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FINE GRINDING OF COAL BY THE TURBOMILLING PROCESS 

By E. G. Davis' 

ABSTRACT 

As a resul t of i nteres t by the U. S. Department of Energy, the Bureau 
of Mines conduc t ed studies on comminution of bituminous coal to the 2-Vm 
particle size r ange using the Bureau-developed turbomill. Both '~lant · 

g r ind" size (80 pct minus 75 ~m) and microsize (minus 10 ~m) coal can be 
produced i n a single step with the Bureau's turbomill. In 15 min, minus 
2 . 4-mm coal milled in T;later with cteel shot was r-educed to 65 pct minus 
75 ~m and 26 pct minus L ~m, with an energy requirement of 139 kW"h!mt 
coal. Plant-"grind size coal milled in water, with Ottawa sand as the 
milling medium, was reduced to more than 45 pct minus 2 ~m in 15 min, at 
175 kW·h!mt. Plant-grind coal milled with steel shot was reduced to 57 
pct minus 2 ~m in 15 min, at 138 kW·h!mt. When diesel fuel was substi ­
tuted for water, the milling of the coal was less effective and less 
energy efficient . Keeping the pulp dispersed was critical. Without a n 
effective dispersant, the slurry became very viscous with increased 
milling time, reSUlting in higher energy requirements, low heat dis ­
sipation, and poor grinding efficiency. 

INTRODUCTION 

The Bureau of Mines turbomilling process has been used to fine-grind a 
wide variety of products (1-2),2 including, in large-scale continuous 
tests, kaolin for use as pap-e-r-=-coating clays <.~). Autogenous turbomill­
ing has been applied to a North Carolina dunite to produce an olivine 
foundry sand (l-~) and to a calcium carbonate to produce micrometer­
sized .pal-ticles. 

Aware of the Bureau's experience in ultrafine grinding, the U.S. De­
partment of Energy (DOE) indicated an interest in the use of the turbo­
mill to produce a coal slurry in the 1- to 5-Vm particle size range. 
For a number of years, DOE has considered the possible use of microfine 
coal in water as a substitute for oil in fi r ing steam boilers (5) or as 
an addition to diesel fuel for use in diesel engines (~). As-a result 
of DOE's interest and the examination and discussion of coal size­
reduction systems in the litersture (2), and to demonstrate the effec­
tiveness of the Bureau-developed turbomill, the Tuscaloosa Research Cen­
ter conducted studies on the milling of bituminous coal using the 
Bureau's turbomilling process (~). 

'Metallurgist, Tuscaloosa Research Center, Bureau of Mines, Tuscaloosa, AL. 
2Underlined numbers in parentheses refer to items in the list of references at the 

end of this report. 
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DESCRIPTION OF MATERIALS 

Three different coals, typical of coals 
used in steam plants, were used in the 
test program (table 1). Sample 1 was 
from the lower Freeport Seam, and sample 
2 was from the Pittsburgh Seam. Both of 
these atoe typical coals from Pennsylvania 
coal fields . A third coal (samples 3A 
and 3B) came from the Tiger Mine, Clem­
mons Seam, in Alabama. Samples 1 and 2 
were both "plant grind," which is 80 pct 
minus 75-~m size. A portion of the Ala­
bama coal was dry-ground through 75 ~m 
(sample 3A) to produce a simulated 
plant-grind sample. Another portion was 
crushed to minus 2.4 mm (sample 3B) for 
use in autogenous milling and steel shot 
grinding tests. 

Goulac3 (Ca-Mg lignin suldonate) and 
tetrasodium pyrophosphate (TSPP), two 
standard dispersants, and Lomar D (an or­
ganic anionic sulfonate) were used as 
dispersants in water. Lecithin, a natu­
ral food product high in fat, which is 
soluble in fuel oils, was used as the 
dispersant in the diesel fuel milling 
tests. The diesel fuel was a D-2 grade 
with a specific gravity of 0085 and an 
average viscosity of 3.3 cPo 

Batch tests were conducted using Ottawa 
sand (between 840 and 600 ~m in particle 
size), steel shot (between 840 and 600 
~m), and autogenous coal (between 2.4 mm 
and 600 ~m) milling media. 

EXPERIMENTAL WORK 

Previous Bureau milling studies using 
Ottawa sand had identified the effect of 
milling medium size, solids content, and 
medium-to-mineral ratio on the milling of 
a variety of minerals. Based on this ex­
perience, standard batch operating con­
ditions for a sand milling medium, shown 
in table 2, were used for the batch 
turbomilling of the coal in both water 
and diesel fuel. Steel shot was chosen 
because it was much denser than sand, 7.9 
versus 2.65 g/cm3 • 

The tests were conducted in a 13-cm­
diam turbomill, shown in figure 1. The 
turbomill consists of three main parts: 
a rotor composed of vertical bars fixed 
to an upper disk attached to the drive 
shaft, a cagelike stator composed of ver­
tical bars a-Uached to rings at the top 
and bottom, and a frame that holds the 

3Reference to specific products does 
not imply endorsement by the Bureau of 
Mines. 

TABLE 1. - Size analyses of coal samples, weight percent 

Particle size 11 21 3A2 3B3 
Minus 2.4 plus 1.4 mm ••• 0 0 0 17 
Minus 1.4 mm plus 840 ~m 0 0 0 28 
Minus 840 plus 600 ~m ••• 0 0 0 22 
IPlant grind, which is 80 pct minus 75 ~m. 
2Plant-grind size coal of sample 3. 

Particle size 11 21 3A2 
Minus 600 plus 150 ~ m ••• 1 1 0 
Minus 150 plus 7 5 ~ m •••• 16 16 11 
Minus 7 5 ~ m ••••••••••.•• 82 82 89 

3Coarse size coal of sample 3 used as grinding medium in autogenous turbomilling. 

TABLE 2. - Standard batch operating conditions 
using Ottawa sand as the milling medium 

Test conditions 

Coal-liquid •••••••••••••••• pct solids •• 
Coal plus sand-liquid •••••• pct solids .• 
Sand-to-coal weight ratio •• •• •• •••••••• 
Medium size ................•.•.... elJm •• 
Peripheral rotor speed •••••••••••• m/s •• 

Standard material 
value or setting 

40.0 
70.0 
2.5 

600-840 
7.45 

3B3 
29 

3 
1 
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FIGURE 1.-The 13·cm-dlam turbomlll. 
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motor and machine components. Figure 2 
is a s chematic drawing of the mill. 

The following procedure was employed 
for each of the milling tests . First, 
the liquid and dispersant were added to 
the turbomill. Then the rotor was turned 
slowly as the medium (sand or steel shot) 
and coa l were added to the tur bomi l l. 
After all the coal was charged , the rotor 
speed was increased to a periphe r a l speed 
of 7 . 45 m/s (equivalent to 1,600 r/min 
for the 8 . 8-cm-diam rotor) . Powe r meas ­
urements were obtained from a torque me­
te r a ttached to the shaft of the ro tor. 
The t o rque on the rotor as it stirs t he 
slur r y in the grinde r is directly r elated 
t o t he power used by the gr i nder and can 
be converted to energy consump t i on. Th i s 
meas ureme n t technique effective l y e x­
c ludes the power used by the motor and 
bearings supporting the shaft . Afte r an 
assigned grinding time, the s l u r ry wa s 
dr ained, screened to remove the grinding 
medium, and sampled for size analysis . 
Size analyses of the ground coal was de­
termined by a sedimentation method , u s i ng 
a modified ASTM method fo r grain-size 
analysis of soils (9) . The degree of 
milling required for ~icrosized coal var­
ies with its intended application. In 
the most extreme cases, where the micro­
sized coal is used to fuel an internal 
combustion engine, the coal must be 
smaller than 3 ~m and in some cases, 1 
~m. For this study, 2 ~m was selected as 
an acceptable particle size for micro­
sized coal. 

Autogenous turbomilling was also tested 
as a method for micromilling coal in the 
turbomill. Here, the coarse coal in the 
feed (sample 3B, minus 2.4 mm plus 600 
~m) serves as the milling medium. This 
technique has the advantage that the 
milled product is not contaminated with 
material abraded from the milling medium. 

All dimensions 
in millimeters 

- - ~3.3-
~90.5-

122.2-
1---131.0---~ 

FIGURE 2. -Schematlc drawing of turbomili. 

To maintain the same volume of medium, 
the 2.5: 1 ratio of Ottawa sand to coal 
was replaced with a 1.1:1 ratio of 
coarse coal to the remaining coal. The 
coal was only 44 pct as dense as Ottawa 
sand. Roughly, 52 pct of the coal in the 
grinder was plus 600 ~m and acted as the 
turbomilling medium. All of the other 
parameters remained the same for these 
tests. 

RESULTS 

OTTAWA SAND AS THE GRINDING MEDIUM 

Table 3 shows the size analysis of the 
coal after milling with Ottawa sand in 
water, and table 4 shows the siz e afte r 
milling in diesel fuel. After milling in 
water for 15 min, 45 to 74 pct of the 

plant-grind coal was finer than 2 ~m. 
The production rate of the minus 211 m 
coal, as shown in figure 3, decreased as 
the milling time increased. For example, 
afte r t he first 15 min, sample 1 was 
milled to 74 pct minli~ 2 ~m using 160 
kW'h/mt energy, During the next 15 min, 
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FIGURE 3. - Turbomiliing results of plant·grind coal 
samples using Ottawa sand In water. 

the percentage of minus 2jUm coal in­
creased to only 83 pct, but an additional 
150 kW'h/mt energy was required. The 
milling effectiveness and energy effi­
ciency decreased significantly as the 
milling time lengthened. A size classi­
fication step should therefore be in­
cluded in a continuous milling circuit to 
remove the minus 2~m material and return 
the plus 2-vm fraction to the turbomill 
for further size reduction. 
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Turbomilling coal in diesel f uel was 
not as effective as milling the coal in 
water. In 15 min, only about a third of 
the coal was minus 2 ~m. After 30- and 
60-min milling times, very little addi­
tional minus 2jUm coal was produced. 

Keeping the pulp dispersed during tur­
bomilling was critical. TSPP did not 
work well for dispersion of the coal 
slurry in water because as the milling 
time increased, the slurry became vis­
cous ·, Goulac was used in most of the 
water milling tests; however, during the 
60-min runs, the coal slurry also became 
viscous. This increased the energy re ­
quited to maintain the pl.oper rotor speed 
and hindered heat dissipation, causing 
the slurry to become very hot. Lomar D 
was found to be effective for dispersing 
the coal even during the 60-min tests. 

TABLE 3. - Particle size distribution 
of coal turbomilled in water l using 
a sand medium 

Grind time, Diameter, Energy, 
min pct finer than-- kW·h/mt 

iO ).1m 5 ).1m 211 m feed 
Sample 1 : 

15 •.•.••••• 99 94 74 160 
30 ...•••... 100 97 83 310 

Sample 2: 
15 ••••••••• 100 91 45 175 
30 ......••. 100 94 56 360 

Sample 3A: 
15 ••••••••• 100 92 60 190 
30 .•••...•. 100 97 72 370 
IGoulac (Ca-Mg lignin sulfonate) used 

as dispersant. 

TABLE 4. - Particle size distribution of coal 
turbomilled in diesel fuel using a sand medium 

Turbomill Diameter, pct finer than-- Energy, 
time, 75 11 m 20 11m 10 ~m 5 ~m 2 11 m kW'h/mt 
min feed 

Sample 1: 
1 5 ••••• 100 96 85 70 32 230 
30 ••••• 100 98 92 72 42 510 
60 •••.• 100 95 86 71 44 1,150 

Sample 2: 
15 • ••• • 100 98 95 78 30 260 
30 ••••• 100 98 92 77 30 495 
60 •• • • • 100 100 92 80 58 1,130 
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Table 5 compares the effect of the dis­
persants Goulac and Lomar D on turbomill­
ing coal sample 2. A& shown, the 15-min 
test using Lomar D produced a product 
which was not significantly different 
than that produced by the 30-min test us­
ing Goulac. In addition, twice as much 
Goulac as Lomar D was required to main­
tain fluidity. 

Lecithin appeared to be an effect ive 
dispersant for the diesel fuel tests. 

STEEL SHOT AS THE GRINDING MEDIUM 

Results are shown in table 6 of milling 
plant-grind coal (sample 2) with a steel 
shot medium, as compared with milling the 
same coal sample with the same volume of 
Ottawa sand. Since the steel is roughly 
three times denser than the Ottawa sand, 

TABLE 5. - Effect of dispersing agents 
on size of coal sample 2 turbomilled 
in water using a sand medium 

Turbomill time for Diameter, 
dispersants, min pct finer than--

10 jJ m 5 Jlm 2 Jl m 
Goulac: 1 

15 •••••••••••••••••• 100 
30 •••••••••••••••••• 100 

Lomar D:2 
15 •......•••..•.••.• 100 
30 •••••••••••••••••• 100 

lCa-Mg lignin sulfonate. 
20rganic anionic sulfonate. 

91 45 
94 56 

97 47 
98 68 

the weight ratio of steel shot to coal 
was 7.5:1. The number of milling medium 
particles was virtually the same for both 
the steel shot and Ottawa sand tests. 
The steel shot turbomilling system pro­
duced more minus 2-Vm coal with less en­
ergy than did the Ottawa sand turbo" 
milling system. In the first 15 min of 
the steel shot milling test, 57 pct of 
t he coal was minus 2 jJm at an energy cost 
of 138 kW.h/mt. This was 21 pct more 
minus 2-Vm coal with 20 pct less energy. 

Coarse coal (sample 3B) was also milled 
with steel shot. These tests were made 
to determine how well a coarse coal could 
be milled and to see what size material 
would be produced. In addition to the 
7.5:1 ratio of steel shot to coal, ratios 
of 5:1 and 2.5:1 were also tested; table 
7 shows the results from these tests. 

TABLE 6. _. Particle size distribution of 
plant-grind (minus 75-Vm) coal sample 
2 using sand and steel shot media 

Turbomill Diameter, Energy , 
time for J)ct finer than-- kW·h/mt 

media, min 10 Jl m 5 Jl m 2 Jl m feed 
Sand: 1 

15 ••••••••• 100 91 45 175 
30 .•.•....• 100 94 56 360 

Steel shot: 2 
15 •.••••••• 100 95 57 138 
30 ..•••.•.. 100 98 77 275 

lSand-to-coal weight ratio, 2.5:1. 
2Steel-shot-to-coal weight ratio, 7.5:1. 

TABLE 7. - Particle size distribution of coal 
sample 3B turbomilled with steel shot 

Milling time, 1 Diameter, pct finer than-- Energy, 
min 2.4 mm 600 \.Jm 75 \.Jm 5 \Jm 2 \.Jm kW·h/mt 

feed 
7.5: 1 ratio: 

15 ••••••••••••• 100.0 60.4 45.6 43.1 26.6 145 
30 ••••••••••••• 100.0 6.4.8 53.9 50.1 37.8 281 
60 ••••••••••••• 100.0 67.5 55.9 54.6 44.9 466 

5: 1 ratio: 
15 ••...•....••. 100.0 79.1 65.4 56.8 26.5 139 
30 ••••••••••••• 100.0 80.1 70.9 67.3 42.2 253 
60 ••••••••••••• 100.0 82.2 75.5 68.0 50.6 420 

2.5: 1 ratio: 
15 ••••••••••••• 100.0 60.6 56.4 49.6 23.7 106 
30 ••••••••••••• 100.0 81.4 73.0 62.8 38.1 226 
60 ••••••••••••• 100.0 83.9 78.0 69.1 44.6 323 

lBy ratio of steel shot to coal. 



7 

TABLE 8. - Particle size distribution of autogenous 
turbomilled coal1 

Milling time, Diameter, pct finer than-- Energy, 
min 2.4 mm 600 l-Im 75 l-Im 5 l-I m 2 l-I m kW "h/mt 

feed 
0 (feed) •••••• 100 48 31 0 0 NAp 

30 ..••••.....•• 100 49 41 33 20 155 
6 o •.•••.••••••• 100 51 42 38 31 300 

NAp Not applicable. 
lCoal sample 3A; Goulac (Ca"'Mg lignin sulfonate) used as 

dispersant. 

These tests show that both a plant-grind 
size and microsize coal could be produced 
by milling coarse coal with a steel shot. 
The best results were obtained using a 
ratio of 5:1 where, in 15 min, 65.4 pct 
of the coal was minus 75 l-Im size and 26.5 
pct of the coal was minus 2 l-Im size, and 
only 139 kW'h/mt of energy was consumed. 

COURSE COAL AS THE GRINDING MEDIUM 

Autogenous turbomilling of coal was 
tested by using coal sample 3B as the 
milling medium and sample 3A as the ma­
terial to be ground, in a ratio of 

1.1:1. The results after 30 and 60 min 
of milling are shown in table 8. The 
amount of the coal milling medium (plus 
600-Vm size) decreased from 52 to 51 pct 
and then to 49 pct over the two milling 
periods. This indicates that the plus 
600-vm size coal was a fairly persistent 
turbomilling medium. However, the autog­
enous turbomilling of coal was the least 
effective and least energy efficient of 
the techniques studied. The low density 
of the coal milling medium particles sig­
nificantly reduced its effectiveness as a 
mi lling medium. 

CONCLUSIONS 

Based on test data obtained by turbo­
milling coal with Ottawa sand, steel 
shot, and coarse coal media, the follow­
ing conclusions were made. 

1. Bituminous coal can be fine-ground 
to microsizes (minus 10 l-Im) using the Bu­
reau's turbomilling process. In 15 min, 
plant-grind coal sa~ples (80 pct minus 
75 l-Im) were milled using Ottawa sand or 
steel shot milling media to produce prod­
ucts containing 45 to 74 pet minus 2-vm 
material. Beyond 15 min, the production 
rate of minus 2-Vm size coal signifi­
cantly declined. 

2. The high-density steel shot medium 
produced more minus 2-Vm size coal for 
less energy than did the Ottawa sand: 
steel shot produced 57 pct minus 2 l-Im at 
138 kW'h/mt in 15 min, and Ottawa sand 
produced 45 pet minus 2 l-Im at 175 
!r:W' h/mt . 

3. Both plant-grind size and microsize 
coal can be produced in a single step 
with the Bureau's turbomill. In 15 min, 
a coarse coal sample (less than 2.4 mm) 
was milled to 65 pct minus 75 l-I m and 26 
pct minus 2 l-Im with steel shot, with 139 
kW'h/mt energy used. 

4. Diesel fuel with Lecithin as a dis­
persant could be substituted as the mill­
ing medium for water, but the turbo­
milling was less effective and less en­
e r gy e f f i ci e n t • 

5. Autogenous turbomilling can produce 
microsize coal; however, it was the least 
effective and least energy efficient of 
the techniques studies. 

6. Without an effective dispersant, 
the pulp became very viscous, which in­
creased energy requirements and reduced 
gI1nding effiCiency. 



8 

REFERENCES 

1. Davis, E. G., J. P. Hansen, and 
G. V. Sullivan. Attrition Microgrinding. 
Paper in Proceedings, International Sym­
posium on Fine Particle Technology (Las 
Vegas, NV, Feb. 24-28, 1980). Soc. Min. 
Eng. AIME, 1980, pp. 74-95. 

2. Stanczyk, M. H., and I. L. Feld. 
Comminution by the Attrition Grinding 
Process. BuMines B 670 1980, 43 pp. 

3. Lamont, W. E., G. V. Sullivan, 
E. G. Davis, and S. D. Sanders. Olivine 
Foundry Sand From North Carolina Dunite 
by Differential Grinding. (Pres. at SME 
Fall Meet. and Exhibit, St. Louis, MO, 
Oct. 19-21, 1977). Soc. Min. Eng. AIME 
preprint 77-H369, 1977, 22 pp. 

4. Davis, E. G. Beneficiation of Olio 
vine Foundry Sand by Differential Attri­
tion Grinding. U.S. Pat. 774,039,625, 
Aug. 2, 1 977 • 

5. Reuther, J. J., and E. J. Gres­
kovich. Firing Coal-Water Slurries in 
Oil Capable Boilers. Paper in Proceed­
ings of Fifth International Symposium on 
Coal Slurry Combustion and Technology 
(Tampa, FL, Apr. 25-27, 1983). Pitts En­
ergy Tech Center, v. 1, 1983, pp. 109-
112. 

U.S. GOVERNEMNT PRINTING OFFICE: 1987 · 605-017/60012 

6. Kowalczewski, J. J., P. C. Bando­
padhayay, R. J. Downie, and W. R. Read. 
Ultra Fine Grinding of Australian Brown 
Coal for Use in Diesel Engines. Paper in 
Proceedings of Fifth International Sympo­
sium on Coal Slurry Combustion and Tech­
nology (Tampa, FL, Apr. 25-27, 1983). 
Pitts Energy Tech Center, v. 1, 1983, 
pp. 46-57. 

7. Fletcher, G. N., and K. L. Gardner. 
Review of Particle Size Reduction Systems 
for New Energy Source Applications. 
Pres. at 7th Annu. Energy-Sources Tech­
nolo Conf. and Exhibition, New Orleans, 
LA, Feb. 12-16, 1984, 20 pp.; available 
from G. N. Fletche r and K. L. Gardner, 
Kennedy Van Saun Corp., Danville, PA. 

8. Feld, 1. 1., and B. H. Clemmons. 
Process for Wet Grinding Solids to 
Extreme Fineness. U.S. Pat. 3,075,710, 
Jan. 29, 1963. 

9. American Society for Testing and 
Materials. Standard Method of Test for 
Grain-Size Analysis of Soils. D422-63 in 
1966 Annual Book of ASTM Standards: Part 
11, Bituminol:ls Materials; Soils; Skid 
Resistance. Philadelphia, PA, 1966, 
pp. 191-202. 

INT.-BU.OF MINES,PGH.,PA. 28409 




