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1. Introduction 

Up to now the Bonito seam was considered marginal due to 
extremely high intercalation conditions. With a possible 
utilization of coal with 35% ash for substitution of oil 
in the cement industry and for gasification as well as of 
coal with 45% ash for power generation, the seam with its 
potential remarkable for Santa Catarina could move into the 
foreground. 

2. Previous investigations 

In 1974 the CPRM took a channel sample in the C.N.M.C. 
Barro Branco concession near Lauro Muller. The basic 
investigations carried out by Lavador de Capivari on the 
coal crushed to - 25 mm arrived at a yield of 32,0% for a 
35% ash product. The yield drops to 29,0%, related to the 
raw coal. 
Three years later the FINEP took another channel sample 
near Lauro Muller and charged Paulo Abib S.A. with the 
execution of the washability tests, which resulted in a 
yield of 27,5 (26,2) % for a 35% ash coal with the sample 
crushed to - 100 mm. 
The C.N.M.C. Barro Branco executed new investigations in 
cooperation with Lavador de Capivari in 1980. The coal was 
crushed to- 3,15 mm; the yield was 45,5 (31,6)% for a 
coal with 35 % ash. 
The Carbonifera Criciuma did sink and float analysis on 
drill hole samples 3,15- 0,074 mm with a yield of 37,5 
(34, o) %. 

Another sample of unknown origin was analyz2d in Germany 
by Bergbauforschung. In this case only thé lower part of 
the seam, the so-called Banco, was sampled. The coal was 
crushed to - 10 mm and resulted in a yield of 69,5 
(55, 6) %. 

All results indicate an overall yield of ｾ＠ 30 %, depending 
on the degree of comminution. The sulfur content fluctuates 
between 2 and 3 %. 

3. Objectives 

The investigations aimed to describe systematically the 
Bonito coal in regard to its raw material characteristics 
and preparation behaviour and so to give basic data to the 
interested industry, concerning quantities and qualities 
to be expected. In particular, the investigations aimed to 
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establish the 
- siz e -ash-sulfur distribution 

amo unt o f purc r oc k mate rial in the coarse fractions 
- d e n s ity-ash-sulfur distribution 
- fl oa tability. 

The work w.1s part of the CETEM/DITCAR project "Tecnologia 
dos Carvõe s e d a s Turf a s" and was financed by PME/DNPM. It 
was execu t ed in close c ooperation with Carbonifera Criciúma. 

4. Sampling 

The Bonito seam outcrops within the concession area of 
Carbonifera Criciúma near Laura Muller. At the moment of 
sampling the seam was opened and worked at a 100 m wide 
face. The coal already mined was stockpiled near the 
outcrop. The pile with some 100 t capacity was to feed the 
Santa Rosa plant for some preliminary test runs at a later 
period. Preference was given to the bulk sampling from the 
pile inste ad of channel sampling from the seam, since most 
probably a bigger seam volume was covered representatively 
by sampling from the pile. Some bigger lumps were crushed 
manually on the spot. The sample, approximately 5000 kg, 
was collected in oil drums and shipped without water 
protection to the CETEM. 
Sampling and shipping were carried out by Carbonifera 
Criciúma. 

5. Test material 

The Bonito bulk sample can be described macroscopically as 
follows : 

- coarse-grained, often cubic forms in the ROM, but 
with the tendency to generate difficult-to-clean 
"fishes" 

- high ash content, but little in-seam and out-of-seam 
dilution 

- appa rently highly intercalated 
- little clean coal, only smallest layers in the 

millimetric range . 
The sampl e has a top size of 400 mm. The ash content is 
56,7 % (d.b.) and the sulfur content 4,37% (d.b.). 
Ta ble 1 shows ash and sulfur contents in comparison with 
the other investigations. The volatile matters amount 30 
38,8% (d.a.b.), analyzed with c lean coal- 1,40 kg/dm. 
Table 2 gives the ash composition of a washed coal with 
40,4 % ash (private information by Dr. C. Otto & Co.). 

6. Test program 

First the head sample wa s air-dried and then homogenized. 
The first increment of the material was used to establish 
the size - as h-sulfur di s tribution. The resultant coarse 
fractions + 37,5 mm were submitt e d to an one-stage sink and 
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float analys is at 1,92 kg/dm
3 

to determine the pe rcentage 
of pure rock to be r emovcd , if nccessary , prior t o t he 
commi nu tion. 
Another increment of the mate ria l was crushed to - 25 mm , 
once again homogeni zed and divided into four sub-samples 
A to D, 300 kg each. After remova l of the fines - 0 , 6 mm 
the sub-sample A was subjected to a complete sink and f l oat 
ana l ysis . The sub-samples B to D were crushed t o - 12,5 mm, 
- 6 , 3 mm and - 3,4 mm, respectively. After adequate mass 
reduction and removal of the fines, they were submitted to 
the sink and float analys is, too. 
A r ema ining part of the sample was archived for additional 
tests. 

7. Investigation resul ts 

In the following the resu lts are given in form of tab l es 
and figures. 

7 . 1. Size-ash-sulfur distribution 

Tab l e 3 gives the size-ash-sulfur distribut ion of the 
s amp l e as received. The mater ial is relative ly coarse
grained which is an indication f or the sarne phys i cal 
properties as already known from the Barro Branco seam . 
The size distribution f o llows somehow the Rosin - Rammler 
Bennett distribution with the fine fract ions - 1 mm 
slightly underrepresented. The ash content increases with 
decreas ing size whic h is cons i de r ed t o be normal. The 
sulfur content shows more or less the inverse tendency . 
Most of the sulfur is pyriti c (80 %) . 
The size distributions of the sub-samples A to D afte r 
comminu tion are presented in Table 4. 

7.2. Amount of pure rock in the fraction s + 37 , 5 mm 

Table 5 shows the percentage of pure rock in the coarse 
fr act i ons + ｾＷＬＵ＠ mm. The amount of the sink materi a l 
+ 1,92 kg/dm is surprisingly smal l, in comparison with the 
Barro Branco conditions . Th is could be caused by ｡ ｾｳ･ｮｴ＠

dilution. The percentage of pure rock + 1,92 kg/dm i n the 
+ 37,5 mm fr actions is o nl y 14 %, corresponding t o 8 % of 
the total ash, with an ash content of 75 % ass umed of the 
rock. Therefore the initia l intention t o r emove the coarse 
r ock and its pyrite prior to c rushing was abandoned . 

7.3. ｄ･ｮｳｩｴｹ Ｍ ｾｾｨ Ｍ ｳｵｬｦｵｲ＠ distribution 

The results of the sink and floa t analysi s are give n as 
washability curves according to H•·nry-Reinhardt in Figures 
l to 4, ｰ｡ ｲｴｩ｣ｵｬ｡ ｲＡｾ＠ Fig ure 1 show ing the coal 25 - 0,6 mm, 
Figure 2 the coal 12, 5 - 0,6 mm , Pigure 3 the coal 6 , 3 -
0,6 mm and Figure 4 the coa l 3 ,4 - 0 , 6 mm. 
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The Henry-Reinhardt diagram is the graphica1 presentation 
of the ash 1ayers resu1ting from the density-ash ana1ysis. 
The e1ements for the construction of the Henry-Reinhardt 
diagram are inc1uded in the German Standard Vornorm DIN 
23011. 
The diagram contains four curves: 

- e1ementary or instantaneous ash curve 
- cumu1ative f1oat or c1ean coa1 curve 

cumu1ative sink or rejects curve 
- density curve. 

The e1ementary ash curve gives for every fraction which 
f1oats or sinks the a5h content of the highest-in-ash or 
1owest-in-ash 1ayer, respective1y. The cumu1ative f1oat 
curve gives for every f1oat fraction the average ash 
content, the sarne with the cumu1ative sink curve for every 
sink fraction. The density curve gives the density for 
every yie1d and vice versa. 

7.4. F1oatabi1ity 

The f1otation investigations were executed with the fines 
- 0,6 mm of the sub-samp1es C and D, whose comminution 
produced a bigger quantity of fines, 23,9 and 43,5 %. The 
fines have a high ash content and show the qua1ity of 
f1otation tai1ings. But it seemed that good and 1iberated 
coa1 was enriched in this fraction, thus justifying the 
hopes to gain a meta11urgica1 coa1 by skimming off the 
cream. 
The fines were processed by rougher-c1eaner f1otation in 
two para11e1 series, the first one executed carefully with 
flotation oi1 deficiency, the second one with oi1 surplus. 
The r e sults of representative tests are given in Tab1e 6. 
The ash contents fa1sify, of course, the FSI used for 
cokification characteristic. 
Generally spoken, it can be noted that the ｾＺｶｵｴ｡｢ｩｬｩｴｹ＠
of the Bonito coal is poor. It must be assumed that the 
sample was oxidyzed (petrographic research by Z. Correa da 
Silva, outcrop coal, stockpi1ing). ln reality, a better 
product was expected since the sink and float analysis of 
the fraction 0,6 - 0,074 mm of the CPRM/Capivari campaign 
resulted in a yield of 30 % with 18,5 % ash. With the 
FINEP/Paulo Abib investigations the yie1d was even better. 
Additional investigations have to be carried out since the 
FSI values as a matter of fact indicate coking coal 
properties, and the author feels that the flotation of th2 
Bonito coal has not yet been dealt with. 

8. Evaluation 

Table 7 gives the resu1ts of the interp.=etation of the 
Henry-Reinhardt diagrams. The interpret .ttion aimed at ｾｳｨ＠
conte nts of 35 % and 45 % of the coa1, _,n accordance ｾｩｴｨ＠
the demands of the industry. 
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The combined product, the sink a nd float coa l and the 
flotation concentrate, r esults in the coal described in 
Table 8, with a flotation concentrate assumed of lO % y ield 
a nd 28 % ash added t o the samples A and B and with a 
flot a tion concentrate measu r ed of 18 % y i e ld a nd 28 % a sh 
added to the samples.c a n d D. 
By mixing the sink and fl out coa l with the l owe r-in-ash 
flotation coal, the overall ash content drops below 35,0 % 
and 45,0 %, respective ly , s o that the cut poin t of the 
density separation c a n be sh i f ted to a higher density. 
These circumstances are cons idered in Table 9, which 
demonstrates the final theoretical product s to be reached 
at maximum. 
A third alternative - p r oduction of coal for the cement 
industry and steam coal - wa s checked out as well. But with 
the potential of 35 % ash coa l used, n o additional p r oduct 
with 45 % ash can be atta ined. 

9. Conc lusio ns 

Since the lab scale cleaning of the fines - 0,6 mm failed 
a nd especially under consideration of the water content of 
the product coal, it is sugges ted to crush the Bonito coal 
with a minimum genera ti o n o f - 0,6 mm materi al a nd to 
discard the fines unc lean ed and leave it to local 
contractors to wash some l ow- i n-ash, perhaps metal lurg ical 
c oa l fr om the tailings pond . 
If an ash content of 35 ,0 % i s aimed at, then the Bon ito 
coal must be c rushed to - 12,5 mm with 86 % + 0,6 mm and 
14 % - 0,6 ffim. A coarser comminution lead s to worse 
result s ; a finer one u p t o now not t o significantly b e tter 
ones. Based o n the sink and fl oa t analysis, the + 0 , 6 mm 
fraction yie lds ＳｾＬＶ＠ % coal with 35,0 % ash at a dens ity 
cut of 1 ,7 3 kg/dm. The coarse rejects are 50,9 % with 
64 ,5 % ash and the fin e rejects 14,5% with 77,9 % ash . The 
sulfur content is approx ima t e ly 2,40 %. 
If the aim is an ash content of 45,0 %, the + 0,6 mm 
fraction delivers wi th the sarne conditions o f comminution 
a coal with 65,4 % yield. The coarse rejects a mo un t to 
20,1 % with 75,5 % ash and the fine rejects to 14 , 5 % with 
77,9 % ash. The sulfur conten t can be estimated below 
3,0 %. 
But the picture developed above c hanges conside r ab l y if t he 
result s of the analysis o f t he fines made by CPRM/Capivari 
are implicated. 
Anyhow, the investigat i ons have demonstrated that t h e 
Bonito coal does not reacil the qualities and quant ities of 
the Barro Branco seam, but that on the other ha nd the coal 
can b e converted in a s at i sfac tory grade energy coal by 
means of proper preparation. 

10. Tables and figures 
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::.am e AS 
" S " 

Crie i uma bu1k 5 6,7 4, 3 7 

CPRM/Cap iva r i 58 ,0 3 , 90 

Criei urna sondagem 58 ,1 3 , 89 

FINEP/Paul o Ab i b 52 ,0 4 , 30 

BB / Capivari 59 , 8 1, 65 
BBF 'Banco 42 o 3 18 

Tabl e 1: As h and su1fur c onte nts 
o f t he Boni to seam 

amp J e e a( A l::l 

s i z e rn rn 400 2 5 , 0 12 5 6 3 :J 4 ----
ze mm 
Ｍ ｾ＠ 6 , 3 70 , 20 5 7,7 8 

+0' (, 20 1 7 -·1 Yi , 18 85 , 47 76, 10 56 , 5 0 

-.o , G 9 , 06 ] 2' 0 4 14 ' .53 2 3 ' ?..g. ｾ ｾ ｾ＠
1 00 o 100 o 100 o 100,0 100 o 

Table 4: Size distributions o f thc cru shed 
ＭＭ ＭＭＭｾＭ Ｍ

Bem i to samp 1es 

ｔ｡ｾＡＺ｟ＨＰ＠ __ 2_:_ As h compos i tj o n of 

the Bonito sedm 

ｦ
Ｍ ｾＭＭ Ｍ ｾｳ ｾ ｾ ｯ＠ ｾｭ＠
,• r' - I 0 0 
i o r·, - r, o 

f) ' 1 - ＳＷＬｾ＠ ) 

j _i , 5 - 25 

2 '.:> - 12 , 5 
_! 2 , ') - G, l 
(i, ｊＭｾ＠ 3 1 4 

3 1 4 - _] 1 2 

! , 2-· () , I ) 

O, h - 0,2 

(j ' } - o' ( ) 14 

L _____ _ - o. n "i ·1 

1Yü.e 1d % 

I 
3 , 76 

1:3 ,8 0 

l ') ' 65 
6,J O 
7,6 4 

10 , 01 
9 1 ｾ Ｉ＠ 4 ., 

, 32 

8 ,8 7 
4,55 
4 , 70 
:<,<JS 

i 9 1 

L------ ----· [ r}(J r' O 
ﾷＭﾷＭ ＭＭ ｾ＠

1\s n ;, 

4 8 , 4 

50, 4 

4 9 , 6 
,, l' 2 

5 1 , 2 

52,7 

60,5 
6 5 , 2 

67, 2 
C7,0 

69 , 4 
72 , 3 

73 5 
56 7 

S% 
4 , 15 
4 , 12 

4 ' 4 7 
6 , 69 
5 , 93 

6 , 27 

4 ' 73 
3 , 51 
2 , 93 

2 , 55 

2 , 1 6 
2 ,1 0 

2 44 

4 37 

ｔｾ Ａ ｊｬ ｣＠ 3 : Size - a s h - sul fur di stributio n 
o f the Honito seam 

::; r ｺ｣ｾ＠ mm S rnK ó 

+200 -

2 00·- 100 12 ,40 

l OG- so 14,70 
50 - 37 5 22 90 

:!'ab1e 5 : Pct:centage of pute r ock + 1, 92 k g / d m
3 

in the coarse f r. ac ti.ons + 37 , 5 mm 
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I o ｙｾ･ｬ､Ｅ＠ As h % S% 

l-1, 3 0,36 7,2 1,70 
-1,4 1,24 19,7 1,89 
-1,5 3,67 22,4 1,88 
-1, 6 11,38 31,4 2 ,05 
-1,7 18,80 40,6 2 ,24 
-1, 8 1 3 ,38 47,3 2,28 
-1,9 12,28 56,1 2,45 
+1 9 38 89 72 8 7 38 

100 00 5 3 8 4 2 2 

Figure 1: Resu1ts of the 
sink and f 1oat 
a na1ys is a nd 
Henry -Rein hardt 
d i agram of the 
Bonito coa1 A 
25 - 0,6 mm 

ｾ･＠ 1'5 As t '5 :::;, 

-1,3 0,23 1 0,7 1,78 
-1,4 1,24 1 9 ,3 1 ,99 
-1, 5 2 ,57 21, 6 1, 94 
-1,6 8,48 27,9 2 ,12 
-1, 7 21,21 37 , 6 2,30 
-1, 8 16,97 46,0 2 ,4 6 
-1, 9 5 , 82 52,6 2,4 3 
+1 9 43 , 48 71 ,4 8 5 7 
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I o Yleld% As h o So 

ｾＭＱＬＳ＠ 0,34 10,1 2,59 
-1,4 l, 77 18,6 2,91 
-1,5 2,42 23,7 2,38 
-1,6 8,76 28,6 2,12 
-1,7 23,53 39,1 2,32 
-1,8 14,66 47,1 2,35 
-1,9 3,45 50,4 2,58 
+1 9 45 07 71,3 9,17 

100 00 53 4 5 44 

Figure 3: Resu1ts of the 
sink and f1oat 
ana1ysis and 
Henry-Reinhardt 
diagram of the 
Bonito coa1 C 
6,3 - 0,6 mm 

o Ylel,d% AS h 'i> _S_'í> 
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-1,7 6,09 34,0 1,92 
-1,8 15,45 44,6 2,00 
-1,9 9,56 58,9 1,77 
+1 9 44 61 70/3 9_1_3 6 

100 00 52 6 5,25 

Figure 4: Resu1ts of the 
sink and f1oat 
ana1ysis and 
Henry-Reinhardt 
diagram of the 
Bonito coa1 O 
3,4 - 0,6 mm 
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·sample Slze ô Feed Product 
mm As h% Ash% Y1d% Y1d% S% FSI 

c -016 2319 6717 2115 911 212 2157 4 1/2 
D -016 4315 6214 2219 1010 414 2141 3 1/2 
c -016 2319 6719 2915 181 3 4 14 2174 2 1/2 
D -o 6 43 5 62 o 28 6 18 6 8 1 2 98 2 1L2 

Tab1e 6: Resu1ts of the f1otation ana1ysis of the 
Bonito fines - 0 16 mm 

Sample SlZe ô ·Feed Product Product 
mm As h% As h% Y1d% Y1d% As h% Y1d% Y1d% 

A 2510-016 8719 5318 3510 3710 3215 4510 7010 6115 
B 1215-016 8515 5311 3510 4015 3416 4510 7615 6514 
c 613-016 7611 5314 3510 4010 3014 4510 7715 5910 
D 3 4-0 6 56 5 52 6 35 o 48 o 27 1 45 o 76 o 42 9 

Tab1e 7: Ash contents and yie1ds from the Henry-Reinhardt 
diagrams 

I ::iam e As ô y ô As ô y ô 
A 3418 3317 4417 6217 
B 3417 3610 4416 6618 
c 3411 3417 4318 6313 
D 33 4 34 9 42 4 50 7 

ｾ｡｢Ｑ･＠ 8: Ash contents and yie1ds of the 
combined products 

. sample Ash% Yld% AShô Yld6 
A 3.51 o 3416 4510 6312 
B 3510 3619 4510 6714 
c 3510 3714 4510 6613 
D 35 o 37 3 45 o 56 4 

Tab1e 9: Ash contents and maximum yie1ds 
of the Bonito CJa1 
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