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INTRODUCTION 

The weight versus size distribution of a ground coal is an important 
parameter in many industrial processes, and there has been much study of such 
distributions (1). The simplest and most commonly used method of size analysis 
is sieve analysis, but the finest sieve which can be used with any degree of 
accuracy has a nominal aperture of 44 microns ( U . S .  standard sieve No. 325). For 
material below this size it is necessary to use less direct methods such as air 
elutriation, sedimentation velocities, and microscopic measurement (2). In the 
sub-sieve range down to 1 micron, measurement with an optical microscope is simple, 
avoids problems of agglomeration found with other methods, and gives results which 
are fairly reproducible. Although microscope counting and measurement is tedious, 
if two experienced personnel work together, results can be obtained at least as 
quickly as with most other methods. 

To extend a sieve size distribution to sub-sieve sizes, it is 
necessary to know the relation between sieve size and the particular size property 
measured in the sub-sieve range. In the case of microscopic measurement, the size 
property is some characteristic visual dimension. The most comonly used dimension 
is the "projected area diameter", that is, the diameter of the circle which has the 
same area as the projected outline of the particle in the plane of the microscope 
slide. In the work described in this paper, the relation between microscope 
diameter (defined as above) and sieve size is investigated. 

REVIEW OF PREVIOUS WORK 

Skinner, Boas-Traube, Brown, and Hawksley (3)  measured the ratio of 
microsspic diameter to sieve size for coal which just passed a 7-mesh sieve. 
They obtained a mean ratio of 1.42. They state that it is not known whether this 
ratio varies with size. Heywood ( 4 )  investigated this ratio for a number of 
different materials and found values between 1 and 1.8, depending on the geometric 
shape of the particles. He has also proposed ( 5 )  an empirical formula which gives 
this ratio as a function of m and n, where m is the microscopic breadth of the 
particle divided by its thickness and n is the breadth divided by the length. 
Heywood states ( 6 )  that the relation between microscope diameter ahd sieve size is 
dependent only on the geometry of the particles and not on their size. 
and co-workers (7) measured the ratio of microscope diameter to sieve size for a 
series of sieve fractions of a coal which had been broken upon being dropped on to 
a metal plate. The ratio appeared to increase slightly with decrease in size over 
a range of approximately 3000 to 100 microns sieve size, the ratio having a mean 
value of about 1.5.  

Guruswamy 



APPARATUS AND EXPERIMENTAL TECHNIQUE 

Microscopic s i z e  counts were performed on a number of s i eve  f r ac t ions  of 
coa l  i n  t h e  range of 30 t o  325 U . S .  standard s ieve  s i zes .  
made by pro jec t ing  the f i e l d  on t o  a ground g la s s  sc reen  on which c i r c l e s  of 
varying r a d i i  were drawn; the  f i e l d  vas  then moved t o  bring each p a r t i c l e  under 
the  appropriate diameter c i r c l e .  By ca l ib ra t ion  with a microscopic scale,  :he 
representa t ive  s i z e  of t h e  c i r c l e s  f o r  a given magnification was known. 
p a r t i c l e  was assigned on an a rea  bas i s  t o  a group ly ing  between two c i r c l e s .  
From such a count, the cumulative percentage number of p a r t i c l e s  below any given 
microscope s i z e  was obtained- 

The measurements were 

Each 

For s i eve  f rac t fons  below 170 mesh, s l i d e s  were prepared i n  t h e  
following manner. 
of toluene u n t i l  wel l  dispersed, and a drop of the  suspension was t r ans fe r r ed  t o  
1 ml. of a 10% e thy l  ce l lu lose  i n  toluene so lu t ion .  Af te r  s t i r r i n g ,  a drop of 
t h i s  suspension was spread on a s l i d e  and allowed t o  thicken. 
technique, extremely uniform and w e l l  dispersed f i e l d s  were obtained. Pot 
l a r g e r  s izes ,  i t  was found t h a t  t he  p a r t i c l e s  tended to pro jec t  from t h e  d r i ed  

Consequently, dry s l i des  were prepared by ripping a small amount of t he  s i eve  
f r ac t ion  on t o  t h e  s l i d e  and spreading t h e  p a r t i c l e s  wi th  a f i n e  brush. For these 
s i zes ,  agglomeration did not occur t o  any s ign i f i can t  ex ten t .  

A sample of the  coa l  was s t i r r e d  vigorously i n  severa l  m l .  
. 

Using t h i s  

- c e l l u l o s e  layer ;  and i t  waa not poss ib l e  t o  get c lear  images of such p a r t i c l e s .  

The coa l s  t e s t ed  were ground according t o  t h e  standard Hardgrove 
test (8), a s  described i n  a previous paper (9) .  

THEORY 

L e t  the  external. geometric sur face  a rea  and t h e  volume of the  p a r t i c l e  
of s ieve  s i z e  be given by 

5 = k,p; 
and v = k . p .  
Then dS = k,p'dA 
and 

where dN r ep resen t s  the number of p a r t i c l e s  of s i z e  I.L + Q. Over a shor t  s i z e  
range, k, and k, may be  assumed% b e  co,nstant and 

J /  
Now S / V  = So, t he  s p e c i f i c  su r face  a r e a  of the material; and i f  a shape f ac to r  
k i s  defined by k = Sou, then k = kl/k2., Therefore, 

Defining R by R - dp/v, where dp is the  pro jec ted  a rea  diameter, 
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For the size fractions and coals investigated, So and k were known from previous 
determinations (9). The integrals were evaluated graphically. 

Although Equation (1) is derived without recourse to the concept of mean 
values, k/So is a specific-area (geometric area per unit volume) mean-sieve size, 
while ldp3dN/ldp2dN is a specific-area-mean-microscope size. 
can be given as 

Thus, Equation (1) 

where is a specific-area-mean-sieve size and is specific-area-mean-microscope 
size. In general, it was fwnd that, within two'or three per cent, 

Thus, the specific-area mean, area mean, and volume mean microscope size were not 
significantly different. 

RESULTS 

Table 1 gives the analyses of the coals used. They range from a high 
rank anthracite to a low rank bituminous coal. 

% 

Figure 1 shows the relation between d and determined for sieve ranges 
of 35 x 5 0 ,  50 x 70, 70 x 100, 100 x 120, 120 ~'140, 140 x 170, 170 x 200, 200 x 230, 
and 230 x 325 U.S. sieve numbers. For sieve sizes smaller than 80 microns 
(approximately 170 mesh), the ratio R appears to be constant at 1.68, with no 
significant difference between the coals tested. For sieve sizes larger than 80 
microns, however, the curve bends over sharply, giving a second straight line 
section which does not pass through the origin. The variability of the results 
tends to obscure any differences between the coals. The best-fit curve above a 
sieve size of 80 microns has the equation 

d, = 40 + I .  
or 



The disadvantage of us ing  t o  c o r r e l a t e  with 3 i s  t h a t  any e r ro r  in 
measurement of t h e  spec i f i c  sur face ,  So, of the  s ieve  f r ac t ion  considered w i l l  
r e i l e c t  as  an e r ro r  i n  G . .  This is in add i t ion  t o  the  e r ror  involved i n  microscopic 
measurements, which gives r i s e  t o  inaccurac ies  i n  the  ap values.  I f  t h e  a r i thmet ic  
mean s ieve  s i ze  of the f r a c t i o n  is used, the  sur face  a rea  e r r o r  i s  avoided, but no 
allowance is  made f o r  the  s i ze  d i s t r i b u t i o n  wi th in  the  f r ac t ion .  Figure 2 shows 
the  re la t4on  between the volumetric-mean microscope diameter (which i s  c lose  i n  
va lue  t o  dp , see  Equation (2))  and t h e  a r i thmet ic  mean s i eve  s ize . .  The genera l  
form i s  the  same as  Figure 1, but t he re  appears t o  be s ign i f i can t  d i f fe rences  
between coals f o r  t h e  portion o f  t h e  curve above 80 microns. 

F igure  3 gives values of R a s  a func t ion  of  microscope s i z e  f o r  t h e  
b e s t  f i t  curves of Figures 1 or 2. Values of s i eve  s i z e  ca lcu la ted  using these  
values of R and measured microscope diameters l i e  wi th in  t10% of the  a r i thmet ic  
mean s i eve  s i zes  f o r  a l l  t he  r e s u l t s  obtained. 

DISCUSSION OF RESULTS 

Previous r e s u l t s  ( 9 )  ind ica ted  no change i n  t h e  shape f ac to r  k with 
s i z e  fo r  a given coal i n  the  range 40 t o  600 microns, y e t  R decreased s ign i f i can t ly  
above s i eve  s i zes  of 80 microns. This r e s u l t  appears t o  be i n  c o n f l i c t  with 
Heywood's pred ic t ion  ( 6 ) .  Further,  t h e  values of R obtained f o r  the  la rger  s i zes  
were lower than those reported by o the r  workers (3,7). 

The mater ia l  below 170 mesh s i z e  was viewed i n  e thy l  ce l lu lose  suspension; 
but i t  would be expected tha t  t h i s  would tend t o  reduce R r a the r  than increase  i t ,  
s ince  the  thinner s ides  of the p a r t i c l e s  might l i e  i n  the  l i n e  of s i g h t .  It  is 
c l e a r  t h a t  the curve of $ agains t  p m u s t  pass through the  o r i g i n .  Therefore, even 
i f  the  minus 170 mesh r e s u l t s  were not avai lab le ,  it would be pred ic ted  t h a t  t h e  
curve must bend towards t h e  o r ig in .  The shape of t he  curve i s  not caused by e r ro r s  
in area  measurements, s ince  F igure  2 is  subs t an t i a l ly  t h e  same even though sur face  
a rea  measurements play no par t  i n  i t s  compilation. 

It  would appear tha t  t he  method of s i z e  reduction of t he  p a r t i c l e s  has 
a considerable influence on t he  va lues  of R, s i nce  the  values obtained by Guruswamy 
and co-workers ( 7 )  were s i g n i f i c a n t l y  higher than the  resul ts  presented here. It 
would a l s o  appear tha t ,  f o r  t he  narrow s i z e  ranges used, the use of a volume-mean 
microscope diameter and an arithmetic-mean s i eve  s i z e  is a t  l e a s t  a s  s a t i s f a c t o r y  
a s  using s p e c i f i c  a rea  mean diameters. 

Although the coa ls  used had specific-surface-area-shape f ac to r s ,  k, 
d i f f e r i n g  by a s  much as 30% (9), a s i g n i f i c a n t  co r re l a t ion  between the  values of R 
and k w a s  not c l e a r .  
coa ls  have about t he  same length and breadth r a t i o ,  n, but varying thickness t o  
breadth r a t io s ,  m, then it is e a s i l y  shown t h a t  t he  values of k may vary widely 
with a comparatively small change i n  R.  
shape with n = 2 and m varying from 1/0.3 t o  1/0.5 , ( l o ) ,  k w i l l  vary by almost 30% 
whi le  R w i l l  vary by l e s s  than 10%. 

It is  for tuna te  tha t  t h e  ex t r apo la t ion  of t he  curves of Figures 1 and 2 
t o  t h e  o r i g i n  g ives  a constant value of R fo r  t he  sub-sieve f r ac t ion ,  s ince  t h i s  is 
the  s i z e  range of most s ign i f icance .  
s i eve  microscope d i s t r ibu t ions  to  be jo ined  on t o  t h e  s ieve  s i z e  d i s t r ibu t ion ,  i n  
t h e  present  work, where t h e  coa ls  were ground i n  a Bardgrove machine. 

A possibLe explana t ion  f o r  t h i s  i s  as follows. I f  t he  ground 

For ins tance ,  assuming a rec tangular  prism 

The u s e  of a value  of R of 1.68 enables sub- 
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CONCLUSIONS 

For coals ground in the standard Hardgrove test mill, the ratio of 
microscope "projected area" diameter to sieve size, for material finer than 170 
U . S .  sieve size was found to be 1.68 for all the coals tested. Above this size, 
the ratio appears to decrease with increasing size to a limiting value Of about 
1.2. 
larger sizes) with the type of coal ground, this variation appears to be less 
than ca. -+LO% f o r  the four coals tested. 

Although there may be a significant variation of the values Of R (at the 
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Coal 

Constituent 

Moisture 

Ash 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Oxygen (by 
difference) 

(D.A.F .) 
Volatile Matter 

Shape Factor (k) 
Hardgrove 
Grindability Inde 
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TABLE 1 

ANALYSES OF COAL USED 

B-19447 

As used,% 

1.5 
16.5 
65.3(a3.5)* 

4.7(5.9)* 
1.1 

4.5 ' 

6.2 

42.4 

9.6 

52 

B -11 790 

As used,% 

0.8 

78 .a(a7.6)* 
4. a(5. I)* 

7.0 

1.5 

1.6 

4.7 

29.2 

a .o 

93 

B-19426 

As used,% 

0.5 

14.5 
75.2( 90.6)* 

3.9(4.5)* 

1.8 
1.5 

2.6 

17.9 

7.2 

99 

A s  used,% 
I 

1.6 

9.3 
a4.2(95.5)* 

0.85 

2.4(2.2)* 

0.5 

1.1 

4.5 
9.3 

30 

* 
Parr's basis 



-129- 



c 

I 

f 

, 


