
INTRODUCTION

In order to secure the irrigation water and to
reduce the internal loading by the bottom sedi-
ment in domestic lakes of Korea, dredging me-
thod including settling process for dehydration
has often been applied prior to dumping into the
ocean or landfill. But it has some problems in
space and treatment time, and also the odorous
dredged mud can be re-entrained into the public
hydrosphere causing environmental troubles.
However, the mud containing large volume of
organic matters can be utilized as phase of fine
sands for fertilizer or coarse sands for building
materials throughout the appropriate treatment.
The solid-liquid hydrocyclones have been used
in mining, pulp and juice industries, and recently
being applied to a part of dredged system. In this
work, a basic study for hydrocyclones as a pre-
treatment for separation and thickening of lake
sediments was carried out focusing mainly on

the optimum operation condition.
As like any conventional centrifugal forced de-

vices, the hydrocyclone consists of inlet tube, apex
bottom outlet, and over f low through vortex f in-
der. Major parameters regarding hycrocyclone
configuration and operation conditions are cy-
clone body size, inlet shape, depth of vortex f in-
der, geometrical structure of over and under f low
discharges, cyclone length, and cone angles, be-
sides the concentration of feed sludge and inlet
velocity.

MATERIALS  AND  METHOD

Test cyclones were designed according to the
Rietema’s standard; 30 mm and 50 mm in body
diameter, and summarized in Fig. 1. The shape
and size of a hydrocyclone has a decisive effect
on the separation or classif ication of solid parti-
cles. Amongst many geometric parameters,
therefore, two different body size hydrocyclones
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with the same standard configuration were pre-
pared in this work. An additional set was pre-
pared with a different geometry in body length
and apex diameter. Malvern Master Sizer (Mal-
vern instrument, MSS)was used for the evalua-
tion of the Grade separation efficiency with par-
ticle size. The efficiency is defined as Eq. (1) and
Eq. (2).

■ Overall efficiency

Cu×QuE = ––––––––––
Cf×Qf

■ Grade efficiency

x(dpi)u×Cu×QuG (x) = ––––––––––––––––––––
x(dpi)f×Cf×Qf

Where
Cf : Concentration of the feed inlet (g/cm3)
Cu : Concentration of solid particles of underf low

(g/cm3)
Qf : Flow rate of the feed inlet (l/min)
Qu : Flow rate of the underf low (l/min)
x (dpi)f : Mass fraction of i-particles in feed f low
x (dpi)u: Mass fraction of i-particles in underf low
The current hydrocyclones were similar in

structure to the conventional gas-solid cyclones.
It consists of upper cylindrical section and lower
conical section. Feed inlet is connected to the up-

per cylindrical column and vortex f inder is posi-
tioned on the top of the cylinder. Concentrated
slurry would be discharged through the under
f low apex in lower cone. Separation is principally
achieved by centrifugal force in between parti-
cles and f luid. The coarser and heavier particles
are, the more frequently separated. The experi-
mental set-up is schematically depicted in Fig. 2.

Test sediment particles were collected from
Giheung reservoir near of which watershed area
is 53 km2, and supplies irrigation water to the
area is in the vicinity of Suwon and Osan. It was
composed of Al, Si, Na, Mg, Mn, F, S, N, P, Org-
C, and the specif ic gravity was 1.5 with the me-
dian size, 5 µm. Feeding f low rate was adjusted
by f low controller of a screw pump (MV 3400 F4,
PCM POMPES France). A mixing pump was
sunk in the test slurry tank in order to ensure the
complete dispersion of test particles. The charac-
teristics of separation and concentration of parti-
cles were examined through the mass balance
before and after drying at 105�C for 4 hours.

In this work, feed concentration varied 3% to
20% in mass basis, the f low was fed at 1.0 m/s~
5.0 m/s. In order to assess the reusing capability
of separated particles, the test sediments were
classif ied into raw as received, ~53 µm, ~106
µm, ~212 µm, ~450 µm and ~850 µm by using
Tylor standard stainless sieves. Under the run-
ning condition as 6% of inlet concentration and 3
m/s of inlet velocity, pH, VSS, COD, T-N and T-
P of the discharged particles from over and under
flow were also analyzed according to the Korean
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Fig. 1. Geometry of test hydrocyclones.

① Slurry tank ②Mixing pump ③ Screw pump
④ Pressure gauge ⑤ 3-way valve ⑥ Hydrocyclone
⑦ Underf low ⑧ Overflow

Fig. 2. Schematic diagram of experimental set-up.



Standard Test Method of Water Quality.

RESULTS  AND  DISCUSSION

Concentration by using hydrocyclones

Selection and operation of hydrocyclones depend
critically on the relationship between the aiming
efficiency and treatment flow rate. The fraction
of underflow to the feed flow, Rf, thus, was inves-
tigated with the inlet velocity and feed concen-
tration ranging from 3% to 20 % vol Fig. 3 shows
the effect of inlet velocity on the clllection of con-
centrated slurry through the underflow. Under a
certain point of velocity. The particles and water
of this portion flew down along the conical wall
of the cyclone, but seldom upward to the vortex
finder. For both cyclones, small (30 mm in body
diameter) and medium (50 mm), the absolute un-
derflow rate was not changed with the increase
of inlet velocity beyond of the critical velocity.

The critical velocity herein means a threshold
velocity being able to create the vortex flow inside
the cyclones. As can be observed from Fig. 3, it
was about 1.5 m/s. Due to the limited range of
pressure adjustment the screw pump, the more
sufficient data for the cyclone S could not be col-
lected in lower velocities. Nevertheless the for-
mulated value, Rf, on right side of the figure pro-
vides a clue to ensure the pressure of the critical

velocity. In otherwords, in the velocity range of
less than 1.0m/s, only little swirl should be gene-
rated and cause a large amount of downward flow.
Fractional underflow decreased steeply as in-
creasing the feed velocity, maintained almost
constant. Approximately 20% of inlet flow could
be consistently discharged through the apex of
under cone.

The extent of underflow concentration was
observed as a function of inlet sediment concen-
tration. Figs. 4 and 5 show the thickening ten-
dency of underflow with inlet flow velocity at dif-
ferent inlet concentration. As the inlet flow velo-
city increased, the underflow concentration in-
creased linearly, and higher feeding concentra-
tion resulted in denser discharge. The sediment
materials including fine sticky mud, various im-
purities and organic matters affect the viscosity
of the liquid, which is closely related to the cen-
trifugal separation of hydrocyclone. In general, it
has been widely noticed that the cut diameter
(d50) of hydrocyclone is proportional to 0.5 to 0.6th

power of viscosity. The effect of feeding concen-
tration was found to be more significant in a lar-
ger cyclone. On the other hand, the concentra-
ting rate was greater in less feeding concentra-
tion. The velocity influenced the concentration
more greatly for diluter feed flow. In order to col-
lect more reliable data, the medium sized cyclone
(M) requires further experiments with the aid of
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Fig. 3. Effect of inlet velocity.

Table 1. Geometry of test hydrocyclones. (Unit : mm)

Cyclone Cyclone Dia. (Dc) Inlet dia.(Di) Under flow (Du) Over f low (Do) Body length (L) Cone angle

S 30 8.4 6.0 10.2 150 10
M 50 14.0 10.0 17.0 250 10



advanced and more powerful pump.
It is well known that the inlet fluid velocity

obviously affects the separation characteristics
and the extent of underflow enrichment. Feed
concentration of the slurry also exerts a clear
effect on the classification behavior of fluid. In
accordance, the effect of feed concentration on

the sedimentation of slurry particles, so called
specific sedimentation rate, needs to be observed.
It gives a simple clue to understand how fast the
underf low is thickened.

Specific sedimentation rate in the underflow,
which is a sort of the classification index or ove-
rall recovery rate depending on inlet velocity,
could be evaluated from the slope of Fig. 4. Fig. 6
shows it with the feed concentration. From a
simple linear correlation, it was consequently
found that the larger cyclones were influenced
greatly by inlet velocity and percent solid concen-
tration.

Separation of individual particles

The grade efficiency of separation was evalu-
ated at 6% and 10% of feed concentration with
4.0 m/s of inlet velocity. Since the exerted centri-
fugal force inside the hydrocyclone is inversely
proportional to the body diameter, less separa-
tion force could exert on the particles in a large
cyclone. The present work obviously revealed a
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Fig. 4. Variation of underflow concentration as a function of inlet concentration.

Fig. 5. Characteristics of underflow as a function of inlet concentration.

Fig. 6. Overall recovery rate with feed conc.



larger cut diameter (d50) for a bigger cyclone as
long as under the same configuration. Cyclone S
gave 16 µm and M did 20 µm of d50. However, the
d50 depends on some other variables; vortex fin-
der diameter, apex size, flow rate and slurry den-
sity. Meanwhile, as can be seen from Fig. 7, the
inlet concentration has a limited effect on the
shape of the grade efficiency curve. As noted in
other inertial separators, separation efficiency
increased as particle size increased. Smaller
hydrocyclones seemed to be more useful in its
fractional efficiency. An open literature, how-
ever, revealed that too small body diameter may
cause strong centrifugal force and thereby carry
over most particles. In addition, small cyclones
induces a great frictional loss and energy con-
sumption. Thus, the optimum design standard
must be found by consideration between separa-
tion efficiency and total energy loss.

Physicochemical characteristics of solid
particles

The content of organic contaminants in natural
sediments was analyzed and summarized in Table
2. In general, smaller particles show the large
specific surface area and thereby include a great
amount of organic elements. A similar result was
obtained in this work as can be seen in Table 2.
During the size classification by using stainless
sieves, a certain amount of organic impurities in-
cluding wood chips, lump of various organics and
ashes could be removed. Thus, the organic con-
tents could be deviated from the common sense
between classif ied and raw sediment samples. It
was found that pH was nothing to do with the
content of organic materials, and the finer parti-
cles were significantly contaminated by various
organics.

The separation of organic contaminants by the
hydrocyclone was examined and displayed in
Fig. 8. As previously predicted, the overf low
mainly composed of fine particles contained more
organic material. In particular, the variation of
COD clearly indicator the quantitative contami-
nation of fine sediments in overflow. The pH
value remained nearly same as 7.0 for both dis-
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Table 2. Contaminants in the sediment according to par-
ticle size.

Size pH VSS COD T-N T-P
(%) (O2 g/kg) (mg/kg) (mg/kg)

Raw 7.03 9.80 19.9 1,482 1,052
~50 µm 7.16 9.67 19.2 1,620 1,078
~100 µm 7.05 7.98 17.8 1,228 871
~250 µm 6.93 7.29 16.4 894 589
~500 µm 7.12 4.94 11.6 856 260
~1,000 µm 7.05 1.80 3.6 580 249

Fig. 7. Grade efficiency as a function of inlet concentration
(inlet velocity: 4m/s).

Fig. 8. Comparison of outf low organics based on inflow.



charges. Thus, it can be concluded that the hy-
drocyclone technology could be a quite acceptable
alternative for recycling of the process wastes
when the concern on waste prevention is being
increased.

CONCLUSIONS

The present study was carried out as a basic
research in order to apply the hydrocyclone sys-
tem to the primary process of particulate sepa-
ration or concentration in the dredging operation
system of the lakes. Application of the hydrocy-
clone to the in-situ treatment can provide the
rapid treatment and require narrow area. The
current result showed that small size hydrocy-
clones might be better in the separation and con-
centration of the lake sediments, and higher
inlet flow velocity would increase the thickening
rate of under flow and absolute concentration of
sediment particles. The threshold feeding velo-
city was found about 1.0 m/s. The best perfor-
mance for thickening was achieved in a small
cyclone (body diameter: 30 mm) with up to 51%
from 20% feed. It was found that finer particles
of lake sediment were more contaminated, and
the hydrocyclone system could contribute the
reduction of organic contaminants. In accor-
dance, hydrocyclones can be used for both pur-
poses of separation and concentration, concen-
tration including dehydration can be plausibly
achieved by parallel arrangement of small size
cyclones. Size classification must be more useful

with the adjustment of inlet velocity.

ACKNOWLEGDMENTS

This study was supported by a Eco-technopia
21 (No. 110060005) from The Ministry of envi-
ronment, Republic of Korea.

REFERENCES

Lee, S.O., N.P. Kook, Y.B. Lim and B.S. Shin. 1995.
The Recycling of Sludge from Granite Stone Cut-
ting and Polishing. J. of Korea Inst of Resources
Recycling 4: 12-19.

Jeon, Y.G., J.S. Oh, D.C. Choi and L.M. Park .1996.
Application of Waste Lime for SO2 Removal. J.
Korea Solid Wastes Engineering Socity 3: 39 -346.

Kim, T.D. and W.S. Kim. 1998. Behaviour of Classifi-
cation of Blast Furnance Sludge in Hydrocyclone.
J. of Korea Inst of Resources Recycling 7: 23-30.

Petty, C.A. and S.M. Parks. 2001. Flow predictions
within hydrocyclones, Filtr. & Sepr. Jul/Aug: 28-
34.

Agar, G.E. and J.A. Herbst. 1966. The effect of fluid
viscosity on cyclone classification, Trans. AIME.
235: 145-149.

Vallebuona, G., A. Casali, G. Ferrara, O. Leal and P.
Bevilacqua.1995. Modelling for small diameter
hydrocyclones. Minerals Engineering 8: 321-327.

Statie, E.C., M.E. Salcudean and I. Gartshore. 2001.
The inf luence of hydrocyclone geometry on se-
paration and f iber classification. Filtr. & Sepr.
Jul/Aug: 36-40.

(Received 25 Oct. 2001, Manuscript accepted 5 Dec. 2001)

Sediment Treatment by a Centrifugal Device 347



⁄ ¤

원심분리 장치를 이용한 퇴적물 처리

오 종 민*∙이 식∙조 민

경희 학교 환경 응용화학부 환경연구센터

본 연구는 호소내 오염된 퇴적물 처리를 위한 분리 및 농축을 위한 전처리 장치로서 hydrocyclone
의 이용 가능성을 평가하는 실험이다. 외국의 선행 연구자인 Rietema의 표준 규격을 참고하여 제
작된 Hydrocyclone을 이용하여 분리 및 농축 실험과 유입 및 배출 시료의 물리화학적 특성을 조
사하 다. 실험결과 Hydrocyclone의 장치특성 실험에서 분리 및 농축에 가장 큰 향요소는 몸통

직경이며, 유입속도, 유입시료의 농도에 향을 받는 것으로 조사되었다. 분리 및 농축에 필요한 한
계 유입속도는 1.5 m/s로 조사되었으며, Cyclone의 몸통 직경이 작고, 유입 속도가 빠르며, 유입되
는 시료의 농도가 낮을수록 분리 및 농축 효율이 높은 것으로 조사되었다. 재활용 가능성 평가를
위한 오염도 평가 결과 입자의 입경이 작을수록 오염도가 높은 것으로 조사되었으며, 분리 처리 결
과 현저하게 높은 유기물 제거율을 보 다.
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