th  s i d e s  as  i t  

i s  r e t o r t e d .  The g a s e s  a r e  t h e n  p u l l e d  by a b low er  up th r o u g h  t h e  i n n e r  

t u b e , and  a r e  r e c y c l e d  t o  t h e  f u r n a c e .

The o u t s i d e  d im e n s io n s  o f the f u r n a c e  a r e :  -.11 f e e t  .4 i n c h e s  lo n g ;

5 f e e t  4 inches ,  w id e ; 7 f e e t  8 in c h e s  h i g h .  The w a l l s  a r e  c o n s t r u c t e d  

o f  two rows o f  f i r e  b r i c k  c o v e re d  on t h e  o u t s i d e  w i th  a  row o f  i n s u l a t i o n  

b r i c k .  A m i ld  s t e e l  s h e l l  e n c a s e s  a l l  f o u r  s i d e s  o f  t h e  f u r n a c e .  The 

r o o f , u n a t t a c h e d  t o  t h e  w a l l s  o f  t h e  f u r n a c e ,  i s  hung i n  p l a c e  from  

t h r e e  I -beam  s t a n d s  s h a p e d  somewhat s i m i l a r l y  t o  i n v e r t e d  Hi's . The r o o f  

i s  made o f  p l a s t i c  b r i c k  w hich  may be m olded i n t o  sh a p e  b e f o r e  h a r d e n i n g . 

The f l o o r  o f  t h e  f u r n a c e  i s  nade  o f  two rows o f  f i r e  b r i c k  on top  p f  

v e n t i l a t i o n  t i l e .  A i r  i s  blown th ro u g h  t h e  s l o t s  i n  t h e  v e n t i l a t i o n  

t i l e , a n d  w a te r  p i p e s  a r e  p l a c e d  be tw een  e a ch  row. In  t h i s  way th e  

f u r n a c e  f l o o r  can  be k e p t  r e l a t i v e l y  c o o l  so t h a t  t h e  h e a t  from  th e  

f u r n a c e  w i l l  n o t  c r a c k  t h e  c o n c r e t e  f l o o r  o f  th e  l a b o r a t o r y .

T here  i s  an  18 in c h  b a f f l e  t h r e e - f o u r t h s  o f  t h e  way b a c k  i n  th e  

f u r n a c e .  The h o t  g a s e s  p a s s  o v e r  t h e  b a f f l e  and mix w i th  t h e  r e c y c l e d  

g a s e s  from  t h e  f u r n a c e .  T h is  i n s u r e s  b e t t e r  com bus t ion  and  a  more
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u n i fo r m  h e a t  .f low , . The amount o f  n a t u r a l  gas  f e d  to  t h e  f u r n a c e  i s  

r e g u l a t e d  by an a u to m a t i c  c o n t r o l l e r  w hich  keeps  t h e  o u t p u t  t e m p e ra tu re  

c o n s t a n t ,  u s u a l l y  a t  1700 d e g re e s  F a h r e n h e i t .

T e m p era tu re  r e a d i n g s  w ere t a k e n  e v e ry  h a l f  h o u r  th r o u g h o u t  a  ru n  by 

means o f  th e r m o c o u p le s .  The two m ost im p o r ta n t  t e m p e r a tu r e s  were a t  th e  

o u t l e t  o f  t h e  l a s t  c o n d e n s e r ,  a s  m en t io n e d  b e f o r e ,  and  t h e  c h a r  d i s c h a r g e  

t e m p e r a t u r e .  The l a t t e r  t e m p e r a tu r e  was k e p t  be tw een  130.0 and  1500 

d e g re e s  F a h r e n h e i t .  T h is  was fo u n d  t o  be s u f f i c i e n t  t o  d r i v e  o f f  th e  

r e q u i r e d  amount o f  v o l a t i l e  m a t t e r .  The c h a r  d i s c h a r g e  t e m p e r a tu r e  was 

r e g u l a t e d  by v a r y in g  t h e  sp e e d  o f  t h e  d i s c h a r g e - a u g e r s . A f a s t e r  th r o u g h ­

p u t  w i l l  lo w e r  t h e  t e m p e r a t u r e .

>1
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RESULTS AND CONCLUSIONS

T here  were t w e n t y - t h r e e  d i f f e r e n t  .co a ls  and a  h ig h  v o l a t i l e  c h a r  

t e s t e d  i n  t h e  Montana S t a t e  C o l le g e  c h a r  p l a n t  t h i s  p a s t  y e a r .  The 

c o a l s  s t u d i e d  i n  t h i s  r e p o r t  a r e  l i s t e d  i n  T a b le  a lo n g  w i t h  t h e  ty p e  

o f  c o a l  and  t h e  mine l o c a t i o n .  The .rem a in in g  c o a l s  were s t u d i e d  i n  a 

p r e v i o u s  r e p o r t  by D. E . S k e r r i t t  ( 1 0 ) .

E a s t  B e l t  . c o a l  p r e s e n t e d  a  somewhat .un ique  p ro b le m . T h e i r  c o a l  

seam c o n s i s t s  o f  a  one t o  two f o o t  l a y e r  o f  co k in g  c o a l  b e n e a th  a two 

t o  t h r e e  f o o t  , l a y e r  o f  non—c o k in g  c o a l  w i t h  a s i x - i n c h  l a y e r  o f  s l a t e  

be tw een  them . Coking c o a l s  c a u se  t r o u b l e  i n  t h i s  ty p e  ;o f  p r o c e s s  b e c au se  

t h e y  f u s e  t o  t h e  s i d e s  o f  t h e  r e t o r t  ( 1 0 ) ,  T h e r e f o r e t t h e  c o a l  was ru n  

th ro u g h  f i r s t  a t  500 t o  600 d e g re e s  F a h r e n h e i t  i n  hopes o f  o x i d i z i n g  i t .  

O x id a t io n  o f  some c o k in g  c o a l s  i s  knowh to  r e d u c e  th e  c o k in g  p r o p e r t i e s . 

T h is  scheme d i d  n o t  work w e l l  and  d u r in g  t h e  second  t im e  t h r o u g h ,  t h e  

c o k in g  c o a l  c a u se d  some c lo g g i n g .  The l a y e r  o f  s l a t e  makes t h i s  c o a l  

have  a  h ig h  a s h  c o n te n t  and  t h e  c h a r  w i l l  n o t  m e e t  p h o sp h o ru s  company 

s p e c i f i c a t i o n s .  T h is  c h a r  was n o t  e v a l u a t e d  e c o n o m ic a l ly  b e c a u s e  of 

t h e  h i g h  a s h  c o n te n t  and  t h e  low o i l  y i e l d s  o b t a i n e d  ( s e e  T a b le s  I I  and 

I I I ) .

Seven o f  t h e  c o a l s  t e s t e d  w ere f rom  t h e  Roundup, Montana a r e a .  Each 

o f  t h e s e  c o a l s  r a n  th ro u g h  t h e  r e t o r t  w e l l  an d  no t r o u b l e  was e n c o u n te re d  

w i th  them . S in c e  none  o f  t h e  c h a r s  from  t h e s e  c o a ls  can  p a s s  t h e  p h o s ­

p h o ru s  i n d u s t r y ' s  h a r d n e s s  t e s t ,  t h e  b e s t  m a rk e t  f o r  c h a r  f rom  Roundup
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c o a l s  I s  t h e  f e r r o c h r o m e  m a n u fa c tu r in g '  o p e r a t i o n s  a t  Nye, M ontana. The 

c h a r  s p e c i f i c a t i o n s  f o r  t h i s  p l a n t  a r e :  l e s s  t h a n  CU2 p e r c e n t  s u l f u r ;

le s s ,  th a n  5 .0  p e r c e n t  v o l a t i l e  m a t t e r ; ■and  more th a n  84 p e r c e n t  f i x e d  

c a rb o n .  No s i z e  s p e c i f i c a t i o n s  were g i v e n .  Of t h e  se v e n  c o a l s  t e s t e d ,  

o n ly  t h r e e  would p ro d u c e  a  c h a r  w hich  met t h e  , s p e c i f i c a t i o n s .  .Those ; 

w ere Roundup M ining,. S qua re  D e a l ir and  P.,M. c h a r s .

A l i t t l e  o v e r  4 ,2  to n s  o f  Roundup M ining c o a l  were ru n  th ro u g h  th e  

. r e t o r t .  A to n  o f  c o a l  y i e l d e d  1230 pounds o f  c h a r  and 8 .9  g a l l o n s  o f  

o i l s .  The c h a r  was p ro d u c e d  a t  an  a v e ra g e  r a t e  o.f 3230 pounds p e r  day .

As shown i n  T a b le s  I I  and  IV , t h e  c h a r  h ad  a  f i x e d  c a rb o n  c o n t e n t  o f  

8 5 .6  p e r c e n t  and a  s u l f u r  c o n t e n t  o f  0 . l 8 p e r c e n t .

S quare  D ea l  c o a l ,  w hich  i s  mined from  a  c o n t i n u a t i o n  o f  t h e  same 

seam as  Roundup M in ing , i s  o f  c o u r s e  v e ry  s i m i l a r  t o  t h e  l a t t e r  c o a l .

Each to n  o f  S quare  D ea l c o a l  y i e l d e d  H 72 pounds o f  c h a r  and  1 0 .7  g a l l o n s  

o f  o i l s .  The c h a r ,  w hich  had  f i x e d  c a rb o n  an d  s u l f u r  c o n t e n t s  o f  8 6 .5  

p e r c e n t  and  0 .1 0  p e r c e n t  r e s p e c t i v e l y ,  was p u t  th ro u g h  a t  a n  a v e ra g e  r a t e  

o f  3050 pounds p e r  d a y .

The c r e o s o t e  f r a c t i o n  o f  t h e  o i l s  p r o d u c e d  would n o t  q u i t e  m eet th e  

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). A co m p ar iso n  o f  t h e  c r e o ­

s o t e  f r a c t i o n  w i th  t h e s e  s p e c i f i c a t i o n s ,  i s  shown in .  T ab le  V.

C oal from  t h e  P.M. mine gave  1184 pounds o f  c h a r  and 1 1 .7  g a l l o n s  o f  

o i l s  f o r  e a ch  to n  c h a r g e d .  The c h a r  h ad  a  f i x e d  c a rb o n  c o n t e n t  - o.f 8 4 .2  

p e r c e n t  and a s u l f u r  co n te n t ,  o f  0 .1 4  p e r c e n t .  The c r e o s o t e  d i d  n o t  meet
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A.W.P. s p e c i f i c a t i o n s  a s  shown i n  T a b le  V I. T ab le  V t l k l s o  shows t h e  

r e s u l t s  o f  d i s t i l l a t i o n s  on some o t h e r  Roundup c r o s o t e s .

S e v e r a l  M as te rn  Montana l i g n i t e s  were r u n  th ro u g h  th e  Montana S t a t e  

C o l l e g e  c h a r  p l a n t .  A l l  t h e  l i g n i t e s  a c t e d  s i m i l a r l y  w h i le  r e t o r t i n g .  

They a l l  b ro k e  i n t o  f i n e s  and w ere  q u i t e  .dusty., however no t r o u b l e  was 

e n c o u n te r e d  b e c a u s e  o f  t h i s .  The r e s u l t s  o f  t h e  t e s t s  a r e  r e c o r d e d  i n  

T a b le s  I I .  and I I I .  The C. S o re n so n  mine a t  S a v a g e r Montana w i l l  s e r v e  

a s  a n  example o f  t h e  o t h e r s . From each  to n  o f  t h i s  l i g n i t e  came 1004 

pounds o f  c h a r  and  5.& g a l l o n s  o f  o i l s .  The c h a r  was 7 7 .3  p e r c e n t  

f i x e d  c a rb o n  and  1 4 ,5  p e r c e n t  a s h .  . The l i q u i d  b y - p r o d u c t s  f rom  l i g n i t e s

w i l l  n o t  m eet A.W.P. s p e c i f i c a t i o n s  b e c a u s e  o f  t h e i r  low s p e c i f i c  g r a v i t y
\

and  t h e  l a r g e  amount o f  m a t e r i a l  fou n d  i n  t h e  lo w e r  b o i l i n g  r a n g e s  (11 ) .

A l l  c h a r s  * w h i le  c o o l i n g ,  p i c k  up m o i s t u r e  from  th e  a tm o s p h e re .

Most c h a r s  r a r e l y  a d s o rb  more t h a n  one t o  two p e r c e n t  m o i s t u r e .  However, 

l i g n i t e  c h a r s  w i l l  a d s o rb  up to  .s ix  p e r c e n t  w a t e r .  Th is  i s  p r o b a b l y  due • 

t o  t h e  g r e a t e r  num ber o f  c r a c k s  and h o l e s  i n  a  s o f t  .c h a r  t h a n  i n  a h a r d  

o n e ,  t h u s  g i v i n g  th e  s o f t  c h a r  a  much l a r g e r  s u r f a c e  a r e a  on w hich  to  

h o l d  w a t e r .  A t e s t  was made to  s e e  how lo n g  i t  would t a k e  a  . l i g n i t e  

c h a r ,  d r i e d  i n  a i r  a t  103 d e g re e s  C e n t ig r a d e  t o  r e g a i n  a l l  i t s  m o is tu re  

w h i le  c o o l i n g .  As shown i n  F i g u r e  3 ,  a l l  t h e  w a te r  was r e g a i n e d  a f t e r  r, 

one h o u r .

. Hulk d e n s i t i e s  o f  a l l  t h e  c h a r s ,  g ro u n d  t o  a p p r o x im a te ly  80 p e r c e n t  

minus 100 m esh , w ere t a k e n ,  A c o r r e l a t i o n  was th o u g h t  to  e x i s t  be tw een  

b u lk  d e n s i t y  and  a s h  c o n te n t  o r  a  c o m b in a t io n  o f  a s h  and  v o l a t i l e  m a t t e r
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c o n t e n t s  . No c o r r e l a t i o n  was fo u n d  t o  e x i s t ,  p r o b a b l y  b e c a u se  t h e  c h a r s  

d i d  n o t  a l l  have  t h e  .same ty p e  o f  a s h .  The ung round  b u lk  d e n s i t i e s  were 

t a k e n  i n  hopes  o f  a  c o r r e l a t i o n  w i th  t h r o u g h - p u t .  .T h i s ,  h o w e v e r , f a i l e d  

to  show ,any sound  r e s u l t s .

A p p ro x im a te ly  80 to n s  o f  a h i g h  v o l a t i l e  c h a r  was run  th ro u g h  th e  

Montana S t a t e  C o l le g e  r e t o r t  a t  an  a v e ra g e  r a t e  o f  4140 pounds p e r  d ay . 

T h is  h ig h  v o l a t i l e  c h a r  was made from  S u p e r i o r ,  Wyoming c o a l  by p u t t i n g  

i t  t h ro u g h  a  L u r g i  P r o c e s s  c h a r  p l a n t  a t  B e i n f a i t , S a sk a tc h e w a n ,  Canada. 

The L u r g i  P r o c e s s ,  i t  was f o u n d ,  d id  n o t  p ro d u c e  a  c h a r  w i th  low enough 

v o l a t i l e s  to  m eet p h o sp h o ru s  company s p e c i f i c a t i o n s .  The c h a r  was . th en  

s h ip p e d  to  Montana S t a t e  C o l le g e  'where th e  v o l a t i l e  m a t t e r  was rpdUced to  

a ro u n d  t h r e e  p e r c e n t . f r o m  i t s  o r i g i n a l  e l e v e n  p e r c e n t .  This  low v o l a t i l e  

c h a r  was t e s t e d  by a p h o sp h o ru s  p r o d u c e r ,  t h e  V i c t o r  C hem ical Works a t  

S i l v e r  Bow, M ontana. The t e s t  was p e r fo rm e d  by m ix in g  th e  c h a r  w i th  coke 

i n  v a r y in g  a m o u n ts . No d i f f e r e n c e  i n  o p e r a t i o n . was n o te d  be tw een  p u re  

coke and  t h e  m i x t u r e s .  The t e s t  p ro v e d  t h a t  S u p e r io r  c h a r  w i l l  p e r fo rm  

e q u a l l y  a s  w e l l  a s  coke i n  m aking e le m e n t a l  p h o s p h o r u s . A p r e v i o u s  

r e p o r t  by D. E. S k e r r i t t  shows t h a t  -a c h a r  p l a n t  i n  S u p e r i o r ,  Wyoming, 

would  be e c o n o m ic a l ly  s u c c e s s f u l  (1 0 ) .

Economic c o n s i d e r a t i o n  was g iv e n  to  Roundup M in ing , S q u a re  D e a l ,  

and P.M. c o a l s  o f  Roundup and  C. S o re n so n  l i g n i t e  o f  S avage . S quare  

D eal c o a l  i s  so s i m i l a r  to  Roundup M ining t h a t  t h e  two a r e  c o n s id e r e d  th e  

same f o r  t h e  r e m a in d e r  o f  t h i s  r e p o r t .  A l s o ,  th e  econom ics o f  Savage 

l i g n i t e  w i l l  n o t  be g r e a t l y  d i f f e r e n t  t h a n  any  o t h e r  l i g n i t e  t e s t e d  t h i s
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p a s t  y e a r .  The . f a c t o r s  w hich  i n f l u e n c e  th e  econom ics a r e : t h e  y i e l d s  o f

c h a r  and  o i l s ,  t h e  p r i c e  o b t a i n a b l e  f o r  t h e s e ,  t h e  d i s t a n c e  from  th e  

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

F e r ro c h ro m e  g r a d e  c h a r  w i l l ,  b r i n g  $2-2.70 p e r  to n  d e l i v e r e d  to  Nye, ' 

Montana ( 6 ) .  The m a rk e t  f o r  l i g n i t e  c h a r  i s  t h e  t a c o n i t e  i n d u s t r y  i n  

e a s t e r n  M inneso ta .,  They w i l l  p a y  $ 1 2 .4 0  p e r  to n  d e l i v e r e d  to  t h e  p l a n t  

( 4 ) .  The c h a r  p r i c e s  l i s t e d  i n  T ab le  V I I  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  t h e s e  v a l u e s ,  f r e i g h t  r a t e s  w ere t a k e n  from  F i g u r e  I ,  

a p l o t  o f  f r e i g h t  c o s t  p e r  to n  o f  coke b r e e z e  v e r s u s  r a i l  m i le s  (1 0 ) .

S in c e  t h e  o i l s  p ro d u c e d  would n o t  m eet A.W.P. s p e c i f i c a t i o n s ,  t h e  a v e ra g e  

p r i c e  was t a k e n  to  be 14 c e n t s  p e r  g a l l o n  ( I ) ,

The economic c o m p a r iso n  f o r  t h e  v a r io u s  c h a r s  h a s  been  b a se d  upon 

th e  s i z e  o f  p l a n t  needed.. The F e r ro c h ro m e  m i l l  w i l l  u s e  25 to n s  o f  c h a r  

p e r  dsty w hile , t h e  t a c o n i t e  i n d u s t r y  w i l l  u se  a g r e a t  ,d e a l  m ore. I n  view 

o f  t h i s , a  100 to n  p e r  day p l a n t  was p ro p o s e d  f o r  S avage , E s t im a te d  

o p e r a t i n g  e x p e n se s  a r e  l i s t e d  i n  T a b le s  V II  and  V I I I .  The f i n a l  r e s u l t s  

a r e  shown i n  T ab le  X.

A c h a r r i n g  o p e r a t i o n  f o r  any  o f  t h e  t h r e e  s i t e s  m e n t io n e d  i n  Roundup 

would  be p r o f i t a b l e .  The Savage s i t e  would l o s e  money due t o  i t s  d i s ­

t a n c e  from  th e  m a r k e t s ,
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TABLE I

COALS STUDIED IN THIS REPORT

Mine L o c a t io n

E a s t  B e l t  Coal Co, B e l t ,  Mont.

M ountain  S t a t e s  Mng. R oundup, Montua

Roundup M ining  Co. I t I t

S quare  D e a l  M ining 11 11

J o h n ie s  C oal Co. I t I t

D iv id e  Coal Co. I t I t

G i ld ro y  C oal Co.. I t t t

P.M. Coal Co. I t ■ I t

N o rth  S t a r  C o a l ; . Coalw ood, Mont.

T h i e l  B r o s . S id n e y ,  Mont.

J .  A l b r e c h t B lo o m f ie ld ,  Mont

P e u se  B ro s . G le n d iv e  r Mont.

Cs, S o re n so n S a v a g e ,  Mont.

D. 0 .  C la rk  Mine S u p e r i o r , Wyo.

Type o f  Coal 

• B itu m in o u s  

S u b -b i tu m in o u s

L i g n i t e

High V o l a t i l e  Char
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TABLE I I

ANALYSIS OF VARIOUS CHARS

Mine
P e r c e n t
M o is tu re

P e r c e n t
V o l a t i l e s

P e r c e n t  
F ix e d  Carbon

P e r c e n t
Ash

E a s t  B e l t 4 . 0 8 1 .3 1 4 .7

M tn. S t a t e s 4 .0 8 2 .0 1 4 .0

Roundup Mng. 4 .0 8 5 .6 10 .4

S qua re  D eal 1 .9 8 6 .5 1 1 .6

J o h n ie s 2 .9 8 8 .1 9 .0

D iv id e 3 .8 8 8 .8 7 .4

G i ld ro y 4 .1 8 6 .0 9 .9

P.M. 4 .0 8 4 .2 11 .8

N o r th  S t a r 3 .9 5 .3 7 6 . 7 14 .2

T h i e l  B r o s . 3 .7 4 .8 7 3 -5 1 8 .0

J .  A lb r e c h t 3 .2 5 .8 7 6 .2 14 .8

P euse  B r o s . 5 .8 6 . 2 8 0 .4 7 .6

C. S o re n so n 4 .2 4 .0 77-3 1 4 .5

3 .9  9 0 .1  6 .0D. 0 .  C la rk
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TABLE I I I

DATA ON VARIOUS COALS

Mine
Char Y ie ld  
% by Wt.

O i l  Y ie ld  
g a l / t o n  o f  c o a l

P r o d u c t io n  R a te  
l b .  c h a r / d a y

E a s t  B e l t 64 .2 5 .8 3500*

M tn. S t a t e s 4 8 .0 8 . 5 2530

Roundup M ining 8 .9 3230

S q u are  Deal 5 8 . 6 1 0 .7 3050

J o h n ie s 52 .4 12 .0 2250

D iv id e 4 8 .1 1 0 .3 I 960

G ild ro y 5 2 .2 1 4 .0 2375

P.M. 5 9 .2 1 1 .7 2090

N o r th  S t a r 4 9 .3 4 .2 1670

T h i e l  B r o s . 4 5 .7 5 .7 1500

J .  A lb r e c h t 5 1 .? 4 .8 1080

Reuse B r o s . 4 0 .6 3 .1 1150

C. S o re n so n 50 .2 4 .8 980

D. 0 .  C la rk 8 9 .7 4136

* P r e d r i e d  Coal
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DATA ON SULFUR ANALYSIS AND BULK DENSITY FOR VARIOUS CHARS

TABLE IV

Mine # S

E a s t  B e l t 2 .6 2

M tn. S t a t e s 0 .3 0

Roundup Mng. 0 .1 8

S quare  D eal 0 .1 0

J o h n ie s 0 .2 6

D iv id e 0 .4 4

G i ld ro y 0 .4 3

P.M. 0 .1 4

N o rth  S t a r 0 .0 5

T h i e l  B r o s . 0 .0 6

J .  A lb r e c h t 0 .1 7

Reuse B ro s . 0 .0 5

C. S o re n so n 0 .0 2

D. 0 .  C la rk 0 .6 7

Bulk  D e n s i ty  80% minus 
100 Mesh I b / c u .  f t .

5 4 .1

5 0 .3

4 4 .7

4 4 .3

4 8 .4

4 8 .8

52 .0

53 .0

4 3 .4

3 9 .6

4 0 .0

32 .1

39 .2

Bulk D e n s i ty  
Unground I b / c u ,  f t ,

3 9 .0

4 1 .2

3 8 .0

4 1 .2

3 6 .5

3 5 .6

4 2 .6

3 8 .9

3 9 .0

3 6 .5

3 6 .5

3 4 .9

3 4 .9
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COMPARISON OP CREOSOTE FROM SQUARE DEAL COAL WITH AMERICAN 
WOOD PRESERVERS' SPECIFICATIONS

TABLE V

C re o s o te  T e s t S p e c i f i c a t i o n s S qua re  D ea l C re o s o te

S. G. a t  3 8 /1 5 . 5°C. 1 .0 3 + 1 .0 2 5

D i s t i l l a t i o n  up to  2 1 0 °C. 5 .0 (w t .$ ) 1 .7

up t o  235°C. 5 - 25 1 1 .7

up to  270°C. 20 + 2 7 .1

up to  355°C. 60 - 85 71 .0

Coke r e s i d u e 2 .0 - 1 .2

W ater  Wt. % 3 .0 - p a s s

Benzene I n s o l u b l e  W t. % 0 .5 - p a s s



- 2 3 -

COMPARISON OF CREOSOTE FROM OTHER ROUNDUP COALS WITH 
AMERICAN WOOD PRESERVERS' SPECIFICATIONS FOUND IN TABLE V

TABLE V I

C re o s o te  T e s t Mfcn. S t a t e s G i ld ro y P.M. D iv id e

S. G. a t  3 8 /1 5 . 5° c . 1 .0 2 5 1 .0 3 5 1 .0 2 0 1 .0 4

D i s t i l l a t i o n  up to  210° c . 5 .6 6 .2 5 .6 1 .9

up t o  235° c . 11 .8 1 3 .5 1 5 .8 1 6 .9

up to  2 7 0 ° c . 2 7 .4 2 5 .9 3 0 .6 3 5 .1

up t o  355° c . 8 2 .9 7 6 .5 7 3 .8 77-3

Coke R e s id u e 0 .9 1 .2 1 .4 1 .9

W ater  Wt. % p a s s p a s s p a s s p a s s

Benzene I n s o l u b l e  Wt. / p a s s p a s s p a s s p a s s
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TABLE V I I

COMPARATIVE ECONOMICS OF THE CHARS

Revenue Roundup Mng. P.M. C. S o renson

P l a n t  S iz e  -  t o n  c h a r / d a y 25 25 100

Char P r i c e  -  $ / to n $ 1 9 .7 0 $ 1 9 .7 0 $ 4 .9 0

Char Y ie ld  -  l b s . / t o n 12 )0 1184 1004

Income from  Char -
$ / t o n  c o a l $ 1 2 , ) 0 $ 1 1 .6 5 $ 2 . 4 6

L iq u id  B y -p ro d u c t  Y i e ld  -  
g a l / t o n  c o a l 8 . 9 1 1 .7 4 .8

Income from  B y -p ro d u c ts  
$ / t o n  c o a l $ 1 . 2 5 $ 1 .6 4 $ 0 .6 7

T o t a l  Income -  $ / t o n  c o a l $ 1 3 .5 5 $ 1 3 .2 9 $ 3 .1 3

E xpenses

O p e r a t in g  E xpenses  -
$ / t o n  c o a l $ 6 .28 $ 6 .40 $ 3 .4 9

Coal C ost  -  $ / to n 4 .5 0 4 .5 0 2 .1 0

T o t a l  C ost  -  $ / t o n  c o a l 10 .78 1 0 .9 0 5 .5 0

Net Income B e fo re  Income 
Taxes -  $ / t o n  c o a l 2 .7 7 2 .3 9 - 2 . 4 6
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ESTIMATED OPERATING EXPENSES

Charge — 4 0 .7  to n  o f  c o a l / d a y  y i e l d s  25 to n s  c h a r / d a y  
350 d a y s / y e a r

P e r  Ton o f  Coal

E l e c t r i c i t y  $ 0 .0 8

P l a n t  l a b o r  -  J m e n / s h i f t ;  3 s h i f t s / d a y
a t  $2 . 00/ h r .  3 .5 5

P l a n t  S u p e r in t e n d e n t  -  $550 /m o . 0 .4 5

U t i l i t i e s  -  S team , G as, W ater  0 .1 1

P a y r o l l  Taxes and O f f i c e  O verhead  0 .0 6

R e p a i r  M a t e r i a l s  0 .2 5

A d m i n i s t r a t i v e  Expense  0 .2 5

P l a n t  A m o r t i z a t io n  -  10% o f  $200 ,000
I n v e s tm e n t  1 .48

TABLE V I I I

TOTAL EXPENSE $ 6 .2 8



-26 -

ESTIMATED OPERATING EXPENSES

TABLE IX

Charge — 186 to n s  l i g n i t e / d a y  y i e l d s  
350 d a y s /y e a r

100 to n s  c h a r /d a y

P e r  Ton o f  L i g n i t e

E l e c t r i c i t y $ 0 .1 8

Steam and W ater 0 .1 0

L abo r  -  5 m e n / s h i f t ; 3 s h i f t s / d a y  
a t  $ 2 . 0 0 / h r . 1 .4 5

P l a n t  S u p e r in t e n d e n t 0 .1 3

A n a ly s t u 0 .0 9

F u e l 0 .0 9

R e p a i r  M a t e r i a l s 0 .2 0

P l a n t  A m o r t i z a t io n 0 .6 5

P a y r o l l  Taxes 0 .2 2

P r o p e r t y  Tax 0 .1 6

A d m i n i s t r a t i v e  Expenses 0 .2 2

TOTAL EXPENSE $ 3 .49
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ECONOMIC COMPARISON

t a b l e  X

P l a n t  I n v e s tm e n t

Net Income A f t e r  
F e d .  Income Tax

Annual R e tu rn  on 
I n v e s tm e n t  -  %

P l a n t  P a y o u t  Time 
Y ears

Roundup Mng. 
2$ ton char/day

$200,000 

$ 2 6 ^ 0 0  

1 3 .2  

7 .6

P.M.
2 3  ton char/day

$200 ,000

$ 24 ,000

1 2 .5

8 . 1 :

C. Sorenson 
100 ton char/day

$600,000

Loss
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Figure 3 -  Percent M oisture Regained v ersu s Time fo r  Char made 
from Peuse B rothers L ig n ite .
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