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GLOSSARY OF TERMS 

Coarse m a t e r i a l  - P a r t i c l e s  l a r g e r  t han  t h e  s i z e  a t  which s e p a r a t i o n  
i s  des i red .  

Cut p o i n t  - S i z e  a t  which s e p a r a t i o n  i s  des i red .  

Damp y i e l d  f r a c t i o n  - Weight f r a c t i o n  of feed  r e p o r t i n g  t o  t h e  product 
stream of i n t e r e s t  a s  measured a t  t ime of t e s t i n g  
(be fo re  d ry ing ) .  

is des i r ed .  

c l o t h ,  r e g a r d l e s s  of i t s  p a r t i c l e  s i z e .  

s c reen  overflow. 

F ines  - P a r t i c l e s  smal le r  t han  t h e  s i z e  a t  which s e p a r a t i o n  

Overflow - Mate r i a l  which does not  pas s  through the  sc reen  

Overflow e f f i c i e n c y  - Percent  of coarse  m a t e r i a l  which r e p o r t s  t o  t h e  

Underflow - Mater ia l  which passes  through the  sc reen  c lo th .  

Underflow burden - R a t i o  of t o t a l  underflow t o  f i n e s  i n  t h e  underflow. 

Underflow e f f i c i e n c y  - Percent  of feed  f i n e s  which r e p o r t s  t o  t h e  sc reen  
underflow. 





DAMP OAL SCREENING - EFFECT OF SCREEN SIZE AND COAL 
SURFACE MOISTURE ON FINES REMOVAL EFFICIENCY 

Vanston R. Brant ley*  W i l l i a m  A. Thomast 

ABSTRACT 

The e f f i c i e n c y  of f i n e s  (-28 mesh) removal over a range 
of s c r e e n  openings and s u r f a c e  m o i s t u r e s  was determined f o r  a 
w e s t e r n  Kentucky coal .  Three t e s t  s e r i e s  were conducted, two 
a t  manufacturers '  t e s t  s i t e s  and one a t  t h e  Oak Ridge Nat iona l  
Laboratory (ORNL) .  Wet and dry s i e v e  a n a l y s e s  were performed 
on products  from t h r e e  e x p l o r a t o r y  t e s t s  a t  OKNL t o  e v a l u a t e  
t h e  s u i t a b i l i t y  of each method f o r  t h e  purposes  of t h i s  inves- 
t i g a t i o n .  While wet s i e v e  a n a l y s e s  c o n s i s t e n t l y  produced a 
h i g h e r  percentage of f i n e s  t h a n  d i d  t h e  dry s i e v e  ana lyses ,  
approximately t h e  same s c r e e n  underflow e f f i c i e n c y  was calcu- 
l a t e d  f o r  each t e s t  w i t h  wet s i e v e  and dry s i e v e  da t a .  Dry 
s i e v e  a n a l y s e s  were t h e r e f o r e  judged t o  be s u i t a b l e  f o r  t h e  
screening  performance eva lua t ions .  

f u n c t i o n  of s c r e e n  opening and s u r f a c e  mois ture  were p l o t t e d  
f o r  each t e s t  s e r i e s .  Graphs were a l s o  prepared which show 
t h e  r a t i o  of t o t a l  underflow t o  f i n e s  i n  t h e  underflow, h e r e  
c a l l e d  underflow burden, a s  a f u n c t i o n  of sc reen  opening and 
s u r f a c e  moisture .  For a g iven  s c r e e n  opening, e f f i c i e n c y  of 
f i n e s  removal d e c r e a s e s  a s  s u r f a c e  mois ture  i n c r e a s e s ;  under- 
flow burden g e n e r a l l y  i n c r e a s e s  a s  s u r f a c e  mois ture  i n c r e a s e s .  
For a given s u r f a c e  mois ture  l e v e l ,  both f i n e s  removal e f f i -  
c iency  and underflow burden decrease a s  s c r e e n  opening de- 
c r e a s e s .  For a f i x e d  f i n e s  removal e f f i c i e n c y ,  underflow bur- 
den i n c r e a s e s  a s  s u r f a c e  mois ture  l e v e l  i n c r e a s e s  due t o  t h e  
l a r g e r  s c r e e n  opening requi red .  

Graphs d e p i c t i n g  t h e  e f f i c i e n c y  of f i n e s  removal a s  a 

1. INTRODUCTION 

Magnetic b e n e f i c i a t i o n  of coa l ,  a process  developed a t  t h e  Oak Ridge 

Nat iona l  Laboratory ( O N )  , has  been demonstrated i n  l a b o r a t o r y  and p i l o t  

p l a n t  s c a l e  experiments  t o  be a n  e f f e c t i v e  means f o r  reducing t h e  ash and 

s u l f u r  conten t  of f i n e  (-28 mesh) c o a l .  Although t h e  magnetic benef ic ia -  

t i o n  can be performed e i t h e r  wet or dry, t h e r e  a r e  s t r o n g  economic incen- 

t i v e s  f o r  dry p r o c e s s i n g  t o  avoid subsequent dewater ing of t h e  product and 

*Engineering Technology Divis ion,  Oak Ridge Nat ional  Laboratory.  

t Ener gy Demonstrations and Technology Div i s ion ,  Te nne s s e e  Val l e y  

--- 

Author i ty  . 
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r e f u s e  a s  r e q u i r e d  i n  a wet process .  An impediment t o  t h e  widespread use 

of dry magnetic b e n e f i c i a t i o n  i s  t h e  l a c k  of an  e f f i c i e n t  means of prepar- 

ing dry  f i n e  f e e d s t o c k  from damp run-of-mine coa l .  A sc reen  t e s t i n g  pro- 

gram w a s  i n i t i a t e d  t o  i n v e s t i g a t e  t h e  e f f e c t  of s c reen  opening s i z e  and 

coa l  su r f ace  moi s tu re  l e v e l  on f i n e  coa l  removal. This  program was 

j o i n t l y  developed and implemented by ORNL and t h e  Tennessee Val ley  Au- 

t h o r i t y  (TVA),  with  funding provided by t h e  Energy Demonstrat ions and 

Technology D i v i s i o n  of IVA. 
I n t e r e s t  i n  damp coal  sc reening  i s  not  l i m i t e d  t o  dry magnetic bene- 

f i c i a t i o n .  In some cases ,  a p r e p a r a t i o n  p l a n t  may produce a s a t i s f a c t o r y  

product  wi thout  washing t h e  f i n e s ,  In o r d e r  t o  maximize t h e  c a p i t a l  and 

o p e r a t i n g  c o s t  sav ings  of t h i s  type of opera t ion ,  t h e  f i n e s  must be eco- 

nomical ly  removed from t h e  p l a n t  f eed  s t ream and blended back w i t h  the  

washed coa l .  The r e s u l t s  of t h i s  damp coa l  s c reen ing  i n v e s t i g a t i o n ,  whi le  

i n i t i a t e d  t o  provide des ign  da ta  f o r  an unconventional dry b e n e f i c i a t i o n  

process ,  a r e  t h e r e f o r e  a p p l i c a b l e  t o  convent iona l  wet benef i c i a t i o n  pro- 

c e s s e s  a s  we l l .  
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2. SCREEN TESTING PROCEDURE 

. T e s t s  were conducted a t  ORNL's Screen  T e s t  F a c i l i t y  and a t  two manu- 

f a c t u r e r s '  t e s t  s i t e s ,  Midwestern I n d u s t r i e s  i n  Ohio and Krebs Engineers  

i n  C a l i f o r n i a .  lkrelve drums of c o a l ,  fou r  of each mois ture  l e v e l ,  were 

shipped t o  each manufac turer ' s  s i t e ,  and twelve were r e t a i n e d  a t  ORNL. 

Table 2.1 l i s t s  t h e  s i z e  and type of openings i n  t h e  screen  c l o t h s  used a t  

t h e  t h r e e  s i t e s .  

Surface mois ture  l e v e l  i s  h e r e  d e f i n e d  a s  t h e  a i r  dry weight l o s s .  A 

sample of damp coal  was weighed, spread on t h e  f l o o r  t o  dry,  and reweighed 

when t h e r e  was no v i s u a l  d i f f e r e n c e  between coa l  on t h e  t o p  and on t h e  

bottom of t h e  3 t o  6 in.  l a y e r  on t h e  f l o o r .  Drying t ime v a r i e d  from 16 

t o  72 hours  depending on mois ture  l e v e l ,  ambient temperature ,  and r e l a t i v e  

humdity. Surface m o i s t u r e  was c a l c u l a t e d  t h u s l y :  

100 x [(damp coal  weight )  - (d ry  coal  ----.-- weight ) ]  
_I -- Surface mois ture  (%) = (d ry  coal  weight )  

A l l  of t h e  ORNL t e s t s  were conducted i n  a single-deck mode* of opera- 

t i o n ,  y i e l d i n g  a n  overflow and a n  underflow product  f o r  each t e s t .  Three 

e x p l o r a t o r y  t e s t s  were conducted u s i n g  c o a l  from t h e  Y-12 Steam P l a n t  coa l  

yard;  t h e s e  t e s t s  were run on t h e  314-in. s c r e e n  c l o t h .  Nine t e s t s  were 

run us ing  t h e  P a r a d i s e  coa l ,  wi th  t h r e e  s u r f a c e  mois ture  l e v e l  c o a l s  be ing  

run over t h r e e  s i z e s  of s c r e e n  c l o t h .  Feed and p r o d u c t s  were weighed f o r  

a l l  twelve t e s t s .  Feed and product  samples of t h e  e x p l o r a t o r y  t e s t s  were 

a i r  d r i e d  and s ieved  a t  ORNL whi le  products  of t h e  P a r a d i s e  coal t e s t s  

were s e n t  t o  TVA's  Power Serv ice  Center  (PSC) i n  Chattanooga f o r  s i e v e  

a n a l y s i s .  

A t  Midwestern I n d u s t r i e s ,  a f ive-deck s c r e e n  was used f o r  t h e  Para- 

d i s e  coal  screening.  Overflow from each of t h e  f i v e  decks and t h e  under- 

flow from the  bottom deck were c o l l e c t e d  and weighed s e p a r a t e l y ,  t hus  

y i e l d i n g  s i x  p r o d u c t s  p e r  t e s t .  One drum of each mois ture  l e v e l  was 

screened and a p o r t i o n  of each product  a i r - d r i e d  and s ieved  a t  t h e  t e s t  
~ - - - _  

*As opposed t o  multi-deck mode, where two or more s c r e e n  c l o t h s  wi th  
d i f f e r e n t  s c r e e n  openings a r e  s tacked t o  e f f e c t  s e p a r a t i o n  a t  two o r  more 
s i z  e s. 



Table 2 .1 .  Screen openings i n  t h e  decks used for  
damp coal  s c r e e n  t e s t s  

Krebs Engineers M i  dwe stern Indu s t r  i e s ORNL 

0 . 5  i n .  ( 1 2 . 7  mm) square 1.125 in .  (28 .6  mm) square 0 . 7 5  i n .  (19 .1  mm) square 

0 .236  in .  ( 6  mm) wide s l o t  0 .5  in .  (12 .7  mm) wide s l o t  0 .313  in. ( 7 . 9  mm) square 

0 .098  in. ( 2 . 5  mm) wide s l o t  0 .25  in .  ( 6 . 4  mm) wide s lot  0 . 1  in. ( 2 . 5  mm) square 

0 .125  in. ( 3 . 2  mm) wide s lo t  

0.05 in .  ( 1 . 3  mm) wide s lot  

P 

, 
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. 

s i t e .  ' h o  drums of each mois ture  l e v e l  were screened and t h e  r e s u l t a n t  

e i g h t e e n  products  s e n t  t o  t h e  PSC i n  Chattanooga f o r  s i e v e  a n a l y s i s .  

The Krebs Engineers  sc reen  was opera ted  i n  t h e  single-deck mode, but 

t h e  f e e d  f o r  t h e  s m a l l e s t  sc reen  opening was f i r s t  scalped u s i n g  t h e  l a r g -  

e s t  opening screen  c l o t h  f o r  a s c a l p  cu t .  ' h o  drums of each mois ture  

l e v e l  were run u s i n g  t h e  l a r g e s t  and t h e  i n t e r m e d i a t e  s i z e  opening s c r e e n  

c l o t h ,  weighing t h e  f e e d  and t h e  two products  from each t e s t .  One drum of 

each mois ture  l e v e l  was t h e n  run u s i n g  t h e  l a r g e s t  opening c l o t h ,  and t h e  

underflow from t h i s  o p e r a t i o n  was used a s  f e e d  f o r  t h e  t h r e e  t e s t s  wi th  

t h e  s m a l l e s t  opening c l o t h .  The twenty-one products  t h u s  obta ined  were 

shipped t o  ORNL f o r  s i e v e  a n a l y s i s .  

2.1 Screen T e s t  Equipment 

Three d i f f e r e n t  s c r e e n s  were u t i l i z e d  f o r  t h e  t e s t  program. A 

Derr ick  model K18-120A-25DD machine was s e t  up a t  ORNL. This  i s  a n  in- 

c l  ined v i b r a t i n g  sc reen ,  which Derr ick  e n g i n e e r s  d i d  n o t  recommend f o r  

t h i s  damp coal  screening.  However, i t  was a v a i l a b l e  and t h e  o p p o r t u n i t y  

f o r  f i r s t - h a n d  experience outweighed i t s  des ign  d e f i c i e n c i e s .  The D e r r i c k  

s t a f f  provided every a s s i s t a n c e  i n  t h e  form of manuals, t e s t  d a t a ,  and 

advice.  Since t h e  machine was n o t  t h e  one they would have recommended f o r  

t h i s  s e r v i c e ,  however, t h e  t e s t  r e s u l t s  should n o t  be i n t e r p r e t e d  a s  re- 

pr  e s en t  a t i v e  of Derr ick  equipment performance. 

For t h e  Midwestern t e s t s ,  a f ive-deck s c r e e n  marketed a s  t h e  Multi- 

Vib was used f o r  t e s t i n g .  Each deck i s  curved from t h e  f e e d  end t o  t h e  

d ischarge  end, w i t h  t h e  d ischarge  end having t h e  g r e a t e s t  v e r t i c a l  s lope.  

The f ive-deck arrangement was e s p e c i a l l y  advantageous f o r  t h i s  p a r t i c u l a r  

t e s t  program, s i n c e  f i v e  screen  openings could be t e s t e d  s imultaneously.  

Midwestern uses  a step-down t ransformer  t o  provide low-voltage high- 

amperage c u r r e n t  t o  h e a t  t h e  screen  c l o t h s  t o  minimize b l i n d i n g  by damp 

m a t e r i a l s .  Another f e a t u r e  which minimizes b l i n d i n g  i s  t h e  o p t i o n a l  use 

of rubber-coated s t e e l  b a r s  beneath t h e  s c r e e n  c l o t h .  Dubbed Barmono-Vib 

Deck, t hese  b a r s  s e t  tip a harmonic v i b r a t i o n  which tends t o  keep f i n e s  

knocked l o o s e  from t h e  screen  c l o t h .  Both of t hese  f e a t u r e s  were used f o r  

t h e  t e s t s  w i t h  t h e  i n t e r m e d i a t e  and h i g h  s u r f a c e  mois ture  l e v e l  feed 

c o a l .  
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Krebs I n d u s t r i e s  s p e c i a l i z e s  i n  cyclones,  bu t  they a r e  a l s o  t h e  North 

American d i s t r i b u t o r  f o r  the  L iwe l l  screen.  This i s  a device which uses  

r e c i p r o c a t i n g  a c t i o n  t o  f l e x  t h e  i n c l i n e d  nonr ig id  polyure thane  deck 

panels .  The r e s u l t a n t  "fl ip-flow" a c t i o n  of t h e  sc reen  deck makes i t  pos- 

s i b l e  t o  sc reen  m a t e r i a l s  which would b l i n d  a more convent iona l  screen.  

T e s t s  a t  bo th  Midwestern and Krebs were performed w i t h  t h e  a s s i s t a n c e  of 

t h e i r  s t a f f ,  whi le  t e s t s  a t  ORNL were conducted s o l e l y  by t h e  ORNL and TVA 

r e s e a r c h e r  s . 

2.2 Feed Coal 

Coal used f o r  t he  bulk  of t he  sc reen ing  t e s t s  was r e c e n t l y  mined 

Kentucky No. 9 coa l  from t he  IVA Parad i se  complex. Over seven t o n s  of 

coal  were c o l l e c t e d  a t  Paradise  f o r  these  t e s t s .  F i f t y - f i v e  g a l l o n  drums 

were f i l l e d  and shipped t o  ORNL f o r  process ing .  As-received su r face  mois- 

t u r e  was measured, and more water  was added t o  two-thirds of the  drums so 

a s  t o  make t h r e e  d i s c r e t e  su r face  moi s tu re  l e v e l s  f o r  t e s t i n g .  

These mois ture  l e v e l s  were: 

Low (as - rece ived)  5.m 
In t e rmed ia t e  9.5% 

High 11.5%. 

Three exp lo ra to ry  t e s t s  were run a t  ORNL wi th  Y-12 Steam P l a n t  coa l  

on an  as - rece ived  b a s i s .  Surface mois ture  l e v e l  f o r  these  t e s t s  was mea- 

sured  but  no a t t empt  was made t o  c o n t r o l  t h e  degree of moisture .  Surface 

moi s tu re  l e v e l s  f o r  t he  exp lo ra to ry  t e s t s  were 3.6%, 6.5%, and 8.6%. 

Sieve ana lyses  f o r  the  Y-12 Steam P l a n t  coa l  and t h e  Pa rad i se  Kentucky No. 

9 coa l  appear  in Tables  3.1 and 3.3, r e s p e c t i v e l y .  
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3 .  EVALUATION OF EXPERIMENTAL DATA 

Since  i t  i s  n o t  f e a s i b l e  f o r  most i n d u s t r i a l  sc reening  p r o c e s s e s  t o  

a c c u r a t e l y  weigh t o t a l  feed  and products ,  a procedure h a s  been developed 

by t h e  screening  i n d u s t r y  f o r  e v a l u a t i n g  t h e  performance of process  

s c r e e n s  u s i n g  s i e v e  d a t a  from t h e  f e e d  and product  streams. This  pro- 

cedure i s  a s  f o l l o w s :  

1. Sieve a n a l y s e s  a r e  performed on r e p r e s e n t a t i v e  samples of feed and 

products .  

2 .  Underflow y i e l d  i s  def ined  a s  t h e  f r a c t i o n  of feed r e p o r t i n g  t o  t h e  

underflow and i s  c a l c u l a t e d :  

f e e d  f i n e s  (8) - overflow f i n e s  (9b) -- 
underflow f i n e s  (%) - overflow f i n e s  (%I e 

Yu = 

3. Underflow e f f i c i e n c y  i s  def ined  a s  t h e  p e r c e n t  feed  f i n e s  r e p o r t i n g  

t o  t h e  underflow and i s  c a l c u l a t e d :  

100 x Yu x underflow f i n e s  (8) 
I_ 

E =  U f e e d  f i n e s  (%) 

P e r c e n t  f i n e s  misplaced = 100 - E 
U 

4 .  Overflow e f f i c i e n c y  i s  def ined  a s  t h e  percent  coarse  m a t e r i a l  i n  t h e  

f e e d  which r e p o r t s  t o  t h e  overflow and i s  c a l c u l a t e d :  

100 x (1.0 - Y u )  x overf low coarse (8) - __I- 

Eo - feed coarse  (%) 

Percent  coarse  misplaced = 100 - Eo. 

When f i l l i n g  t h e  drums a t  Paradise ,  e f f o r t s  were made t o  ensure  t h a t  

t h e  s i z e  c o n s i s t  of each drum of coal f o r  t h e  damp screening  work was 

uniform, Thus a s i e v e  a n a l y s i s  on one or  two drums could be used a s  t h e  

f e e d  s i z e  c o n s i s t  f o r  a l l  t e s t s  and t h e  procedure o u t l i n e d  above could be 

used f o r  s c r e e n  performance c a l c u l a t i o n s .  However, t h e  equipment config-  

u r a t i o n s  and t e s t  procedures  a t  a l l  t h r e e  t e s t  s i t e s  permi t ted  weighing 
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t h e  t o t a l  overflow and underflow products .  With these  measured y i e l d  f r a c -  

t i o n s  and t h e  s i z e  c o n s i s t  da t a  from product s i e v e  a n a l y s e s D  a r e c o n s t i -  

t u t e d  f e e d  s i z e  c o n s i s t  was c a l c u l a t e d  f o r  each t e s t .  A l l  of t h e  r e s u l t s  

on sc reen  e f f i c i e n c y  and misplaced m a t e r i a l  f o r  t h e  Pa rad i se  coa l  t e s t s  

were de r ived  u s i n g  t h i s  r e c o n s t i t u t e d  f eed .  P r i o r  i n v e s t i g a t i o n s  have 

shown t h a t  500 pm (-28 mesh) i s  a r easonab le  t o p  s i z e  f o r  feed  m a t e r i a l  t o  

a magnetic b e n e f i c i a t i o n  process .  ThusD 28 mesh was chosen a s  t h e  p o i n t  

a t  which sc reen ing  performance was eva lua ted .  

3.1 S ieve  Ana lys i s  Procedure 

The damp s c r e e n  t e s t  p roduc t s  were double bagged i n  polye thylene  bags 

and l a b e l e d  a t  t h e  t e s t  s i t e  be fo re  be ing  loaded  i n  drums f o r  shipment t o  

P S C  and t o  ORNL. Some of t h e  t e s t  p roduc t s  were processed  i n  t h e i r  en- 

t i r e l y ,  bu t  most had t o  be reduced i n  bu lk  t o  produce a sample s i z e  appro- 

p r i a t e  t o  t h e  a v a i l a b l e  equipment and manpower. Represen ta t ive  samples 

were ob ta ined  by pour ing  t h e  c o n t e n t s  of a bag i n t o  two side-by-side con- 

t a i n e r s  w i t h  a back and f o r t h  motion. Some of t h e  t e s t  p roduc t s  were 

d iv ided  in t h i s  manner two or more t imes,  depending on t h e  i n i t i a l  bu lk  

and t h e  t o p  s i z e  of t h e  m a t e r i a l .  The a u t h o r s  performed a l l  of t h e  sample 

d i v i s i o n .  

Samples f o r  s i e v e  a n a l y s i s  were a i r d r i e d  and t h e n  s i eved  on a G i l s o n  

model TS-1 l a b o r a t o r y  t e s t  screen. Screen  s u r f a c e s  i n  t h e  t r a y s  f o r  t h i s  

machine a r e  about 14.5 in. wide by 22.5 i n .  long; up t o  f i v e  sc reen  t r a y s  

can be s tacked  i n  t h e  machine. Number of t r a y s  and s i z e  of s c reen  opening 

were determined by t h e  weight  and t o p  s i z e  of t h e  sample t o  be sieved. A 

28 mesh screen  t r a y  was always used on t h e  bottom. Run time was t y p i c a l l y  

four  t o  f i v e  minutes  f o r  each machine loading .  The -28 mesh f r a c t i o n  of 

each sample was r i f f l e d  down t o  about 150g f o r  s i e v i n g  on a Ro Tap machine 

t o  determine t h e  p l u s  and minus 100 mesh f r a c t i o n s .  R e s u l t s  of t hese  

a n a l y s e s  a r e  r e p o r t e d  i n  t h e  appendix. 

There was some concern dur ing  program p l a n  developaent t h a t  dry s i e v e  

a n a l y s e s  would n o t  be a p p r o p r i a t e  f o r  t h i s  i n v e s t i g a t i o n .  Surface mois- 

t u r e  a l lows  f i n e s  t o  e i t h e r  agglomerate or become cemented t o  l a r g e r  par- 

t i c l e s  du r ing  a w e t l d r y  cycle;  t h e s e  f i n e s  a r e  not  e a s i l y  r e s t o r e d  t o  



t h e i r  o r i g i n a l  c o n d i t i o n  a f t e r  drying.  Three exp lo ra to ry  t e s t s  were con- 

duc ted  a t  t h e  ORNL sc reen  t e s t  f a c i l i t y  t o  determine the  a d v i s a b i l i t y  of 

performing wet s i eve  ana lyses  on a l l  s c reen  t e s t  p roducts .  Screen opening 

f o r  these  t e s t s  was 0.75 in . :  Y-12 Steam P l a n t  coal  was used f o r  t he  feed.  

Samples of feed  and product  s t reams from these  t e s t s  were a i r  d r i e d  and 

s ieved .  A f t e r  t h e  dry s i e v i n g  ope ra t ion ,  each s i z e  f r a c t i o n  was washed 

over  a 28 mesh screen.  The washed f r a c t i o n s  were weighed a f t e r  a i r  dry- 

ing,  and t h e  d i f f e r e n c e  i n  sample weight  be fo re  and a f t e r  washing was 

t aken  t o  be -28 mesh f i n e s  which were not  p rope r ly  accounted f o r  i n  t h e  

dry s i eve  method. Table 3.1 p r e s e n t s  t h e  r e s u l t s  of t h i s  work. 

Table  3.1. S i z e  c o n s i s t  of ORNL s c r e e n  t e s t  f e e d  and products ,  
Y-12 steam p l a n t  coa l  

Damp y i e l d  
f r a c t i o n '  

Cumulative weight  p e r c e n t  r e t a i n e d  on 
T e s t  Sampl e 

1 112 in .  314 in .  112 i n .  114 in .  28 mesh PAN 

STl" 

ST2" 

ST3" 

STl" 

STZ" 

ST3" 

b Feed ( a c t u a l )  
Feed ( r e c o n s  t i t u t  ed ) 
Overflow 
Underf 1 ow 

Feed ( a c t u a l )  
Feed ( r e c o n s t i t u t e d )  
Overflow 
Unde r f  1 ow 

Feed ( a c t u a l )  
Fe e d ( r e  co u s  t i t u  t e d ) 
Overflow 
Unde r f  1 ow 

b 

b 

b Feed ( a c t u a l )  
Fe ed ( r e c o n s  t i t u t  e d ) 
Overflow 
Unde r f  l o w  

Feed ( a c t u a l )  
Feed ( r e c o n s t i t u t e d )  
Overflow 
Underflow 

Feed ( a c t u a l )  
Feed ( r e c o n s t i t u t e d )  
Overflow 
Underflow 

b 

b 

1.7 
1.6 
5.5 

2.3 
2.7 
8.3 

1.2 
0.6 
2.5 

1.7 
1.6 
5.5 

2.3 
2.7 
8.3 

1.2 
0.6 
2.5 

Dry S i e v e  A n a l v s i s  

20.2 33.2 
19.2 30.7 
64.6 80.0 

9.9 

17.6 31.2 
15.8 29.4 
48.7 82.6 

3.8 

11.5 21.9 
9.9 20.6 

39.0 74.2 
2.4 

Wet S i e v e  A n a l y s i s  

20.2 33.1 
19.2 30.6 
64.6 79.9 

9.8 

17.6 31.2 
15.8 29.3 
48.7 82.4 

3.8 

11.5 21.8 
9.9 20.5 

38.8 73.7 
2.4 

55.1 
53.0 
90.5 
37.1 

54.8 
53.3 
94.4 
33.5 

44.4 
42.4 
92.5 
25.4 

54.7 
52.6 
90.3 
36.7 

54.5 
52.9 
94.0 
33.1 

44.2 
42.4 
91.8 
25.3 

87.0 
87.3 
93.6 
84.7 

88.1 
88.4 
9s .8 
84.9 

87.5 
87.5 
95.9 
84.6 

85.5 
85.8 
93.3 
82.6 

86.5 
86.8 
9s .4 
82.6 

85.7 
85.5 
95.0 
82.3 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

0.2969 
0.7031 

0.3247 
0.6753 

0.2540 
0.7460 

0.2969 
0.7031 

0.3247 
0.6753 

0.2540 
0.7460 

~~ ~ 

"Dif fe rence  Of -28 mesh f i n e s  i n  a c t u a l  feed  by wet s i e v e  v s  dry  s i e v e  method: 
STl - A = 100 x (87.0-85.5)/(100-87.0) = 11.5% 
ST2 - A = 100 x (88.1-86.5)/(100-88.1) 13.4% 
ST3 - A = 100 x (87.5-85.7)/(100-87.5) = 14.4% 

b R e c o n s t i t u t e d  f e e d  c a l c u l a t e d  from product  s i e v e  a n a l y s e s  and measured damp y i e l d  f r a c t i o n .  

'Damp y i e l d  f r a c t i o n  = weight  f r a c t i o n  of f e e d  r e p o r t i n g  t o  t h a t  p roduct  s t ream a s  measured a t  
t h e  time of t e s t i n g  ( b e f o r e  d r y i n g ) .  
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The amount of -28 mesh feed  f i n e s  d i f f e r e d  by a s  much a s  14.4% f o r  

t h e  wet s i e v e  v e r s u s  t h e  dry s i e v e  method. Using t h e  computat ional  pro- 

cedure o u t l i n e d  a t  t h e  beginning of S e c t i o n  3, no a p p r e c i a b l e  d i f f e r e n c e  

i n  f i n e s  removal e f f i c i e n c y  was c a l c u l a t e d  us ing  t h e  wet s i e v e  d a t a  a s  

opposed t o  us ing  t h e  dry s i eve  da ta .  E f f i c i e n c y  of f i n e s  removal was a l s o  

c a l c u l a t e d  us ing  a r e c o n s t i t u t e d  f eed  s i z e  c o n s i s t  ob ta ined  from the  pro- 

duc t  s i e v e  ana lyses  and t h e  damp product  y i e l d  measurements. These calcu- 

l a t i o n s  a r e  p re sen ted  i n  Table 3.2. The d i f f e r e n c e s  among t h e  s i x  s e t s  of 

Table 3.2. Comparison of f i n e s  (-28 mesh) 
removal e f f i c i e n c y  c a l c u l a t i o n s  us ing  

wet and dry s i e v e  d a t a  and two 
computat ional  procedures  

S a  87.3 87.5 85.0 86.0 84.7 86.2 

ST2 89.6 89.6 88.2 88.7 87.9 89.0 

ST3 91.6 90.6 91.7 91.2 91.9 91.1 
--. 

a EU,: dry s i e v e  d a t a ,  a c t u a l  feed  s i z e  
c o n s i s t ,  computational method o u t l i n e d  a t  t h e  
beginning of Sec t ion  3. 

c o n s i s t ,  computational method o u t l i n e d  a t  t h e  
beginning of Sec t ion  3. 

EU,: dry  s i e v e  d a t a ,  r e c o n s t i t u t e d  f eed  
s i z e  c o n s i s t ,  computational method o u t l  ined a t  
t h e  beginning of Sec t ion  3. 

s i z e  c o n s i s t ,  computational method o u t l  ined a t  
t h e  beginning of S e c t i o n  3. 

s i z e  c o n s i s t ,  computational method - 

EU,: wet s i eve  da t a ,  a c t u a l  feed s i z e  b 

C 

%J,: wet s i eve  d a t a ,  r e c o n s t i t u t e d  f eed  

e Eu,: dry s i eve  d a t a ,  r e c o n s t i t u t e d  f eed  

(underflow damp y i e l d  f r a c t i o n )  x (pe rcen t  f i n e s  i n  underflow) 
(pe rcen t  f i n e s  i n  f e e d )  

wet s i eve  da t a ,  r e c o n s t i t u t e d  f eed  

(underflow damp y i e l d  f r a c t i o n )  x (pe rcen t  f i n e s  i n  underflow) 
(pe rcen t  f i n e s  i n  f e e d )  

-_II---- Eu = 100 x - 
fEU6: 

s i z e  c o n s i s t ,  computational method - 
Eu = 100 x 
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. 

underflow e f f i c i e n c i e s  f o r  each t e s t  a r e  considered w i t h i n  t h e  range of 

experimental  e r r o r ,  so any c o n s i s t e n t  combination of s i e v e  method and ef- 

f i c i e n c y  c a l c u l a t i o n  was judged t o  be adequate f o r  t h e  screen  performance 

e v a l u a t i o n s .  

Wet and dry s i e v e  a n a l y s e s  were a l s o  performed on a sample of t h e  

Kentucky No. 9 coal  from Paradise .  These a n a l y s e s  a r e  r e p o r t e d  i n  Table 

3.3. Percentage of -28 mesh f i n e s  was n o t  a p p r e c i a b l y  d i f f e r e n t  between 

t h e  two s i e v e  methods f o r  t h i s  coa l .  From these  experiments,  i t  was con- 

c luded  t h a t  dry s i e v e  a n a l y s e s  were v a l i d  f o r  t h e  purposes  of t h i s  in- 

ve s t i  ga t i o n .  

Table 3.3. S i z e  c o n s i s t  of P a r a d i s e  Kentuclry 
No. 9 coal  prepared f o r  damp coa l  

s c r e e n  t e s t s 

Cumulative weight  p e r c e n t  r e t a i n e d  --- -----.- Screen  
s i z e  a Wet s i e v e  methoda Dry s i e v e  method 

1-112 in. 4.6 

314 in.  16.1 

112 in.  26.1 

114 in.  45.8 

9 mesh 69.0 

28 mesh 83.5 

Pa n 100.0 

4.6 

16.1 

26 .O 

45.5 

68.4 

82.5 

100.0 

a Difference  of -28 mesh f i n e s  by two methods: 
A = 100 x (83.5 - 82.5)/(100-83.5) = 6.1%. 

3.2 Discuss ion  of Experimental  R e s u l t s  

' k o  i n d i c e s  of sc reen  performance a r e  of major importance. One index  

i s  underflow e f f i c i e n c y ,  o r  t h e  percent  of feed  f i n e s  c o r r e c t l y  r e p o r t i n g  

t o  t h e  screen  underflow. F ines  which a r e  misplaced i n  t h e  screen  overflow 

a r e  e i t h e r  l o s t  o r  a r e  s e n t  t o  t h e  wrong coa l  c l e a n i n g  c i r c u i t  where they 
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w i l l  no t  be p rope r ly  cleaned. F ines  recovery  e f f i c i e n c y  i s  p l o t t e d  a s  a 

f u n c t i o n  of s c reen  opening and coa l  su r f ace  moi s tu re  l e v e l  i n  F igs .  3.1, 

3.2, and 3.3 f o r  t h e  ORNL, Krebs, and Midwestern t e s t s  r e s p e c t i v e l y .  A 
second index  i s  t h e  r a t i o  of t o t a l  underflow t o  f i n e s  i n  t h e  underflow, 

he re  d e f i n e d  a s  underflow burden. This  r e f l e c t s  t h e  magnitude of t h e  load  

p laced  on t h e  secondary c l a s s i f i c a t i o n  system by o v e r s i z e  m a t e r i a l  i n  t h e  

damp coa l  s c r e e n  underflow. Underflow burden i s  p l o t t e d  a s  a f u n c t i o n  of 

s c reen  opening and coa l  su r f ace  moi s tu re  l e v e l  i n  F igs .  3.4, 3.5, and 3.6 

f o r  t h e  ORNL, Krebs, and Midwestern t e s t s  r e s p e c t i v e l y .  

Except f o r  minor a b e r r a t i o n s ,  underflow e f f i c i e n c y  followed two b a s i c  

t r e n d s  f o r  a l l  t h r e e  t e s t  s e r i e s :  

0 Underflow e f f i c i e n c y  decreased  w i t h  i n c r e a s i n g  s u r f a c e  moi s tu re  f o r  a 

g iven  sc reen  opening. 

0 Underflow e f f i c i e n c y  inc reased  w i t h  i n c r e a s i n g  s c r e e n  opening f o r  a 

given s u r f a c e  mois ture .  

The f i r s t  of t hese  t r e n d s  i s  i n f e r r e d  t o  be due t o  t h e  tendency of f i n e s  

t o  agglomerate or s t i c k  t o  l a r g e r  p i e c e s  of coal a s  s u r f a c e  mois ture  in- 

c r e a s e s ,  thus  making i t  l e s s  l i k e l y  f o r  t h e  f i n e  p a r t i c l e s  t o  f a l l  through 

t h e  sc reen  c l o t h .  The second of t hese  t r e n d s  i s  a l o g i c a l  consequence 

of a l a r g e r  s c r e e n  opening; more c o a l ,  and hence more f i n e  coa l ,  has  a 

g r e a t e r  p r o b a b i l i t y  of f a l l i n g  through t h e  s c r e e n  c l o t h .  

With t h e  e x c e p t i o n  of t h e  ORNL 11.5% su r face  moi s tu re  t e s t s ,  under- 

flow burden g e n e r a l l y  followed two b a s i c  t r e n d s  f o r  a l l  t h r e e  t e s t  s e r i e s :  

e Underflow burden inc reased  w i t h  i n c r e a s i n g  s u r f a c e  moi s tu re  f o r  a 

given s c r e e n  opening. 

0 Underflow burden inc reased  w i t h  i n c r e a s i n g  s c r e e n  opening f o r  a g iven  

su r face  moi s tu re .  

"be f i r s t  of t hese  t r e n d s  i s  l i n k e d  w i t h  t h e  f i r s t  t r e n d  l i s t e d  f o r  under- 

flow e f f i c i e n c y ;  fewer f i n e s  f a l l  through t h e  s c r e e n  c l o t h  a s  su r face  

moi s tu re  i n c r e a s e s .  The moi s tu re  h a s  l e s s e r  e f f e c t  on t h e  s i z e  f r a c t i o n  

g r e a t e r  than  28 mesh, so roughly t h e  same percentage  of t h i s  s i z e  f r a c t i o n  

r e p o r t s  t o  t h e  underflow f o r  a l l  s u r f a c e  moi s tu re  l e v e l s  a t  a g iven  sc reen  

opening. Thus t h e  r a t i o  of t o t a l  underflow t o  underflow f i n e s  i n c r e a s e s  



. 

13 

ORNL-DWG 83-5025 ETD 

\ \I 
Fig. 3 . 1 .  Efficiency of f ine  (-28 mesh) coal removal as a function 

of screen opening and surface moisture for the ORNL t e s t s .  
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100 

ORNL DWG 83--5027 ETD 

I 

Fig .  3 . 3 .  E f f i c i e n c y  of f i n e  (-28 mesh) coa l  removal a s  a f u n c t i o n  
of s creen  opening and surface moisture f o r  the Midwestern t e s t s .  
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ORNL-DWG 83-5028 ETD 

SCREEN 
OPENING 

Fig. 3.4 .  Underflow burden a s  a f u n c t i o n  of s c reen  opening and sur- 
f ace  mois ture  f o r  t h e  ORNL t e s t s .  

a s  su r face  moi s tu re  inc reases .  The second of t hese  t r e n d s  i s  a g a i n  a 

l o g i c a l  consequence of a l a r g e r  s c reen  opening; more o v e r s i z e  p a r t i c l e s  

a r e  l i k e l y  t o  f a l l  through a l a r g e r  opening t h a n  a sma l l e r  one. 

These graphs c l e a r l y  i l l u s t r a t e  t h e  d e l e t e r i o u s  e f f e c t  of su r f ace  

moi s tu re  on f i n e s  removal e f f i c i e n c y .  Going from a mois ture  l e v e l  of 5% 

to one of 11.5% a t  a s c reen  opening of 0.1 in . ,  e f f i c i e n c y  drops from 77% 

t o  7% f o r  t h e  ORNL t e s t s ,  from 91% t o  17% f o r  t h e  Krebs t e s t s ,  and from 

86% t o  44% f o r  t h e  Midwestern t e s t s .  In orde r  t o  achieve  a h igh  underflow 

e f f i c i e n c y  a t  h igh  mois ture  l e v e l s ,  l a r g e r  s c reen  openings can  be used; 
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O R N L ~ - D W G  83-5029 ETD 

Fig .  3 . 5 .  Underflow burden a s  a f u n c t i o n  of s creen  opening and sur- 
face  mois ture  f o r  the  Krebs t e s t s .  
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Fig .  3 . 6 .  Underflow burden a s  a f u n c t i o n  of s creen  opening and sur- 
face  mois ture  for the  Midwestern t e s t s .  
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t h i s  a c t i o n ,  however, w i l l  i n c r e a s e  t h e  underflow burden. Going from a 

sc reen  opening of 0.1 in .  t o  one of 0.5 in .  a t  a s u r f a c e  moi s tu re  of 9.5% 

i nc reased  t h e  underflow burden from 2.4 t o  4.5 f o r  t h e  ORNL t e s t s ,  from 

2.75 t o  4.3 f o r  t h e  Krebs t e s t s ,  and from 2.8 t o  4.8 f o r  t h e  Midwestern 

t e s t s .  

3.3 I n d u s t r i a l  Damp Coal Screening  

An i n d u s t r i a l  damp-coal s c reen ing  p r o c e s s  i s  i n  use a t  a Webster 

County Coal Company s i t e  i n  Clay, Kentucky. The D o t i k i  wash p l a n t  u s e s  a 

s c r e e d d e d u s t e r  combination t o  remove most of t h e  minus 28 mesh f i n e s  from 

t h e  p l a n t  feed .  Raw c o a l r  roughly 2 x 0 in . ,  i s  f e d  t o  a Tyler  double- 

deck i n c l i n e d  v i b r a t i n g  sc reen  which makes a cu t  a t  approximate ly  112 in.  

Overflow goes t o  t h e  wash p l a n t ,  and underflow i s  f e d  t o  a modified S tur -  

t e v a n t  a i r  c l a s s i f i e r  which c u t s  t h e  112 x 0 in .  s t ream a t  28 mesh. 

C l a s s i f i e r  underflow (1/2 in .  x 28 mesh) goes t o  t h e  wash p l a n t ,  whi le  t h e  

overflow (28 mesh x 0) bypasses t h e  wash p l a n t  t o  be blended back wi th  t h e  

cleaned coa l .  

Researchers  from ORNL v i s i t e d  t h i s  p l a n t  and c o l l e c t e d  s top-be l t  

samples from the  p l a n t  f e e d  and t h e  s c r e e n  product streams; s i e v e  a n a l y s e s  

were t h e n  performed on t h e s e  samples a t  ORNL. Copies of s i e v e  a n a l y s e s  

performed on s c r e e n  samples t aken  when t h e  p l a n t  was put  on l i n e  were ob- 

t a i n e d  from t h e  Do t ik i  s t a f f  a s  wel l ;  t h e s e  two s e t s  of d a t a  a r e  p re sen ted  

i n  t h e  appendix. Underflow e f f i c i e n c y  and underflow burden de r ived  from 

t h e s e  two s e t s  of d a t a  a r e  given i n  Table 3.4,  a long  w i t h  t h e  f eed  coa l  

s u r f a c e  mois ture .  

R e f e r r i n g  a g a i n  t o  Figs.  3.1 through 3.6, performance of t h e  screen- 

ing  o p e r a t i o n  a t  D o t i k i  can  be compared wi th  t h a t  of t h e  ORNL-TVA t e s t s .  

With a nominal s c r e e n  opening of 112 in .  and s u r f a c e  moi s tu re  of roughly 

2%, underflow e f f i c i e n c y  on two d i f f e r e n t  d a t e s  a t  Do t ik i  was 82% and 90%. 

A t  a s c reen  opening of 0.5 i n  and s u r f a c e  moi s tu re  of 5W, underflow e f f i -  

c i e n c i e s  f o r  t h e  ORNL. Kiebs, and Midwestern t e s t s  were 98%. 95%, and 97% 

r e s p e c t i v e l y  . 
A h ighe r  s p e c i f i c  f e e d  r a t e  a t  Do t ik i  i s  t h e  most probable  explana- 

t i o n  f o r  t h i s  d i f f e r e n c e  i n  underflow e f f i c i e n c y .  For t h e  ORNL-TVA t e s t s ,  
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Table 3 . 4 .  Damp coal  s c r e e n  performance a t  
t h e  Dot ik i  wash p l a n t  

SM Fm UB ------ - -__I 

Star t -up d a t a ,  Oct. 1 2 ,  1979 1.9 82 6 .25  

Stop-belt  samples, Aug. 6 ,  1981 2 . 2  90 4 .88  - .I_ 

SM = Percent  s u r f a c e  mois ture  

EU = Percent  f e e d  f i n e s  r e p o r t i n g  t o  underflow 

UE = R a t i o  of t o t a l  underflow t o  f i n e s  i n  t h e  
underflow. 

low s p e c i f i c  f e e d  r a t e s  were s e l e c t e d  t o  give f i n e  p a r t i c l e s  ample oppor- 

t u n i t y  t o  f a l l  through t h e  screen.  Table 3 .5  p r e s e n t s  f e e d  r a t e s  f o r  t h e  

ORNL-TVA t e s t s  and f o r  t h e  Dot ik i  wash p l a n t .  The screen  s p e c i f i c  f e e d  

r a t e  a t  Dot ik i  i s  cons iderably  h igher  than  those s e l e c t e d  f o r  t h e  ORNL-TVA 

t e s t s ,  and t h e  l e s s e r  f i n e s  removal e f f i c i e n c y  a t  Dot ik i  i s  a l o g i c a l  con- 

sequence of t h i s  f e e d  r a t e  d i f f e r e n c e .  Underflow e f f i c i e n c y  could proba- 

b l y  be increased  a t  Dot ik i  by ( a )  reducing  p l a n t  throughput o r  ( b )  in- 

s t a l l i n g  a d d i t i o n a l  s c r e e n  su r face .  Nei ther  of t hese  o p t i o n s  may be c o s t  

Table 3.5. S p e c i f i c  s c r e e n  feed  r a t e s  f o r  
t h e  ORNL-TVA t e s t s  and t h e  Dot ik i  

wash p l a n t  

ORNL t e s t s  
STl-ST3 feed r a t e  = 0 .752  TPH/ft2 
ST4-ST9 feed r a t e  = 0 .481  T W / f t 2  

Krebs t e s t s  
K l - K 3  feed r a t e  = 0 . 8 3 2  TPH/ft2 
K4-K6 feed r a t e  = 0.527 TPH/ft2 
K7-K9 feed r a t e  = 0 . 4 1 0  TPH/fta 

Midwestern t e s t s  
M2 feed r a t e  = 1 . 7 2  TPH/ft2 
M4 feed r a t e  = 1 . 2 5  TPH/ft2 
M5 feed r a t e  = 1 . 2 7  TPH/ft2 

D o t i k i  wash p l a n t  f e e d  r a t e  = 3 . 1 3  T W / f t z  
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e f f e c t i v e ,  however, and a d d i t i o n a l  in format ion  would be needed t o  perform 

a cost-benef i t  a n a l y s i s .  

The Oct. 12,  1979 Dot ik i  sampling produced a n  underflow burden of 

6.25, and t h e  Aug. 6,  1981 sampling produced a n  underflow burden of 4.88. 

A t  a s c reen  opening of 0.5 in.  and a su r face  mois ture  of 5%, underflow bur- 

dens f o r  t he  ORNL, Krebs, and Midwestern t e s t s  were 5.05, 4.25, and 4.6 
r e s p e c t i v e l y .  Because underflow burden i s  in f luenced  by underflow e f f i -  

c iency ,  t he  same comments made above on i n c r e a s i n g  t h e  underflow e f f i -  

c iency  a t  Dot ik i  apply a s  w e l l  t o  dec reas ing  t h e  underflow burden. 



. 

This  wor 
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4. SUMMARY AND CONCLUSIONS 

h a s  examined t h e  e f f e c t  of two v a r i a b l e s ,  su r f ace  mois ur e 

and sc reen  opening, on damp coal s c reen ing  performance. For t he  Kentucky 

No. 9 coa l ,  t h e  e f f e c t s  of these  two v a r i a b l e s  have been q u a n t i f i e d  i n  
o r d e r  t o  provide eng inee r ing  des ign  in fo rma t ion  p r e v i o u s l y  unava i l ab le .  

The r e s u l t s  of t h i s  endeavor demonstrate t h e  advantages of l i m i t i n g  t h e  

su r face  mois ture  l e v e l  of f eed  coa l  t o  a s c reen :  

0 A t  a given sc reen  opening, e f f i c i e n c y  of f i n e s  removal dec reases  wi th  

i n c r e a s i n g  f e e d  s u r f a c e  mois ture .  

0 For a f i x e d  f i n e s  removal e f f i c i e n c y ,  r a t i o  of t o t a l  underflow t o  

f i n e s  i n  t h e  underflow i n c r e a s e s  w i t h  i n c r e a s i n g  feed  su r face  mois- 

t u r  e. 

F a c t o r s  o t h e r  than  su r face  moi s tu re  l e v e l  and sc reen  opening which 

a f f e c t  s c reen ing  performance a r e  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  c l ay  con ten t ,  

and p a r t i c l e  shape. Performance curves  publ i shed  h e r e  might be used t o  

p r e d i c t  t h e  sc reen ing  performance of c o a l s  w i t h  d i f f e r e n t  s i z e  d i s t r i b u -  

t i o n s  by s h i f t i n g  t h e  moi s tu re  curves  p r o p o r t i o n a l  t o  t h e  r a t i o  of spe- 

c i f i c  s u r f a c e  a reas .  This  approach would be v a l i d  on ly  i f  two assumptions 

a r e  t r u e  : 

1. Surface  moi s tu re  i s  evenly  d i s t r i b u t e d  over  a l l  p a r t i c l e s .  

2 .  Damp coa l  s c reen ing  p r o p e r t i e s  a r e  a f u n c t i o n  of water f i l m  t h i c k n e s s  

on t h e  f i n e r  p a r t i c l e s .  

G r e a t e s t  u t i l i t y  of t h i s  approximation method would be t h e  a b i l i t y  t o  

l i m i t  t h e  range of parameter v a l u e s  which would have t o  be i n v e s t i g a t e d  

expe r imen ta l ly  be fo re  s p e c i f y i n g  des ign  da ta  f o r  a s p e c i f i c  a p p l i c a t i o n .  

For c o a l s  whose c l a y  con ten t  and p a r t i c l e  shape a r e  s i g n i f i c a n t l y  d i f f e r -  

e n t  from t h a t  of t h e  Kentucky No. 9 sc reen  t e s t  c o a l ,  such a s t r a i g h t -  

forward means of ex tending  t h e  r e s u l t s  of t h i s  i n v e s t i g a t i o n  i s  no t  appar- 

en t .  





23 

APPENDIX 





25 

Table Al. Damp coal  sc reening  - ORNL t e s t s  

ST-1 

ST-2 

ST-3 

ST-7 

ST-8 

ST- 9 

ST-4 

ST- 5 

ST- 6 

ST-1 0 

ST-11 

ST-12 

12.7 

11.6 

12.5 

11.3 

15.9 

17.3 

15.6 

16.8 

12.9 

17.4 

14.2 

15.7 

8.6 

3.6 

6.5 

5.0 

9.5 

11.5 

5.0 

9.5 

11.5 

5.0 

9.5 

11.5 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.31 

0.31 

0.31 

0.10 

0.10 

0.10 

31.8 

35.2 

27.8 

23.6 

23.9 

20.3 

52.6 

52.6 

54.2 

80.8 

94.9 

96.7 

85 .O  

88.2 

91.7 

96.4 

95.8 

96.5 

96.8 

87.4 

70.7 

77.3 

22.0 

6.9 

70.3 

67.5 

74.6 

78.7 

79.2 

82.6 

55.1 

54.1 

49.0 

29.3 

7.5 

3.9 

84.7 

84.9 

84.6 

86.1 

80.8  

79.8 

72.6 

72.9 

81.4 

54.0 

58.3 

72.3 

6.54 

6.62 

6.49 

7.19 

5.21 

4.95 

3.65 

3.69 

5.38 

2.17 

2.40 

3.61 

FL = Percent  f i n e s  i n  feed.  
SM = Percent  s u r f a c e  moisture .  
SO = Screen opening ( i n . ) .  
EO = Percent  f e e d  coarse  r e p o r t i n g  t o  overflow = overflow 

EU = Percent  f e e d  f i n e s  r e p o r t i n g  t o  underflow = underflow 

W = Weight p e r c e n t  of f e e d  r e p o r t i n g  t o  underflow. 
UO = Percent  underflow which i s  overs ize .  
UB = R a t i o  of t o t a l  underflow t o  f i n e s  i n  t h e  underflow. 

e f f i c i e n c y .  

e f f i c i e n c y .  

A l l  sc reen  decks w i t h  square openings. 



26 

Table A2. Damp coal sc reening  - Krebs t e s t s  

--- 
Test  No. m SM so Eo Eu Yu uo uB 

K-1 

K-2 

K-3 

K-4 

K-5 

K-6 

K-7 

K-8 

K-9 

16 .5  5 . 0  

1 7 . 0  9 . 5  

16 .4  1 1 . 5  

16 .4  5 . 0  

1 7 . 4  9 . 5  

1 7 . 7  11 .5  

18 .3  5 . 0  

17 .2  9 . 5  

1 7 . 3  11 .5  

0 . 5 0  

0 . 5 0  

0.50 

0.25 

0 . 2 5  

0 . 2 5  

0.10 

0 . 1 0  

0 .10 

39 .3  

38 .2  

45.7 

50 .0  

49 .4  

51 .1  

72 .7  

7 6 . 0  

91 .4  

94.7 

91.4 

80 .5  

92 .6  

86 .4  

76 .7  

90.8 

6 5 . 6  

1 6 . 9  

66.3 

66.8 

58 .6  

57 .O 

56.8 

53.8 

38 .9  

31.1 

10.0 

76 .4  

76.8 

77 .5  

73 .4  

73 .5  

74.8 

57 .4  

63.8 

70.8 

4 . 2 4  

4 . 3 1  

4 . 4 4  

3 . 7 6  

3 .77  

3 .97  

2 . 3 5  

2 . 7 6  

3 . 4 2  

F L =  
SM = 
so = 
EO = 

m =  
Y u =  
uo = 
u B =  

- 

Percent  f i n e s  i n  feed.  
Percent  su r f ace  mois ture .  
Screen opening ( in .  1 .  
Percent  f eed  coarse  r e p o r t i n g  t o  overflow = overflow 
e f f i c  i e ncy . 
Percent  f e e d  f i n e s  r e p o r t i n g  t o  underflow = underflow 
e f f i c i e n c y .  
Percent  t o t a l  feed  r e p o r t i n g  t o  underflow. 
Percent  underflow which i s  ove r s i ze .  
R a t i o  of t o t a l  underflow t o  f i n e s  i n  t h e  underflow. 

T e s t s  1-3, SO = s ide  dimension square opening. 
T e s t s  4-9, SO = width of s l o t t e d  opening. 
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Table A3. Damp coal sc reening  - Midwestern t e s t s  

1 17.8 5.0 1.125 14.6 98.3 87.7 80.1 5.03 
1 17.4 9.5 1.125 14.0 97.5 88.0 80.7 5.18 
1 15.9 11.5 1.125 14.3 97.1 87.5 82.4 5.68 
2 17.8 5.0 0.50 25.2 96.8 78.7 78.2 4.58 
2 17.4 9.5 0.50 24.1 95.3 79.3 79.1 4.78 
2 15.9 11.5 0.50 25.2 94.1 77.9 80.8 5.22 
3 17.8 5.0 0.25 46.7 94.0 60.5 72.4 3.63 
3 17.4 9.5 0.25 45.6 88.7 60.4 74.4 3.91 
3 15.9 11.5 0.25 47.6 85.0 57.6 76.6 4.27 
4 17.8 5.0 0.125 67.7 89.2 42.4 62.7 2.68 
4 17.4 9.5 0.125 68.6 74.1 38.8 66.8 3.01 
4 15.9 11.5 0.125 76.7 54.3 28.2 69.5 3.27 
5 17.8 5.0 0.05 86.6 80.5 25.3 43.5 1.77 
5 17.4 9.5 0.05 91.5 35.7 13.2 52.9 2.12 
5 15.9 11.5 0.05 95.0 18.1 7.1 59.5 2.47 ----- -- -I-- __- I 
FL = Percent  f i n e s  i n  feed.  
SM = Percent  s u r f a c e  moisture .  
SO = Screen opening ( i n . ) .  
EO = Percent  f e e d  coasse r e p o r t i n g  t o  overflow = w e r f l o w  

EU = Percent  feed  f i n e s  r e p o r t i n g  t o  underflow = underflow 

YU = Weight p e r c e n t  of f e e d  r e p o r t i n g  t o  underflow. 
UO = Percent  underflow which i s  o v e r s i z e .  
UB = R a t i o  of t o t a l  underflow t o  f i n e s  i n  t h e  underflow. 

ef f i c i  ency . 
e f f i c i e n c y .  

Square opening on Deck 1, SO = s i d e  length .  
S l o t t e d  opening on Decks 2 through 5, SO = s l o t  width.  



Table A4. Sieve a n a l y s e s  f o r  Krebs s c r e e n  t e s t s  

Cumulative weight  pe rcen t  r e t a i n e d  on a Damp y i e l d  
f r a c t i o n  Sample 

1-1/2 in.  314 in. 1 / 2  in. 1 / 4  in.  9 mesh 28 mesh 100 mesh 

K l  OF 
K l  UF 
K2 OF 
K2 UF 
K3 OF 
K3 UF 
K4 OF 
K4 UF 
K5 OF 
K5 UF 
K6 OF 
K6 UF 
K7 OF1 
K7 OF2 
K7 UF 
IC8 OF1 
K8 OF2 
K8 UF 
K9 OF1 
K9 OF2 
K9 UF 

10.1 

12.3 

8.4 

11.3 

3.2 

5.7 

5.2 

11.9 

10.8 

43.2 

43.9 

37.7 

37.2 

31.1 

26.1 

41 .l 

44.3 

38.9 

73.4 

73.0 

63.1 

61.4 

54.7 

47.3 

76.2 

73.9 

65.9 

95.1 
19.0 
93.2 
18.9 
86.2 
17.3 
94.7 
8.9 

91.2 
7.6 

83.9 
5.6 

94.9 
42.3 

93 .O 
34.7 

15.3 
88 .O 
21.7 

54.3 

54.3 

55.9 

48.3 

47.8 

49.2 

96.1 
17.5 

16.6 

97.4 
76.4 
95.6 
76.8 
92.3 
77.5 
97.2 
73.4 
94.5 
73.5 
91.1 
74.8 
97.4 
97.1 
57.4 
95.7 
88.0 
63.8 
92.6 
78.1 
70.8 

98.6 
90.0 
98.0 
89.3 
96.3 
89.5 
98.4 
89.0 
97.3 
88 .O 
95.7 
88.3 
98.6 
97.7 
83 .I  
97.9 
93.5 
84.5 
96.4 
89.6 
86.3 

0.337 
0.663 
0.332 
0.668 
0.414 
0.586 
0.430 
0.570 
0.432 
0.568 
0.462 
0.538 
0.296 
0.315 
0.389 
0.307 
0.382 
0.311 
0.370 
0.530 
0.100 

a Damp y i e l d  f r a c t i o n  = weight f r a c t i o n  of f eed  r e p o r t i n g  t o  t h a t  product  s t ream a s  
measured a t  t h e  t ime of t e s t i n g  (be fo re  d r y i n g ) .  

c 
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Table A5. Sieve  a n a l y s e s  f o r  Midwestern screen t e s t s  

c 

Cumulative weight  percent  r e t a i n e d  on a Damp y i e l d  l----.--.lllll-l Sample f r a c t i o n  1 i n .  1 / 2  i n .  1 / 4  in .  28 mesh 100 mesh 

M2-1 

M2-2 

M2-3 

M2-4 
hl2-5 

Id2 -6 

M4-1 

M4-2 

M4-3 

hi4-4 

M4-5 

M4-6 

M5-1 

M5-2 

M5-3 

M5-4 

M5-5 

M5-6 

63.4 93.6 

87.6 

24.0 

69.1 90.2 

86.2 

21.3 

65.8 90.8 

87.4 

21.7 

95.5 

95.4 

92.7 

23.6 

92.9 

93.4 

88.4 

19.4 

93 .O 

92 .O 

86.6 

15.0 

97.5 

97.2 

97.2 

95.3 

91 .o 
43.5 

96.4 

95.6 

93.9 

88.2 

73.9 

52.9 

96.3 

95.1 

92.9 

83.4 

72.8 

59.5 

98.9 

98.4 

98.2 

96.4 

93.7 

80.7 

98.4 

97.9 

97 .O 

94.0 

87.6 

83.4 

98.4 

97.7 

96.6 

92.5 

83.5 

88.0 

0.123 

0.090 

0.182 

0.181 

0.171 
0.253 

0.120 

0.087 

0.189 

0.216 

0.256 

0.132 

0.125 

0.096 

0.203 

0.294 

0.211 
0.071 

-III-I_-_yII_-- 

a Damp y i e l d  f r a c t i o n  = weight f r a c t i o n  of f eed  report ing  t o  
t h a t  product stream a s  measured a t  time of t e s t i n g  (before d r y i n g ) .  
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. 

Table A6. Sieve  a n a l y s e s  f o r  ORNL screen  t e s t s  
us ing  Y-12 Steam Plant  coal  

Cumulative weight  percent  r e t a i n e d  on a Damp y i e l d  
f r a c t i o n  Sample 

1-1/2 in .  3/4 in. 1/2 in .  1/4 in. 28 mesh 

STl f e e d  1.7 

STl OF 5.5 

S a  UF 

SI2 f e e d  2.3 

SI2 OF 8.3 

ST.2 UF 

ST3 f e e d  1.2 

ST3 OF 2.5 

ST3 UF 

20.2 33.2 

64.6 95.4 

9.9 

17.6 31.2 

48.7 82.6 

3.8 

11.5 21.9 

39.0 74.2 

2.4 

55.1 

90.5 

37.1 

54.8 

94.4 

33.5 

44.4 

92.5 

25.4 

87 .O 

93.6 0.297 

84.7 0.703 

88.1 

95.8 0.325 

84.9 0.675 

87.5 

95.9 0.254 

84.6 0.746 

Damp y i e l d  f r a c t i o n  = weight f r a c t i o n  of  f e e d  report ing  t o  t h a t  a 
product stream a s  measured a t  time of t e s t i n g  (before  dry ing) .  



, 

Table A7. Sieve a n a l y s e s  f o r  ORNL sc reen  t e s t s  
u s ing  Pa rad i se  Kentucky No. 9 coa l  

Cumulative weight  pe rcen t  r e t a i n e d  on 

1 in.  1 / 2  in .  1 / 4  in .  6 mesh 1 4  mesh 28 mesh 100 mesh 

Damp y i e l d  a 
f r a c t i o n  Sample 

ST4 O F  
ST4 UF 
ST5 OF 
ST5 UF 
ST6 O F  
ST6 UF 
ST7 O F  
ST7 UF 
STS O F  
S B  UF 
ST9 O F  
ST9 UF 
STlO O F  
STlO U F  
S T l l  O F  
S T l l  U F  
STl2 O F  
STl2 UF 

18.6 

19.3 

23.2 

37.7 

45.2 

40.6 

11.5 

11.6 

7.4 

56.6 

52.8 

52.6 

91.5 
5.3 

92.1 
8.5 

91.4 
6.4 

31.7 

28.5 

22.9 

93 .O 
3.7 

89.1 

82.8 
5.3 

96.0 
29.2 
94.8 
30.7 
94.2 
28.6 
56.5 

48.5 

42.7 

30.8 
87 .O 
47.3 

52.1 

50.7 

67.4 

61.4 

~ ~~ 

98.9 
72.6 
95.4 
72.9 
92.6 
81.4 
98.1 
86.1 
96.8 
80.8 
96.5 
79.8 
94.4 

28.2 54.0 
88.0 

28.6 58.3 
84.8 

22.1 72.3 

99.4 
89.6 
98.0 
88.2 
96.6 
91.6 
99.1 
94.3 
98.7 
91.3 
98.6 
90.7 
97.1 
82.9 
94.4 
83.6 
92.8 

0.449 
0.551 
0.459 
0.541 
0.510 
0.490 
0.213 
0.787 
0.208 
0.792 
0.174 
0.826 
0.707 
0.293 
0.925 
0.075 
0.961 
0.039 

a Damp y i e l d  f r a c t i o n  = weight  f r a c t i o n  of feed  r e p o r t i n g  t o  t h a t  p roduct  s t ream a s  
measured a t  time of t e s t i n g  ( b e f o r e  d r y i n g ) .  
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Table As. Sieve  ana lyses  of Dot ik i  screen samples 
Start-up data taken on Oct. 12, 1979 

- 
Sieve  s i z e  Feed coal  Screen overflow Screen underflow 

Cumulative Dercent re ta ined  on s i e v e  

1 . 5  in .  9.4 23.2 
0.5 in .  41.3 85.7 5 . 1  
0.25 in .  59.1 31.0 
8 mesh 73.6 54.5 
28 mesh 89.3 84.0 
PAN 100.0 100.0 100.0 

Stop-Bel t  samples taken on Aug. 6, 1981 

Sieve  s i z e  Feed coal  Screen overflow Screen underflow 

Cumulative percent  re ta ined  on s i e v e  

1 . 5  in .  5.5 9.0 
0 . 5  in .  37.4 67.1 
9 mesh 77 .9  87.8 
28 mesh 88.9 96.1 
PAN 100.0 100.0 

19.8 
57.4 
79.5 
100.0 
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