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Abstract

Grain-size distributions of both the underflow and overflow from the hydrocyclone circuit with
hydrocyclones C1 and C3 are studied both in the full-scale plant and bench-scale plant. The separation
performance of a hydrocyclone is expressed by a separation curve representing the probability of a
particular particle ending up in either the underflow or the overflow. A particular configuration of a
hydrocyclone circuit with C1 and C3 can benefit both separation performance and production of clean,
good quality sand to minimize misplacement of fine particles between sand and sludge (fine fraction).
After the first cycloning step, the separated flow with fine particles (C1 overflow) may still contain sand
particles which increase an amount of residue. Cyclone C3 is included in the cycloning process to remove
any sand fraction still present in the sludge. This can considerably reduce further the landfill cost.

A mathematical model was developed to simulate the steady-state grain-size distribution of the C1
underflow (UFC1), which represents the clean sand, in the hydrocyclone circuit with C1 and C3. It was
shown that the grain-size distribution of UFCI is better described by the presented model, which helped
determine an amount of clean sand and the cost of soil washing for contaminated soil. The concept and
numerical formulas of the presented model are introduced and discussed.
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circuit

Fig. 1 MRP soil washing process schematic
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Fig. 2 Grain-size distributions of soil samples
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Fig. 3 Schematic of hydrocyclone and particle separa-
tion
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Fig. 4 Cyclone-circuit schematic, Circulation and Cas-
cade
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lated results as to UFC1 and OFC3
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Fig. 7 Grain-size distributions of UFC1 for sandy feed
and silty feed
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Sreed : Solids in feed slurry from sieve
Sreeac:  + Solids in feed slurry to CI
Surer : Solids in underflow of CI
Sorct : Solids in overflow of C1
Sures . Solids in underflow of C3
Sorca : Solids in overflow of C3
9] : Flow rate of feed slurry to CI
Qurer : Flow rate of underflow of CI
Qorct : Flow rate of overflow of CI
Qurca : Flow rate of underflow of C3
Qorcs : Flow rate of overflow of C3
i . Theoretical retention time of solids in the
cyclone circuit
fo(Dp)  : Grain-size distribution of feed slurry from

sieve

fa(Dp)  : Grain-size distribution of feed slurry to CI at
t=nT (n=1, 2, 3, 4, )

Anei (D) Size recovery to underflow of CI

Ayes(Dp) * Size recovery to underflow of C3

UFCI  : Underflow of CI

OFC1 . Overflow of CI

UFC3 @ Underflow of C3

OFC3  :Overflow of C3

P : Density of soil particle
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