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Particle Deg,radation of ROM Coal 
and Washery Tailings up to 63mm Size 

with Horizontal Hydrotransport 

Summary 
In the hydrotransport of materials with a wide range of par
ticle sizes the degradation of the feed during transport is of 
paramount importance. The test rig at Bergbau-Forschung 
has been used to investigate a wide range of material and 
equipment parameters in their effect on the production of 
fines. This article reviews the progress of this research and 
describes some important findings. 

1. Introduction 

The test rig for hydrotransport at Bergbau-Forschung was 
installed particularly for handling coarse solid matter up to a 
maximum particle size of 100 mm. The pipeline in service is 
of ON 250 type and has a length of 235 m so that ROM coal 
and washery tailings up to 80 mm granular size can be put 
through. A pipeline diameter of 350 mm will be installed in a 
later extension phase. Details of the test rig design and of 
test performance will not be given here since they were com
prehensively dealt with earfier (1, 2 3]. 

With the aforesaid wide range of sizes it goes without saying 
that when investigating the transport behaviour of these 
solids special emphasis has to be laid on particle degrada
tion. This is because when assessing the economics of 
hydrotransport the costs of dewatering and water treatment 
are of critical importance not only with suspensions to be 
conveyed over long distances, but also with coarse material 
transported over only short distances. These costs soar with 
decreasing granular sizes [4] which explains why enrichment 
of the slurry by fines < 0.63 mm plays an important part. Our 
main objectives, therefore, were to identify the parameters 
promoting the formation of fines and to try to find a way of 
keeping the proportion of fines within acceptable limits tor 
hydrotransport. 

Several test series were therefore carried out at Bergbau
Forschung to investigate particle degradation as a function 
of different parameters. 
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2. Difficulties in Reaching Generally Valid 
Conclusions 

Any systematic description of particle degradation during 
hydrotransport of ROM coal and washery tailings is extra
ordinarily difficult due to the fact that the results are 
influenced both by plant-inherent as well as by solids-speci
fic parameters. 

The first problems are encountered as soon as one tries to 
transfer the results obtained from a transport cycle using a 
rotary pump - as in the case of Bergbau-Forschung - to a 
different plant of similar design. In this case even when 
maintaining solids properties and test conditions, the design 
and rotation speed of the pump impeller, the pipeline dia
meter or the number of elbows may have a bearing on par
ticle degradation and lead to diverging results. 

To this must be added the varying composition of the solids 
put through. For washery tailings, one has to take into 
account the mineral structure. Unlike sandstone, the clay 
minerals may degrade relatively fast [5] in the presence of 
water and with the mechanical loads prevailing when the 
material passes through the pump or through the pipeline. 

For hydrotransport of raw coal, ash contents, i.e., waste con
tents, and coal type play an important part. Investigations by 
other authors show that is primarily the particle strengths of 
the different coal types which have a critical influence on the 
disintegration rate [6-11]. Table 1 reviews this work. 

The multitude of factors mentioned which have bearing in 
different ways on the disintegration rate of the solids during 
hydrotransport even leads to contradictory statements by 
the authors listed in Table 1. Whereas in references [7J and 
(11] an increasing disintegration rate with rising slurry speed 
has been stated the author in reference [8} has arrived at the 
opposite result. This shows how difficult it is to evaluate par
ticle degradation either generally or in a mathematical 
formulation. 

The test results obtained by the authors in [7}, [8] and [10] 
have been summarized without any theoretical analysis. The 
authors in [9] and [11) give an empirical formula for 
evaluating the disintegration rate. 

Trajn is {91 describes the retained matter Ron a screen of 
given mesh width d, after having passed through a transport 
distance L, by the following exponential expression: 
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Table 1: Experimental investigations on the particle degradation of coal during hydrotransport 

Author/ Sh ook Bohme Pi p i len Trajn is  Lammers  Wor ster  
Ref. No. [6] [7] [8] [9] [10] [11] 

solids lignite ROM lignite Pittsburgh ROM gas coal Lignite coals 
transported gas flame coal (ash: 9-23 %) seam coal ROM steam coal steam coal 

steam coal ROM anthracite 

Pipeline 100 125 150 150 95 a) simulation 
diameter 200 200 in an annular 
(mm) 300 space with a 

rotating shell 
b) 75 

Granular size < 19 < 40 < 50 < 50 < 12.5 a)< 25 
(mm) < 50 < 6.3 b) < 12.5 

< 100 

investigated particle Transport Pump/pipeline; Transport duration of a) transport 
parameters strength; speed of mix; volume distance; transport; speed of mix; 
influencing granular granular concentration; particle granular transport 
particle distribution distribution transport strength; distribution distance 
degradation in the feed; in the feed; speed of mix inter-particle/ in the feed 

volume transport 
concentration; concentration 
duration of viscosity of 
transport the transport 

medium 

where Rcj"d and Rtd are the sieve residues, in percent, on a 
defined mesh sized both of the feed and of the final product, 
after a determined distance L. € is the unit of "specific energy 

expenditure" in 
kWh 

, whereas a, n, band care dimension-
t - km 

less empirial coefficients depending on the type of coal 
retained. L is the transport distance in km. 

Wo rster  [11] stated a proportionality between the size 
degradation D and the two parameters, velocity of mix v and 
transport distance x. 

D '\, v
3 • x
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From this it can be seen that in Worste r's experiments the 
transport velocity was of critical importance for particle 
degradation. 

Shook [6] was the first to try to make his experimental 
results match with the theory of grinding rates in milling pro
cesses. He was able to arrive at a fairly satisfactory correla
tion. 

3. Experimental Tests at Bergbau-Forschung 

The following parameters influencing particle degradation 
were investigated in the test series run at Bergbau-For
schung: 

a) duration of transport or transport distance 
b) transport speed 
c) volume concentration 
d) granular distribution of the feed 
e) number of pump passages of the solid matter 
f) constructional design of the pump impeller. 
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friction; 
volume b) rotary pump 
concentration; 
transport 
speed of mix; 
pipeline 
diameter 

The results are restricted to one type of solids each. Further, 
some conclusions are based on the results of a few tests 
only (b, c, and e). 

Except for one single experiment all the tests on ROM coal 
were run with coal (gas flame) from the Lohberg colliery. 
ROM coal from Gneisenau (steam coal) was used only for 
test series f. The material for trials on washery tailings was 
supplied by Consolidation colliery. The results presented 
here are thus limited to the seam levels worked upon by 
these few collieries. 

To facilitate assessment of the test results, some technical 
data of the test rig are given: 

Cycling distances: 235 m for test series a to d 
235 m and 58 m for series e 
372 m for series f 

Pipeline: 

Bends: 

Delivery pump: 

ON 250/steel 

4 elbows 90 ° (bending radius 650 mm) 
1 bend 180 ° (bending radius 1,900 mm) 
Z-wheel pump as produced by KHO, type 
ROPU. The impeller is equipped with 
3 blades. It has a diameter of 825 mm 
and a free passage of 120 mm. 

Specific rotation: 25 min-1 

This paper will be limited to consideration of some model-type 
results of test series b, d, and f since the influence of transport 
duration, number of pump passages of the solids and volume 
concentration, on particle degradation have already been 
reported elsewhere [12]. 
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3.1 The Influence of Transport Velocity on Particle 
Degradation 

Fig. 1 shows the result of two experiments on ROM coaJ with 
a grain size between O and 63 mm. The velocity of the trans
port mix amounts to 3.5 mis for one test and to 5.0 mis for the 
second test. Composition of the feed, volume concentration, 
and the distance over which the solids were transported up 
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Fig. 1: Influence of the velocity of slurry v on particle degradation. Test 
with ROM coal between o and 63 mm. 
solids concentration by volume = 10 % 
(•) granular structure of the feed 
slurry sample of the transport distance of 
{") approx. 18,800 m 
(o) approx. 4,700 m 
( +) approx. 1,200 m 

to the slurry sampling point were exactly identical. With 
respect to fines the granular distributions of the different 
samples, when considering the accuracy of sieve analysis 
tor varying pulp velocities, do not reveal any discrepancies. 
The two curves for 3.5 and 5.0 mis almost coincide. 

The situation is different in the coarse size range between 10 
and 63 mm. In this case a clearly faster disintegration rate at 
higher transport speeds than 3.5 mis is observed. The disinte
gration rate decreases gradually between the first and the 
last slurry sample since the coarse granular fraction 
decreases with longer transport duration. 

This is perhaps the proper moment to say some words on the 
difficulty of comparing sieve analyses of slurry samples 
taken from the cycle with samples taken from the material 
prior to cycling. Due to slippage between carrier medium and 
solid matter the fines are somewhat over-represented in the 
analyses of samples taken from the transport cycle whereas 
too low volume proportions are found for the coarse granular 
fraction. This is why, whenever possible a sample of slurry 
should be taken immediately when the solids/water mix 
reaches the sampling equipment for the first time. The 
granular distribution of such a sample should then be con
sidered as the reference for comparison with the samples 
taken later in the cycle. One must realize however, that then 
the solids have already passed through the pump once and 
since sampling is carried out at the end of a cycle, have run 
through one full cycle length. 
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3.2 Dependence of Particle Disintegration on the Granular 
Distribution of the Feed 

The two trials on ROM coal of different granular composition 
in Fig. 2 illustrate very well the dependency of grain disinte
gration on the grain size of the feed material. The size range 
with test 1 was between O and 31.5 mm, as against O to 
63 mm for test .2 where, however, the proportion of fines was 

["4) Passed 

Test 1 
Cy • 10 l 

Test 2 
C

v 
• 10 t 

+ allu 30mln 
transport 

10 100 

Screen Opening [ mm) 

Fig. 2: Influence of varying granular composition K of the feed on particle 
disintegration. 

K = 
> 12.5 mm(% by wt.) 

< 3.15 mm(% by wt.) 

( < 0.63 mm EK) -( < 0.63 mm AK) 
F,el = < 0.63 mm AK 

A = Initial granular distribution 
EK = final granular distribution 

considerably lower. When one characterizes the granular dis
tribution of the feed by defining a factor K (coarse fraction 
12.5-63 mm to fines 0-3.15 mm one obtains from the sieve 
analysis a K value of 0.1 for test 1 and 2.3 tor test 2. The 
volume concentration is 10 % for both tests. The cycling time 
until slurry sampling was 30 minutes in both cases. 

As can be seen from the sieve curves of the two samples 
after 30 minutes cycling, the disintegration rate of the 
markedly coarser solids in test 2 is clearly higher. When con
sidering the quantitative increase in the ultra-fine fraction 
( < 0.63 mm) between the feed and the final product, test 1 
shows a 10 % increase against some 180 % for test 2. This 
relative increase of fines in relationship to the initial feed is 
expressed by the parameter F,el· 

An identical relationship between particle degradation and 
granular size of the feed material can be shown in the hydro
transport of washery tailings. Here again, a coarser feed sub
jected to hydrotransport leads to a higher percentage of 
fines in the final material. This result is shown in Fig. 3 for 4 
tests on washery tailings within the range O to 63 mm. On 
this diagram has been plotted the relative increase in fines 
between 2 slurry samples of which the first was taken early 
during the test after a transport distance of 218 m, whereas 
the second was taken towards the end after 2100 m. The 
enrichment in fines (Frei = 1.1 to 4.5) rising with increasing 
coarse/fines ratio (K = 4.0 to 13.1) of the initial feed is clearly 
visible. 
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s.-------------------, 

I. slurry sample 
ofter...., 218m 

Test 4,Frel = 4,5 

Test 3, Frei= 3,0 

Test 2, Frei= 1 ,6 

Test I, Frei= 1 ,1 

2. slurry sample 
after .... 2100m 

Fig. 3: Relative increase in fines (Frei) between two slurry samples as a 
function of transport distance and of the coarse fines ratio K of the 
feed 
Solids: Tailings < 63 mm 
Velocity of mix: 4.5 mis 

Concentration by volume: 18.5 % 

3.3 The Effect of Two Different Rotary Pumps on the Degree 
of Disintegration of ROM Coal 

To investigate the effect of different pump impellers on the 
particle degradation of ROM coal Bergbau-Forschung ran a 
total of 8 trials. 4 tests were carried out with the pump 
installed on the test rig and 4 with a second pump with an 
impeller of smaller diameter. All the tests were run with ROM 
coal from Gneisenau colliery. The slurry velocity amounted 
to 4.5 mis with a concentration by volume of 20 %. 

Table 2 gives details of the pumps: 

Number of channels 
Specific rotation (min-1) 

Impeller diameter (mm) 
Gap width (mm) 
Rotation (min-1) at 
vrr = 4.5 mis and 
Cy = 20 % 

Pump no. 1 Pump no. 2 

3 3 
25 50 

825 480 
120 100 

approx. 550 approx. 1,100 

Table 2: Details of design and operational speed of the pump impellers 

Figs. 4 and 5 show the results of one trial on each of the 
pumps. The granular distribution and waste contents of the 
feed were almost constant in all of the 8 trials. The sieve 
curves of two slurry samples after a transport distance of 
355 and 2,200 m are given. 

When comparing the curves one sees a clearly faster solids 
disintegration in the coarse granular fraction using pump 2, 
which runs at double the speed. In the fines range, however, 
hardly any difference is perceivable. The average increase in 
fines ( < 0.63 mm) between the first and second slurry 
samples for the 4 tests run with pump 2 is even slightly 
below the result for pump 1. 
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Fig. 4: Particle degradation for conveyance by pump 1 
Solids: ROM coal < 63 mm 
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Fig. 5: Particle degradation for conveyance by pump 2 
Solids: ROM coal < 63 mm 

100 

100 

The average decrease in the coarse range (> 31.5 mm) 
between the first and the second sample, however, is visibly 
higher with the faster rotating impeller (decrease from 
63.3 % to 49.7 % with pump 1). This behaviour has been 
plotted in Fig. 6. 

100 .-----------------, 

A 

B 

Pump 1 

Pump· 2 

-49, 7 % 

-63 ,3 % 

-100�--------------1 

I. slurry sample 
ofter...., 218m 

2. slurry sample 

after .... 2100m 

Fig. 6: Average increase in fines and average decrease in the coarse size 
range with hydrotranspor.t of ROM coal using two different types of 
pump 

A = rise of attrition 
B = decrease of coarse particles 
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The double speed of pump 2 thus seems to mani fest itself 
on ly in a stronger crushing effect on the coarser fractions, 
whereas it does not affect the small size range. 

The above result reconfirms earl ier experience [8, 9, 1 2] 
accord ing to which the coarse particles are comminuted 
mainly by the action of the pump impel ler whereas the 
cause for the increasing proportion of f ines < 0.63 mm 
depends above al l  on the duration or distance of transport. 
These two k inds of particle degradation do not however 
appear independently; it is establ ished that the coarse par
t icles crushed by the impeller wi l l , through he act ion of their 
sharp edges tend to produce attri tion during pipeline trans
port. 

4. Summary 

Even though the experiments on particle degradation during 
hydrotransport of coarse granu lar fractions are far from 
being completed as yet, some important statements can 
al ready be made. Bearing in mind the enormous technical 
and financ ial efforts being invested in the dewatering of 
smal l sol id particles, the i nvestigations have so far resulted 
in some interest ing findings on fines enrichment of slurry 
under various operational condit ions. 

It can be said that with a pipe diameter of ON 250 the slurry 
speeds selected for the t rials of 3.5 or 5.0 mis do not have 

any measurable inf luence on the formation of f ine attrit ion 
matter in the p ipel ine. 

When considering the inf luence of the rotary pump alone 
one may say that with all trials run so far any increase of the 
rotational speed of the impel ler brings about a strong ly in
creasing d isintegration of the coarse granular fract ion. 

The coarse/f ines ratio K turned out to be a very important 
sol ids-specific i nfl uential parameter for particle d isintegra
t ion. The coarser the feed material, the higher wi l l  be the 
disintegration rate during hydrotransport. 

From these observations it is clear that there wi l l  exist an 
opt imum granular distribution of the feed material for a 
specif ic hydrotransport system as wel l as for a specific type 
of sol id matter. It has to be demonstrated by further experi
ments whether reproducible results can be expected. 
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