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During recent years, the United S ta t e s  S tee l  Corporation a s  focused hi- 
creased a t t en t ion  on coal-pulver izat ion prac t ice  a t  coke p l an t s  .l-5 P * Coal pulveri- 
zat ion at coke p lan ts  o f f e r s  two opportuni t ies  for  s tee l -p lan t  cost  improvement. 
F i r s t ,  coa l  blends t h a t  are known t o  give cokes of good s t rength  may yield,  through 
pulver izat ion,  addi t iona l  increases  in  strength, such increases  r e su l t i ng  i n  increased 
hot-metal production a t  the b l a s t  furnace. Second, by pulver izat ion of poorer coking 
coa ls  the amounts of the more cos t ly  and l e s s  readi ly  ava i lab le  blending coals !nay be 
reduced without a loss of coke s t rength.  

P r io r  t o  any discussion of coal  pulver izat ion,  it i s  important t o  rea l ize  
t h a t  an optimum pulver izat ion leve l  (commonly reported in terms of  $ minus 1/8-inch 
coa l )  e x i s t s  f r each coal  or  coa l  blend and t h a t  overpulverization can be d e t r i -  
i ~ e n t a 1 . ~ ~ ~ , ~ - 7 7  Optimm pulver izat ion fo r  a given coal  o r  coa l  blend general ly  w i l l  give 
some l o s s  of  bulk dens i ty  (or  coke production) with a corresponding increase i n  coke 
qua l i t y  ( o r  s t rength) .  Except with dry  coals ,  however, overpulverization r e su l t s  i n  
appreciable l o s s  of bulk dens i ty  and may reduce or give l i t t l e  improvement i n  coke 
s t rength,  par t icu lar ly the  Hardness Factor, f o r  normally coking coa ls .  This loss of 
bulk dens i ty  can be subst  ti l l y  recovered by adjust in+ the  moisture content or  by 
appropriate  o i l  addition.E10? Also, means for  increasing the drop ve loc i ty  of the 
coa l  i n to  the  coke ovens a re  he lpfu l .  For poor coking coals, increased coking r a t e s  
a r e  u s e h l .  T;?e primary object ive i n  pulver iz ing coals  i s  the improvement of coke 
qua l i t y  t o  give more intimate contact between the coa l  const i tuents .  Thus, pulveri- 
zat ion permits homogenous mixing and intimate contact between the various const i tuents .  

Once the need fo r  a coke-plant coal-pulver izat ion system has been establ ished 
and the  optimum pulver izat ion l eve l  has been determined by carbonization t e s t s ,  the  
.,ext object ive should be t o  a t t a i n  i n  a prac t icable  manner the required l e v e l  of 
pulver izat ion.  However, t h i s  should be achieved so a s  not  t o  exceed t h e  minimum 
allowable increase of f ine  "bug dust"  ( a r b i t r a r i l y  defined a s  minus 100-mesh coal) 
over t h a t  l e v e l  present i n  the unpulverized coals .  
minimize the amount of bug dust  i n  the  coa l  and the  loss in bulk densi ty .  
the amount of bug dust  minimizes the loss of coal  during pulver izat ion and during 
carbonization, with at tendant  improvement i n  p lan t  housekeeping and safe ty .  

Attainment of t h i s  objective w i l l  
Minimizing 

Coke-plant coal-pulver izat ion systems f a l l  in to  three  basic  types, as i l l u s -  
These a re  (1) single-pass systems i n  which a l l  coa l  t o  be pulver- t r a t e d  i n  Figure 1. 

ized i s  passed only through pulver izer  mills, (2) prescreening systems in which the 
f ine  (commonly, minus 1/8-inch) coal  i s  recovered by screening and i n  which the 
screen overproduct i s  pulverized and mixed with the recovered screen underproduct, 
and (3)  c losed-circui t  systems in which screens are used before and a f t e r  pulver izers  
t o  contain a l l  oversize coa l  f o r  repulver izat ion u n t i l  t h e  coal  is  fine enough t o  
be released from the  system a s  screen underproduct. 

. 

A s  these systems increase i n  complexity, there  i s  a corresponding improve- 
ment i n  t h e  control  o f  pulver izat ion l eve l .  Table I i l l u s t r a t e s  the increased 
pulver izat ion t h a t  can be achieved for  a given coa l  by progressing from the single- 

* See References. 
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p u s  t o  the  prescreening t o  t h e  closed-circui t  systems. However, i f  the  single- 
pass system were used t o  bring the l e v e l  of pulver izat ion at 1/8 inch t o  % per  cent, 
t h e  amount of bug dust would have been considerably greater than t h e  12.3 per  cent 
a t ta ined  with t h e  prescreening system. Also, by using the  more elaborate  closed 
c i r c u i t  system, even grea te r  improvements in the l e v e l  of pulverization and in the  
control  of bug dust can be real ized.  

In pulverizing coals for  blending, t h e  low-, medium- and high-volati le 
coals  a t t a i n  an optimum pulver izat ion l e v e l  a t  widely varying pulverizer-mill  speeds. 
These mi l l  speeds range from about 4500 f e e t  per minute ( f p m )  ro tor - t ip  ve loc i ty  
f o r  c e r t a i n  sof t  and f r i a b l e  low-volati le coals  t o  about 8000 f p m  ro tor - t ip  veloci ty  
f o r  hard high-volati le coals .  These mill-speed ranges were establ ished by using 
impact-type coal pulver izers  ins tead  o f  hammermills, ' s ince the former lend themselves 
more r e a d i l y  t o  speed va r i a t ion  and give a more predictable  and s igni f icant  change in 
pulverizat ion leve l  f o r  a change i n  m i l l  speed. 
leve l ,  impact-type pulver izers  w i l l  produce less bug dust than hammermills. 

Also, f o r  a given pulverization 

It is a popular, but perhaps obsolete, coke-plant prac t ice  t o  pulverize all 
coals  by using hammermills (or  hammermills with gra tes  removed) operating at the  same 
speed. The above conclusions, together  w i t h  experience a t  coke plants ,  supoort 
the  observation tha t  operating pulver izer  mil ls  at  a s ingle  speed w i l l  overpulverize 
the s o f t e r  blending coals .  Normally, the single-speed operation is  sui ted f o r  pulveri-  
zing high-volat i le  coals,  but because of the high m i l l  speeds used, overpulverization 
of t h e  low-volatile coa ls  r e s u l t s  in ,  and is l a r g e l y  responsibele for ,  exess production 
of bug dust .  

The detrimental  e f f e c t s  of pulverizing a s o f t e r  and a harder coa l  a t  the 
same m i l l  speed (6300 fpm ro tor - t ip  veloci ty)  a re  shown i n  Table 11. 
coal  was s a t i s f a c t o r i l y  pulverized, but low-volati le coal  was overpulverized. The 
amount of bug dust in t h e  low-volati le coal  was almost doulbe t h a t  i n  the  high- 
v o l a t i l e  pulverized product. 
pulverizing sof te r  coals a t  lower m i l l  speeds (4400 f p m )  and harder coals  a t  higher 
m i l l  speeds (6300 fpm) is&Own i n  Table  111. High- and low-volati le coals were 
pulverized t o  give the  same amounts o f  bug dust.  

High-volatile 

The improved pulver izat ion t h a t  can be achieved by 

For m o s t  American coke p l a n t s  it appears t h a t  the use of a prescreening 
system incorporating impact pulver izers  a t  t w o  m i l l  speeds i s  worthy of consideration. 
In  la rge  pulverization i n s t a l l a t i o n s ,  fixed-speed mills (or direct-dr ive mills) 
may be used provided t h a t  a lower and a higher mill-speed sect ion i s  avai lable  f o r  
handling t h e  various coals .  For smaller i n s t a l l a t i o n s  where the same series of  
m i l l s  must be used in te rmi t ten t ly  t o  pulver ize  t h e  d i f fe ren t  coals t o  be blended, 
variable-speed drives are recommended. This permits preselect ion of o p t i r n  m i l l  
speed p r i o r  t o  pulverization of  the individual  low-, medium- or  high-volat i le  coal.  

Because of i t s  merit, the combination of prescreening with two m i l l  speeds 
i n  coke-plant coal  pulver izat ion has been adopted by the United S ta tes  S t e e l  
Corporation and i s  being appl ied a t  the Corporation's large,  new coal-pulverization 
f a c i l i t y  a t  Gary S t e e l  Works, Gary, Indiana. 

I n  coke plants  where pulver izat ion is applied,  but  where a complete 
change f r o m  the older single-pass systems is  not j u s t i f i e d ,  it may be desirable  t o  
equip the  mills with impactor-conversion assemblies and variable-speed drives.  This 
prac t ice  can reduce the  bug-dust l e v e l  and improve cont ro l  of pulverization. 

Generally, w i t h  these  older fixed-speed, single-pass pulver izat ion system, 
control  of pulver izat ion i s  sought by changing t h e  clearance between t h e  m i l l  ro to r  
and impact surface.  However, tests indicate  t h a t  feed r a t e  m y  o f f e r  a more 
a t t r a c t i v e  means f o r  pulver izat ion control .  It appears t h a t  for  each mill studied, 
increased pulver izat ion w i l l  be  accompanied by increased bug dust, but beyond a 
c e r t a i n  mFu feed rate ( regard less  of mill speed or s e t t i n g )  both pulver izat ion and 
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bug dust decrease. The "reversal" of  t h i s  trend i s  no doubt the  result of port ions 
Of coal going through the m i l l  unpulverized. 
occurs (reversal-point feed r a t e )  is a t  or near the manufacturer's so-called nominal 
ra ted  mill capacity. 
reversa l  point  and approaches the m i l l  s t a l l  point  w i l l  result in an approximately 
equivalenk percentage reduction in both t h e  pulver izat ion and bug-dust levels .  
stall point of most pulver izers  occurs from 50 t o  100 p e r  cent above t h e i r  nominal 

. r a t e d  capacit ies,  and a t  a number of p l sn ts ,  mi l l s  are being run at these leve ls . )  
Therefore, the attainment of a feed rate between the  r e v e r s a l  po in t  and the  stall 
point ,  obtained by choke feeding, o f f e r s  a means f o r  reducing t h e  amount Of bug 
dust  and increasing m i l l  productivity,  but is achieved with some reduction I n  l e v e l  
of  pulverization. 
may be consistent with requi remnts .  
when t h e  pulver izat ion r e v e r s a l  point  is exceeded. 

The feed rate a t  which t h i s  reversa l  

Tests indicate  t h a t  feeding a m i l l  a t  a rate that exceeds t h e  

(The 

This reduction is not great  and t h e  new l e v e l  of pulverization 
Table IV i l l u s t r a t e s  the e f f e c t  on size-consist  

Conclusiona 

From the  data  presented above, it m y  be concluded t h a t  t h e  most e f fec t ive  
method of using pulver izers  in a single-pass system is  t o  design the  machine r o t o r  
speed t o  exceed t h a t  necessary t o  produce the desired pulver izat ion l e v e l  and then 
choke-feed the machine t o  depress pulver izat ion back t o  the desired leve l .  
p r a c t i c e  will give both desired pulverization and s igni f icant  bug-dust reduction. 
In  those coke p lan ts  where the older fixed-speed, single-pass mills are i n  use, 
hard, high-volati le coals  can he pulverized t o  a grea te r  degree by feeding a t  a 
r a t e  approaching the  nominal r a t e d  capacity of  the mi l l .  
from the  sof t ,  low-volati le coals  can be reduced by increasing feed r a t e  above the  
ra ted  capacity of  the m i l l  t o  a value approaching the  mill s ta l l  point.  
by manipulating the  feed r a t e s  of these older systems, pulver izat ion and bug-dust 

This 
I 

Excess bug dust resu l t ing  

Therefore, I 

I l e v e l s  of the  d i f fe ren t  coals  can, t o  a l imited degree, be made t o  approach more 
0 c lose ly  the desired value f o r  any given m i l l  se t t ing .  

< 
b 

I In t h i s  review it has been pointed out that in any of t h e  three types of 
coal-pulverizing systems, m i l l  speed and m i l l  feed r a t e  are the primary var iables  
in control l ing pulver izat ion l e v e l  and bug-dust production. PrQper appuca t ion  Of 
these concepts t o  any of t h e  t h r e e  systemshould l e a d  t o  p r a c t i c a l  improvements in 
pulver izat ion within the  limits of t h e  p a r t i c u h r  system employed. 

I 
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Figure 1 

THRF;E BASIC 'IIypEbs OF COAL-PUL-IOI? SYSTEbB FOR COKE PLAmTS 
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