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Abstract — A magnetic fluid separation technology is applied to remove the suspended solids from livestock wastewater. In
this study, the effects of operating variables on the removal efficiency are investigated through the test runs usingpmagnetite
sludge from steel-making plant as magnetic fine powders. It is found that the mass ratio of magnetite to the suspended solids
should be kept higher than 1.0 in order to obtain more than 96 % removal efficiency. In addition, the removal efficiency
decreases with an increase in the superficial liquid velocity, but the effect becomes negligible when the mass ratiot®f magneti
to the suspended solids is higher than 0.8. The sludge from steel-making shows a promising removal efficiency to use as an
alternative to magnetite although a higher mass ratio to the suspended solids is necessary compared with the magnetite.

Key words: Magnetic Fluid Separation, Suspended Solids, Livestock Wastewater, Magnetic Fine Powders

1M =
AGrEe] FFos §7 & 301 F71eel Wt F419)e] o
wom oo mt A4 #H7E B #H v HHE o] e 2
el Fo dRle® HI vt F4Hee e 29l HlE) 2Ay
F> Hou, 7] B, AR H 9 AR “117/%71 So] A Hj
ZHUA e et mig- ;Lftﬂ EA7F ok 53] f71E,
frads, 24, 9 59 57 =0k mAY dEE GFHA A2 &
A 5o AP B 329 ¥y ki} At sl Az @,
i Ak oF B FHA o] EAE il €tk olFelA
T2 E(suspended solids: S8) 3H-, 24, €A vie|d zHz} 3)
o <k 3,800, 4,350,281 360 g Wgo}l o =, AZS

TE-mail: yhkim@mail.pknu.ac.kr

277

E A BRaEEY i S w8
2l F 4 1,000 ppraflA] F o 20,000 pprifbA] X
BOD, COD 183 & ¢l, & d&e] ¥&=rt
gate] S7IEE AoE Kol %’— 313
S EAM] AAL & dthe AHANM=
S B R ) H*E%ﬂ 2
@E‘MVH FHrEEe v%7 2000d 19
Bl 150 ppmOl3HEFEAZEA S 50 ppmplH 2 FEEA
o] ZALollE 19953 1297HE 70 pprelali oy} 19963 19 o]
17M kg

o 1

FEHE 30 ppnelstE 2A AstE ek A 2HEo
o gHA &4 WA
A *Hi% 71

ot
it

&-{oi-m&—lmlei&

H]
9_1

el %%EV\WE oo} e ”P%—’F 7%

QIR
AR5
1o

ﬂ% rr oﬁi

1 A3 Ao 1:].[1]

2k
Ao A5 RATFES M2 2E



it
d
lo
%

o
I
T
)
il
=

==
-0,
)

H
)
o
ﬁ

AL
rlo

M
=
W{Emd

:

>{M
il

ojf

e

o T
o
N
o

o,

o

P

]

K
oftt
il
1o

oL |
o ol
i3

ojf
=
=
o

Ac
2
rr
Y
ofo

2O ot

gukdgo g 5060um 0] } ]

o] “P‘%Zﬂe E?Jo}oﬁl EHPOW ]?i
van der Waalsglo|\} A#17] gy 72
FE2] xH ‘:]‘1“4 [3EA 7} F-2FsHA
Edo 2tsle] mEAEA APdE 7t
nge] mlavjElo] ES f-dufjol] Tl
uiel o] 23S W FEo| FYAFHM olE %él%ﬂl
RAAA AASR= 710] A - &2 FofellA <
AFAEL oo} 22 AMEYS Ao 55 2
o= o|FAA EF Eeshs o=
sXoR a3 e AA 7S Bl vt TH13, 14].
T HAHL ol9} T2 A FAEE & A-gstel At
b HFE *ogi ﬁ%]—?ﬂ% FHAPEY AA B0 uist =YW
3 2 7kske Aotk 2a 2] A7t
A = Z}% grtelFH 58 At AI%FE v
7daol A FAER

AHgsRed oir AAEE
[}

LR A )
i
&

o ot

£
rie oo

4

Hr 2
< 4k

s i
i E{u

>
>
o)
=2

O
JE
[

o
o

K %J
2
rlo 00117

ofh

e
o
i
=)

:(o
)
ox,
=)
M
2

i
i}
L

n
Q

g
>

e r-)lJrL 2
T
>_11’

E
39
ko
FEHEHQE_’,%N
i
£z e ;E’.Tﬂ
B b & iz o

P

Bu/ge =)

7o)

Holl AR 2 AR FR= Fig. 204 He niel 22
A2, det AFvEA ] witR A, S El A

o
®

h il
)
oy -
- . !. !!*I_ -

783} - A2t -

o3y

x&m&x[

—Dg

\
[ﬁxxéxg

Fig. 2. Schematic diagram of experimental apparatus.
1. Magnetic fine powders 6. Magnet sets
2. Wastewater 7. Clarified water
3. Mixing tank 8. Valve
4. Pump 9. Magnetic floc sludge
5. Magnetic fluid separation column
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Fig. 1. Photograph of magnetic floc& 400). e AAF4S 0.14-0.85cmi) H ]
Table 1. Properties of magnetic powders

Density Chemical contents(wt%)
Sample . - -

(kg/nT)  Fe(Total) Fe(Magnetic) Fe(Metal) FeO Si0  CcaO ALO, MgO NaO K,0 P
Magnetite 5,150 70.90 68.3 - - .6 0.2 0.2 0.15 0.04 0.12 0.06
Steel sludge 4,230 67.89 - 8.77 78.05 1.50 791 0.23 1.44 0.11 0.20

sjetzet N3sH M2 20004 48

0.1



A ANl o

oM 2dsch 2 2xdolM el ATk oF 30, Al AFe 23]
2 3k dey ¥ Ee] s5E Standard Method <J3)] 24
sl omi[15] F-HT PR AATEE T Ao <) AT
. . Ci_ 0
Removal Efficiency (%5 C x100 1)
i
3. 43z o oH

3-1.X Mi719

o:l‘%:t

FRuPEe AAd 288 0A e 2

A FAEY 7€ FHAFE AW v A wEATE F
zZHE gelo] 2 FY8 H5e sEFIAM W] FEolu
Ag R} 7het wegwkake] Aol ok xe] 7uke FaL Qi)
o HHEEE FURE B9, 5 A fAREY 9 AA T
48 =94 HW WY fAEL S ol A FRaY
Eo] AAo F44 Fd&e FA duh. 3 AAFE Sl ds
3b7] e AAEY A AdE =AY AFEYY] 555
HSIAA 2] @A ol FEES st Qe A A"
ool AXE AA 2] AI71E Fslels WHE E F Uth

Fig. 32 A4 fAlRelge] A4 MES EwAgo] 200 Gaussd

1,000 Gausd F 79 AHS AMEAS W BRI FEES] AALE
of gk T AAFEe] TS UEd ASE o R{uFES
FEE 1,330-1,452 ppmpt2ulEle] - 18 59
1.0622 3}t 200 Gausy AT 2HAe ALg-3H
WA S| F7tol| wet BRI PE] AARE0

H|3] 1,000 Gausy 2= A4S AMEPS A9
°F 0.23cm/8llAl 0.53 cm/8HA] ol w] oF 1-2%Y =
IX3 ek B Ay AN FRaFE] AA 28-S
A= AT 2] Aeolle Hdl 3" AARES oF 0.16cmis
Z Agleor dh=dl Hla] 2= Aol A9dl= ¢ 0.5cm/$] F
g A FEAME TFEEh o5
A AR AN S 2 e
o AN MEE=Z Zt7F 027 /A3 0.84 mId= <
A71A dt, s zHe] §le AdElelA 4k
EEE 1,170-1,271 ppmZe] L ul2dlEle| EA-f 1R E9)
0.82 33 3% AAFES 0.22-0.85 cmi Mol R dEe

AAZES AF3 A3 5 dAF50] 022, 0.37, 0561832 0.85cm/
s= 7Kl wet FRrEES] AARES 10.7,-5.35,-54.9 183
-61.30& FAEQUTH 53] T AAFSol oF 0.3cmisldeR B

o

100 T T T T T T T T
L [u] A — & Magnetite/SS = 0.83 - 1.06
88 concentration = 1330 - 1452 ppm
90 Magnetic induction (Gauss) ]
® 0

9 o 200
< A 1000
Z 8of ]
c
(7]
g

70,
)
> 10
Q
£ 0
o -10
v -20
9 .30

-40

-50

-60

70 . . . . L . " . .

0.0 0.1 0.2 03 04 05 08 07 08 09 1.0

Superficial liquid velocity (cm/s)

Fig. 3. Relationship between SS removal efficiency and superficial lig-
uid velocity with respect to magnetic induction.
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: concentration of suspended solids in the influent [ppm]
: concentration of suspended solids in the effluent [ppm]
: equilibrium diameter of particle [m]

: diameter of particle [m]

: gravitational force [N]

: van der Waals force [N]

: acceleration of gravity [nfls

: gravitational conversion factor [kgn/N- 7]

: constant in equation for van der Waals force [N/m]

: specific surface area of powders’[kg]

: superficial liquid velocity [cm/s]

: density of particle [kg/f
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