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NOTICE 

This  r e p o r t  was prepared a s  an  account of work sponsored 
by an agency of t h e  United S t a t e s  Government. Ne i the r  t h e  
United S t a t e s  nor  any agency t h e r e o f ,  nor  any of t h e i r  
e m p l o y c e ~ ,  makes any warran ty ,  expressed o r  impl ied ,  o r  
assumes any l e g a l  l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  any 
t h i r d  p a r t y ' s  u se  o r  t h e  r e s u l t s  of such use  of any 
in fo rma t ion ,  appa ra tu s ,  p roduct ,  o r  p rocess  d i s c l o s e d  i n  
t h i s  r e p o r t ,  o r  r e p r e s e n t s  t h a t  i t s  u s e  by such t h i r d  
p a r t y  would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  
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Abs t r ac t  

During t h e  f i r s t  q u a r t e r ,  p r e l imina ry  t e s t i n g  demonstrated 
t h e  a b i l i t y  of u l t r a s o n i c a l l y  enhanced comminution t o  i n -  
c r e a s e  f r a c t i o n  of -200 mesh p a r t i c l e s  by 100 t o  500% over  
mechanical g r ind ing  alone.  Mod i f i ca t i on  of t h e  pre l iminary  
u l t r a s o n i c  comminution process  t o  i n c l u d e  c y c l e s  of u l t r a -  
s o n i c  a c t i v a t i o n  followed by removal of f i n e s  h a s  shown a  
s i g n i f i c a n t  i n c r e a s e  i n  t h e  product ion  of -325 mesh p a r t i -  
cles (-44 microns)  w i th  s u b s t a n t i a l  f r a c t i o n s  i n  t h e  -20 
micron and -10 micron ranges .  

E f f o r t s  t o  c h a r a c t e r i z e  c o a l  samples have y i e lded  a  c o r r e l a -  
t i o n  between Hardgrove G r i n d a b i l i t y  Index (HGI) and s u s c e p t i -  
b i l i t y  t o  u l t r a s o n i c  comminution. Th i s  in format ion ,  a long  
with o t h e r  c o n s i d e r a t i o n s  and d a t a  r e l a t i n g  t o  t h e  c o s t  
e f f e c t i v e n e s s  of. i n d u s t r i a l  ' u l t r a s o n i c  comminution, w i l l  be 
used t o  s e l e c t  c o a l  samples f o r  t h e  Phase I1 experiments.  

While s e v e r a l  p re l iminary  equipment con f igu ra t i ons  have been 
u s e d , . t h e i r  purpose h a s  been mainly t o  v e r i f y  t h e  mechanism 
of u l t r a s o n i c '  comminution and t o  s e c u r e  des ign  informat ion  
f o r  t h e  concept ing  and f a b r i c a t i o n  of t h e  optimized labora-  
t o r y  appa ra tu s  f o r  Phase I1 t e s t i n g .  On t h i s  b a s i s  a. "nip" 
c o n f i g u r a t i o n  h a s  been s e l e c t e d  t o  i n s u r e  c o n t a c t  throughout  
t h e  u l t r a s o n i c  ac t . i va t i on  per iod  and prevent  coa l  p a r t i c l e  
compaction. 

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  is  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 
2-7 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 ,  while  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  i s  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 

Coal p roces s ing  h a s  become an  i n c r e a s i n g . 1 ~  important  i n d u s t r y  a s  America 

con t inues  conve r s ion  e f f o r t s  from petroleum t o  coa l .  I n  o r d e r  t o  

provide  c o a l  w i t h  combustion performance approximately e q u i v a l e n t  t o  

o i l  o r  g a s ,  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  conven- 

t i o n a l  p l a n t  g r i n d  s i z e  (75% -200 mesh).. 

Conventional g r i n d i n g  t echn iques  cannot  economically meet t h i s  goa l .  A 

new comminution technology,  u l t r a s o n i c  g r ind ing ,  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 no t  common t o  t hose  of conven t 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 i n d i n g  e f f i c i e n c y  i n  t h e  2-7 micron range  needed f o r  v a r i o u s  

t ypes  of p roces s ing  and "c lean  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  appear 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 c o r r o s i o n ;  

. 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 ;  

. Prevent ion  of smal 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;  

. C a v i t a t i o n  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  d e s i r e d  par- . 

t i c l e  s i z e  range by a  p roces s  e n t i r e l y  amenable t o  h igh  volume produc- 

t i o n  and a t  d r a m a t i c a l l y  decreased  energy requirements .  
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I I. EXPERIMENTAL PLAN 

The pr.ogram i s  fo l lowing  t h e  s t e p s  o u t l i n e d  below: 

Phase I 

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

l a b o r a t o r y  equipment. 

B. Design and f a b r i c a t e  labora tory-sca le  u l t r ' a sonic  comminution 

appara tus .  

C. Using s e l e c t e d  samples of cand ida t e  c o a l ,  conduct experimental  

r u n s  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. Eva lua t e  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 

g e n e r a t e  Phase I1 appa ra tu s  des ign  da 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  runs  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 ragmenta t ion  of c o a l  i n c l u s i o n s  

occurs .  
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1 11. PRELIMINARY WORK 

P re l imina ry  experiments  i n  u l t r a s o n i c  comminution of c o a l  were conducted 

dur ing  t h e  f i r s t  q u a r t e r  of t h i s  program. Samples of c o a l s  having f o u r  

d i f f e r e n t  Hardgrove G r i n d a b i l i t y  I n d i c e s  were screened t o  -6+8 mesh 

s i z e s  and t e s t e d .  The appa ra tu s ,  shown i n  F igure  1, comprised a  20-kHz 

t r a n s d u c e r ,  a  tuned half-wave adap to r  s e c t i o n ,  and a  r e t a i n i n g  cup t o  

hold t h e  c o a l  samples t o  be comminuted. The cup maintained p re s su re  on 

t h e  c o a l  sample du r ing  a c t i v a t i o n  t o  a s s u r e  c o n t a c t  between t h e  bu lk  

c o a l  and t h e  u l t r a s o n i c  coup le r  by h y d r a u l i c a l l y  imposing a  s t e a d y  

f o r c e  of 1085 l b s .  on t h e  coa l -conta in ing  cup. Each sample cons i s t ed  

of t e n  grams of c o a l  s i z e d  t o  -6+8 mesh. The t r ansduce r  was a c t i v a t e d  

a t  20. kHz w i t h  an i npu t  power of 150 w a t t s  f o r  a  f i x e d  per iod  of two 

seconds. A s  expected,  t h e  a c t u a l  amount of power t r a n s f e r r e d  i n t o  t h e  

c o a l  sample du r ing  t h a t  t i m e  was cons ide rab ly  lower,  due t o  system 

l o s s e s  i n h e r e n t  i n  t h e  non-optimized breadboard comminution appara tus .  

The f o u r  c a n d i d a t e  c o a l s  had Hardgrove G r i n d a b i l i t y  I n d i c e s  of 45, 55, 

86 and 93. Each of t h e  f o u r ' c o a l  t ypes  was sub jec t ed  t o  f o u r  u l t r a s o n i c  

a c t i v a t i o n  tests a s  w e l l  as an  unac t iva t ed  c o n t r o l  test.  For t h e s e  

i n i t i a l  r u n s ,  pos t - t e s t  c o a l  s i z i n g  was accomplished s imply by sc reen ing  

t o  de te rmine  t h e  percentages  of +18, -18+100, -100+200, and -200 mesh 

p a r t i c l e s .  Table  I summarizes t h e  da t a .  From t h e s e  r e s u l t s ,  Y t  appears  

t h a t  t h e  appa ra tu s  t o  be designed f o r  l a b o r a t o r y  s c a l e  tests should 

a s s u r e  maintained c o n t a c t  between t h e  u l t r a s o n i c a l l y  exc i t ed  element 

and t h e  f r a c t u r e d  o r  comminuted c o a l  throughout  t h e  comminution per iod ;  

and t h e r e f o r e  a n i p  c o n f i g u r a t i o n  ( a s  i n  a  r o l l e r - r o l l e r  o r  r o l l e r - t a b l e  

o r  i t s  e q u i v a l e n t )  w i l l  be  used. The "breadboard" appa ra tu s  used was 

on ly  in tended  t o  gene ra t e  d a t a  on t h e  r e l a t i v e  c o r r e l a t i o n  of g r i n d a b i l i t y  

and u l t r a s o n i c  a c t i v a t i o n .  Obviously,  t h e  f u l l  advantage of u l t r a s o n i c  

comminution w i l l  r e l y  on r a p i d  removal of genera ted  f i n e s  ( i .e . ,  t h e  

d e s i r e d  u l t r a f i n e s  i n  t h e  2  t o  7 micron s i z e  r a n g e ) t o  p r o h i b i t  t h e i r  

subsequent i n h i b i t i o n  of f u r t h e r  product ion  of f i n e s .  Even i n  t h i s  



C o n t r a c t  /I D E - A C 0 2 - 7 9 E R 1 0 4 6 6  
, Q u a r t e r l y  T e c h n i c a l  R e p o r t  

F igu re  1 

SCHEMATIC O F  'PRELIMINARY 

20-kHz Transducer 

Force Insensitive Mount 

Booster Coupler 

Straight Coupler 

cup 

COMPRES SION-MODE COMMlNUT I O N  APPARATUS 
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Table I 

PRELIMINARY ULTRASONIC COMMINUTION TESTING 

ON FOUR SAMPLE COALS 

Coal Sample 1-HGI 45 Coal Sample 2-HGI 55 Coal Sample 3-HGI 86 Coal Sample 4-HGI 93 
u/S Na U/S No u/S ~ No U/s No 

A c t i v a t i o n  Ul t r a son ic s  Ac t iva t ion  Ul t r a son ic s  A c t i v a t i o n  U l t r a s o n i c s  A c t i v a t i o n  U l t r a s o n i c s  

N n a l  S i z e  
D i s t r i b u t i o n  (%) 
(Mesh S ize)  
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pre l iminary  demonst ra t ion ,  however, t h e  d a t a  i q d i c a t e  t h a t  comminution 

below t h e  100 mesh l e v e l  and e s p e c i a l l y  below t h e  200 mesh l e v e l  i s  

g r e a t l y  enhanced by t h e  a p p l i c a t i o n  of u l t r a s o n i c  energy. (Typ ica l ly ,  

such a p p l i c a t i o n  enhances s e l e c t i v e  comminution by a  f a c t o r  of a t  l e a s t  

100% and as much as 500%, as measured by weight percentage  of -200 mesh , 

p a r t i c l e s  genera ted . )  I n  a d d i t i o n ,  i t  is  evident  t h a t  wh i l e  a l l  samples 

bene f i t ed  from comminution, t h e  e f f e c t  increased  with i n c r e a s i n g  H G I .  

I n  a  second experiment ,  a  method of removing t h e  f i n e s  a s  w e l l  a s  

. s u b j e c t i n g  t h e  c o a l  t o  more e x t e n s i v e  u l t r a s o n i c  comminution w a s  evolved. 

This  more e f f i c i e n t  system genera ted  a  h igh  percentage of -325 mesh 

p a r t i c l e s ,  and permi t ted  more complete ana lyses  of p a r t i c l e  s i z e  d i s t r i -  

bu t ion  i n  t h i s  range. Two samples of c o a l s  having H G I ' s  o f  45 and 93 

r e s p e c t i v e l y  w e r e  comminuted u t i l i z i n g  t h e  appara tus  shown i n  I?igure 1. 

The t e s t  c o n d i t i o n s  of t h e  previous  experiment ( con tac t  f o r c e  o f  1085 

lbs .  and u l t r a s o n i c  t r ea tmen t  d u r a t i o n  2  secs . )  were maintained-  f o r  

t h i s  experiment.  A 10-gram sample of H G I  93 was t e s t e d . f i r s t .  The 

r e s u l t a n t  p a r t i c l e s  were screened  through a  200-mesh s i eve .  A f t e r  

sc reening ,  t h e  +200 mesh f i n e s  were aga in  u l t r a s o n i c a l l y  comminuted. 

Each sample was sub jec t ed  t o  t h i s  c y c l e  of u l t r a s o n i c  comminution and 

screening  t e n  t i m e s  t o  i n s u r e  s e p a r a t i o n  of -200 mesh f i n e s  and permit  

more e f f i c i e n t  comminution of t h e  l a r g e r  p a r t i c l e s .  A l l  t h e  -200 mesh 

f i n e s  were then  u l t r a s o n i c a l l y  comminuted and s ieved  through a  325 mesh 

screen .  The -325 mesh f i n e s  were analyzed by sed imenta t ion  t o  determine 

t h e  d i s t r i b u t i o n  of p a r t i c l e  s i z e .  A sample of H G I  45 c o a l  was s i m i l a r l y  

t r e a t e d  (Table 11)' t o  produce t h e  same weight of -325 f i n e s  t h a t  r e s u l t e d  

from t e s t s  of t h e  H G I  93 coa l .  Again t h e  -325 mesh f i n e s  w e r e  analyzed 

by sed imenta t ion  t o  de te rmine  t h e  d i s t r i b u t i o n  of p a r t i c l e  s i z e .  The 

p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  t h e  s i z e  range below 100 microns (150 

mesh) was e s s e n t i a l l y  t h e  same f o r  bo th  H G I  c o a l  samples t e s t e d .  

The b a s i c  u l t r a s o n i c  e f f e c t s  involved in c o a l  comminution sugges t  t h a t  

some p o t e n t i a l  f o r  s e l e c t i v e  l i b e r a t i o n  of i n c l u s i o n s  such as p y r i t e s  

6  
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Table  I1 

PARTICLE SIZE DISTRIBUTIONS FOR ULTRASONICALLY COMMINUTED COAL SAMPLES 

Micron S i z e  

-100 (150 mesh) 

-50 

-3 0 

-2 0 

-15 

-10 

H G I  93 
w/o Fines  

H G I  4 5 .  
w/o F ines  
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may e x i s t .  Microscopic examinat ion of t h e  coa l  sampies comminuted i n  

t h i s  experiment r evea l ed  agglomerat ions which were p y r i t i c  i n  n a t u r e  

(F igure  2) .  The s i z e  of t h e  agglomera'tions was +200 mesh, sugges t ing  

t h a t  t hey  may have occurred du r ing  t h e  u l t r a s o n i c  comminution. Th i s  

evidence tends  t o  suppor t  a  p o s s i b l e  b e n e f i c a t i o n  e f f e c t  a s s o c i a t e d  

with u l t r a s o n i c  comminution. 

LABORATORY SCALE APPARATUS DESIGN AND PRIMARY COAL SAMPLE SELECTION 

Experiment a 1  Apparatus Design 

Design e f f o r t  has  been completed f o r  an u l t r a s o n i c a l l y  a c t i v a t e d  

c y l i n d e r  segment f o r  use  i n  determining t h e  r e l a t i v e  e f f e c t i v e n e s s  

of comminution appa ra tus  con f igu ra t ions  f o r  t h e  l a b o r a t o r y  s c a l e  

experiments  t o  be conducted i n  Phase I1 (Figure  3).  The two 

primary cand ida t e  con f igu ra t ions  under. c o n s i d e r a t i o n  a r e  a  dual  

r o l l e r  and t h e  s i n g l e  r o l l e r - f  l a t  , p l a t e .  The. appa ra tus  shown i n  

F igu re  3  s i m u l a t e s  and w i l l  supply  des ign  d a t a  f o r  comparat ive 

e v a l u a t i o n  of both c o n f i g u r a t i o n s  under cons ide ra t ion .  The. c y l i n d e r  

segment w i l l  be u l t r a s o n i c a l l y  a c t i v a t e d  i n  t h e  a x i a l  mode. Coal 

samples  w i l l  be  in t roduced  i n t o  t h e  appa ra tus  and drawn a c r o s s  t h e  

f a c e  of t h e  u l t r a s o n i c a l l y  a c t i v a t e d  c y l i n d e r  segment s imu la t ing  a  

n i p  c o n f i g u r a t i o n  i n  o r d e r  t o  gene ra t e  f i n e s  without  t h e  d isadvantage  

of p o s s i b l e  compaction. To f u r t h e r  e v a l u a t e  t h e  dual  r o l l e r  

. c o n f i g u r a t i o n  t h e  s u r f a c e  p l a t e  w i l l  be rad iused  t o  match t h e  

c y l i n d e r  segment and, a rocking motion w i l l  be induced. Design 

parameters  a r e  f l e x i b l e  enough t o  al low cons ide rab le  change i n  t h e  

appa ra tus ,  i f  r equ i r ed ,  t o  s e l e c t  t h e  optimum c o n f i g u r a t i o n  f o r  

Phase I1 l abora to ry  s c a l e  t e s t i n g .  

B. Candidate  Coal S e l e c t i o n  

A s  no ted ,  t e s t i n g  of t h e  u l t r a s o n i c  f i n e  g r i n d i n g  technique  i s  

being conducted i n  two s t a g e s .  Pre l iminary  t e s t i n g  (Phase I) t o  

8 
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Figure 2 

PHOTOMICROGRAPHS OF -200 MESH COAL PARTICLES 

AFTER ULTRASONIC COMMINUTION (SOX MAGNIFICATION) 

Note the large (660~ x 280~) central agglomerate, characterized by light areas 
indicative of pyrites, in contrast to smaller (100~) coal particles. 
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A i r  Con t ro l  

Force A i r  Cyl inder  
I n s e n s i t i v e  
Mount 

Transducer 

F igure  3 

PHASE.I - ULTRASONIC COMMINUTION APPARATUS 
. . 
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o b t a i n  appa ra tus  des ign  in fo rma t ion  and s e n s i t i v i t y  t o  coa l  H G I  i s  

being conducted on smal l  samples of f o u r  c o a l s  having markedly 

d i f f e r e n t  g r i n d a b i l i t i e s ,  b u t  which have no t  been o the rwi se  w e l l  

cha rac t e r i zed .  Once p re l imina ry  t e s t i n g  has  been completed, 

experiments  w i t h  t h e  improved l abo ra to ry  s c a l e  u l t r a s o n i c  f i n e  ' 

gr ind ing  appa ra tus  w i l l  be  conducted. Two r e p r e s e n t a t i v e ,  well-  

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  ( s e v e r a l  

hundred pounds) t o  permit  a  s i g n i f i c a n t  ex t en t  of t e s t i n g  w i l l  be  

s e l e c t e d  and used i n  t h i s  experiment.  

S e l e c t i o n  of t h e s e  c o a l  samples i s  planned on t h e  fo l lowing  c r i t e r i a :  

1. Steam g rade  c o a l  is  p r e f e r r e d  over  m e t a l l u r g i c a l  coa l  s i n c e  

t h e  most b e n e f i c i a l  a p p l i c a t i o n  of t h e  u l t r a s o n i c  f i n e  g r i n d i n g  

t echn ique  would be i n  t h e  power gene ra t ion  indus t ry ;  

2. A widely used c o a l  seam is p re fe r r ed  s i n c e  t h e  t e s t  program 

r e s u l t s  w i l l  t hen  be more d i r e c t l y  app l i cab le ;  

3. One f a i r l y  low and one f a i r l y  h igh  H G I  c o a l  should be s e l e c t e d  

t o  f u l l y  e s t a b l i s h  t h e  degree  of u l t r a s o n i c  g r i n d i n g  enhancement 

ach ievab le  ; 

4. Coals w i t h  average o r  above average content  of ash  and ino rgan ic  

s u l f u r  should be s e l e c t e d  t o  permit  some measure of t h e  

degree  of " s e l e c t i v e "  g r i n d i n g  ( i n c l u s i o n  l i b e r a t i o n )  occu r r ing  , 

dur ing  t e s t i n g .  

Based on t h e s e  c r i t e r i a ,  a c u r r e n t  l is t  of cand ida t e  c o a l s  i nc ludes :  

a. P i t t s b u r g h  Seam - nominal c h a r a c t e r i z a t i o n :  

H G I  - approximately 60 
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Ash Content - 8-10% (dry)  

Ino rgan ic  ~ u l ' f u r  Content - 1-2% (dry)  ; 

b. I l l i n o i s  /,I6 Seam - nominal c h a r a c t e r i z a t i o n :  

HGI - approximately 55  

Ash Content - 9-12% (dry) 

Ino rgan ic  S u l f u r  Content - 0.9-1.5% (d ry ) ;  

c. ~ o w e r  F reepor t  Seam - nominal c h a r a c t e r i z a t i o n :  

H G I  - approximately 90 

Ash Content - 19-21% 

Inorgan ic  S u l f u r  Content - 1.8-2.5% (dry) .  

Other r e p r e s e n t a t i v e  c o a l s  a r e  being eva lua ted  by rev iew of t h e  

Penn S t a t e  c o a l  Data Bank. F i n a l  recommendation on cand ida t e  ' 

c o a l s  i s  expected du r ing  t h e  next  qua r t e r .  

A f t e r  a c q u i s i t i o n ,  t h e  a c t u a l  sample ba t ches  of t h e  s e l e c t e d  c o a l s  

w i l l  be  c a r e f u l l y  c h a r a c t e r i z e d  p r i o r  t o  t e s t i n g .  

V. FUTURE WORK 

A. Complete f a b r i c a t i o n  and assembly of Phase I u l t r a s o n i c  comminution 

appa ra tus .  
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B. Acqui re  s e l e c t e d  samples  of c a n d i d a t e  c o a l s ,  c h a r a c t e r i z e  and 

p r e p a r e  f o r  t e s t i n g .  

C. Conduct tests of  a c t i v a t e d  c y l i n d e r  segments  and g e n e r a t e  P h a s e  I1 

a p p a r a t u s  d e s i g n  d a t a .  

D. ~ e ~ e h d i n ~  on  t h e  e v a l u a t i o n  of u l t r a s o n i c a l l y  comminuted c o a l  

samples ,  l a y  o u t  d e s i g n  p a r a m e t e r s  f o r  Phase  I1 a p p a r a t u s .  
\ 




