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INTRODUCTION 

In previous  reports on th i s   research   pro jec t   en t i t l ed  

"Mineral  Matter  Content and. Gross Properties of Hat Creek  Coal", 

it has  been shown that  the  extent of the  inorganic  minerals  content 

i n   t h e  Hat  Creek deposit is found to  vary  widely from 17% to  % 60% 

by weight. The average  value  being i n   t h e  neighbourhood of * 35% 

by  weight.  This. means that  about  one-third of the  coal  deposit  i s  

mainly composed of clays,  sand and other  minerals. To burn th i s   coa l ,  

as present   in   the   depos i t ,   en ta i l s  a s ign i f icant  amount of  energy loss 

t o  dehydrate  (drying),  dehydroxylate  the  clay  minerals,  decarboaate 

the  carbonates (Caul3 or  ankerite)  or  other similar high  temperature 

reactions.  A l l  these  react ions  are  endothermic i.e.  absorbs  energy 

(in  the  range 40 t o  70 Kcal/mole - '5.'to 10 BTU/lbs of clays  or  carbonates) 

Burning this  inorganic  minerals  along  with  the  coal w i l l  also  generate 

a huge quantity of ash. Even a par t ia l   success   in  removing these 

minerals w i l l  increase  the  efficiency of power generation from t h i s  

coa l   i n  two ways: ( i )   l e s s  energy w i l l  b e   l o s t  t o  decompose minerals 

and subsequent  fusion to produce.ash, and ( i i )   increasing  the  heat  

n 

.. .. .. . .. . . 

D 

content  per  unit mass of co;sl burnt.  Another  aspect which should 

be  considered is  the..large'nmount of minerals  present, if can  be 

removed or  separated out ' o f ' t h e  coal,' may f ina  useful   markets   for  

ceramic  industries. In a nut she l l ,   t he  prime objective was t o  

obtain  the  washabili ty  data  to  yield maximum recoverable BTU, with 
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minimum sulphur  per pound of coal  burnt. 

The success of ash removal by washing  depends very much on 

the  degree of intergrowth  of  minerals in  organic  coal.  It is  well- 

known tha t   t he  s i z e  of a c.oal generally  influences i t s  washability 

character is t ics .   Therefore ,   to  choose the most suitable  top s i z e  f o r  

washing, knowledge of the  dispersion of the  minerals and the  thickness 

of t he 'd i f f e ren t   coa l  macerals i n  Hat Creek coal w i l l  be  extremely 

useful.  

Proposed s teps   for   s tudying  washabi l i ty   character is t ics  of 

~. .. . Hat Creek coal  are  as  follows: -. -. 

D 

1. Col lec t   a l l   types  of coa l   ( in  1 t o  5 lbs   p ieces)   as  

present   in   the open-pit  mining  operations. 

2. Classify  these  pieces   into  different  groups  according 

t o  t h e i r  ash content and maceral  types by v isua l ly  

examining thickness of seam of different  coal  minerals 

and the  degree of intergrowth of minerals in   the  organic  

coal.  This  should  give  the  starting  point  in  choosing 

a range of top  s izes .  

[Note: Hebley''), in-summarizing  comparative  burning t e s t s  of same 

coals  before and af ter   c leaning,  showed tha t  1% of excess  ash i n   t h e  

coal  causes a l o s s  in  efficiency  averaging 0.34%].  
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' 3 .  Major a c t i v i t i e s   a r e   t o  be  confined  to  performing 

f l o a t  and sink tests in   d i f fe ren t   spec i f ic   g rav i ty  

f lu ids  on %he  coal  samples  from  the  Bradford  Breaker, 

supplied by B.C. Hydro. 

4 .  1dentificat:ion and estimation of inorganic  minerals 

i n   f l o a t  and s ink  f ract ions.  

5 .  Proximite  malyses,  sulphur and heat  content  deter- 

minations on f l o a t  and s ink  f ract ions.  

6 .  Nashability of the  coal sample  (from t h e  Bradford 

Breaker) af ter   crushing  to   different   top  s izes .  The 

var ia t ion  of washability  with  the  reduction  of  coal 
* 

.. .. ,. sizes shou1d.als.o  indicate  the  nature  of-distribution 

b 
of inorganic  minerals  in  coal. 

MATERIALS 

1. In i t ia l ly   dur ing  a f i e l d   t r i p   w i t h  Dr. L. .Tory of 

Dolmage - Compbell Associa.tes  Ltd.,  about 250 lb s  of coal  pieces 

were col lected by Drs. Chow, Warren and Chaklader.  Selection  of 

the  coal  pieces was  made on the   bas i s  of their   texture,   colour,  

sof tness  and var ie t ies .   Ef for t s  were made to   co l l ec t  a few pieces 

of every  type of coal ,  which could  be  visually  distinguished.  This 

t r i p  was  made on June 20 and 21, 1977. 
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2. Three  batches of Bradford  Breaker coal samples 

( i )   F i r s t   ba tch   cons is ted  of four  bags of coal. 

Total  weight  about 160 l b s  and del ivered  in  

the  middle of August, 1977. 

( i i )  The second  and third  batches  consisted of one 

bag of each  weighing  about 40 l b s  (each  bag). 

3. FJashed refuse from Alberta  Research  Council - one 

sample (i 2 :Lbs). 

4 .  Inorganic  minerals from different  depths  for  ident'ifi- 

cat ion - eleven  samples 

5. Bradford  Breaker r e j e c t s  - Hard non-breakable  coal- 

two samples. .... . . . -. 

- TESTS PERFORMED 

#l. Hand-picked specimens (collected  during  the  f.ield 

t r i p  - visual examination and. parcial  petrographic  examination-diviaed  into 

6 groups, f l o a t  and sink t e s t s  on one of the groups. 

t2 . i .Detai led  f loat  and s i n k   t e s t s   i n  seven specif ic   gravi ty  

fluids,   moisture and ash  analyses,   quantitative X-ray analyses ,   calor i f ic  

value and sulphur  analyses.. 

#2.ii.  Moisture and ash  analyses,   calorific  value,float and 

s i n k   t e s t s   a t  1 .45  spec i f ic 'g rav i ty   l iqu ids  on one  of the two samples. 
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ii3. X-ray  analyses  for  minerals  present  and SEM . . 

for elements  present in washed'rejects. 

Two experiments: 

(i) sample  (bulk) 

and (ii) white'  powdery  coating on the  sample 

# 4 .  X-ray  analyses on eleven  samples  for  identification. 

#5. Differential  thermal  (DTA)  and  thermogravimetric  (TGA) 

analyses on Bradford  Breaker  rejects  (non-breakable  rejects) 

EXPEllIMENTAL PROCEDURE 

I. Field-Trip  Samples 

A. During  the  ff-rst  two  months,  attention  was  focussed 
, 

mainly on the  samples  collacted  during  the  trip  to  the  Hat  Creek  coal 

deposit.  The  samples  collected  were  divided  into  six  main  groups  by 

visual  (and  occasionally  petrographic)  examination: 

. -. ..~ 

B.  Lumps  of  each  of  these  six  samples  were  placed in water 

and  their  behaviour of disintegratibility  was  observed.  They  were.also 

stirred  occasionally  to  see  whether  they  would  break  up  in  this liquid 

medium. 

C.  These  six  groups  of  samples  were  analysed  for  percentages 

of  moisture,  volatile,  carbon,  ash,  calorific  value  and  clay  mineral 

content.  Thermogravimetric  analysis  (TGA)  was  used  for  proximate 

analysis,  Parr  bomb  calorimetry  for  calorific  value  determinations  and 

X-ray  diffraction  for  identification and estimation of clay  minerals 
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content. 

D. One of t he   s ix  groups (Sample No.3) was crushed and 

sieved  into  various sample top   s izes   for   f loa t  and s ink tests. The 

various sample  top sizes  included < 1.5" > 1" , < 0.5" > 0.5", - 4 mesh 

+ 7 mesh, - 7 mesh + 10 mesh, - 10 mesh + 1 4  mesh, -14 mesh + 20 mesh 

and - 20 mesh. Each top  s ize  was placed  into 1.3 spec i f ic   g rav i ty  

f lu id   separa t ing   the  sample in to  two portions - one f l o a t  and  one 

s ink  f ract ions.  The s ink  f ract ion was placed  into 1.4 specif ic   gravi ty  

f l u i d  and again w a s  divided  into two portions - f l o a t  and s ink  f ract ions.  

T h i s  procedure was then  repeated  with 1.5 specif ic   gravi ty   f luid.  All 

t he   f l oa t  and s ink   f rac t ions  were weighed and analysed  for  percentages 

* of moisture,  volatile,  carbon,  ash  (i.e.  proximate  analysis) and heat 

content. However, only a few f rac t ions  were analysed by  X-ray f o r  

mineral  content. A complete  study of these groups of samples  should 

include a washability  study  from 1.3 spec i f i c   g rav i ty   f l u id   t o  1.90 

S.G. f l u i d  at six or  seven  sample t o p  sizes, but was not  carried.out.  

Due t o  lack of t i m e ,  instead, main e f fo r t  a t  t h i s  stage w a s  directed 

to   t he  samples from the  Bradford  Breaker. 

.. .. .. . .. ... . . . -. - 

1 

11. Bradford  Breaker Samples - 
A. F i r s t  Batch (High Ash Content  Coal) 

About 200 grams of t h i s  sample was placed i n  a 

bucket,  filled  with  water and s t i r r e d   a t  40 RPM for  one 

hour. The water was then  decanted o f f  and the  remaining 
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sample was analysed. 

The remaining  portion  of  the  Bradford  Breaker sample was 

sieved  to -1.5" +0.25", -.25" + 4 mesh, -4 mesh +7 mesh, -7 mesh 

+14 mesh and -14 mesh. .Their  weight  distribution was recorded. 

The ac tua l  sample top  s izes   for   specif ic   gravi ty   separat ion 

were ,< 1.5", <1.0", < 0.5" and 5 0.25". These  sample sizes were 

prepared  by  crushing  the  original  Bradford  Breaker sample t o   s i z e s  

,< 1.5", ,< 1.0", -5 0.5" and ,< 0.25". Each top  s ize  was placed  into 

1.3  specif ic   gravi ty   f luid  separat ing  the sample in to  two portions - 
f loa t   f r ac t ion  and s ink  f ract ion.  The s ink   f rac t ion  was then  placed 

into  the  next   higher   specif ic   gravi ty   f luid and again  the si& fract ion 

,e ' was. separated'   into  tgo  portions-float  fraction and :sink. fraction.This  pro- 
.. ... . . ~ . ~ .  . . .. -. ~ 

cedure was repeated  unt i l  t:he last f rac t ion  of the sample was floated 

i n  1 .7  specific  gravity  f lu.id.  The range of spec i f ic   g rav i t ies  used 

was 1.3, 1 .4 ,  1.45,  1.50,  1.55, 1.60 and 1.70. The incremental  increase 

of 0.05 rather  than 0.10 was chosen between 1.4 and 1.6 specific  gravity,  

because the amount of near-specific  gravity  material i s  c ruc ia l   i n   s e l ec t ing  

the optimum spec i f ic   g rav i ty   for -c leaning   coa l .  

1 

Float and s ink   f rac t ions  of a l l  sample s i zes  ( 4  s i zes  used) 

were  weighed, analysed  for  moisture, ash, heat  content,  sulphur and 

mineral  contents. All tests a r e  done in   dupl icates .  Sometimes tri- 

p l i ca t e s  were made whenever doubt of the  accuracy of the   resu l t   ex is ted .  

Analyses done i n   t h e   l a s t   p a r t  of this   s tudy were a l l  quantitative,  so 
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that   balances of  weight,  ash  calorific  value, and mineral  content 

can  be  calculated  reasonably  accurately. 

B. Second Batch - (High Kaolinite Sample) 

Because of shortage of time f l o a t  - sinks were  performed 

only a t  1.45 specific  gravity  fluid.  Analyses  for  moisture,  ash, 

c a l o r i f i c v a l u e  and minera,l  contents were done on both  f loat  and 

s ink  f ract ions.  

C. Third  Batch 

No f l o a t  and s h k  t e s t s  could  be  performed on t h i s  specimen 

for   l ack  of time. Only proximate  analysis  for  determining  moisture, 

ash,  fixed  carbon and heat  content (BTU) was performed on t h i s  sample. 

. .. 
D. Clay Samples (Eleven  from Dr. T. McCullough) 

.~ . .. . - .~ 

Samples were crushed  to  pass  through  a 100 mesh sieve. X-ray 

analyses and SEM were  used to  identify  minerals  present.  Main emphasis 

was to   determine  i f  . significant  concentration of kao l in i t e   ex i s t s   i n  

these  samples. 

E. Rejects from Bradford Breaker (Hard Coal) 

These two samples were f i r s t  crushed t o  -100 mesh. Proximate 

analysis  by TGA, calorific  value  determination and differential   thermal 

analysis  were  performed. Differential   thermal  analysis was used t o  

find  out  the  range of combustion  temperatures and to  study  the  react- 

i v i t y  of the two low-ash samples  during  combustion. The r e su l t s   a r e  

recorded  automatically  in  the thermograms and interpretat ion of these 

readily  provided  valuable  informations  about  these  samples. 
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RESULTS 

I. Field  Trip Samples 

( i )  Photographs; The hand-picked  samples  can be  divided  into 

s i x  groups  from the  point of view of textural,  maceral and ash  content. 

Piktures  of these  samples.are shown in Figure 1 (A - F).  The ash  content 

varied from as low a s  6% to 69 .4% (dry  basis). 

( i i )  Proximate'  Analysis:  Proximate  analyses were  performed 

to  determine  moisture,  vola.tile and dehydration of clays,  carbon and 

ash  concentrations. The ca lor i f ic   va lue  was determined by the  Parr  

bomb test. X-ray diffracti .on and SEM (scanning  electron  microscope) 

* w e r e  used  only on two sampl.es to   ident i fy   the  inorganic   minerals  
.. . 

present. The results of the above t e s t s   a r e  summarized i n  Table I. 
-. 

. 

Note t h a t  groups i / Z  and #3 have similar  moisture,   volati le  ( including 

w t .  l o s s  by dehydration of clays),  carbon and ash  yontents. It appears 

t ha t  group i /Z is  the  oxidized form of i /3  (see  pictures).  

(iii) Disintegration T e s t :  A l l  six groups were immersed i n  

water  to  observe  their   disintegration  behaviour  in  water.  They were 

also  s t i r red  occasional ly .   This  test was considered  interesting from 

the  point of  view  of  washability  characteristics of different  groups 

of coal   present   in   the Hat  Creek deposit.  It 'was  observed  that 

groups #l and # 4  disintegrated i n  water  especially when s t i r r ed .  

There was no change for  groups #2, #3,  i i5 and i j6. Note a l so   the  

. . . .  
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T a b l e  I 

ANALYSIS OF S I X  GROUPS OF IWT CREEK COAL 

. COLLECTED  DURING FIELD'TRIP  

PROXIMATE ANALYSIS CALORIFIC VALUE 

GROUP # (ab'*) 1 (db*) 
Moisture Volatile & 

MINERAL  CONTENT"" 

d e h y . o f  Minerals Carbon Ash BTU/lb  BTU/lb 

i 1790 2200 27.3 3.3  69.4 i8.7 B ,  K, 9 ,  F 

2 

- 3760 5380 42.8 15.5 41.8 30.1 5 

- 5520 6680. 45.2  21.3 ' 33.5 17.3 4 

B, K, 9 6840 Si30 39.9  35.1 25. 15.9 3 

- - - 41.9  29.1  29. 16.8 

6 - 9500 11920  42.0  52. 6. 20.3 

I 

* dry  basis 

** i n  random order 
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s i m i l a r i t y   i n  hehaviour of #2 and i /3 i n   t h i s   t e s t .  

(iv)  Float-Sink Test: A t  t he   ea r l i e s t   s t age  of the in- 

vest igat ion,  it was decided  to do some float-sink tests on one of 

these samples. Samples  from group #3 were crushed and s ieved  into 

8 s ize   f ract ions.   Figure '2 shows that   as   s ize   decreases   the  yield 

weight  percent  decreases  with  different  specific  gravity  fluid. A t  

smaller  sizes more inorganic  minerals  are  released, which in turn,  

decreases  the  yield  weight  percent. 

Float and sink tests on a l l   e i g h t  s i z e  f rac t ions  (of Group 

#3) were  conducted a t  1 . 3 ,  1.4 and 1.5 spec i f ic   g rav i ty   f lu ids .  The 

r e s u l t s   a r e  shown i n  Table 11. The same data  are  included  in  Figure 

.. .. 
2,  where the  concentration of t h e   f l o a t  and s ink  f ract ions at three  

... . .  " . - 

b 
di f fe ren t  S.G. f lu ids   and ' . a ight   s ize   f rac t ions   a re  shown. 'rt is evident 

from the   f igure   tha t   f iner   s ize   f rac t ions   y ie lds ' sk l le r .weight   percent .  

Figure 3 shows t h i s  more c lear ly ,   . in  which f l o a t  and s ink   f rac t ions  

a r e  shown a t  t h e  1.3 S.G. f l u i d   f o r   d i f f e r e n t  s i z e  fractions.  Table 

I11 summarizes the data of the proximate  analyses of d i f f e r e n t   s i z e  

f rac t ions  a t  the 1.3 and 1.4 S.G. fluid  separations.  The minerals 

ident i f ied  by X-ray analyses on the   f loa t   f rac t ions   a re   a l so   inc luded  

i n   t h e ' t a b l e   f o r  completeness. The primary  mineral i s  kaol in i te   wi th  

a small amount of bentonite (and quartz   in  some cases) . .  The c a l o r i f i c  

value  does  not  appear  to change t o  any extent   with  s ize   f ract ions,  in- 

dicating  that  the  inorganic.  minerals  are  disseminated  evenly  throughout 

the  coal mass. 
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Tabie I1 

RESULTS  OF  FLOAT/SINK TEST ON HAT CREEK  COAL DEPOSIT SAMPLE* 

(Group # 3 )  

Specific Sample 
Gravity S i z e  

+I?' -1?1+1'' -1I'+Lp -,?5"+4m  -4 + 7m -7 + lOm  -10+14m  -14+20m -20m 

1.3 Float - 47.  25.  21.3  18.5  11.4  9.0  4.4  2.8 

Sink - 53. 74.9 . 78.7 .81.5 88.6 91 .  95.6 97.2 

1.4 Float - 67.4 78.3 67.6 55.1 56.6 62.5 56.0 57.8 

Sink - 32.6 21.7 32.4 44.9 43.4 37.5 44. 42.2 

1.5 Float - 100 98.6 '95.3 96.6 93.2 85.7 82.7 68.5 

Sink - - 1.4 4.7 3.4 6.8 14.3 17.3 31.5 

A l l  f igures  given above are weight  percent (%) 

* hand-picked:  one of t he   s i ze  groups  collected a t  s i te .  
I 

I 
c.' 
W 

I 
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Sample  Size  Fraction 

Specific  Gravity: 1.3 

+1" Float 
-1"+V' Float 
-?5"+4 mesh 
-4+7 mesh 

Float 
Float 

-7+10 mesh  Float 

-14+20 mesh  Float 
-20 mesh  Float 

Specific  Gravity: 1.4 

+1" Float 
-l"+y' Float 
-?'+4 mesh  Float 

-7+10 mesh 
-4+7 mesh  Float 

Float 
- l o t 1 4  mesh  Float 
-14+20 mesh  Float 
-20 mesh  Float 

-10+14 z ~ s ! :  Float 

Table I11 

FLOAT/SINK RESULTS FOR GROUP # 3  

Moisture  Vo1.h  Deh*  Carbon Ash 

19.4 
14. 39.1 

34.8 
17.5  36.3 
17.2 
12.1 

38.8 
41.2 

" . 60.3 
13.4 41 .  
11.7 43.7 

17 7 

38.4 8.5 
38.7 7 . 1  
41. 5.2 
39.7 4.4 
42.6 3.5 
41.7 4.? 
43. 2.6 
37.9 6.5 

14.6  35.8  38. 11.6 
13.4 36.5  38.3  11.8 
12.6  35.6  39.6  12.2 

14.6 
13.5 

38.4  37.9  9.1 
39.5 

14.4 
38.9 8 . 1  

36.4  41.1  8.1 
13.3 
13.4 

37.4 
37.9 

42.  7.3 
42.9  5.8 

Io1.h Deh*  Carbon  Ash 
(Dry  Basis) 

45.4 44.7 
43.2 48.0 
44. 49.7 
46.9 48 .  
47.6 48.4 
46.5 48.1 
47.3 49.7 
49.7 42.9 

41.9 44.5 
42.2 44.2 
40.7 45.3 

45.6 
45.  44.4 

45 * 
42.5 
43.1.  

48 .  
48.5 

43.8 49.5 

9.9 
8.8 
6.3 
5.3 
4.0 
5.4 
3.0 
7.4 

13.6 
13.6 
14. 

10.6 
9.4 
9.5 
8.4 
6.7 

,alorif  ic  Value 
BTU/lb (db) 

10400 
10840 
11300 
11350 
10170 

11390 
- 
- 

10470 

10230 
10210 

10220 
10470 

10840 
10870 
10720 

Identification 
Mineral 

kaolinite,bentonite 
patterns  not  well 
defined 

11 

$ 8  

,1 

11 

1 ,  

kaolinite,bentonite 
kaolinite,bentonite 

kaclinite,bentonite 
quartz 

patterns  not  well 
defined 

- 

I ,  

I ,  

* Volatile  and  Dehydration of Clay. 



Due to   the   l ack  of time, a  complete  study of these 6 groups 

of  samples  from the Hat Creek coal  deposit  including  washab,ility 

study a t  1.3 t o  1.90 S. G. f l u i d s   a t   s i x   o r  seven sample top s i z e s  

could  not  be  carried  out. A complete  study of these  basic   const i tuents  

of the  deposit  should  give  a  set of washabili ty  curves  applicable  to 

a l l  samples  from the  deposit and these would be  very  helpful  for 

future  references.  

11. Bradford  Breaker  Samples 

A. F i r s t  Batch (High Ash Content  Coal) 

Taking  advantage of the  information  that  groups #1 and # 4  

. disintegrated  in   water ,  Bradford  Breaker  samples (as  received) were 

.. .. 
placed i n  wate'r and s t i r r ed   ' f o r '  one  hour a t  40 RPM'. Some inorganic 

minerals became loose  in  water.  The ash  content of the washed coal  

- 
I 

was reduced  by  about 10%. The ca lor i f ic   va lue  of the  coal  corres- 

pondingly  increased from 4900 t o  6540 BTU/lb on dry  basis  (or 3800 

t o  5100 BTU/lb at ?r 23% moisture). About 8% by weight was l o s t  i n  

t h i s  water washing. This  weight loss  was primarily due t o  disinte-  

grat ion of t he  components similar t o  groups #1 and #4 in  water.  

The f i r s t   b a t c h  of the  Bradford  Breaker  sample was composed 

of four  sacks. The four  bags were thoroughly mixed and the mixed 

sample was sieved  into 6 s tzes .  The weight  percent and cumulative 

weight   percent   dis t r ibut ion  of   dif ferent   s ize   f ract ion  are   given  in  

Table I V  and i n  Figure 4 .  These sieved  samples i.e. a l l  6 s i z e s  were 

also  gravity  separated a t  l . 3  S.G. f l u id   fo r  doing some preliminary  study. 
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T a h l e  I V  

S E E  DISTRIBUTION OF BRADFORD  BREAKER  SAMPLE 

FIRST BATCH (FOUR SACKS) 

- S i z e   W e i g h t  % D i s t r i b u t i o n  Cumulative Weikht % 

2" -f 112" 26.8  26.8 

112 -f 114" 32.0 58.8 

- 114" -b 4 m e s h  6.8  65.6 

- 4 4- 7 mesh 10.0  75.6 

- 7 + 1 4  mesh 8.5  84.1 

- 1 4  m e s h  15.9  100. 

c 

I .' .. .. .. .. . . 

1 



Figure 4 



- 20 - 

Figure 5 shows the  results:  of t h i s   f l o a t  and s ink test f o r   s i x  

d i f fe ren t   s ize   f rac t ions  a.nd Table V summarizes the  data. 

Detailed  Float-Sink Tests 

Bradford  breaker  sample of top  s izes  < 1 1/2",51",<1/2" and 

z < 1/4" were f loated a t  spec i f ic   g rav i t ies  1.3 t o  1.7. Incremental 

increase of .10 specif ic   gravi ty  is used except  between 1.4 t o  1.6 

S.G. where the  incremental.  increase is .05 S.G. Samples were not 

f loated a t  specific  gravit ies  higher  than 1 . 7  because  the  ash con- 

t en t s  on dry  basis  of t he   f l oa t   f r ac t ions  of top sizes < 1.1/2" and 

< 1" are  approximately 66 % and 72 X ,  respectively.  Experiments 

a t  higher  specific  gravity  f luid  could  only  result   in  ash  content 

higher  than  approximately 70% db (a rough average of 66% and 72%). 

A t  70% ash  content,   the ca.rbon content i s  only  abo'ut 2 to  4% according. 

to  TGA resul ts .   This  means tha t   f loa t ing   a t   h igher   spec i f ic   g rav i ty  

w i l l  only add to  the  percentages of recovery and ash,  but add very 

l i t t l e   t o   t h e   t o t a l   c a l o r i . f i c   v a l u e .  

.. .. . ." ". I 

It should  be  pointed  out  that Hat Creek coal i s  very  porous 

(especially  groups #1 and #4-6 groups  collected on s i t e )  as found by 

scanning  electron  microscope. And because  alcohol  solution  (used  for 

F/S tes ts)   has   bet ter   wet tabi l i ty   character is t ics   than  water  on coal, 

comparison of data between F/S t es t s   in   a lcohol   so lu t ion  and water 

should  be viewed with'.the  following  in mind. 1 . h t  happens' i s  that   a lcohol  

s o l u t i o n   f i l l s  up  more pores in  the  coal  than  water when f loa t ed   i n  
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Table V 

Sample: Bradford Breaker  Sample 

Float and sink test at 1.3 specific  gravity 

Sample Size w t . %  Float wt.% Sink Wt.% LOSS* 

-2" i 314 19.5  75.4  5.1 

-314" + 114" 25.1  69.9  5.0 

-114" i 4 mesh 29.2  61.2 9.7 

-4 + 7 mesh 43.6  45.9 10.5 

-7 mesh 62.2  28.2 9.6 

. 

* handling lo s ses  
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spec i f ic   g rav i ty   f lu ids .  When the  pores   are   not   f i l led  with S . G .  

f luid,   they are f i l l ed   w i th  air*. This means that  the  apparent 

specif ic   gravi ty  of t h e  coal (same type) i s  lower i n  water than   in  

alcohol  solution. The difference between f loa t ing   the  sample in 

alcohol and water medium should show  up in  the  washabili ty  curves.  

For  example,  the  washabi.lity  curve  with  yield  weight  percent as a 

function  of  specific  gravity of  sample f loa t ed   i n  water medium should 

s h i f t   s l i g h t l y  t o  the  r ight   than  that   in   a lcohol  medium. The ac tua l  

amount of specific  gravity  shifted  can  only  be  estimated  easily  by 

experimental means. 

Experimental r e s u l t s  of t he   f l oa t  and sink tests are  presented 
-. 

.. . i n   t a b l e  forms  (Table V I  t o  IX). On t h e   l e f t  of t he   t ab l e s ,   l i s t ed  are 

the   spec i f ic   g rav i t ies   a t  which the samples are  floated;  the  weight 

percentage  of  the  samples,  their  moisture  contents and the  calculated 

weight  percentages of the samples on dry  basis.   In  the  next  section 

i s  information on the f loa t   f r ac t ions  a t  var ious   spec i f ic   g rav i t ies  from 

weight of f loa t   f rac t ion   (g)  t o  cumulative  calorific  value  (dry  basis) .  

The next  section  further t o  the  right  has  information on the   s ink  

f rac t ions  from the  weight of s ink  f ract ion (g) t o   ca lo r i f i c   va lue  

BTU/lb (dry  basis). The l a s t   s ec t ion  is  on the amount of loss  during 

f loa t / s ink  tests. 

5 

An example on reading  these  tables  should  clarify any  doubts 

* generally  speaking 
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on the  interpretation  of  the  experimental  results.  Samples  with  top 

size < 1 1/2"  is  floated  at 1.3 specific  gravity  (S.G.).The  total 

original  weight  for  floating  is  1553  g.  at  17.3%  moisture  yielding 

1284 g.  on  dry  basis.  This  amount  of  sample,  1284 g. (db) is floated 

at  1.3 S.G. giving  float  fraction  of  299 g. at 24.3%  moisture  or 

266 g. on dry  basis  and  sink  fraction  of  1188 g at  16.2%  moisture  or 

996 g. on dry  basis.  The.  percentage  of  moisture  is  monitored  closely 

for  the  purpose  of  balancing  the  weights  throughout  the  float/sink 

test. 

Float  fraction  of  266  g. on dry  basis  constitutes  20.7 

weight % of  original  weig.ht  1284  g.  (db).  The  ash  and  cumulative 

'ash  contents (db) in  weight  percentages  of  the  float  fraction  are 
.. .. 

- 
both. 10%. 66%  and 40% of  "the  ash  content  are  kaolinite  and  bentonite 

respectively.  These  would  mean  1.2%  and .8% of  the  original  material L. 

(1284  g.  db)  are  kaolinite  and  bentonite,  respectively.  The  sulfur 

and  cumulative  sulfur  cont.ents in weight  percentages  are  both .63%, 

or 256  gram  sulfur  per  mi.llion BTU. ( 1600'ooo x 453.5922 x .0063). 

The  heat  and  cumulative  heat  contents  on  dry  basis  are  both 11170 

BTU/lh. 

11170 

Sink  fraction  of  996 g, on dry  basis  constitutes  77.5%  of 

the  original  material  for  floating  (1284  g. db). This  1.3-specific 

gravity  sink  fraction  is  not  analysed  for  ash,  heat,  and  sulfur 

contents. 
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Balancing  the  original  weight of material for   f loat ing,  

the  weights of t he   f l oa t  and sink  fractions;  the  weight  percentage 

of l o s s  (db) is 1.8%. 

The s ink   f rac t ion  (996 g.) db  of 1 . 3  S.G. i s  then  used 

for   the   f loa t l s ink  test i n  1 . 4  S.G. f lu id .  Again, th i s   resu l ted  

i n  a f loa t   f r ac t ion  and a s ink  f ract ion.  

The weight of t he   f l oa t   f r ac t ion  is  305 g. a t  21.2% moisture 

o r  240 g. on dry  basis.  The weight % is 24.1% ( 24qg x 100). 

Cumulative  weight % i s  39.4% (20.7 + 18.7%). The weight % of  total. 

material  is 18.7% ( wg 240 x 77.5%). The ash  content of t h i s   f r ac t ion  

is 31.5%. The cumulative  ash  content i s  20.2% (i.e. a sample made up 

of 1.3 and 1 .4  F has  ash  content of 20.2%). 88% and 12% of the ash 

996 g 

, content of t h i s   f r ac t ion   a r e   kao l in i t e  and bentonite  respectively. . .  

.. .. 
The weight X of kaol in i te  and bentonite of the   o r ig ina l   mater ia l  i.e. 

1284 g (db) of t h i s   f r ac t ion   a r e  5.18  and .71% respectively. The 

cumulative  kaolinite and bentonite  contents (i.e. a sample made up of 

1.3 and 1.4 F has E: and B contents of 6.4 and 1.5%  respectively) are 

6.4 and 1.5% respectively.  The weight % of sulfur  and  cumulative 

sulfur  are .80 and .71% respectively. And the su l fur  and comulative 

sulfur   contents   in  grams oE sulfur  per  mill ion BTU are 429 and 338 

respectively. 

. 

The heat and  cumulative  heat  contents  are 8460 and 988 

BTU/lb respectively.  

~ . . . .  . . ,~ .... . 
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. 

The weight  of the   s ink   f rac t ion  is 879 g a t  14% moisture 

or  756 g. on dry  basis.  The weight % of the  s ink  f ract ion is 75.9% 

( x 100). The weight % of the   t o t a l   o r ig ina l  weight is 58.8% 

( x 77.5%). The weight % of ash and cumulative  ash  contents 

a re   ac tua l ly   the  same and is equal  to 62.5% (db).49%  and 51% of t he  

ash  content of t h i s   f r a c t i o n   a r e   k a o l i n i t e  and bentonite  respectively. 

FJeight % and cumulative  weight % of kao l in i t e  and bentonite are the  same 

and i s  equal   to  18.0 and :L8.7% respectively (18. = 58.8%  (.625)(.49) 

and  18.7 = 58.8% (.625)(.!51)). The sulfur  content of t h i s   f r a c t i o n  

( i .e .  1.45) i n  wt.% and grams sulfur   per   mil l ion BTU a re  0.45% and 

559 respectively.  And the   ca lo r i f i c  value of t h i s   f r ac t ion  is 3650 

BTU/lb. 

Again 1.4 S . G .  &k f rac t ion  is  used for the  .f loat/sink 

test a t  1.45 S . G .  t o  obta in   f loa t  and s ink  f ract ions.  Note t h a t  only 

833 g. of 879 g a t  14% moisture of 1.4 s ink  f ract ion is  f loated a t  

1.45;  the  difference (879  g. - 833 g. a t  14% moisture) is used for 

acalyses. 
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Washability  Curves 

From the  detai led  f loat-s ink  data   as   presented  in   Tables  V I  t o  IX for   four  

a r e  drawn and a r e  shown in   F igs .  6 t o  9. There are six curves  in  each figure.  
top  s izes ,  ~ 1 . 5 " , ~ 1 . 0 " , ~ ~ . 5 0 " ' a n d  .$0.25", the  washabili ty  curves f o r  these samples 

Sample Sizes: 
Specif ic  

Ash % Gravity 

4 lk, <I", &", &' 1, 2 4 Weight % 
of Float 

Weight % 
of Sink 

3 - 

Calor i f ic  
Value 
BTU/ lb 

0 

0 

.. .. 

A 

0 

x 

0 

I 1 

Curve 1: percent  ash of cumulative  float  curve 

- t races   the  var ia t ion of cumulative  ash  percent  with  the 

var ia t ion  in   recovery 

Curve 2: ash  curve of sample curve 

- t races   the  var : ia t ion  in   ash  per   cent   with  var ia t ion i n  

recovery 

Curve 3: percent  ash of cumulative  sink  curve 

- t races   the  var ia t ion of the  cumulative'ash  percent  with 

var ia t ion  in  weight per cent  sink  fraction. 

Curve 4:  recovery  curve 

- traces the   var ia t ion  of the  recovery  with  the  variation in 

specific  gravity.  

Curve 5: cumulative  heat  content  curve 

- traces the   var ia t ion  of cumulative  heat  content  with  the 

var ia t ion  of specif ic   gravi ty  

Curve 6 :  total   recoverable  heat  content  per pound washed coal  curve 

- t races   the  var ia t ion of t o t a l  recoverable  heat  content  per 

pound washed coal   with  the  var ia t ion of specif ic   gravi ty .  

Calculations are. shown i n  Table X. 



a : ./ 
" 

T a b l e  X 

CALCULATION OF TOTAL  RECOVERABLE  HEAT  CONTENT PER POUND 
WASHED  COAL (WASHABILITY CURVES #6) 

SPECIFIC GRAVITY 
~. . .. 

. .  
.. . .. 

S a m p l e  s i z e  ,< 1 112.'' 

1.3 
1 :4 
1.45 

1 . 7  
1.5 

S a m p l e  s i z e  5 1" 

1.3 
1.4 
1.45 
1.5 
1.55 
1 . 7  

S a q l e  s i z e  ,< 1/2" 
* 1.45 

1.55 

S a m p l e  s i z e  5 1/4" 

1.45 
1.55 

! 

2310 
3890 
5170 
5320 
5350 

1690 
4010 
5070 
546p 

'.- 5500 
5500 

5860 
5950 

6110 
6130 

20.7 % x 11170 BTU/lb 
39.4% x 9884 BTU/lb 
55.6 % x 9300 BTU/lb 
58.3% x 9120 BTU/lb 
59.2% x 9035 BTU/lb 

13.8% x 12250 BTU/lb 
37.1% x 10820 BTU/lb 
56.4% x 8995 BTU/lb 
65.8% x 8300 BTU/lb 
68.2% x 8060 BTU/lb 
68.3% x 8050 BTU/lb 

73.1% x 8140 BTU/lb 
71.6% x 8185 BTU/lb 

81.% x 7540 BTU/lb 
81.3% x 7534 BTU/ lb  

w 
I 

N 
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The dotted  portions of  curves number 1, 2, and 3 are  projoct-  

ions  of  the  existing curve.s  based on experimental  data. For  example, 

a t  100% recovery,  the  cumulative  ash % of the   f l oa t   f r ac t ions  of 

sample top  s izes  51 1/2, 51" are 47% and 51% respectively as shown by 

curve #l. These  cumulative  ash % are  obtained by ash  balances* of t h e  

f l o a t  and s ink   f rac t ions  and they  represent  the  ash  content  of  the 

or iginal   (before  washing)  coal. Also a t  100% recovery,  the  ash  content 

of   the  f loat   f ract ions  are  around 77% ash**. This means tha t  as the 

samples a r e  continued t o  be  f loated  off   as   the  specif ic   gravi ty  is 

increased;  the  ash % of the  f loated  portion w i l l  be increased up to 

around 77% a t  100% recovery. A s  t he  % of recovery and .Z of s ink  f ract ion 

approach 100 and 0 respectively,   the  ash  contents (W) of t h e   f l o a t  and 
.. , 

sink  fraction  should  be  tbe same.' Therefore Curve-$\2 and #3 should 
". . 

converge t o  about 77% ash  because  both  fractions  should  contain  almost 

en t i r e ly  of  inorganic  mine.rals when the  percentage  of  recovery  approaches 

100. 
k 

** TGA analysis  showed th.at sample containing  only  about 2% carbon  has 

about 77% ash (from 76  + 80% ash).  This sample contains  almost 

en t i r e ly  of inorganic  minerals. 

See calculat ion of ash  content of coal  before washing  by ash  balance 

of f l o a t  and sink  frac.t ions  for sample top   s izes  5 1 1/2", ,< 1''. 
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In te rpre ta t ion  of Washability Curves 

Curves #l, 2 and 3 give  information on the qualities of t he  

clean  coal and r e f u s e   a t  a chosen  recovery. For example**, a t  55% 

recovery  considering  top s i z e  ,< 1 1 / 2 ,  the  ash % of the  f loat-sink 

f r ac t ion  is 42.5% (Curve #2),  the  cumulative  ash % of   the   f loa t   f rac t ion  

is 27% (Curve #l) and the  ash % of  the  sink  fraction is 68% (Curve #3) .  

(Note t h a t   l i n e  is projected from (100% - 55% =) 45% of the  s ink 

fract ion) .  

Curves #l and #x which are cumulative  ash  content and ash 

.. . . .. 
content of the ... float  fract:ion  curves,  should  indicate the var ia t ion  of 

* ash  centent w i t h  recovery which in   tu rn   ind ica te   the   spec i f ic   g rav i ty  

for  separation. The ash  content of the  coal of sample top  s ize  1" 

before  cleaning is  about 51% by ash  balance*.  Reduction of ash  content 

by 12% (51% - 39%) corresponds t o  approximately 69%+b* recovery at 1.55 

t o  1 . 7  specific  gravity  separation. Again from curve C1, reduction of 

ash  content by 13.5%  (51 - 37.5%) corresponds  to  approximately 65% *+* 
recovery a t  1.5  specific  gravity  separation. 

I 

*+* See l h e s  on washability  curves  for  sample s ize  $1" 

** See washability  curves of sample top   s ize  ,< 1 1/2",  see  
l ines   wi th   d i rec t ion  a-rrows. 

* See calculat ion of ash  content of coal  before washing i n  Appendix. 

++* See 
sample top  s ize  < 1". 

l ines  on washability  curves (81 and 4 )  f o r  
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t 

Curve #4 t races   the  var ia t ion of recovery  with  the  variation 

of specific  gravity.  This  furnishes  information on the amount of near 

gravity*+  material  present. The significance***  of  the amount of near 

gravity  material  on the  operation of coal-preparation  plant i s  shown on 

Table X I .  

A s  seen in  washability  curves 114 of sample top  s izes  < 1 112'' 

and < l", the  curves start to   f l a t t en   ou t  at  around 1.5 S.G. The curves 

are   completely  f la t  from spec i f ic   g rav i t ies  (S.G.) 1.5   to  1.7. This 

means that  the  near  gravi. ty  material   at  1 .6  + 1.65 S.G. is  almost  zero 

and f loa t ing   the   coa l   a t   th i s   spec i f ic   g rav i ty  will separate   the  coal  

easi ly .  Curves # 4  w i l l  drop  very l i t t l e   a s   t h e   s p e c i f i c   g r a v i t i e s  are 
* 

.. .increased.  This  prediction is  based on experimental  results - that   the  

. yield  weight % of the  f loil t   fractions remain fair ly   constant ,   the   ash % 

of the  s ink  f ract ion  can  I increase  very  l i t t le ,  and the  specif ic   gravi ty  

of coal is around 1.3 to  1..4 S.G.*-t+t Curves #4 w i l l  abruptly  drop when 

the   spec i f ic   g rav i ty  is increased to tha t  of one of the  inorganic  minerals 

*k* Chemistry of Coal Ut i l iza t ion ,  Supplementary Volume, p.326. 

*+ Near-gravity  material  defined  as  the  percentage of coal   that  w i l l .  
f l o a t   i n  a range  with:in  plus and minus 0.10 spec i f ic  of the  cleaning 
value. 

*"t Around 1.3 t o  1 .4  a t  sample top  sizes used here. But i f  sample top 
s izes   are   very small, e.g. -400 mesh, the  true  specific  gravity  can 
be as high as 1.7 +- 1,8 due to  decrease of porosity as the  sample is 
grinded t o  smaller sizes. 
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Table X I  

SIGNIFICANCE*OF AMOUNT OF NEAR-GRAVITY MATmIAL** 

Amount of Near Gravity Material 

Greater  than Less than 

0% 7% 

1% 10% 

10% 15% 

15% 20% 

20% 25% 

25% 

E s t i m a t e  of Coal-Preparation 
Plant  Cleaning Problem 

Simple 

Moderately d i f f i c u l t  

Di f f icu l t  

Very d i f f i c u l t  

Exceedingly d i f f i c u l t  

Formidable 

* Ref.#2  Chemistry of Coal Ut i l iza t ion ,  Supplementary Volume, 
H.H. Lowry, Editor,  NAS-NRC Comittee on Chemistry 
of Coal, Wiley 

** The near  gravity  material is defined  as  the  percentage  of 
the  coal sample tha t  w i l l  f l o a t   i n  a range  within plus and 
minus -10 spec i f ic  gravity of the  cleaning  value. 
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in   the   coa l .  In view of the  inorganic  minerals  present, thYs should 

happen a t  around 2.0 S.G. 

Additional  f loat  and sink tests have  been  performed a t  

1.6 S.G., 1.7 S.G., 1.8 S.G. and 1.9 S.G. for  sample top   s i ze s  5 1/2" 

and 5 114". Negligible  fncreases of recovery of the   f loa t   f rac t ion  are 

observed.  This  confirms  the  above  speculation. 

Summary of Interpretat ion of Washability Curves 

From washability  curves #1 t o  #4,  i t  was found tha t   t he  amount 

of recovery  increases wit.h decreasing sample top   s i ze s   a t  any  specific 
* 

I '. 
.. .. gravity.  The recoveries  for sample  top  sizes < 1-1/2", <l", <1/2" and 

a 5114" a t  1.55 S.G. (for example) a r e  58.3%, 68.2%, 73.1% and 81.3% respec- 

tively.  For a l l  sample top  sizes,   the amounts of recovery  remain  constant 

from 1.5 S.G. t o  1.7 S.G. Since  addi t ional   f loat ls ink tests were per- 

formed with sample top  s izes  <1/2" and <1/4";the amounts of recovery 

remain  constant from 1.5 S.G.  t o  1.9 S . G .  It can  be  speculated  that 

t he  same finding is  appl icable   for   other   top  s ize  samples. ' The near- 

gravity  material  is almost  zero a t  1 .6  + 1.8 S.G. f o r   a l l  sample sizes.  

Total  Recoverable Heat 

Of a l l  s i x  curves,  the most important  curve  to  consider is 
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Curve #6. It t races   the  var ia t ion of total   recoverable  heat  content 

p e r  'pound  washed coal   with  var ia t ion of specific  gravity.  From 

balance" of a l l   f l o a t  and sink  fractions,   the  heat  content of  Bradford 

Breaker sample 5 1" before washing is about 6050 BTU/lb. But the 

to ta l   hea t   conten t  of the  coal   var ies  from about 5200 to 5450 BTU/lb at 

spec i f ic   g rav i t ies  1.45 t:o 1.7, respectively.   This  definitely shows 

tha t   f loa t ing   the   coa l  beyond 1 .7  S.G. w i l l  only increase  the t o t a l  

-f- 

+ + 

heat   content   s l ight ly .   Therefore ,   the   opt ima  specif ic   gravi ty   for  

floating  the  coal  should  be  within t h i s  range  i .e.  1.45 t o  1.7 f o r  

maximum total  recoverable  heat  content. 

The e f f ec t  of sample top   s ize  on the  total   recoverable   heat  

.. .. content  per pound  washed coal is shown i n  F igure  10. The total   recoverable  1 " 

.. heat  content  per pound  washed coal  i s  calculated  with  the  cumulative 

calor i f ic   value  as   wel l  a:: the  cumulative  weight  percent  recovery of 

the  f loat   f ract ions  takinginto  considerat ion.  

This  f igure shows the  t rend  that   as   the sample top s i z e  is 

decreased,  the  total   recoverable  heat  content  per pound washed coal is 

increased a t  any spec i f ic  gravities between 1.4 and 1.7. The ac tua l  

heat  content  increase in BTU/lb between  sample top  sizes  should not 

be  taken  from t h i s  graph  because a l l  four  top  size samples  have s l i g h t l y  

different   calor i f ic   values   before  washing. From heat  content  balances, 

* See Appendix 
+ dry  basis 
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the   ca lor i f ic   va lues  of sample top  s izes  ,<1 1/2",  Sl", 4112'' and 

,<1/4" are 6050,  6050, 6730 and 6440 BTU/lb+respectively. Comparison 

of the  increase of total   recoverable  heat  contents of the  four  top 

s i z e  samples i n  percentages  should  be more meaningful.  This is shown 

i n  Table X I I .  

Table XI1 

Sample Cumulative t o t a l  Heat content of % of  heat  content % loss of 
TOP 
Size  content  per/lb washing (BTU/ washing 

recoverable  heat sample before of sample before   total   heat  

washed coal(BTU/ l b  (db)) 
Ib  (db)) 

content 

<l?' 5330* 6050 88.1 11.9 

, <1" 5500 6050 90.9 9.1 

$5 .' 5950 " ' 6730 -88.4 11.9 

& 6130 6440 95.2 4.8 

.. ,. 

The percentage  increase of heat  content.seems  to be very small 

as sample top  size  decrease from <l 112" t o  < l", and from < 1" to  ,c 112" 

Signif icant   increase i s  noted  though as sample top  size  decreases from 

. < 1/2" to  ,< 114". A t  sample top  s ize  < 1 / 4 " ,  the  percentage  of loss  of 

heat  content i s  only around 5%. Therefore ,   as   far   as   total   recoverable  

heat  content  per pound  washed coal  is concerned, smaller sample top s i z e  

coal  i s  de f in i t e ly  more advantageous for   using  as   the  feed  mater ia l   to  

coal  preparation  plant  than  larger sizes. 

* Assume 10 BTU/lb increase a t  1.55F from 1.5 F since a t  1.5F heat 

f dry  basis  
content is 5320 BTU/lb and a t  1.7F, it is  5350 BTU/lb. 
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Summary of Total  Recoverable Heat Content 

The percentages of recoverable  heat  content  are  approxinately 

90% fo r  sample top   s izes  <:l 1/2", <1'! and il" and Q/2" a t  1.55 S.G.. 

But fo r  sample top   s i ze  <1./4", the  percentage of recoverable  heat con- 

t en t  i s  about 95% a t  1.55 S.G. with  only  about 5% loss of t o t a l   h e a t  

conten t   in   the   coa l .  The recoverable  heat  contents** of a l l  sample  top 

s i zes  remain fa i r ly   cons tan t  from 1.5 S.G. t o  1.9 S.G.*** 

Dis t r ibu t ion  of Inorganic  Minerals 

. Another  area of inves t iga t ion   in   th i s   p ro jec t  i s  on the  d i s -  
.. .. . . 

t r i bu t ion  of   inorganic   minerals   in   the  f loat  and s ink   f rac t ions  at  various 

specific  gravity  separations.  Cumulative  weight % of f l o a t   f r a c t i o n   a s  

a function  of  cumulative  ash % curves  for  sample top  s izes  <l 1/2", @'I, 

.51/2" and <1/4" are shown :in Figure 11. This   f igure  shows t h a t   t h e   a s h  

content of the var ious top s i z e  samples before  washing is about  the  sane 

-. 

* 

i.e. = 49% ash. The mineral contents of the  samples  should  then  be a 

l i t t l e   h i g h e r   t h a n  49%. 

** of f l o a t   f r a c t i o n s  

*** 1.9 S.G. because of addi t iona l  F/S t e s t s   a t  1.8 S.G. and 1.9 S.G. 
f o r  sample top   s izes  ,<1/2" and ,<1/4". 



Figure 11 
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The two major  Lnorganic  minerals  present in   the   coa l  

(Bradford  Breaker  sample,  Batch # l )   a re   bentoni te  and kaol ini te .  

Minor minerals  occur i n  traces on ly   a r e   qua r t z ,   s ide r i t e ,   py r i t e  

and ankerite.  

Because the  inorganic   par t  of t he  sample is almost  entirely 

of bentonite and kaol in i te ,  mass balance* and cumulative* mass balance 

a re   car r ied   ou t  only for   these two minerals.  Kaolinite/bentonite mass 

balance  should show tha t   the  sum of these two minerals i n   t h e   f l o a t  

and s ink   f r ac t ion   a t  one specific  gravity  should  equal t o  the sum of 

these  minerals   in   the  s ink  f ract ions of the  previous lower spec i f ic  

gravity.  Cumulative kaolinite/bentonite mass balance  should  show..that 

at  any specif ic   gravi ty ,   the  sum of these  minerals   in   the  f loat  and 

sink  fractions  should  equal t o  t h a t   a t  any other   specif ic   gravi ty  (See 

Appendix f o r  more explanation). 

i 

... , .~ . 

a 

Figure 1 2  A and B summarize the   d i s t r ibu t ions  of minerals in  

the   f l oa t  and s ink   f rac t ions  by specific  gravity  separation. The two 

main minerals  in  the  Bradford  breaker sample  (Batch #l) are   kao l in i t e  and 

bentonite. The d is t r ibu t ions  of minerals i n  both  f loat  and s ink   f rac t ions  

are of i n t e re s t  because  the  f loat   fraction w i l l  eventually end up i n   t h e  

furnace  for  power generation and the   s ink   f r ac t ion  w i l l  he  used  for 

brick-making i f   t h e  scheme is proven feasible .  

* See Appendix 
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a 

The fusion  temperature of the  feed  to  the  furnace is 

dependent somewhat on the amount  of kao l in i t e  and ben ton i t e   i n   t he  

coal.  Generally  speaking,  bentonite  decreases and kaol in i te  

increases  the  fusion  temperature. A s  shown in  Figure 1 2  A and B, 

the  cumulative  weight % of both  kaol ini te  and bentonite  increases 

as the sample top  s ize  d.ecreases. The increase  in  weight  percent 

of the  minerals i s  due primarily  to  the  increase  in  recovery of the 

f l o a t   f r a c t i o n  as the sample top size decreases.  For example, the 

recoveries of sample top sizes 1 1/2", ,< l", ,C 1/2" and ~ 1 / 4 "  are 

58.6%, 68.2%, 73.1% and 81.3% respectively a t 9  specific  gravity.  

A s  a whole, the  increase of fusion  temperature by kaol in i te  is aff- 

s e t  by the  decrease of fusion  temperature by bentonite:  the  fusion 

temperature of t h e  feed  should  therefore  remain  relatively  the same 

€or a l l  sample top  sizes.  I 

The mineral  distribution  curves  (Figure  13 A t o  B) of t he  

s ink  f ract ion shows tha t  a s  t he  sample top   s ize  decreases, the 

cumulative  weight  percent of the  minerals  decreases also. The decrease 

of the  minerals can be explained by the  decrease of the  weight  percent 

of s ink   f rac t ion .  For example, the  weight  percent of s ink   f rac t ion  

of sample top  sizes < 1 1/2", ~l'!, <1/2" and <1/4" a r e  34 .9%,  26.1% 

23.4% and 15.7%  respectively a t  1.55  specific  gravity.  But ,  the  

decrease of bentonite  with  decrease of sample top  sizes is a t  a faster 

ra te   than   tha t  of kaol ini te .   This  means that   the   s ink  f ract ion con- 

tains  smaller  percentage of bentonite a t  smaller top   s i ze   t han   a t  
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... 

larger   top  s izes .  For  brick-making  purposes, the  decrease  in  bentonite 

.is de f in i t e ly  a plus  as  bentonite i s  not  desirable.  Therefore  smaller 

top   s ize  sample  should  be  fed into  preparation  plant.  

X-Ray ident i f ica t ion  of minerals and proximate.analysis have 

been  performed to   t race   losses  of mineral  during  the  cleaning  process. 

TGA r e s u l t s  show that"hand3.ing-loss Sample" i s  consisted of approximately 

(on dry  basis)  20.5% v o l a t i l e  and dehydration of clay, 2.5% carbon  and.77% 

ash. An X-ray analysis  ha.s shown tha t   the  sample i s  composed. primarily 

of bentonite and only a small amount  of kaol ini te .  

Summary of Distr ibut ion of Inorganic  Minerals 
.. . - 

0 

Between 1.4 S.G. and 1.9 S.G.*, the  cumulative  weight % of 

both  kaol ini te  and bentoni te   in   the   f loa t   f rac t ion   increases   as   the  

sample top s i z e  decreases. The increase  in  weight  percentage of the 

minerals is  due primarily t o  the increase i n  recovery of the  float 

f r ac t ion   a s   t he  sample top  size  decreases. Roth the  weight % of 

kao l in i t e  and bentonite  in  the  sink  fraction  decrease  with  decrease 

i n  sample top  size.  But the  concentration of bentonite  with  decrease 

of sample top  size  decreases at  a fas te r   ra te   than   tha t  of kaolinite.  

This means tha t   the   s ink   f rac t ions  of smaller  top  sizes  contain  higher 

* Weight dis t r ibut ion  curves  show 1.4 S.G. to  1 . 7  S.G. But t h i s  is 

addi t ional  tests done a t  1.8 S.G. and 1 . 9  S.G. fo r  sample  top s izes  
extended  to 1 .9  S.G. because no increase  in  recovery is  observed i n  

$112'' and ~1/4". 
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percentages of kaol ini te   than  that  of larger  top  sizes.  

Sulphur Removal by Washing 

Sul fur   d i s t r ibu t ion   in   the   f loa t  and s ink  f ract ions is 

studied  in   search of su i tab le   spec i f ic   g rav i t ies   for   separa t ion  a t  

which the  sulfur   content  of the  coal  i s  reduced t o   t h e  minimum. 

Reduction of the   su l fur   conten t   in   the   f loa t   f rac t ion  would i n  

turn  reduces  the amount  of sulfur  dioxide produced during  combustion 

of the  coal. 

H a t  Creek coal i s  a low sulfur  coal  having a mean su l fu r  

-: "content  of  approximately .41% as  reported by Dolmage-Campbell and -' 

Associates Ltd.** Examination  of the  sulfur   contents  of d r i l l h o l e s  

76-135 and 76-136  shows that  large  concentration of su l fur  is present 

i n   t he   coa l  as organic  sulfur,   small   percentage  as  pyrit ic  sulfur,  

and almost none as su l fa te   su l fur .  The d is t r ibu t ion  of su l fu r  in  

the  proportions  obtained is typica l  of low-sulfur coal***. 

Generally speaking***, sulfur  occurring  in  inorganic 

combination as pyr i t e  and su l f a t e  can  be removed by spec i f ic   g rav i ty  

separation. However, t he   f i ne r   t he   py r i t e   pa r t i c l e s   i n  a coal   grain 

and the lower i t s  concentrat:ion,  the moze d i f f i c u l t  it is t o  remove. 

Sulfur  in  organic combination or  organic  sulfur  cannot  be removed 

by mechanical  cleaning  or  preparation  processes  because i t  is present 

** C I M  Bul le t in  June 1977,  p.107 *** Chemistry of Cod   U t i l i za t ion ,  

* Petrology, p.338 
p.425, p.426. 
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in  the  organic  matter making up the  coal.  This imposes l imi t a t ion  

.on the  extent  sulfur  can  be removed by mechanical means. 

Sulfur  analyses were performed on 1.3, 1.4, 1.45, 1.5 spec i f ic  

g rav i ty   f l oa t  and s ink  f ract ions of top  s izes  ,<1 112" and (11' samples. 

But for top sizes ,<1/2" and $1/4"  samples, sulfur  analyses were done 

only  for  the  1.45 S.G. f l o a t  and sink  fractions.  Therefore, comparison 

of  reduction of sulfur  for  the  four  top s i z e  samples will be made only 

a t  this   specif ic   gravi ty .  

From Table XIII, the  weight % reduction of sulfur  ( i .e.  the 

weight % of t o t a l  S i n  washed coal  (db) column for   the   s ink   f rac t ion)  

for   top  s izes  ,<1 1/2", ,<1'!,"<1/2" and <1/4" a t  1.45"specific  gravity 

a re  30.1%,  34.0%, 20.8% and 14.6%  respectively.  At,the same time, 

the  weight % of the  s ink  f ract ions of the  four   top  s izes  are decreasing. 

The weight % of the  s ink  f ract ions of top sizes ,<1 1/2", Sl", &1/2" 

and <1/4" are 38.9%, 37.8%, 37.1% and 16.X. T h e  weight X recovery of 

t he   f l oa t   f r ac t ion  of top sizes < 1 1/2", < l", < 112" and <1/4" are 

55.6%,  56.4%,  71.6%and 81.0%.The weight % reduction of su l fur  is 

decreased  with  decreasing sample top   s ize  at  the  expense of increase 

in  the  recovery of t he   f l oa t   f r ac t ion .  

Reduction of sulfur  on Table X I V  i s  presented i n  terms of 

grams sulfur   per   mil l ion BTIJ. The percentages of reduct ion   in  grams 
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jpecif  ic  Gravity 

Sink Float 

Sample  Top  Size 
-< 1 112 

1.3 
1.3 
1.4 

1.4  1.45 
1.45  1.5 

Sample  Top  Size 
s 1" 

1.3 
1.3  1 .4  
1.4  1.45 
1.45  1.5 

Sample Top Size . < 112" 
1.45 

s 114" 
Sample  Top  Size 

1.45 

Table  XI11 

PERCENT REDUCTION WEIGHT % OF SULFUR IN WASHED COAL 

(Bradford  Breaker  sample,  Batch #I) 

FLOAT  FRACTION 
Cumulative  Cumulative  Cumulative Wt. % of 
wt. % (db) 
of Fraction 

wt. % S (db) wt .% Fraction  Total S 
x Cumulative in' Washed 
wt. % s Coal (db) 

39.4 
20.7 - 63 

.71 
55.6 .68 
58.3 .68 

37.1 
13.8 

.61 

.40 

56.4  ,60 
65.8 .59 

> 13 
. 2 8 2  51.4 
.378 69.9 

- 

.396~  79.5 

.055 11.0 . ~2~  44.7 
.338  66.0 
.388 77.3 

, 

71.6 .65 -465  79.2 

81.0 .52  ,421 85.4 

~~ 

SINK  FRACTION 
Cumulative 
wt. % (db) 

Cumulative  Cumulative  Wt. % of 
wt. % S (db) wt.% Fraction  Total S 

of Fraction 
wt. % s 
x Cumulative in Washed 

Coal (db) 

77.5 
58.8 
38.9 
35.2 

80.5 
57.2 
37.8 
29.3 

37.1 

1 6 .  

- 
.45 
.42 
.29 

.55 

.49 

.46 

.39 

e33 

.45 

.265 

. l63  

- 

. l o 2  

.443 

.I74 

.x14 

.28, 

.122 

.072 

48.6 
30.1 
20.5 

- 

89.0 
55.3 
34.0 
22.7 

20.8 

14.6 

* Sample  calculation ,280 = (cumulative w t . %  of fraction)(cumulative  wt.% S )  = ( .394)( .71)  

i 
1 
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Specific  Gravity 

Sink  Float 

Sample Top Size 
< 1 112" 

1.3 
1.3 1.4 
1.4 1.45 
1.45 1.5 

Sample Top Size  
< .1" 

1.3  
1.3 
1 .4  

1.4 
1.45 

1.45  1.5 

- 

Sample Top S i z e  
< 112" 

1.45 

Sample Top S i z e  
c 114" 

1.45 

PERCENT REDUCTION OF GRAMS SULFUR PER MILLION BTU 

I N  WASHED COAL 

(Bradford  Breaker  sample, "Batch # l )  

FLOAT FRACTION 
hmulat ive Cumulative S % of Total  % of Total  
g t .% (db) g s  w t . %  Fraction  Cumulative s 
sf Fraction Mil BTU x cumulative S 

g s  Mil BTU 
Mil BTU 

20.7 256 
39.4 338 133 
55.6  342 190  42.4 1 

2 8 - 8  

58.3 348 203  53.7 

- - 

13.8  148 20  4.6 
37.1 264 98 
56.4  338 1 9 1  

22.3 
41.8 

65.8  373  245  60. 

71.6 360  258 5.6 .1 

81.0 313 254  67.7 

SINK FRACTION 
Cumulative  Cumulative S Cumulative % of  Total 
wt.. % (db) wt .% Fraction  Cumulative ~ 

of Fract ion Mil BTU 
g s  Mil BTU 

Mil BTU 

77.5 - 
58.8 553 3:s 
38.9  664  258  57.6 

I L . 2  

35.2  498  175  46.3 

- 
-., 

80.5 514 414 9 5 . 4  
57.2 597 ' 341  77.7 
37.8 705 266  58.2 
29.3 556 163  40.  

37.1  545  202  43.9 

1 6 .  754  121  32.3 

rota1 
:umulative 

(db) [il BTU 

462 
448 
378 

434 
439 
457 
408 

460 

375 
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P 

sulfur  per  mill ion BTU a t  1.45 specif ic   gravi ty   for  sample top 

s izes  31 1/2", $", ~ 1 / 2 "  and ,<1/4" a r e  57.6%, 58.2%, 43.9% and 

32.3%.  Again the  percentage of reduction  of  sulfur is decreased 

with  decreasing sample top s i z e  a t  the expense of i nc rease   i n   t he  

recovery of the   f loa t   f rac t ion .  But the  percentage  reduction of 

su l fu r   i n  terms of grams sulfur   per   mil l ion BTU is  twice  the  percent 

reduction of su l fu r   i n  terms of weight %. For  example, the  per- 

centage of reduction of sulfur  i s  32.3 grams sulfur/mill ion BTU 

o r  14.6  weight % sulfur   for  sample t o p ' s i z e  ,< 1/4" a t  1.45 spec i f ic  

gravity  separation. 

Even though sulfur  analyses were not   avai lable   for  1.50 
.. .. . 

f l o a t  and s ink   f rac t ions  for  top  s ize  samples  51/2"and ?1/4", there  

w i l l  de f in i t e ly  be slight  decreases'of  weight  percent  reduction  of 

s u l f u r   a t  1.50 S.G. for   these two sample sizes.  This is because 

the  weight % of s ink   f rac t ions  at  1.50 S.G. a re   l ess   than   tha t  a t  

1.45 S.G. The decrease is 1.6% from 25.% at 1.45 S.G. to 23.4% 

a t  1.5 S.G. f o r  top size sample <1/2". And the  decrease is only 

0.3% from 16.0% a t  1.45 S.G. t o  15.7% a t  1.5 S.G. for   top s i z e  sample 

a 

- <1/4". I n  view of the  weight % decrease of s ink   f rac t ions  of  sample 

top  s izes  ,< 1 1/2" and ,<1" a r e  about 3% t o  9% respect ively,   the  

decrease  of  weight % reduction of su l fur   a t   1 .50  S.G. for  sample 

. top  s izes  $1/2"  and <1/4" are estimated  to  be around 3 t o  4% and 0 

t o  1% respectively.  An assumption is  made here   that   the   qual i ty  of 



I .- 

e 

- 57 - 
the   coal   f loated at  1.50 S.G. i s  about  the same f o r   a l l   f o u r  sample 

top sizes. 

Applying the  same reasoning of the  decreases   of   s ink  f ract ions 

from 1.45 S.G. t o  1.50 S.G., estimations of decrease of % reduction of 

s u l f u r   i n  terms of grams sulfur   per   mil l ion BTU a r e  around 5 t o  6% f o r  

sample top   s i ze  (112" an.d 2 t o  3% f o r  sample top   s i ze  5114". 

A table  (Table XV) of  percentage  reduction of s u l f u r   i n  

terms of grams su l fur  per  mi l l ion  BTU and weight X a t  1.45 and 1.50 S.G. 

for  four  sample  top s izes  is presented below. Note t h a t  % reduction at  

1.50 S.G. f o r  sample top   s izes  4112'' and <1/4" are   es t imat ions and f o r  

sample top s izes21  .1/2" and $1" axe  experimental   results.  

- 
" . . . .. . _. .. . 

Table XV 

PERCENTAGE REDUCTION OF SULFUR - 

Sample 
Tor, Size 

X Recovery of F loa t  grams Sulfur 
Fract ion  Mil l ion BTU Weight % Sulfur 

1.45 S.G. 1.5 S.G. 1.45 S.G. 1.5 S.G. 1.45 S.G. 1.5 S.G.  

. <I?' 55.6 lj8.3 57.6 46.3 30.1 20.5 

. < 1" 65.8 65.8  58.2 40.0 34. 22.7 

< y  71.6 73.1 43.9 38 t o  39 20.8 17  t o  18 

,<Y' 81. 81.3 32.3 29 t o  30 14.6 13 t o  1 4  
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Percent  reduction of su l fu r   i n  weight % and grams su l fur  

per  mill ion BTU as   funct ion of weight % of recovery  of f l o a t   f r a c t i o n  

a t  1.45 and 1.50 S.G. are   p lo t ted   in   F igure  1 4  A and E. These f igures  

show the  observations made ea r l i e r   t ha t   t he  % reduction of su l fu r  is 

decreased  with  decreasing sample top   s i ze   a t   t he  expense of increase 

in  the  recovery of the   f loa t   f rac t ion .  An addi t ional  and c r u c i a l  

information  can  be  obtained. from these  plots ,   the  7, reductions of 

su l fur  i n  weight X o r   i n  grams sulfur   per   mil l ion BTU decreased 

s l ight ly   about  2 to  3% as the  specif ic   gravi ty   for   separat ion is 

increased  from  1.45 S.G. to  1.50 S.G. a t  sample top  s ize  ,<1/4" only.. 

This i s  not   t rue  with other.  sample s izes .  

... . . -. 

A t  higher  specifi.c  gravities  1.55  to 1.7, the  percentage 

reduction of sulfur  w i l l  remain fa i r ly   cons tan t   to   tha t   a t   1 .5  S.G. 

f o r   a l l  sample top  sizes.  This i s  so because  the  weight % of recovery 

of the  f loat   f ract ions  (see  washabi l i ty   curves  R4) and conversely, 

the  weight % of the  s ink  f ract ions remain constant a t  1.50 t o  1.7 S.G. 

Summary on Sulfur Removal 

From sulfur  analyses,  i t  seems that  the  percent  reduction 

of sulfur  is decreased  with  decreasing sample t o p   s i z e   a t   t h e  expense 

of increase  in  the  recovery of t he   f l oa t   f r ac t ion .  A t  1 .5   specif ic  

gravity,  the  recovery of t be   f l oa t   f r ac t ion  of top size,<1/4" sample 
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is  S1.3%, the  percent  reduction of s u l f u r  achieved i n  terms of 

‘weight % is  13 t o  14% and i n  terms of grams sulfur  per  mill ion 

BTU is 29 t o  30%. The percent  reduction of sulfur  should  remain 

fair ly   constant  from 1.5 t o  1.8 S.G. because  the  weight % increase 

i n   t h e  f l o a t  f rac t ions  i s  negligible.  

SUMMARY AND COSCLUSIONS - 

Washability of Bradford  Breaker Samples 

It appears  that  the Hat Creek coal  deposit  can  be  classified 

into  several   groups o f  coa.1 as shown in  Figure 1’. So f a r  six d i f f e ren t  

groups (A-F) of coal  with  ash  content as low a s  6% (db) t o  as   h igh  as 

69.4% (db)  have  been  encountered. It i s  surmized tha t   t he  whole deposit ,  

which cons is t s  of four  zones A, B, C and D, is  mainly composed of 

admixtures of these  coal  groups in  different  proportions.   For example, 

the seams (or zones) C and D ,  which have high  fixed  carbon  (consequently 

high  calorific  values)  should  have  higher  proportion of coal  groups D,E, 

and F a s  shown i n  Figure 1. Conversely, Zones A and B may contain more 

of the  coal  groups A ,  B and C a s  shown in  Figure 1: Iiowever, t he  

exact  proportion of each o f  these  coal  groups  in any par t icu lar  zone 

has  not  been  determined. 

” 
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The  above  observation  is  made  only  to  indicate  the  complex 

nature  of  the  coal  present  in  this  deposit.  The  success of benefici- 

ation i.e. ash  removal  by  washing  depends  very  much  on  the  degree  of 

intergrowth  of  minerals in organic  coal.  The  disintegration 

characteristic of coal  in  water  (with  moderate  stirring)  indicates, 

whether  the  coal  in  genera.1  can  be  broken  down  in  water  and 

beneficiated  without  much  difficulty.  But  as  shown  previously, only 

two  of  the  six  coal  groups  disintegrated  in  water,  implying  that 

breaking  this  coal  by  mechanical  means  will  be  necessary  before  higher 

degree  of  ash  removal  can  be  accomplished. 

* It is  well-known  that  the  size  of  coal  generally  influence I 

.,. .. . 
its washability'characteristics, as  breaking down the  coal  into  smaller 

sizes  makes  the  inorganic  minerals  more  accessible  for  removal  by 

washing.  Therefore  to  determine  the  most  suitable  top  size  for 

washing,  knowledge  of  the  dispersion of the  minerals  and  the  thickness 

of the different  coal  macerals  in  coal  is  extremely  useful. 

The  washability  characteristics of a coal  is  perhaps  the 

most  important  tool  available  to  determine  the  extent  to  which a coal 

may be cleaned.  Examination  of  washability  data  for a particular 

coal or  for  particular  size  of  coal  will  reveal  the  quality  of  coal 

which  may  be  obtained  by  mechanical  cleaning  as  well  as  the  quantity 

of  coal of a particular  quality.  The  data  may  also  indicate  the  ease 



or   d i f f icu l ty   wi th  which the  coal nay  be  cleaned. 

The washabi1it:y  curves shown in  Figures  6 to  9 indicate  

the  quantity and qual i ty  o f  coal  to  be  obtained by cleaning a t  

ce r t a in   spec i f i c   g rav i t i e s .  Before  selecting  the optimum spec i f ic  

gravi ty   for   separat ion of Hat Creek coal (Batch Gl), a review of the 

resul ts   obtained  in   the  var ious  areas  of study  should  be  helpful. 

F i r s t  of a l l ,  water  washing  (along  with  stirring)  alone of 

Hat Creek coal  will reduce  the  ash  content by 10% (by weight).  For 

better  cleaning, washing in   specif ic   gravi ty   f luids   (or   equivalent)  

* w i l l  be necessary. 
". . . .. . 

-. 

From the  washability  curves (#I t o  #4  iti Figures 6 to Y), 

it can  be  seen  that   the amount of recovery  increases  with  decreasing 

sample t o p   s i z e s   a t  any specific  gravity.  For a l l  sample top  sizes,  

the amounts of recovery remain constant from 1.5 S.G. t o  1.9 S.G. 

The near-gravity  material i s  almost zero between 1.6 and 1.8 S.G. 

f o r   a l l  samples.  This  indicates  that  the  coal  can  be  easily  cleaned 

by washing  (compare Table X I ) .  

The important  aspect  of  washability i s  the  recoverable 

heat  content. It is  found* that  the  total   recoverable  heat  content 

per pound of washed coal is highest within 1.45 t o  1.9 spec i f i c  

gravity  range  with  only % !i% l o s s  of the   hea t   conten t   a t  sample size 

* from washability  curves # 6  (Figure 6 to  9) 
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- < 114". 

In  terms of mineral   d i f ferent ia t ion  in  washing i t  was found 

that  the  percentage of bentoni te   in   the  s ink  f ract ion  decreased  with 

decreasing sample size.   This means tha t   s ink   f rac t ions  of sample top 

s i z e  ,< 114" is more desirable   to   recover   kaol ini te  by washing. The 

weight % dis t r ibu t ion  of the two major inorganic  minerals  i .e. 

kao l in i t e  and bentonite  remainsconstantat  1.45 t o  1.7 specif ic   gravi ty  

fluid  separation. 

The last area of study on sulphur  distribution shows tha t  

t he  % reductions of sulphur  decrease  only 2 to  3% within  the  range 

of spec i f ic   g rav i ty  1.45 t:o 1 . 7 , f o r  sample  top s i z e  5 1/4". The __. 

% reductions of sulphur  decrease anywhere  from 5 to  11% within  the 

same specific  gravity  range  for sample top  s izes  < 1 1/2", < 1" and 

< 112" . 

f '  . 

/.. .. 

6 

I n  view of the  resul ts   obtained  for  Bradford  Breaker  sample 

having  approximately 50% ash, 6000 BTUIlb on the  dry  basis ;   the  

optimum specif ic   gravi ty   for   separat ion is  within 1.6 3 1.8 S.G. and 

the optimum sample s i z e  < 1.14". The cumulative  heat  content of t he  

f loa t   f rac t ion   wi th in  1 .6  3- 1.8 S.G. is 7530 BTUIlb (db),  and the  

total   recoverable  heat  content  per pound  washed coal i s  6130 BTU/lb 

which is about 95% of the  heat  content of coal  before washing. The 

ash  reduction is  about 12% db.* The percent  reduction of s u l f u r   i n  

* This may appear t o   be  105~ as compared to  ordinary  water washing (%lo%). 
It should  be  noted  that   this  result  i s  only  appl icable   to   this   coal  

water. For other  types of coa l   t h i s  may not  be  applicable. 
containing a very  high  concentration of ash, which d i s in t eg ra t ed   i n  
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weight % is about 14% and i n  grams sulfur  per  mill ion BTU is 30%. 

The near-gravity i s  almost  zero at  1.6 t o  1.8 S.G. and spec i f ic  

gravity  separation  within.  this  range  should  create problem! 

It should  be  pointed  out  that  the  presence of a l a rge  

concentration of bentoni te   in  some of the  coal  sections may 

introduce problems into  the  cleaning  circuit   during  specific  gravity 

separation.  Attempts  should be made t o  mix these  coal  sections  with 

other  sections of coal  containing  primarily  kaolinite  (or  other 

minerals)  for  dilution.  This  particular  aspect  needs  further  study. 

Sf washability of Bat  Creek coal  i s  found not   to   be  feasible ,   another  

a l t e rna t ive  method - dry  specific  gravity  separation  (Le.  without 

water medium) should  be  tried.  This w i l l  circumvent  the  problem of 

water  jel lying up with  high  bentonitic  clay  concentration  in some 

coal  sections.  

.. . . . .  ". " . 

11. Eradford Breaker Sample 

B. Batch #2 Low Ash Content Sample 

One single  sack of t h i s  sample was supplied,  containing 

about 40 lbs of sample. One quarter of the  batch was crushed t o  

minus 0.5" size.  Proximate  analysis on this  material   could  not be 

carried  out as the TGA equtpment was  broken down.  From s t a t i c  

analyses, i t  is found that sample consists  approximately 25.9% 

moisture, 24.7% ash  (or 33.3% ash on the  dry  basis) .  From Parr 
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bomb tests, the  heat  content is found t o  be 5860 BTLT/lb or  7900 

BTU/lb db. The inorganic  minerals  present  are  identified by X- 

ray   d i f f rac t ion .  The major  minerals  present  are  kaolinite,  bentonite, 

quartz and s i d e r i t e ,  w i t h  kaol in i te  making up of  approximately 60 t o  

70% of the  total   inorganic   minerals .  The r e s u l t s   a r e  shown i n  Table 

XVI . 

The sample a t t o p  s i ze  ,< 0.5" is subjected  to 1.45 spec i f ic  

gravity  separation  yielding a f l o a t   f r a c t i o n  of 86.4% and a sink 

f rac t ion  of 7.6% on the  dry  basis*. The weight  percent  ash of the 

f l o a t   f r a c t i o n  is 27% and the  sink.  fraction is only 63.8%. The 

recovery  can  definitely be increased  past 90% (by  weight) as the 

ash  weight % of the   s ink  f ract ion can be  increased-up  to.  around 73 

t o  75X i f  1.5 to 1.7 specific  gravity  f luid  for  separation is used. 

Even a t  1.45 specific  gravity  separation, a few minerals 

are  very well separated. The minerals  present i n  the sample before 

f loat-s ink  separat ion  are   kaol ini te ,   bentoni te ,   quar tz  and s ide r i t e .  

But after float-sink  separation a t  1.45 S . G . ,  bentonite is concen- 

t ra ted   on ly   in   the   f loa t   f rac t ion  and s i d e r i t e  is concentrated  only 

i n  the  sink  fraction.  Siderite,   being a high  specific  gravity  mineral  

should  concentrate  in  the  sink  fraction.  Kaolinite and quartz   are  

. .  

* The balance is l o s t  du-cing handling. 
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present   in   both  f loat  and s ink  f ract ions.  

The data of t h e  float-sink test for  5 1/2" top  s i z e  sample 

a t  1.45 S.G. a r e  shown i n  Table X V I I .  For < 1/2" top   s i ze  sample the  

ca lo r i f i c   va lue   fo r   t he   f l oa t   f r ac t ion  is 7663 BTU/lb ( or  9410 BTU/ 

l b  db) and 4650 BTU/lh (or 5030 BTU/lh db) in   the   s ink   f rac t ion .  

Because  of lack of time no exhaustive  study  could  be made 

on t h i s  sample. 

11. Bradford  Breaker S a m ?  

C. Batch i f 3  

... .. . .. No float-sink test i s  performed on t h i s  sample-. Only 

i moisture,  ash  content are determined by t h e   s t a t i y t e s t s  and the  

ca lor i f ic   va lue  i s  determined by the  Yarr bomb test. By qual i ta t ive  

X-ray analysis,  the  inorganic  minerals  are  determined. A l l  these 

r e s u l t s   a r e  shown i n  Table.XVI1.I. 

111. Refuse Sample from Alherta  Research 

TWO pa r t s  - bulk and surface 

1. refuse from f loa t / s ink  tests 

2. white  coating on th i s   r e fuse  

. Ident i f ica t ion  of minerals i s  done by  X-ray diffractometry 



- 67 - 
Table XVI 

Bradford  Breaker sample:  Batch # 2  

Moisture 
Ash 
Ash (dry  basis) 
Calor i f ic   value BTU/LB 
Calorific  value  (dry  basis) 
Clay mineral  content ** 

Table XVIIZ 
Bradford  Breaker sample: Ba.tch #3 

Moisture 
Ash 
Ash (dry  basis) 
Calorific  value BTU/LB 
Calorific  value.  (dry  basis) 
Clay  mineral  content ** 

* A l l  t e s t s   a r e  done in   dupl icates .  
** Given i n  descending  order. 

Average * 
25.9% 
24.7% 
33.3% 
5860 BTU/LB 
7900 BTU/LB 
Kaolinite (= 60+70%) 
quartz (= 4W30%) 

Average * 
28.3% 

.' 42.0% 

, 2110 BTU/LB 
58.6% 

2940 BTIT/LB 
bentonitezkaolinite 
qoartz ,   pyr i te   ( t )  
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and scanning  electron microscopy (SEM) techniques.  Kaolinite,  quartz, 

bentonite and t r ace  of  gypsum were  found in   t he   r e fuse  sample from 

f loa t / s ink  tests. The white  coating of t h i s   r e fuse  was found t o  con- 

tain  large  percentage of gypsum as   wel l   as   kaol in i te ,   bentoni te ,  and 

quartz.  (see  Table XIX) 

Gypsum has  not been  found in  the  previous  samples  sent  for 

X-ray analyses. However, there   are   reasons  to   bel ieve  that  some of 

the  previous samples contain  traces of  gypsum because of the  presence 

of sulfur  detected by scanning  electron  microscopy (SR$ which  cannot 

be  accounted f o r  by other  minerals  such  as  pyrite,  marcasite,  etc.,  

i or  by organic  sulfur  (sulfur  in  organic  part  of coal) .  The ident i f ic -  
. 

I " 

_ _  .. .. 
". 

a t ion  of gypsum was not  possible  because X-ray diffraction  technique 

is not  capable of producing  clear  identifiable  diffraction  peaks of 

minerals of 5 wt .% o r  less. 

c 

T h e  Concentration of gypsum on the coating of the refuse 

suggests   l iberat ion of this  mineral  during  the  crushing and spec i f ic  

gravity  separation  stages and eventual  concentration on the  coating 

of the  refuse. 

I V .  Clay Samples 

Results of  X-ray analyses on these samples a r e  shown i n  
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- Table X1X 

Mineral  Analyses of refuse (from Alberta  Research Council) 

: X-ray analysis  

: sm 

SEM resul ts"  

#l: S i ,  A l ,  Fe, Ca, S ,  K, T i  

#2: S i ,  A l ,  C a ,  S ,  Fe, K,  T i  

X-ray analysis" 

#l: Kaolinite,  qua:rtz,  bentonite, gypsum (small quantity  only) 

..#2: Kaolinite,  bentonite; gypsum, quartz -: 

S i  - s i l i c o n  

A 1  - aluminum 

Fe - i ron 

Ca - calcium 

S - su l fur  

K - potassium 

T i  - titanium 

* l i s ted   in   decreas ing   quant i t ies  
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decreasing  quantities  but no quantitative  estimation of these  minerals 

are   carr ied  out  by the  internal  standard method. It can  be  seen  that 

the major  mineral i n   a l l   t h e s e  specimens  (except  one) i s  bentonite. 

V. Bradford  Breaker  Reject Samples 

Two samples whi.ch a r e   r e j e c t s  of the  Bradford  Breaker  vas 

supplied by Mr. Max French.  These  specimens are  very  hard  to  break. 

Proximate  analyses  are  performed on these specimens and c a l o r i f i c  

values  are  determined.  These  results  are shown i n  Table XXI. These 

samples a re   r e f e r r ed   t o  a s  "Low Ash Samples", as   they  contain  very 

... . . small. concentration of ash ... in   the  range 3 t u  6% (wet basis) .  " 



s 

Table XX 

Mineral  Identification  by  X-ray  Diffractometry  and  Scanning 

Electron  Microscopv ' (SEMj~. 

~ Minerals(1isted  in  descreasing  quantities) 

HC 74-29  625' bentonite,  feldspar,  kaolinite,  quartz 
HC 74-34 448' : bentonite,  feldspar,  siderite 
HC 74-34  479' bentonite,  siderite,  feldspar 
HC 74-34 491' + 561' bentonite,  siderite,  quartz,  feldspar 
HC 74-34  618' + 620' bentonite,  feldspar,  siderite,  quartz 
HC 74-44  2167' bentonite,  quartz,  feidspar,  kaoiinite 

HC 74-48  1342 bentonite,  feldspar,  quartz,  siderite, 
! 

kaolinite,  ankerite 
HC 74-144  212'  (2115 3 2130 ' )  bentonite,  quartz,  feldspar 
HC 76-123  410' bentonite,  kaolinite 
€IC 76-123  590' bentonite,  quartz,  siderite,  pyrite (t) 
HC 76-135  1975' quartz,  calcite,  bentonite,  kaolinite 

. .. I 

U 
N 
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Sample 
NO 

ld ry   bas i s  

ld ry   bas i s  

4" see  appendix 

T 

Table XXI 

Aaalgses of Low Ash Samples* 

Moisture 

12.8 

" 

27.8*+ 

Volat i le  

Dehydration** 
and . 

".I 
? a  Q 

38.8 

32.7 

45.3 

(b: 

I 

i 
i 

".- .;n Q 

58.2 

33 

45.7 - 

Ash 

.Ca lo r i f i c  Value 
BTU/LB 

' (by Paar bomb) 

12,600 

8,000 

. .  I 

(by  x-ray d i f f r ac t ion )  
Minerals  present 

- 
kaol ini te ,   quar tz  

* .  two low ash samples  brought by Max French of B.C. Hydro ( r e j e c t s  from  Bradford  Breaker) 

** Dhhydration o f  Clay 

*+ sample was col lected on rainy  day  at  Hat Creek deposit  

heating 
r a t e  

'C/min 

13 

an 
2" 

30 

Temperature 
range ("C) 
a t  which car- 
bon burned 
(by DTA) * 

110 -* 560 

17n + 999 -, 1 

1 5 0  -* 750  
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EXOTHERMIC AND ENDOTHERMIC REACTIONS OF MINERALS 

Endothermic,  peaks Exothermic, peaks 
(maximum) (maximum) 

Temp.OC Magnitude Temp.'C Magnitude 

1. kaolinite 

2. bentonite 

3. feldspar:  orthoclas 
albite 

4 ,  quartz ..... 

5 ,  siderite 

6. Calcite 

7 .  ankerite 

8 .  pyrite 

105 

585 

14W150 

49o-t540* 

700* 

875" 

850 
820 

-. 
573 

545 

880 

small 985 v. large 

large 

medium 90cP920" small 

medium 

medium 

medium 

small(broad) 
medium 

v. small 
-. . 

medium 620 

v. large ' 

kX 

large 

- 440 large 

* See p.891 of Benn. bentonite consists of mont.  etc. 

* information not  available f.n Renn reference 
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SPECIFIC GRAVITIES* OF VARIOUS MINERALS 

Specific  Gravity 

2.61 Kaolinite AI2(Si2O5) (OH)2 

Bentonite various 

Feldspar various 

Chlorites various 

2.64 + 2.66 

2.55 + 3.2 

2.57 + 3.0 

2.65 

5.02 

2.71 

3.85 

2.86 

3.5 3.8 

Quartz  Si02 

Pyr i te  FeS2 

Calci te  CaC03 

Sider i te  FeC03 

Dolomite (CaEig)co3 

Ankerite -. (CaMgFe)  C03 -. 

Iron  disulphides  (pyri.te,  marcasite, rne1nikovif-e. 
pyri.te) 

* References: The Chemistry and Physics of Clays,  A.B. Searle 

and R.'N. Grinshaw 

BENN :p.890 + 901 

Petrology  p.281 

Coal U t i l i za t ion  New, p.314. - 
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Differen t ia l  Thermal Analysis (DTA) of two low ash samples ( r e j ec t s  from 

Bradford  Breaker): 

Differential   thermal  analysis (DTA) is the  technique used to   f i nd   t he  

range of combustion  temperatures and to   s tudy  the  react ivi ty  of the two 

low ,ash  samples  during  combustion. The results  are  recorded  automatically 

. .  i n   t h e  thermograms and in te rpre ta t ion  of these  readily  gives  valuable 

informations  about  these samp:les. 

The thermograms are plotted  with  differential  temperature (AT) as a function 

of furance  temperature (T). A i r  (not  preheated) is fed  continuously 

-(at   constant rate fo r  a l l  three  tests)into  the  furnace"during  heating. ' .  

The differential   temperature (AT) measures the  increase of the  difference 

of  temperatures  between  the  sample and the  reference  material ( i n   t h i s   c a s e  

A1203 is  used). And the   fas te r   increase  of the sample temperature compared 

to  the  reference  material   temperature is produced by the exothermic  heat of 

the  sample during  burning. 

I 

A s  seen i n  Table XXI, the  range of combustion  temperatures is dependent on 

the  heating  rate.  For example, the  range of t he  combustion  temperature  of 

sample number one is  decreased  as  the  heating  rate is decreased.  Decrease 

of heating rate means there  art:  more time fo r  combustion of the sample. 

This  therefore  explained why combustion is completed a t  about 540°C a t  
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. 
heating  rate  of  13"C/min  as  compared  to  about  900°C  at  heating  rate  of  3OoC/ 

- min.'  Similarly,  when  sample  number  two  is  heated  at a rate of about 10 .+, 

15'C/min.,  the  thermogram  is  shifted  to  the  left  indicating  faster  com- 

pletion  of  combustion  at a 1ower.temperature.  The  completion  temperature 

of  combustion  will  also  be  increased  or  decreased by a hundred  or so degree 

centigrade  depending on the  type  and  amount  of  coal  maceral,  and  mineral 

content  present. 

The  reactivity of the  coal  sample  can  be  readily  obtained  from  the  thermograms 

also.  For  example,  looking  at  thermogram  of  sample  number one heated  at  30"C/ 

min.,  the  more-reactive  part of the  sample  reacts  first  and  the  less-reactive 

part  last  as  the  furnace  temperature  is  increased. The combustions of the 

more-reactive  part  and  the  less-,reactive  part  of  the  sample _. are  represented 

6 by  the  first  and  second  peaks  respectively on the  thermograms.  Given  samples 

heated  at  the  same  heating  rate,  broad  exothermic  peaks  suggest  the  presence 

of greater  amount  of  low  reactlve  materials.  This  is  shown  by  sample  number 

one  and  two  heated  at  about  30"C/min.  The  first  exothermic  peaks  of  the  more- 

reactive  part  of  the  both  samples  occur  at  about  45OoC,  whereas  the  second 

peak  of  sample  number one occur  at 890'C of compared  to  740'C  of sample number 

two indicatingthe  presence of  greater  amount  of  less-reactive  material  in 

sample  number  one. 
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SAMPLE SIZE ,<x 112'' 
Calculation of  cumulative  heat  content i n   f l o a t   f r a c t i o n s  

' Specif ic  Weight Calor i f ic  Value Calor i f ic  Value 
Gravity % (Exper.)BTU/lb (Cumulative) 

CALCULATIONS 

BTIJ/lh 

1.3F 20.7 11170 11170 
1.4F 18.7 8460 9884 

ZC. 

3%4(ll\10\t '%+ (b%t(jc)' 586q.t.40~5.3 = 908q 
2s 

1.45F  16.2  7880  9300 > I  18.7 N& 
55.L [ N I l C ) *  ,FJih&bo\-+ 5'j.l,il"u'icj 
-"t\%&.bt 2 % ' k 5 . +  t 22?L = 9 3 Q G  

1.5F 2.7 5410 

balsnce of f l o a t  and sink f rac t ions  
Calculation of  heat content of coal  before washing  by heat 

1.3F: 20.7 w t . %  a t  :L1170 BTUILB 
1.4F:  18.7 wt .% at 8460 BTU/LB 

2312.2 

1.45F:  16.2 w t . %  a t  7880 BTU/LB 
1582.0 
1276.6 

1.5511.7F; 
1.5F: 2.7,wt.% at  5410 BTU/LB 146.1 

.9 w t . %  a t  3510 BTU/LB 
1.7s: 

31.6 
34.3 w t . %  at  1810 BTUILB 620.8 

Loss: 6.5 w t . %  a t  1300 BTLT/LB 84.5 - 
6053.8  6050 BTU/LB 

* .9 = .6 + . 3  from 1.7F (5 1.55F respectively,  assumption is made 
that  heat  content :L.55F 1: 1.7F 



- 8 1  - 

. SAMPLE SIZE C1. 112" 

Calculation of Cumulative  .Ash  in  float  fractions 

b 
Specific Weight Wt.%  Ash Ut.%  Ash 
Gravity % (Exper.) (Cumulati.ve) 

CALCULATIONS 

1.3F 
1.4F  18.7 

20.7  10. 10. 
31.5 

10 "I 
20.2 

l e . ,  
37.4 (IC.) t 37.4(3I.s) ' 5.253 f \Lt.95\ = 20.'Lo+ 
- 

1.5F  2.7  57. 

c 

1.7F 

i ~(bb.'Z)=3.4'\ltq~~5D-t Q.c\13 t * l . L b t  'A\? t .Ll[ 
.I, 

= 25 .D \ .~ 

Calculation of ash  content of unwashed  coal  by  ash  balance 
of  float  and  sink  fraction!; 

1.3F: 
1.4F: 

20.7 wt.% at 10% ash 2.07 
18.7 wt.%  at 31..5% ash 

1.45F 
5.891 

16.2 wt.% at  40..l%.ash 6.496 
1.5F 2.7 wt.% at 57.W ash 
1.55F 

1.539 
.3 wt.%  at 63.% ash .189 

1.7F .6 wt.% at 66.2X ash .397 
1 .7s   $34 .3  wt.%  at 75.2% ash 25.794 
Loss 6.5 wt.% at 77.X* ash 5.005 

47.381 + 47.4% ash (db) 

* obtained  by TGA 
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Kaolinite/Bentonite  Mass  Balance 

SAMPLE SIZE: <l 112'' 

! .  .. 

All figures  given  are % of total  weight  (dry  basis)  before  washing. 

At  any  specific  gravity,  t:he  total  percentages  of.kaolinite  and 
bentonite  will not be  equal  as  these  are not cumulative  percentages. 
But,  the  percentage  of.kaolinite  or  betonite  at  any  specific 
gravity  should  equal  to  the  percentage of kaolinite  or  be  bentonite 

the  total  percentages  of  kaolinite  in  the  float  and  sink  fractions 
in  the  sink  fraction  of  the  lower  specific  gravity.  For  example, 

at 1 .45  S.G.  I s  18.42% and  this is = equal to the  percentage of 
kaolinite  in 1.45 which  is 18.%. 

- 
c These  are  quantitively  analyses  of  the  specific  gravity  fractions. 

* Sample  calculation 
5.8% = .187 x 31.5% X .88 

4 + ,r 
wt.% 1.4F % ash in % kaolinite 

material 
of  total 1.4F  in 1.4F 
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Cumulative KaolinitelBentonite 'Mass Balance 

Sample Size: 6 1 1/2"  

Specific Gravit! 
Sink  Float 

1 .3  

1 .4  

1.45 . 

,. 

1.5 

1.551 
1 .6  

1.3 

l . 4  

1.45 

1.5 

.. ". 

1.551 
.1 .6  

1.7 

i 

Float Fraction - 
Kaol. Bent. Kaol.  Rent 
% of Float % of Total 
Fraction Material 

6.0 4.0  1.2 .8 

L6.3 3.9 6.4  1.5 

L0.3 5.8  11.2  3.2 

20.8  6,.6 12.1 3.9 

!0.8 6.6 12.1  3.9 

!0.8  6.9  13.3 4.1 

;ink Fraction 
Kaol. Bent. 
% of Sink 
Fraction 

- - 

18 .  18.7 

13.6 13.6 

12.4  14.6 

12.4  14.6 

12.6  13.2 

* weight of sample for washing 
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P 

A t  any  one specific  gravity,  the  cumulative  percentages  of 
kao l in i t e  and ben ton i t e   i n   t he   f l oa t  and s ink  f ract ions 
(% of to t a l   ma te r i a l   i n   t he   f l oa t   f r ac t ion  and % of s ink 

Listed below is  a t ab le  of t h e   t o t a l   k a o l i n i t e  and bentonite 
fraction)  should  equal  to  that  at  another  specific  gravity.  

contents   for  comparison. 

Specific  Gravity  Cumulative % X Loss + Total   kaol ini te  
LOSS (% of Total  % and bentonite 
t o t a l  wt.) K & B  contents ( X  of 

to ta l   mater ia l  
for  washing) db 

Sink  Float  db,at 77% ash 

1.3  1.39 

1.3  1.4 1.39  46. 44.6 6.4 t 1.5 f- \8.  t 18.7 

1.4  1.45 4.23  45.8 41.6 11.2 f. 3.2t 13.b* 13.b 

1.45  1.5 5.01  48. 43. \2.\ .t 3 , q t  \2.4 -+ iq.6 
... . . 

1.5 1.551  5.01  48.  43. 
- 

1.6 

1.551 1.7 5.01'  48.2  43.2 
1.6 

i3.3 * h.\ f 12.b-k \3 .% 

Average: $Z12 "" - total   ash  content  (db) of sample 
,c 1 112'' 
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SAMPLE SIZE = ,<1 112" 

Calculation of cumulative sulphur in float  fractions 

Speci f ic  Gravity  Weight % Wt.% S g S/Mil.BUT Cumul.  Cumul. 
of total (exp.data)db  (db)  Wt.% s g s  Sink Float Mil BTU (db) 

1.3 20.7 .63  255.8 .63 256 

1.3  1 .4  18.7 .80 428.9  .71  338 qd .k31 t  %(.?A 20.7 

: .33 t .'3f = .11 

1.45  1.5 2.7 .57 477.9  .68  34 

= .b% 
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. 
SAMPLE  SIZE: ,<1" 

Calculation  of  cumulative  heat  content in float  fractions 

Specific  Weight  Calorific  Calorific 

BTU/lb 

1.3F  13.8  12250  12250 
1.4 23.3  9980 1082.0 

' Gravity % Value(actua1)  Value(c:umul.) CALCULATIONS 
BTU/lb 

\3.9 
(kZ250) * -3 (qq00) = '+%jb.6* b!LL?.;. 

' l06'LLc 

1.45F 19.3  5480  8995 F&(k'L250)f 2 9  ~ b , ~ @ q 0 ' ~ *  51.- !S< 5+%< ,,f 

= 2q91.3 t Y127.q t- 1815.2 2 awr;.q- 

1.5F  8.6  3740 8300 

s 

117F .1 3110"  8050 

? mG7lt.O) f ,%(3\10) '' 2Y'l5i.\ f<Yb'.! 9.1, 

-t \S't%.S t '+70.c\  'r \So.'% = E P 4 . y  

calculation  of  heat  content  of  unwashed  coal  by  heat  balance  of 
float  and sink fractions (db) 
1.3F: 13.8 wt.%  at 12250 BTlJ/lb 1690.5 
1.4F: 23.3 wt.%  at 9980 BTU/lh 2325.3 
1.45F:  19.3 wt.%  at 5480 BTU/lb 1057.6 
1.5F:  8.6 wt.%  at 3740 BTU/lb 321.6 
1.55F & 3.3(3.2 + .l)wt.%  at 102.6 
1.7F  3110 BTU/lb 
1.75: 26. wt.%  at 1830 BTU/lb 475.8 
Loss : 5.7 wt.% at 1300 BTU/lb 74.1 

100 6047.5 -> 6050 BTU/lb 

i 

*Assume 1.7F has 2 3110 BTU/LB - based on 1.55F/1.555 heat  contents. 
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Calculation  of  Cumulative  Ash in Float  Fractions 
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Specific Weight Wt.%  Ash Wt.%  Ash 
Gravity ' % (Actual) (Cumulative) 

CALCULATIONS 

s 

1.3F 13.8 9.5  9.5 
1.4F 23.3 26.8  20.4 ' m y s % ) ?  %&(U.8)= 3.53+ t \b.F3\ E ?o.?hS 

1.45F  19.3  57.1  32.9 \:= Sb,*(qss~t 2&(*b.t) t S l . U  -( 57.i) 

2- 2.32~+ t \ \ . o . l 2  t l9,5+tb 

1.5P  8.6  68.9 37.7 

1.55F  3.2  71.2  39.2 

.. . 

I 
1.7F .I - a39.2 

It 3q.2 aka4 

Calculation  of  ash  content of unvashed  coal  by  ash  balance  of  float  and  sink fractions. 

1.3F: 
1.4F: 
1.45F: 
1.5F: 
1.55F: 

1.7s: 
1.7F: 

Loss: 

13.8 wt.% at 9.5% ash 
23.3 wt.%  at 26.82 ash 
19.3  wt.% at 57.12 ash 

8 . 6  wt.%  at 68.9% ash 
3.2 wt.%  at 71.2% ash 
.1 wt.% at 71.2$/, ash 

26.wt.% at 74.9% ash 
5.7 wt.% at 77.%k ash 

100. 

1.311 
6.244 

11.020 
5.925 
2.27% 

,071 
19.474 

4.389 

50.712 + 50.7% ash (db) 

* obtained  by  TGA 
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Kaolinite/Bentonite  Mass  Balance 

SAMPLE  SIZE: 61'' 

Specific  Gravity 
Sink  Float 

1.3 

1.3 1.4 
1.4  1.45 

1.45 1.5 
1.5  1.55 

1.55 1.6 

1.6 1.7 

- 
Kaolinite 

Float  Sink  Tota:L 

1.17 28.7 29.9 

4..12 21.24 25.3 

6.83* 15.71 22.5 

3.0 11.88 14.9 

1.3 10.82  12.1. 

- 

- - - 
- 11.68 - 

._ - 

T- 

I 
Percent I! Bentonite 1 Percent 

Derivation1 

.14 23.5 - 

Float  Sink I/ 

-11.5% -7.7% 2.12  19.60  21.7 

"5.9% 

"1.8% 

+2.1% 1 2.90 9.72 12.6 -6.0% ' 

-15.8% 1 4.19 12.3  16.5 

-9.5% I .98 7.8 8.8 '  
i 

- l -  
- - - - 

7.78 - - 
I 

- I I 

.. . 
All  figures  given  are % of  total  weight  (dry  basisj'before 
washicg. . At  any  specific  gravity,  the  total  percentages of 
kaolinite  and  bentonite will= be  equal.  Explanation  is 
given in Kaolinite/Bentonite  Mass  Balance  for  sample $ 112". 

* samDle  calculation 
6.83% = .193 X 57.1% X .62 

4 k B 
I 

wt:% of % ash in % kaolinite 
1.45F of 1.45F in 1.45F 
total 
material. 
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Cumulative kaolinite/bentonite balance 

4 SAMPLE SIZE: 51'' 

1 
Specific  Gravity 

Sink Floa't 

1.3 

1.4 

J 

* 

1.45 

1.5 

1.55 
P 

1.3 

1.4 

1.45 

. . .. 

1.5 

1.55 

1.61 
1.7 

*: 

Float Fraction 
Kaol.  Bent.  Kaol.  Bent. 
% of Float % of total 
Fraction material 

(Cumul . ) 
8.46'  1.05  1.17  .14 

14.25 6.11 5.29" 2.26 

21.49  11.45  12.12  6.46 

23.3 14.40  15.15  9.36 

24.1  15.16  16.44 10.3 

24.1  15.2  16.4  10.3 

- S 

I 

1 

" 

,ink Fraction 
Caol.  Bent. 
g of sink 
Fraction 
(Cumul . ) 
28.7 23.5 

21.24  19.6 

15.71 12.3 

. .  

11.88  9.72 

10.8  7.8 

10.8 7.8 

CALCULATIONS 

B 

* 5.29% = % kaolinite in 1.3F + % K in 1.4F from  table  of Kaolinite/ 
sample  calculation: 

f+t ,Assume no change  in % of kaolinite and  bentonite. 
Bentonite mass balance. 

+ K 3.4L = 4.5 (.Sq):("/. a>\~)(.l. kGh\s;;,Te) 
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A t  any one specific  gravity,  the  cumulative  Percentages. Of 
kao l in i te  and bentoni te   in   the   f loa t  and s ink   f rac t ions  
(% of to t a l   ma te r i a l   i n   t he   f l oa t   f r ac t ion  and % of s ink  

Listed below is a tab le  of t he   t o t a l   kao l in i t e  and bentoni te  
fraction)  should equal t o   t h a t  a t  another  specific  gravity.  

contents  for comparison. 

Specific  Graviry  Cumulative  Total  Kaolinite and 
% Loss (at   bentonite  contents 

(% of t o t a l  for washing  )db 
ab> 

Sinlc Float 77% ash) (% of to ta l   mater ia l  

1.3   4 .39   53 .52  1.17 + .14 i 28.7 i 23.5  

1.3 1.4 4.39 48.39 

1 . 4  1.45 4.39 46.59 

1 .45  1.5 4.39 46 .11  

J 1.5  1.55 4.39  fb5.34 

1.55 1.6f 4.39  45.34 
1.7 

”. 
... . . . . .  

. 

5.29 + 2.26  f 21.24 + 19.6 

12.12 + 6 . 4 6  + 15.71t 1 2 . 3  

.15.15 + 9.36 + 11.88 + 9.72  

16..$4 4 1 0 . 3  + 10.8 i 7 . 8  

16.44 f 10.3  + 10.8 + . 7 . 8  

Average: 47.55 

+ 4.39 

Average: 511.9 - total   ash  content  (db) 

of sample < I” 
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SAMPLE SIZE: $1" 

Calculation of cumulative  sulfur  in  float  fractions 

Specific  Gravir: 

Sink  Float 

1 .3  

1 . 3  1.4 

1 . 4  
I 

1.45 

,. . . 

. 

1.45 1.5 

t 
_. 

?eight % Wt.% S g S/Mil.BTU  Cumulative  Cumulative 

-3.8 

!3.3 

L9 1) 3 

8.6 

.40 148.1  .40 148  

.73 331.8 .61  264 

.58 480.1 .60 338 

". -~ 

.50 606.4 .59 373 

. .  



- 92 - 

, 
SAMPLE: 3112'' 

Calculation of cumulative  heat  content  in  float  fractions: 

Specific  Gravity Weight, CaloriEic  Cumulative 
Sink  Float % Value Calor i f ic  CALCULATIONS 

(Exp.BTU/lb) Value(BTU/lb) 

1.45  71.6  8185  8185 

1.45  1.55  1.5 6100  8140 
1 t . L  
iS(.q\6'5) f 73.1(6\0c) 

1.5 

8 ~ 1 7 .  t 125.2 

= e142 

_. . 

Calculation of heat content: of coal  before washing by heat 
balance of f l o a t  and s ink  f ract ions.  

1.45F:  71.6 wt.% a t  8185 BTU/lb 5860.45 

1.55F 1.5 wt .% a t  6100 B'J'U/lb 91.5 

1.55s:  23.4 w t . %  a t  3130 STUllb 

Loss: 3.5 wt.% a t  1300 BTU/lb 

732.4 

45.5 

6729.85 + 6730 B!I'U/lb 
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I 

SAMPLE SIZE: 51r2*1 

Calkulation of cumulative ash i n   f l oa t   f r ac t ions ;  

Specifi-c  Gravity Weight % W t . %  Ash W t .  % Ash 
Sink  Float (db) (exp . ) (Cumul . ) CALCULATIONS 

1.45  71.6  37.1  37.1 

1.45  1.55 1.5 52.6  37.4 7& 

= 3k.3 t \.ox = 37.k 

,3,,&7.\)+ %(52.61 

Calculation  of 'ash  content 'of unwashed coal by ash"' 
balance of f l o a t  and sink f ract ions.  

1.45F  71.6 w t . %  a t  37 .1  % Ash 26.56 

1.55F 1.5 w t . %  a t  52.6% ash .79 

1.55s 23.4 w t . %  at  77.1% ash 18.04 

Loss 3.5 wt.% at JI.%* ash 2.70 

48.09 -+ 48.1% ash (db) 

* obtained by TGA 
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Specific  Gravity Weight Calcmif i c  Value  Cumulative 
Sink  Float  (Experimental)*.  Calorific Value* Calculations 

1.45 81. 7540  7540 

1.45  1.55 .3 5900 7534 &(154d t &(590d 
= 1% I2 2 t Zt.11 

Calculation of -heat  content--.of  coal  before washing-by heat 
balance of f l o a t  and s ink  f ract ions.  

1.45F 81.wt% a t  7540 BTUIlb 6107.4 

1.55F .3wt.% a t  5900 BTU/lb 17.7 

1.55s 15.7wt.% a t  2001, BTU/lb 314.79 
Loss 3.0 w t . %  a t  1300 BTU/lb 3.9 

6443.79 + 6440 BTU/lb 
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e 

SAMPLE SIZE: 5114'' 

.Calculation of cumulative  ash in   f l oa t   f r ac t ions :  

Specific  Gravity Weight W t .  % Ash W t .  % Ash CALCULATIONS 
Sink  Float % (db)  (Experi.) (Cumul.) 

1.45 81. 42.7  42.7 

1.45  1.55 . 3  55.  42.8 %,(42.3 t %\*3 ( 5  5 .) A 

'= 42.542t .203 

= 42.7Y5 

Calculation of -ash  content of coal  before washing by ash  balance 
of f l o a t  and s ink  f ract ions.  

1.45F 8l.wt.% a t  42.7% ash 34.587 

1.55F .3  w t . %  a t  55.% ash .165 

1.55s 15.7 wt.% at 79.1% ash 12.419 

Loss 3 .  wt.% a t  77.%* ash 2.31 

100. 49.481 + 49.5% ash (db) 

* obtained by TGA 
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. 

Specific Gravit: 
Sink  Float 

Sample Size 
6 112" 

1.45 

1.45 1.55 

Sample S ize  
: 114'' 

1.45 

1.45  1.55 
.. . 

Float  Sink  Total 
Kaolinite 

15.67*  10.89  26.6 

.53  11.72  12.3 

21.8**  8.99  30.8 

.14 7.33  7.&7 

Percent 
)erivatio:  

- 
-7.6 

- 
16.9 

Bentonite Percent 
Float  Sink  Total Derivation 

11.78  6.92  18.7 I 

12.8  3.49  16.3 - 
.03  4.22  4.25 21.8 

- 

All f igures   given  are  % of t o t a l  weight  (dry  basis)  before 

washing. A t  any specif ic   gravi ty ,   the   total   percentages of 

kao l in i t e  and bentonite w i l l  nor be  equal.  Explanation is 

givsn in  KaolinitefBentonite Mass Balance for  sample51  112". 

* 15.67 = (wt.% of 1.45F)(wt.%  ash)(wt.%  kaolinite) = (.716)(37.1)(.59) 
** 21.8 = (wt.% of 1,45F](:wt.% ash)(wt.%  kaolinite) = ( .81)(42.7)(.63) 
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Cumulative kaolinite/bentonite  balance 

1 

. 

Specific Gravit: 
Sink  Float 

Sample S i z e  
s 112" 

1.45 

1.45  1.55 

Sample Size 
$ 114'' 

1.45 

1.45  1.55 

Float F W  - 
Kaol. Bent. Kaol. Ben.t. 
% of f l o a t  % of t o t a l  
Fraction Material 

21.89 15.21  15.67 11.78 

22.18 15.23 16.2  12.02 

26.9 15.8 21.8 L2..8 

27. 15.77 21.9 12.8 

,.ink F r a p t u m  

kol .  Bent. 
: of Sink 
'raction 

.2.03 7.07 

-1.72  6.31 

8.99 3.49 

7.33 4.22 

:ALCULATIONS 
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