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REFIECTANCE OF LOW-RANK COALS 
D. M. Mason 

I n s t i t u t e  of Gas Technology, Chicago, I l l i n o i s  60616 

- INTRODUCTION 

The r e f l ec t ance  of the v i t r i n i t e  i n  bituminous coa l s  i s  very use- 
f u l  a s  an ind ica to r  of t h e i r  rank and behavior i n  coking. Determina- 
t i o n  of r e f l ec t ance  might serve a s imi l a r  purpose in  t h e  cha rac t e r i za -  
t i o n  of coa l  for hydrogasif i c a t i  on; however, the r e l a t i o n  of r e f l e c -  
tance t o  rank of low-rank c o a l  i s  not  so s t ra ight forward .  Moisture 
content  has been repor ted  t o  a f f e c t  the determinat ion of r e f l e f t a n c e  
of I l l i n o i s  coa ls ,  e s p e c i a l l y  those having high sur face  a reas .  
Furthermore, i n  t h e  s tudy of t he  coa l s  t e s t e d  i n  our hydrogas i f ica t ion  
program, we have found t h a t  the  r e f l ec t ance  does not always f a l l  i n  
l i n e  wi th  the rank of the  low-rank coa ls ;  thus,  con t r a r  t o  expectat ion,  
the r e f l ec t ance  of a Colorado subbituminous c o a l  ( 0 . 5 2 d  was higher  
than t h e  r e f l ec t ance  of an I l l i n o i s  h igh -vo la t i l e  C bituminous c o a l  
(0 .45%).  T h i s  paper c o n s t i t u t e s  a progress  r e p o r t  on our  e f f o r t s  t o  
e l u c i d a t e  the parameters , including tnoisture content,  t h a t  in f luence  
the r e f l ec t ance  of low-rank coal .  

I 

THEORY 

The normal r e f l e c t a n c e  of the sur face  of a l igh t -absorb ing  ma te r i a l  
such a s  coa l  i s  governed by Beer 's  r e l a t i o n :  

(ne - no) '  + k2 
(ne + no)2  + k2 Ro = 

where 
Ro = r e f l ec t ance  i n  o i l  

I n = r e f r a c t i v e  index of the ma te r i a l ,  here a c o a l  c o n s t i t u e n t  
ng 
k = ex t inc t ion  c o e f f i c i e n t  of the coa l  c o n s t i t u e n t  

Sca t te red  l i g h t  from beneath t h e  sur face  has  a l s o  been considered 

= r e f r a c t i v e  index of the immersion medium, here immersion o i l  

I 
a s  a poss ib le  source of d i f f e rence  i n  r e f l ec t ance  between moist  and 
d ry  v i t r i n i t e .  Sca t t e r ing  increases  w i t h  increas ing  d i f f e r e n c e  i n  
r e f r a c t i v e  index between the  pore and t h e  matr ix  a s  when water i n  
t h e  pore i s  replaced w i t h  a i r .  However, the ex t inc t ion  c o e f f i c i e n t s  
of these v i t r i n i t e s  a r e  high enough t h a t  t he  beam of l i g h t  can pene- 
t r a t e  no more than a few microns, and the pores i n  ques t ion  a r e  so 
s m a l l  t h a t  they a r e  very i n e f f i c i e n t  s c a t t e r e r s .  For t hese  reasons 
it appears t h a t  back-sca t te r ing  cannot con t r ibu te  s i g n i f i c a n t l y  t o  
the  r e f l ec t ance .  

e x t i n c t i o n  c o e f f i c i e n t s  on v i t r i n i t e s  of a series of Among 
low-rank coa ls  t h e  e x t i n c t i o n  c o e f f i c i e n t  is  low enough t h a t  it has  
only a small  e f f e c t  on the r e f l ec t ance .  Thus, i t s  con t r ibu t ion  t o  
the  r e f l ec t ance  of a Wyoming subbituminous c o a l  is o.o26$ o u t  of 0.54% 
and t o  t h a t  of a h igh -vo la t i l e  A bituminous c o a l  i s  0.24$ ou t  of 0.88%. 
Presumably the  only s i g n i f i c a n t  source of ar,y e f f e c t  i s  t h e  change 
i n  r e f r a c t i v e  index with change i n  the pore conten t  of the submicro- 
s copic pores . 

I McCartney and Ergun have determined r e f r a c t i v e  ind ices  and 



The effect of d e n s i t y  aad pore content  on’ t h e  r e f r a c t i v e  
index can be handled by  the  Lorenz-Lorentz re la . t ion  i n  t h e  form: 

” 
= r = w l r l  + w 2 r 2  + . . .w r n n  (n; + 2 )  d 

where 
r = s p e c i f i c  r e f r a c t i o n  
w 1 , w 2 ,  and w = weight f r a c t i o n s  ofcanponents inthe c o a l  j u s t  
benea.th t h e  f3urfa.ce 
r1J r2, and r n  = s p e c i f i c  r e f r a c t i o n s  of  components 
d= a parent  d e n s i t y  w i t h  submicroscopic pores  (bu t  n o t  l a rge r  
ones7 includsd i n  the volume 

The r e l a t i o n s h i p s  between r e f l ec t ance  and r e f r a c t i v e  index and 
between r e f l ec t ance  and r e f r a c t i o n  [(n’ - l ) / ( n 2  + 2 ) 1  are shown 
g raph ica l ly  in  F igure  1. These curves were obtained by s e t t i n g  the 
e x t i n c t i o n  c o e f f i c i e n t  i n  the  Beer r e l a t i o n  equal  t o  zero, which 
g ives  us the well-known Fresne l  r e l a t i o n .  
a c o a l  of a given r e f r a c t i v e  index w i l l  be s l i g h t l y  higher  than t h e  
ca l cu la t ed  value from t h e  graph. 

tance,  w e  need t o  know the f i n e  po ros i ty  p rope r t i e s  of t h e  coal .  
These include t r u e  and p a r t i c l e  d e n s i t i e s ,  and the ex ten t  t o  which 
t h e  immersion medium enters the pores.  

The a c t u a l  r e f l ec t ance  of 

To e luc ida te  the  e f f e c t  of  moisture and pore f i l l i n g  on r e f l e c -  

EXPERIMENTAL 

Pore S t ruc tu re  

the  I l l i n o i s  S t a t e  Geological  Survey. Pieces  of high v i t r i n i t i c  
conten t  were picked from a sample from No. 2 seam, i d e n t i f i e d  a s  
IGS-IGT No. 1, by observat ion under a low-power microscope. These 
were crushed and screened t o  obta in  a 40 t o  80 -mesh USS s i eve  f r a c t i o n .  
Th i s  p a r t i c l e  s i z e  was chosen t o  be small  enough t o  make a 5-gram 
sample r ep resen ta t ive  and l a rge  enough 
determination, where t h e  pene t ra t ion  of the i n t e r s t i c e s  between f i n e  
p a r t i c l e s  by mercury is a problem. 
over a desiccant ;  another  was t r e a t e d  with b o i l i n g  water t o  f i l l  its 
pores .  The l a t t e r  was then d r i e d  i n  a des i cca to r  over potassium 
s u l f a t e ,  the  s a t u r a t e d  so lu t ion  of which g ives  an equi l ibr ium atmos- 
phere of about 96$ r e l a t i v e  huqid i ty .  

After t h e  two samples had come t o  constant  weight, p a r t i c l e  
d e n s i t y  was determined on each sample by mercury displacement with a 
5 - m l  Aminco penetrometer c e l l .  The moist  sample was cooled t o  about 
O°C before evacuation t o  prevent appreciable  loss of moisture.  
readings and d e n s i t i e s  a t  100 and 400 ps ig  pressure  were obtained; a t  
400 p i g  rores of the d r y  coa l  should be f i l l e d  down t o  a diameter of 
0 . 3 5 ~ .  Moisture v a s  a l s o  determined on these  two samples; moisture, 
ash,  carbon, hydrogen, and p y r i t e  were determined on a separa te  sample 
ground t o  pass a 60-mesh s i eve .  True d e n s i t y  was a l s o  determined on 
t h i s  sample by means of a Beclanan a i r  pkynometer with helium. Resul t s  
a r e  shown i n  Table 1, toge the r  wi th  r e s u l t s  of  t h e  ca l cu la t ion  of 
d e n s i t i e s  and Fore volumes t o  a mineral-matter-free b a s i s .  

Samples of high-surface-area I l l i n o i s  c o a l  were obtained from 

t o  minimize e r r o r  i n  t h e  dens i ty  

One por t ion  of the sample was d r i e d  

Volume 
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T a b l e  I .  POFE VOLITME OF V I T R I N I T E  FROM AN TUINOIS COAL, 

Sample 
Moist Dried Ground 

40-80 USS mesh 40-80 USS mesh <50 USS msh 

True Density, 
R/CU cm - -  

. Hg a t  100 Fsig 1. 2r2 
Hg a t  400 F s i g  1.254 

\ ParLicle Density, 
g/cu cm 

( 

Moisture, $ 15.12 
Composition (dry 
b a s i s ) .  v t  $ \ 

C 
H 
FeS2 
Ash 

Moisture Content 

Pa r t  i c  1 e Dens it  y 

Moisture 

Porosity? 
( m r n f ) ,  vo l  %. 19.13 

Pore Volumet 
(mmf), cu cm/g dry c o a l  0.183 

P a r t i c l e  Volume 
(mmf), cu cm/g dry c o a l  0.957 

T r u e  Density 
( d r y  and m m f ) ,  g/cu cm -- 

( m m f *  ) ,vt $ 15.47 

( m r n f ) ,  g/cu cm 1.236 

( m r n f ) ,  v o l  % 19.13 

1.109 
1.113 
1.14 

1.17 

1.094 

1.28 

15.55 

0.144 

0.925 

-- 

1.291 

2.54 

78.8 
5.54 
0.93 
1.78 

-- 
1.280 

;Mineral-matter- f r e e .  
?Including water volume. Normal d e n s i t y  of water assumed. 

I 
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According t o  the p a r t i c l e  s p e c i f i c  volumes (pore space included) ,  

it apFear; t h a t  the c o a l  sh r inks  about 3% i n  volume when it d r i e s .  
The t r u e  s p e c i f i c  volume (pore s r a c e  excluded) ca l cu la t ed  from the  
p a r t i c l e  d e n s i t y  an$ moi t tu re  content of the moist sample agreed 
wiLhin 1% v i t h  the t r u e  s p e c i f i c  volume of t h e  d r i e d  sample de t e r -  
mined with helium i n  t h e  Beckman a i r  pkynometer. 

Reflectance 

f o r  r e f l ec t ance  determinat ion by the method described by Harrison'. 
C a r g i l l e  Type-B immersion o i l  was w e d .  Other d e t a i l e s  of our  
a r p a r a t u s  f o r  t he  determinat ion a r e  described elsewhere? 

and dry samyles. The reason f o r  our f a i l u r e  t o  ob ta in  Har r i son ' s  
e f f e c t  has not been discovered a s  y e t .  

- DISCVSSION 

Harrison' found d i f f e rences  i n  r e f l ec t ance  between moist and 
d r y  samples of about 0 .1% on h igh -vo la t i l e  C bituminous coa l s  having 
high surface area;  the  d r y  samples gave t h e  higher r e f l ec t ances .  
With t h i s  i n  mind, it i s  i n s t r u c t i v e  t o  c a l c u l a t e  the change i n  
r e f l e c t a n c e  t o  be expected if water i n  t h e  pores is  replaced with 
e i the r  a i r  or immersion o i l .  From t h e  measured r e f l e c t a n c e  of the 
moist  sample we c a l c u l a t e  i t s  s p e c i f i c  r e f r a c t i o n  and s u b t r a c t  the 
con t r ibu t ion  of the water,  assuming the s p e c i f i c  r e f r a c t i o n  of t he  
moisture i n  t h e  c o a l  t o  be equa l  t o  the s p e c i f i c  r e f r a c t i o n  of bulk 
v a t e r .  From t h e  - p e c i f i c  r e f r a c t i o n  on t h e  coa l  itself t h u s  obtained, 
w e  back-calculate  the r e f l e c t a n c e  of  the dry sample i f  o i l  does not  
e n t e r  the pores. S imi l a r ly ,  using t h e  d e n s i t y  and s p e c i f i c  r e f r ac -  
t i o n  of the o i l  a s  determined on a b u l k  sample, we can c a l c u l a t e  t he  
s p e c i f i c  r e f r a c t i o n  and r e f l e c t a n c e  i f  the o i l  does e n t e r  t he  pores. 

W e  have done t h i s  f o r  the sample on which the  Fore property and 
r e f l e c t a n c e  data above was obtained, with r e s u l t s  a s  follows: 

Moist and d r y  samples of the c o a l  described above were prepared 

The resu l t s  i n d i c a t e  no d i f f e rence  i n  r e f l ec t ance  between moist 

Observed Reflectance of  Moist Sample, $ 0.45 
Calculated Reflectance,  % 

Dried Sample, No O i l  i n  Pores 0 . 2 2  
Dried Sample, O i l  i n  Pores 0.58 

Thus, the d i f f e r e n c e  i n  r e f l ec t ance  between the  moist sample 
and the  o i l - f i l l e d  sample i s  of the r igh t  amount and a lgeb ra i c  sign 
t o  agree w i t h  H a r r i s o n ' s  results.  However, f u r t h e r  work is  re- 
quired t o  c l a r i f y  c o n f l i c t i n g  r e s u l t s  on the e f f e c t  of moisture and 
t o  determine t o  what e x t e n t  immersion o i l  e n t e r s  the pores of low- 
rank coal .  
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