
COAL FLOTATION: THE ｅｆＧｆＧｾＺｃｔ＠ OF' GRAIN SIZE ON RECOVERY 

H. Bustamante and L.J. Warren 

CSIRO Division of Mineral Chemistry, 
P.O. Rox 124, Port Melbourne, Victoria 3207, Australia 

SUMMARY 

The effect of gr a in size on the floatability of four 
selected coals of various rank and ash yields (Great 
Northern, Young Wallsend, Wongawilli and Bulli coals} was 
studied in the presence of methyl isobutyl carbinol (MIBC} 

as frother. 
The floatability increased with decreasing size of the 

grains over the range 500 to 26 vm. The grain size effect 
was much greater for low rank coals (Great Northern and 
Young Wallsend) than for high rank coals (Wongawilli and 
Bulli}. 

Most of the ash yield in the concentrates was derived 
from mineral matte r (mainly clay and quartz} present in 
composite grains rather than from free mineral particles. 
For Grea t Northern and Young Wallsend coals the flotation 
recovery was more dependent on the grain size than on the 
ash content of the grain. 

INTRODUCTION 

There are conflicting reports in the literature about 
the eff e ct of grain size on the floatability of coal. Sun 
and Zimmerman (1950} reported that the maximum size of 
bituminous coal which can be efficiently floated was 
-6.6+3.3 mm. They interpreted the flotation of such coarse 
grains by means of a multi-bubble hypothesis in which 
several bubbles were attached to a grain. Zimmerman (1948) 
reported that bituminous coal floated in the following 
order: medium size grains down to 20 vm,then smaller size 
grains, then the coarsest grains. Lync:h et al. (1981) 
measured the e ffect of grain size on the recovery of coal in 
three operating pre paration plants and found that the 
recovery was highest for grains in the size range 70-350 ｶｾＮ＠

There was a gradual decrease in recovery as size increasef 
from 350 to 700 vm and a more rapid decrease as the avera,Je 
size decreased from 75 to 20 vm. 

The aim of this study was to deternine the effect o; 
grain size on the recovery, by batch El<)tation of four 
selected coals of various ranks and ash yields. The 
flotation was carried out in the presen,;e of a frother ::mly; 
no collector was added. 
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EXPERIMENTAL 

COAL SAMPLES 

Coal samples from 
four Australian 
collieries were selected 
for this study, namely, 
coal from Newvale 
colliery (Great Northern 
seam), from Stockton 
Borehole colliery (Young 
Wallsend seam), from the 

Huntley colliery 
(Wongawil1i seam), and 
from Coalcliff colliery 
(Bulli seam). ln th e 
sarne order the 
reflectance of the 
vitrinites (Rmax %) were 
0.74, 0.77, 0.99 and 
1.26. Ash yields of a11 
four coals are given in 
Table 1. 

TECHNIQU ES 

TABLE 1 
Ash yields of the diff e rent 
coa1s and their concentrates 
after 5 min flotation. 

Coa! 

Great 
Northe rn 

Young 
Wallsend 

Wongawilli 

Bu1li 

Ash yield 
(wt.% l 

Feed Concentra te 

23.4 10.7 

32.4 13.6 

23.6 19.7 

15.5 8.4 

ｆｬｯ ｴ ｡ ｾ［ ｯ ｮ＠ test were conducted in a 2.5 1 subaeration 
Denver flotalion cell on 250 g coal samples at 11 wt% pulp 
density. The following experimental procedure was used in 
a11 the flot at ion tests: (i) stirring of the coal in water 
for 5 min at 1300 rpm, (ii) addition of methyl isobutyl
carbino1 (MI BC ) at a dosage of 300 grams per tonne and 
conditioning for 1 min, (iii) co11ection of concentrates at 
four time intervals: 0-0.5; 0.5-1.5; 1.5-3.0 and 3.0-5.0 
minutes. Zero time was taken as the time at which the air 
va1ve was opened. The froth was fu1ly estab1ished a few 
seconds !ater. The ｣ｯｾ｣･ｮｴｲ｡ｴ･＠ from each time interval, and 
the total tailing after 5 min, were separated by dry 
screening into seven size fractions: +500; -500+250; 
-250+149; -149+105, -105+74; -74+53 and -53 ｾｭＮ＠ The ash 
yie1d of each size fraction was dete rmined. The wei g ht and 
ash yield of each size fraction in the flotation feed were 
calcu1ated from the corre sponding v&lues for the 
concentrates and the tai1ing. It was then possib1e t o 
calcu1ate the recovery of c arbonace ous matter (total wei g ht 
- ash weight) from each size fraction after 0.5, 1.5, 3 and 
5 min of flotation. 
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RESULTS 

RECOVERY OF CARBONACEOUS MATTER 

The r ecovery of carbonaceous matter also called 
"combus tib1es" (Lynch et a1., 1981) from each size fraction 
of a11 four coa1s is give n after 0.5, 1.5, 3 and 5 min 
flotation as a function of the average grain size of each 
size fraction (Figs. 1-4). For the fraction +500 ｾｭＬ＠ the 
average size was taken as 500 ｾｭ［＠ for the fraction -53 ｾｭＬ＠

the average size was taken as 26.5 ｾｭＮ＠ All sizes refer to 
screen apertures, not to hydrodynamic sizes. 
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FIG. 1 
Effect of grain size on 
the recovery of carbon
aceous matter from Great 
Northern coa!. 

FIG. 2 
Effect of grain size on 
the recovery of cat·bon
aceous matter from Young 
Wal1send coa!. 



For each of the coals, the flotation recovery increased 
as the grain size decreased from SOO to 26 ｾｭＮ＠ This 
recovery-size relationship was found to hold irrespective of 
the time of flotation, except for an apparent dip at 64 ｾｭ＠

in the recovery-size curves for Wongawilli coal atter 0.5 
and 1.5 min flotation (Fig. 3). (At present we are studying 
the flotation of the fine fraction of Wongawilli coal in 
more detail). 

Grain size had a pronounced effect on the recovery oE 

Great Northern and Young Wallsend coals (Figs. 1, 2) but 
only a slight effect on the recovery of Wongawilli and Bulli 
coals (Figs. 3, 4). Thus, in the flotation of Young 
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FIG. 3 
Effect of grain size on 
the recovery of carbon
aceous matter from 
Wongawilli coal. 

FIG. 4 
Effect of grain size on 
the recovery of carbon
aceous matter from Bulli 
coal. 



Wallsend coal with MIBC as ｦｾｯｴｨ･ ｾ＠ and no ｣ｯｬｬ･｣ｯｾＬ＠ ｲ ･｣ｯｶ･ｾｹ＠

of ca rbonaceous matter ｡ｦｴ･ｾ＠ 5 min fl o tati on fell ｦｾｯｭ＠ 95 to 
43% as grain s ize inc r eased Eram 26 to 375 pm. Under 
s imil ar conditions, a nd ｯｶ･ｾ＠ the sa rne size range, ｾ ･｣ｯｶ･ｲｹ＠

of Wongaw illi carbo naceous matter only dropped ｦｾｯｭ＠ 97 to 

9 3% . 

DISCUSSION 

';HAPE OF RECOVERY-SIZ E CURVES 

Our recovery-size cu rves , obtained Erom labo r a tory 
batch tests with no co llector , show a tre nd towards 
increas ing ｲ ･｣ｯｶ･ｾｹ＠ with decreas ing size over the range 500 
to 26 pm. 

For th e high-ra nk Wo ngawi 1li and Bulli coa 1 s , this 
ｩｮ｣ ｾ ･｡ｳ･＠ in the recovery of carbonaceous ｭ ｡ ｴｴ ･ ｾ＠ was quite 
sma ll (Figs. 3, 4). Lynch et al. (19 8 1, p . 46), in t he ir 
stud i es on high-rank coa1s trea ted at the coa1 preparation 
p l a nt s at ｂＱ｡｣ｫｷ｡ｴ ･ｾ Ｌ＠ Goonyel1a and Peak Downs in 
Queensland, Austra1ia, a1so found that the r ecovery 
incre ased gradually as size decreased from 500 to 100 pm. 
However , below 100 pm Lynch e t al. reported a fall in the 
recovery of combustibles whereas we observed a Eurther small 
ri s e i n ｾ ･｣ｯｶ ･ｲｹＮ＠

ｔｲ｡ｨ｡ｾ＠ (1981) reported that hydrophi1ic minerals such 
as ｱｵ｡ｾｴｺ＠ can be recovered in the concentrate by en tr a inment 
ｲ｡ｴｨ･ｾ＠ than by genuine f l o t a ti o n. Such a r ecovery by 
e ntrainme nt is very dependent on particle s i ze a nd gives 
ri se to charac terist i c recovery-size curves in which the 
r e covery steadily increases with decreasing particle size. 
The shapes of the r ecove r y s i ze curves ｦｯ ｾ＠ Great Northern 
and Young Wallsend coa l s seem to follow thi s trend. 
However, tests on Grea t Northern coal sugges t that it is 
being recovered primarily by flotation. Wh e n the coal was 
cond itioned with 0.2 kg/t of sodium dodecyl s ulfate (SOS) 
befo r e flotation, total recovery of carbonaceous mat ter 
dropped from 47 % to 22%. Evid e ntly the SOS was acting as a 
depressant, red uc ing the hydrophobicity of the coa1 surface 
and thereby reducing its Eloatabil i ty. If the coal were 
be ing recovered ent ire l y by e ntrainment in the interbubb1e 
ｷ｡ｴ･ ｾＬ＠ c h a nges in the ｳ ｵｾｦ ｡｣･＠ che mi s try of the grains wou1d 
not be expected to have much e ff ec t on the recovery . A1so 
e ntrainment of quartz (s.g. 2.65) on1y becomes s ignificant 
fo r part ic1es finer than ｾＳＰ＠ pm (Trahar, 1981). If we 
assume that the corresponding critica! size be low wh ich cJal 
g r a ins will be recove r ed t o a s ignificant ex t e nt by 
entrainment is given by the diameter of ｾ＠ coal gra in ｷｨｩｾｨ＠
has th e sarne Stoke s ' sett ling velocity as a 30 um quartz 
ｰ｡ｾｴｩ｣ ｬ ･＠ then this diameter can be calculated from eqn. [1]: 

a2 
coa1 -:-r----

d 
quartz 

p -1 
quart z ----r

pcoa 1-
... [l] 
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where 

Pq uar tz 

Pcoal 

diameter of coa l ｾｲ｡ｩｮ＠ with sa rne Stokes 
ｳ･ ｴｴｬｩｮｾ＠ veloc ity as a quartz parti cle oE 

di a rn e t"r dqu a rtz 

s . q . of quart z 

s . <J . of coal 

I f the value of pcoa l is t.aken as l. 3 and that of Pqua rtz as 
2 . 65, then 

= 2.35 dquartz ｾＷＰ＠ ｾｭ＠ ••• [ 2] 

On this basis coal grains larger than -7 0 ｾｭ＠ s hould no t be 
recovered t o a ny signiEicant extent by the proce ss of 
e ntrainme nt and their presence in the concent rates can be 
as cribed to genuine Elotation. 

EPF ECT OE' RANK ON RECOVERY-SI ZE CURVES 

The value of the vi trinite reEectance oE a coal i s an 
accurate ind e x of th e rank oE the coal and i s largely 
uninflu e nc ed by petrog raphic v a riations (Davis, 1978). 
ｾ｣｣ｯｲ､ｩｮ ｧ＠ t o the ref l ec tance values given above , rank 
increas es in the orde r Great Northern < Young Wall send < 
Wongawilli < Bulli, wit h Great Northern a nd ｾｯｵｮｧ＠ Wall se nd 
both being of lower. rank and Wongawilli and Bulli both be ing 
oE higher rank . The s hapes oE t he recovery - size curves in 
E'igs. l-4 cor relate app roximat e ly with thcse differences in 
rank. The higher the ra nk oE the coal thc wi de r the s i ze 
range of h i gh recovery , especially Eor the coarse r grains . 

If we ass ume that in our flotation t es t s g rain s were 
recove r e d mainly by ge nuine Elotation th e n the tota l 
recovery (of all s i zes ) aEter a given time oE Elotation may 
be used a s a first approx imation to the re l at ive hydro 
phobicity of the surfaces of coa l grains f r om differe nt 
samples. When the t ota l recove ry oE carbonaceo us ma tt e r was 
plotted agains t the v itrinite reElectance it was Eound that 
the r ecove r y va lues increased with increasi ng r a nk (Fi g. 5), 
indicating that the hydrophobicit y of th e ca rbonaceous 
matter also increased with in creas ing rank. 

However , the corre lation between r ecovery and 
refléctance was not line ar and also depended on the time of 
Elotation ( F ig. 5). Some oE thi s variability may be r e lated 
t o the differ.e nces in ash yield a nd maceral compo s iti on oE 
the four coals . 

Des pi t e these comp l i cation s , it i s c le ar t hat th e two 
coals of high rank, Wongawilli and Bulli, had a wide ｳｩｾ･＠

range of high float abil ity irrespe ctive oE the ir ash y i eld 
or maceral compositi on , whcrcas the two coals of low rank, 
Great Northern and You ng Wall send , had a much narrower size 
range of hi g h floatability. It wo u ld appea r f r om these 
results that th e ra nk of th e coal ha s an e ff ec t on flotation 
recovery which gene rally overrides e EE ects aris ing Erorn the 
type and grade of th e coa l. It also appears that, within 
the range we have studied, the higher the r ank the more 
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FIG. 5 
Relationship between 
floatability and rank of 
the coal as measu red by 
the reflectance of their 
vitrinites. 

hydrophobic i s the carbonaceous matter, and the larger are 
the coal grains which can be easily floated. This is 
similar to the hydrophobicity-grain size relationship 
observed for sulfide mineral flotation (Trahar, 1981). 

LIBERATED ANO COMPOS ITE MINERAL MATTER 

s igni f icant amounts of as h were recovered in all four 
concentrates a Eter 5 m flotation (Table 1). Liberated clay, 
quartz or carbonate particles would not be expected to be 
recovered by genuine flotation (some may be recovered by 
entrainment but only iE they were finer than ｾＳＰ＠ ｾｭＩＬ＠ and 
the possibility that there was a slime coating of fine 
mineral matter on the coaly grains of the concentrates can 
be discounted since ultrasonic cleaning in water of the 
concentrates in all size fractions, except -53 ｾｭＬ＠ did not 
cause any substantial reduction in the ash yields. Thus, 
the results suggest that much of the mineral matter in all 
four coals was present in composite grains with the 
carbonaceous matter . Some of these composite grains were 
hydrophobic enough to float fairly quickly and carry with 
them an amount of mine ral matter which varied Eram coal to 
coal. The shapes of the recovery-size curves for ash and 
carbonaceous matter above ｾＹＰ＠ ｾｭ＠ were similar which is 
further evidence of the composite nature of the coal. 
Previous studies on similar samples of Great Northern and 
Wongawilli coals (Bustamante and Warren, 1982) showed that 
most of the mineral matter was present in composite grains 
with the carbonaceous matter. 

CONCLUSIONS 

l. Laboratory batch tests of four selected coals of various 
rank and ash yields showed that the flotation recovery in 
the absence of collectors increased with decreasing size 
of the grains over the range 500 to 26 ｾｭＮ＠

7 



2. The decrease in recovery with increasing grain size was 
much greater for the low-rank Great Northern and Young 
Wallsend coals tha n for the high-rank Wongaw illi a nd 
Bulli coals. The carbonaceous matter in the hi gh r ank 
coals was evidently more hydrophobic and allowcd larg e r 
grains to be floated more easily, giving a wi de sizc 
range of high recovery. 

3. Most of the ash r ecovered in the concentrates was derived 
from mineral matter pres e nt in composite grains . 
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