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ABSTRACT 

During t h e  second q u a r t e r ,  work focused on e s t a b l i s h i n g  a  series of 
exper imenta l ly  determined parameters  f o r  u l t r a s o n i c  comminution and 
t h e i r  t r a n s l a t i o n  i n t o  t h e  des ign  of an u l t r a s o n i c  comminution a r r a y  f o r  
Phase I t e s t i n g .  Ea r ly  work i n d i c a t e d  t h a t  cont inuous removal of f i n e s  
du r ing  comminution could  s i g n i f i c a n t l y  i n c r e a s e  t h e  product ion  of -10 
micron p a r t i c l e s .  S i m i l a r l y ,  vary ing  t h e  mechanical g a i n  of t h e  u l t r a -  
s o n i c  comminution appa ra tu s  and thereby  i n c r e a s i n g  t h e  s t r a i n  ampli tude 
of t h e  system was shown t o  enhance f i n e s  product ion .  A g a i n  of 3 : l  
i . . ,  a  th ree - fo ld  i n c r e a s e  i n  s t r a i n  ampli tude)  produced t h e  b e s t  
r e s u l t s .  These f e a t u r e s  used wi th  an  u l t r a s o n i c  c y l i n d e r  segment ap- 
p a r a t u s  r e s u l t e d  i n  276% i n c r e a s e  i n  t h e  product ion  of -10 micron f i n e s  
over  t h a t  genera ted  by pass ing  coa l  through a  non-act ivated c o n t r o l .  

Thus i n f luenced ,  t h e  des ign  of t h e  Phase I u l t r a s o n i c  comminution ap- 
p a r a t u s  w i l l  i n c o r p o r a t e  both a  d u a l - r o l l  and r o l l e r / p l a t e  c a p a b i l i t y ;  
i t  w i l l  p rov ide  cont inuous  f low of p a r t i c l e s  through t h e  r eg ion  of 
u l t r a s o n i c  a c t i v a t i o n ,  t hus  p e r m i t t i n g  removal of f i n e s  a s  they a r e  
comminuted; and w i l l  f u n c t i o n  with a  ga in  of  3 : l .  The Phase I appa ra tu s  
a l s o  o f f e r s  t h e  f l e x i b i l i t y  of ope ra t i ng  w i t h  e i t h e r  t r a v e l i n g  o r  s tand-  
i n g  u l t r a s o n i c  waves. Varying t h e  p h y s i c a l  c o n f i g u r a t i o n  ( d u a l - r o l l e r  
o r  r o l l e r  p l a t e )  and t h e  mode of u l t r a s o n i c  a c t i v a t i o n  ( t r a v e l i n g  o r  
s t and ing  wave) a l lows  f o r  c o s t  e f f e c t i v e  t e s t i n g  of f o u r  d i f f e r e n t  
techniques.  A d d i t i o n a l l y ,  ope ra t i ng  f requency  h a s  been reduced t o  15 
kHz t o  permit  use  of off- the-shelf  hardware i n  appa ra tu s  assembly and 
thus  expedi te '  t e s t i n g .  

S e l e c t i o n  of f o u r  r e p r e s e n t a t i v e ,  we l l - cha rac t e r i zed  c o a l s  h a s  been 
completed; a f t e r  i n i t i a l  t e s t i n g ,  200 l b .  q u a n t i t i e s  of two of t h e  
samples w i l l  be  secured  f o r  Phase XI exper imenta t ion .  

iii 
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P r o j e c t  D e s c r i p t i o n  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  demonstrate  on a  labora-  
t o r y  s c a l e  t h e  t e c h n i c a l  f e a s i b i l i t y  and economic promise of 
e f f i c i e n t l y  apply ing  u l t r a s o n i c  energy t o  t h e  product ion  of 
-10 micron c o a l  f i n e s .  Such a  system could overcome t h e  
i n h e r e n t  i n e f f i c i e n c y  and economic pena l ty  of mechanical 
g r ind ing ,  whi le  producing b e t t e r  s i z e  un i formi ty  i n  t h e  
product .  An a d d i t i o n a l  b e n e f i t  a s s o c i a t e d  wi th  t h e  mecha- 
nism of u l t r a s o n i c  e f f e c t  is  t h e  p o s s i b i l i t y  of s e l e c t i v e  
l i b e r a t i o n  of ash  and p y r i t e  i n c l u s i o n s .  
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I. INTRODUCTION 

coa l  p rocess ing  h a s  become an  i n c r e a s i n g l y  important  i n d u s t r y  a s  America 

cont inues  convers ion  e f f o r t s  from petroleum t o  coa l .  In  o r d e r  t o  provide  

coa l  wi th  combustion performance approximately equ iva l en t  t o  o i l  o r  gas ,  

much f i n e r  p a r t i c l e  s i z e s  w i l l  be needed than  t h e  convent iona l  p l a n t  

g r ind  s i z e  (75% -200 mesh). 

Conventional g r ind ing  t echn iques  cannot  economical ly  meet t h i s  goa l .  A 

new comminution technology,  u l t r a s o n i c  g r i n d i n g ,  can o f f e r  a  s o l u t i o n .  

Because i t  o p e r a t e s  by methods n o t  common t o  t hose  of convent iona l  

g r ind ing  systems,  i t  is  expected t h a t  u l t r a s o n i c s  can s i g n i f i c a n t l y  

enhance g r ind ing  e f f i c i e n c y  i n  t h e  -10 micron range needed f o r  va r ious  

types of p rocess ing  and "clean coa l "  a p p l i c a t i o n s .  

The mechanisms of u l t r a s o n i c  g r ind ing  a p p e a r , t o  be: 

. Very r a p i d  (10-60 kHz) v i b r a t o r y  promotion of f a t i g u e  f r a c t u r e ;  

Promotion of stress co r ros ion ;  

. P r e f e r e n t i a l  energy d e l i v e r y  t o  d i s c o n t i n u i t i e s ;  

I . Prevent ion  of s m a l l  p a r t i c l e  s h i e l d i n g  by l a r g e r  ones; 

. Cav i t a t i on  and p r e f e r e n t i a l  s h e a r  i n  damp o r  p a s t e  media. 

These mechanisms a l l  appear  b e n e f i c i a l  i n  producing t h e  desired p a r t i c l e  

s i z e  range by a  process  e n t i r e l y  amenable t o  h igh  volume product ion  and 

a t  d r ama t i ca l l y  decreased  energy requirements .  
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I I. EXPERIMENTAL PLAN 

The program is  fo l lowing  t h e  s t e p s  o u t l i n e d  below: 

Phase I 

A. Conduct p r e l imina ry  u l t r a s o n i c  comminution tests us ing  e x i s t i n g  

l abo ra to ry  equipment. 

B. Design and f a b r i c a t e  l abo ra to ry - sca l e  u l t r a s o n i c  comminution appa ra tu s .  

C. Using s e l e c t e d  samples of c a n d i d a t e  c o a l ,  conduct experimental  runs  

wi th  and without  u l t r a s o n i c  a c t i v a t i o n .  

D. Evaluate  samples produced f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n  and gene ra t e  

Phase I1 appa ra tu s  des ign  d a t a .  

Phase I1 

A. Optimize l a b o r a t o r y  comminution equipment. 

B. Conduct s u f f i c i e n t  exper imenta l  r u n s  and e v a l u a t i o n  t o :  

1. e s t i m a t e  maximum requi rements  of u l t r a s o n i c  energy t o  produce 

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

2. e s t i m a t e  product ion  equipment requi rements ;  

3 ,  demonstrate r e p e a t a b i l i t y  of u l t r a s o n i c  e f f e c t ;  

4. determine i f  s e l e c t i v e  f r agmen ta t i on  of coa l  i n c l u s i o n s  occurs .  
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I 11. EXPERIMENTAL WORK 

During t h e  second q u a r t e r ,  l a b o r a t o r y  work was conducted us ing  t h e  two 

experimental  c o n f i g u r a t i o n s ,  a  compaction mode appa ra tu s  (F igure  1) and 

a n  u l t r a s o n i c  c y l i n d e r  segment a p p a r a t u s  (F igu re  2 ) ,  t o  determine t h e  

e f f e c t  of v i b r a t o r y  s t r a i n  and f o r c e  r a t i o s  on u l t r a s o n i c  comminution 

and t o  determine t h e  advantages of cont inuous  removal of f i n e s  du r ing  

comminution. 

I n c r e a s i n g  t h e  ga in  of a  t r a n s d u c e r  p r o v i d e s  an  i n c r e a s e  i n  ampl i tude  of 

t h e  u l t r a s o n i c  wave and a s  a  r e s u l t  i n c r e a s e s  t h e  v i b r a t o r y  s t r a i n  

experienced by t h e  coa l  be ing  a c t i v a t e d .  Mechanical g a i n  i s  normally 

def ined  a s  a  r a t i o  between coup le r  i n p u t  ampli tude and t h e  ou tpu t  ampli tude 

of t h e  v i b r a t i o n  d e l i v e r e d  t o  t h e  m a t e r i a l  be ing  a c t i v a t e d .  A system 

with u n i t y  ga in  (1 : l )  d e l i v e r s  a  v i b r a t o r y  motion of t h e  same ampli tude 

as t h e  i n p u t ;  a  system w i t h  a  g a i n  of 3 : l  d e l i v e r s  a  v i b r a t o r y  ampli tude 

t h r e e  t imes t h e  ampli tude of t h e  i n p u t .  Continuous removal of f i n e s  a s  

genera ted  p reven t s  t h e i r  compaction and t h e  a t t e n d a n t  d i s s i p a t i o n  of 

energy i n t o  m a t e r i a l  a l r e a d y  comminuted, and a l s o  prevents  c logging  of 

t h e  r eg ion  of t h e  f i x t u r e  where u l t r a s o n i c  a c t i v a t i o n  i s  occu r r ing .  
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F i g u r e  2 
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Compaction Mode Apparatus  

E a r l y  experiments  u t i l i z e d  t h e  compaction mode appa ra tu s ,  which r equ i r ed  

manual removal of comminuted f i n e s  i n  o r d e r  t o  avoid compaction l o s s e s  

i n  energy. A p p l i c a t i o n  of a mechanical b o o s t e r  coup le r  t o  t h e  t r ansduce r  

permi t ted  i n v e s t i g a t i o n  of t h e  e f f e c t s  of d i f f e r e n t  l e v e l s  ,of v i b r a t o r y  

s t r a i n  ampli tude on c o a l  comminution. 

Using a low gain-con£ i g u r a t i o n ,  samples o f  1/8" c o a l  of HGI-93 were 

sub jec t ed  t o  e x t e n s i v e  u l t r a s o n i c  a c t i v a t i o n .  The c o a l  sample was 

a c t i v a t e d  f o r  one minute ,  t hen  screened through a 325 mesh s i e v e .  The 

+325 mesh f i n e s  (44 microns o r  above) were r e a c t i v a t e d  f i r s t  f o r  30 

seconds and screened .  The remaining +325 mesh f i n e s  w e r e  r e a c t i v a t e d  

f o r  an a d d i t i o n a l  15  seconds and screened .  The then  remaining +325 mesh 

f i n e s  were r e a c t i v a t e d  f o r  1 0  seconds and screened.  F i n a l l y ,  a l l  t h e  

-325 mesh f i n e s  were u l t r a s o n i c a l l y  a c t i v a t e d  f o r  one second. Th i s  

sequence was s e l e c t e d  t o  s i m u l a t e  a s i t u a t i o n  where genera ted  f i n e s  a r e  

cont inuous ly  removed and thus  do n o t  compact o r  h i n d e r  cont inuing '  comminu- 

t ion .  

The u l t r a s o n i c a l l y  comminuted -325 mesh f i n e s  were analyzed by sedimen- 

t a t i o n  t; determine p a r t i c l e  s i z e  d i s t r i b u t i o n ,  wi th  s p e c i f i c  emphasis - 
on t h e  -10 micron s i z e  range.  A marked i n c r e a s e  i n  t h e  q u a n t i t y  of 

f i n e s  i n  t h a t  range  h a s  been achieved wi th  t h e  i n c r e a s e  i n  s t r a i n  ampli- 

tude  of t h e  u l t r a s o n i c  compaction mode a p p a r a t u s  d r i v i n g  face .  Of t h e  

3.85 grams of 1/811 c o a l  t e s t e d ,  1 5  w/o was 10  microns o r  below a f t e r  

a c t i v a t i o n ,  an  i n c r e a s e  of n e a r l y  100% o v e r  t h e  8.5 w/o 10-micron p a r t i c l e s  

geuera ted  i n  p rev ious  tests a t  lower (1 : l )  -gain. I n  a d d i t i o n ,  t h e  

advantage of removing f i n e s  a s  genera ted  was r ea f f i rmed .  

Cyl inder  Segment Apparatus 

Add i t i ona l ly ,  exper iments  were begun w i t h  t h e  cylinder-segment coa l  
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comminut i o n  appara tus .  Th i s  a p p a r a t u s  i s  in tended  t o  provide  in format ion  

f o r  t h e  des ign  of a  l a b o r a t o r y  s c a l e  d u a l - r o l l e r  c o n f i g u r a t i o n  u l t r a s o n i c  

g r i n d e r  and a  r o l l e r / p l a t e  c o n f i g u r a t i o n  u l t r a s o n i c  g r i n d e r .  A p re l iminary  

performance comparison of t h e s e  two c o n f i g u r a t i o n s  can  a l s o  be i n f e r r e d  

from t e s t i n g  conducted on t h e  c y l i n d e r  segment appa ra tu s ,  s i n c e  i t  can 

be modified t o  s i m u l a t e  t h e  o p e r a t i o n s  of each of t h e  two cand ida t e  

con f igu ra t i ons .  Hence, t h e  c y l i n d e r  segment test appa ra tu s  p rov ides  a  

br idge  between e a r l y  compaction mode tests and a  l a b o r a t o r y  s c a l e  u l t r a -  

son ic  comminution appa ra tu s .  

During t h i s  r e p o r t  p e r i o d ,  t h e  c y l i n d e r  segment tes t  appa ra tu s  was s e t  

up t o  s imu la t e  a  ro l l e r -on -p l a t e  g r i n d i n g  c o n f i g u r a t i o n .  Grinding 

performance v e r s u s  v i b r a t o r y  s t r a i n  ampl i tude  was i n v e s t i g a t e d  u s ing  a  

mechanical b o o s t e r  coup le r  a t t a c h e d  t o  t h e  t r a n s d u c e r ;  g a i n s  of t h r e e  

and one were i n v e s t i g a t e d .  

A s  t h e  d a t a  of Table  1 i n d i c a t e ,  t h e  percentage  of -325 mesh f i n e s  

i nc reases  with i nc reased  v i b r a t o r y  ampli tude o r  mechanical ga in .  Addition- 

a l l y ,  Table 2  c l e a r l y  i l l u s t r a t e s  n e a r l y  30-fold improvement i n  percentage  

of -10 micron f i n e s  on a n  HGI-86 sample compared t o  prev ious  tests 

conducted wi th  t h e  compaction a p p a r a t u s  on s l i g h t l y  s o f t e r  (HGI-93) c o a l  

where f i n e s  genera ted  could  n o t  be  removed and tended t o  i n h i b i t  f u r t h e r  

comminution. The gene ra l  g r i n d i n g  performance i s  a l s o  improved by t h e  

flow-through mode of o p e r a t i o n  of t h e  c y l i n d e r  segment a p p a r a t u s ,  wi th  

marked r educ t ion  i n  +200 mesh f i n e s  and i n c r e a s e  i n  -325 mesh f i n e s .  

., The "flow-through" f i n e s  removal a c t i o n  of t h e  c y l i n d e r  segment appa ra tu s  

was t h e r e f o r e  demonstrated t o  promote i nc reased  f i n e s  gene ra t i on .  Th i s  

sugges ts  t h a t  t h e  d u a l - r o l l e r  o r  r o l l e r / p l a t e  g r ind ing  c u n f i g u r a t i o n s ,  

by providing cont inuous  removal of f i n e s  genera ted  a t  t h e  g r ind ing  

s u r f a c e ,  may be  expected t o  produce f u r t h e r  improvement i n  percentage  of 

f i n e s  generated.  
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T a b l e  1 

EFFECT OF ULTRASONIC ACTIVATION ON PARTICLE SIZE DISTRIBUTION 
FOR H G I  86 COAL SAMPLES 

Non-Activated 
C o n t r o l  

. S i z e  - (wlo 

+200 mesh 7 8 

-200+325 mesh 7 

-325 mesh 14 

-50+10 micron 11.4 

-10 micron 2.6 

U l t r a s o n i c a l l y  
A c t i v a t e d  With 

G a i n  of 1: 1 
( ~ 1 0 )  

U l  t r a s o n i c a l  l y  
A c t i v a t e d  With 

Gain of 3: 1 
( ~ 1 0 )  
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Table  2 

ULTRASONIC COMMINUTION MODE COMPARISON 

I n i t i a l  S i z ing  - -6+8 mesh 

Batch Cup Mode Flow-Through Mode 
H G I  93 Coal* H G I  86 Coal 

S i z e  Range (w/o of Sample) (w/o of Sample) 

+200 mesh 

-200+325 mesh 

-50+30 micron 

-30+20 micron 

-20+15 micron 

-15+10 micron 

-10 micron 

I Flow-through mode improvement f o r  -10 micron s i z e  - - -  7*51 = 28.9:l. 0 .26-  

*Data repea ted  from Quar te r ly  Progress  Report  No. 1, Table  11. 
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C. R e s u l t s  of Combined High Gain/Continuous Flow Design 

Using t h e  cylinder-segment a p p a r a t u s ,  26% of t h e  u l t r a s o n i c a l l y  comminuted 

c o a l  product  was -325 mesh compared t o  14% of t h e  c o a l  passed through 

t h e  non-ac t iva ted  f i x t u r e  ( c o n t r o l  sample).  The -325 mesh f i n e s  of both 

t h e  c o n t r o l  and a c t i v a t e d  samples w e r e  s u b j e c t e d  t o  s ed imen ta t i on  a n a l y s i s  

t o  determine t h e  q u a n t i t y  of -10 micron f i n e s ;  27.8% of t h e  -325 mesh 

f i n e s  f e l l  i n t o  t h e  -10 micron range f o r  t h e  a c t i v a t e d  sample compared 

t o  18.8% f o r  t h e  c o n t r o l .  A s  Table  1 i n d i c a t e s ,  t h i s  t r a n s l a t e s  t o  a  

t o t a l  -10 micron p roduc t ion  of 7.23% f o r  t h e  u l t r a s o n i c a l l y  comminuted I 

sample v e r s u s  2.63% f o r  t h e  c o n t r o l ,  which r e p r e s e n t s  an  i n c r e a s e  a t t r i b u -  

t a b l e  t o  u l t r a s o n i c  a c t i v a t i o n  of 276% i n  t h e  -10 micron range. 

I V .  LABORATORY SCALE APPARATUS DESIGN AND PRIMARY COAL SAMPLE SELECTION 

A. Experimental  Apparatus Design 

On t h e  b a s i s  of t h e  s u c c e s s f u l  exper imenta l  r e s u l t s  of i n c r e a s i n g  ga in  

and provid ing  cont inuous  removal of f i n e s  du r ing  t e s t i n g ,  des ign  i s  i n  

p roces s  on t h e  Phase I d u a l - r o l l e r  and r o l l e r  on f l a t  p l a t e  l a b o r a t o r y  

s c a l e  comminution testers. The d u a l - r o l l e r  a p p a r a t u s  (F igure  3 )  w i l l  

c o n s i s t  of one a c t i v a t e d  and one non-ac t iva ted  r o l l e r .  The a c t i v a t e d  

r o l l e r  w i l l  be composed of two t r a n s d u c e r s ,  two f o r c e - i n s e n s i t i v e  mounts 

and two s e t s  of s l i p - r i n g s .  The d e s i g n  w i l l  i n c l u d e  a  d i f f e r e n t i a l  

r o l l e r - speed  adjustment  t o  permi t  i n t r o d u c i n g  c o n t r o l l e d  s l i p p a g e  and 

a t t r i t i o n ,  which may be b e n e f i c i a l .  The two-transducer  system permi ts  

t h e  e s t ab l i shmen t  of t r a v e l i n g  waves a s  w e l l  a s  s t a n d i n g  waves on t h e  

r o l l e r ,  i n  o r d e r  t o  compare t h e  b e n e f i t s  of each mode. I f  t h e  second o r  

r e c e i v i n g  t r a n s d u c e r  is  connected t o  a  r e s i s t i v e  load and proper ly  

ad jus t ed  f o r  maximum power a b s o r p t i o n ,  t h e n  minimum energy w i l l  be 

r e f l e c t e d  back i n t o  t h e  d r i v i n g  t r a n s d u c e r  (F igure  4A). When t h e r e  is  

no r e f l e c t e d  energy,  t h e  t r a n s m i t t e d  u l t r a s o n i c  wave t r a v e l s  down t h e  

e n t i r e  r o l l e r  l eng th ;  s i n c e  a  m a j o r i t y  of t h e  energy i s  absorbed i n t o  
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(a)  Travel ing  Waves 

Incident  Reflected 

(b) Standing waves 

Figure  4 

TRAVELING AND STANDING WAVES 
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t h e  coa l  be ing  ground o r  i n t o  t h e  r e c e i v i n g  t r a n s d u c e r ,  no nodes o r  

an t inodes  a r e  e s t a b l i s h e d  i n  t h e  r o l l e r .  Conversely,  i f  t h e  r e c e i v i n g  

t r ansduce r  i s  d isconnec ted  from a dummy l o a d ,  t hen  some energy is  r e f l e c t e d  

and s t and ing  waves a r e  e s t a b l i s h e d  on t h e  r o l l e r  wi th  de f ined  nodes and 

an t inodes  ( F i g u r e  4B). While t h e  s t a n d i n g  wave mode r e q u i r e s  less 

mechanical complexi ty  and could use  somewhat less power, t h e  t r a v e l i n g  

wave mode cou ld ,  by avoiding v i b r a t i o n a l  nodes,  p rovide  somewhat more 

uniform g r i n d i n g  and s l i g h t l y  h i g h e r  power d e l i v e r y  t o  t h e  c o a l  be ing  

ground. The r e l a t i v e  e f f e c t i v e n e s s  and b e n e f i t s  of t r a v e l i n g  and s t and ing  

wave modes on c o a l  comminution w i l l  be  examined us ing  t h e  dua l  r o l l e r  

appa ra tu s  be ing  designed.  

I n  t h e  envis ioned  appa ra tu s ,  t h e  a c t i v a t e d  r o l l e r  w i l l  be 6.6" long and 

2.75" i n  d iameter .  This  des ign  d i f f e r s  from t h e  o r i g i n a l  c o n f i g u r a t i o n  

(F igure  5 )  d e s c r i b e d  i n  Technica l  P r o g r e s s  Report No. 5  i n  two ways. 

F i r s t ,  t h e  e n t i r e  system length  h a s  been sho r t ened  t o  reduce  f l e x i n g  of 

t h e  r o t a t i n g  members. Second, t h e  f requency  of o p e r a t i o n  h a s  been 

changed from 20 kHz t o  15 kHz t o  permi t  t h e  use of o f f - the-she l f  t r a n s -  

ducers  t o  e x p e d i t e  program t e s t i n g .  The lower f requency  i s  a d d i t i o n a l l y  

expected t o  i n c r e a s e  t h e  u l t r a s o n i c  e f f e c t  and f a c i l i t a t e  scale-up 

because of equipment des ign  s i m p l i f i c a t i o n s .  

The ro l l e r -on -p l a t e  appa ra tu s  is be ing  designed concu r r en t ly .  Fnr 

economy, some hardware i s  common t o  bo th  u n i t s .  I n  t h i s  l a t t e r  u n i t  t h e  

p l a t e  w i l l  c o n t a c t  t h e  a c t i v a t e d  r o l l e r .  It w i l l  be connected t o  a  

coupler ,  f o r c e - i n s e n s i t i v e  mount and 15-kHz t r a n s d u c e r ,  as w i l l  t h e  

a c t i v a t e d  r o l l e r .  Therefore ,  e i t h e r  t h e  r o l l e r  o r  t h e  p l a t e  may be 

a c t i v a t e d  a1  lowi~rg  iuves  t i g a t i o n  of r o l  l e r - p l a  t e  o p e r a t i o n  from t h e  

po in t  of view of a c t i v a t e d  r o l l e r  or activated p l a t e .  
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B. Coal Sample S e l e c t i o n  

Four  r e p r e s e n t a t i v e ,  we1 l i c h a r a c t  e r i z e d  c o a l s  a v a i l a b l e  i n  s u f f i c i e n t  

q u a n t i t y  have been s e l e c t e d :  

1. - ~ o w e r  P h i l p o  t t  (PSOC-769) 

HGI - 108.6 

Ash Content  - 5.39% (dry)  

S u l f u r  Content  - 0.93% ( d r y )  

Rank - Low V o l a t i l e  Bituminous 

Loca t ion  - C l a r k e s v i l l e ,  Arkansas ;  

2. E lk  L i c k  (PSOC-688) 

HGI - 97.5 

Ash Content  - 18.55% (dry)  

S u l f u r  Content  - 2.72% ( d r y )  

Rank - Low V o l a t i l e  Bi tuminous 

Loca t ion  - M t .  Storm, West V i r g i n i a ;  

3. Middle . K i t  t a n n i n g  - P e n n s y l v a n i a  C (PSOC-330) 

H G I  - 56.7 

Ash Content  - 6.11% (dry)  

S u l f u r  Content  - 2.77% (dry)  

Rank - High V o l a t i l e  B Bituminous 

Loca t ion  - H i l l s v i l l e ,  Pennsy lvan ia ;  
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Ohio #6A - Lower F r e e p o r t  (PSOC-275) 

H G I  - 56.7 C 

Ash Content - 6.61% (dry)  

Su l fu r  Content  - 2.14% (dry)  

Rank - High V o l a t i l e  A Bituminous 

Locat ion - Cadiz ,  Ohio. 

Two of t h e s e  f o u r  c o a l s  w i l l  be chosen and approximately two hundred 

pounds of each w i l l  be ob t a ined .  

V. FUTURE WORK 

Conduct f u r t h e r  tests wi th  cyl inder-segment  appara tus .  

Complete f a b r i c a t i o n  and assembly of r o l l e r  equipment. 

Conduct tests on r o l l e r  a p p a r a t u s  and g e n e r a t e  d a t a  f o r  opt imi-  

z a t i o n  of equipment.  

Optimize f i n a l  a p p a r a t u s  and p r e p a r e  f o r  Phase I1 exper imenta l  

runs.  




