Journal of Korean Society on Water Environment, Vol. 36, No. 2, pp. 153-163 (March, 2020)
PpISSN 2289-0971 eISSN 2289-098X  https://doi.org/10.15681/KSWE.2020.36.2.153

Ob¥

A

HxzZ| 2olofM Ap7| E2l7|=e
AT . R

stdZstnt . 2|:HX|_-[|:H%I-IJ|_

—o -

sg

1 0‘0
0

Rl
ofo

4

'ThXcHE t

st 388t

1o

=

Application Status and Prospect of Magnetic Separation Technology

for Wastewater Treatment

Shaoxiong Chu'® + Bongsu Lim"" + Chansoo Choi®

'Department of Environmental Engineering, Daejeon University
Department of Applied Chemistry, Daejeon University

(Received 10 January 2020, Revised 13 February 2020, Accepted 26 February 2020)

Abstract

Magnetic separation technology is an efficient and environmentally friendly technology. Compared with the

traditional wastewater treatment technology, the magnetic separation technology has its unique advantages and

characteristics, and has been widely applied in the field of wastewater treatment. In particular, the emergence of

superconducting magnetic separation technology makes possible for high application potential and value. In this

paper, which through consulting with the literatures of Korea, Chinese, United States and other countries, the

magnetic separation technology applied to wastewater treatment was mainly divided into direct application of

magnetic field, flocculation, adsorption, catalysis and separation coupling technology. Advantages and limitations of

the magnetic separation technology in sewage treatment and its future development were also studied. Currently,

magnetic separation technology needs to be studied for additional improvement in processing mechanism, design

optimization of magnetic carrier and magnetic separator, and overcoming engineering application lag. The selection,

optimization and manufacturing of cheap magnetic beads, highly adsorbed and easily desorbed magnetic beads,

specific magnetic beads, nanocomposite magnetic beads and the research of magnetic beads recovery technology will

be hot application of the magnetic separation technology based on the magnetic carriers in wastewater treatment. In

order to further reduce the investment and operation costs and to promote the application of engineering, it is

necessary to strengthen the research and development of high field strength using inexpensive and energy-saving

magnet materials, specifically through design and development of new high efficiency magnetic separators/filters,

magnetic separators and superconducting magnetic separators.
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1. Introduction

A7) 52 (18 5 7, Magnetic Seperation)”7] & o] &2 o]
U 49 A5 B4 metA YF AEFE o] &35t 7
3 e 71€S T9tti(Karapinar, 2003). Ao wat =k
7188 ETALEY, AR S 2AE A RYR vE
, e&8A fq“ﬂ' F4 A71E8 g A2 AR R
Qqem, 27] ghgrlel et A A&, A7l °
23 82 (Magnetic Disc Separation), 78] 7] &2 (&7 fHd
fdi 570 %, High Gradient Magetic Seperation, HGMS)<} 71

Hll 2}7]182](Open Gradient Magnetic Separation, OGMS)Z
= 4 UtKSun et al, 2006). W2 1§ &2 £ w &
3] A= A& Jled AT AEE Ve A&

Aoz A7EE Jles WBAE, A, LPE

A 5 Hopol A Bol S&st Utk 2L HE 20~30
¢ AVEE Vee AEVE, deAY, FAH &
Hopoll A Eol A7 §&o] Ha Uth(Yavuz et al.,
2009).

aut Ay Vled g2A AEY JE2 AHol F
3 0“%11011% ﬂl”“z‘ﬂr ZgfA EZS dFdA
getA StER g E o] i EYUSEUF wEL
He A7 24 gle ZFol Ak 595 L) ZM*FJ
71T 2AE AR Yed Vs AR Ve
HeAE EokllA EH 7tedd B §8& 7Hed s 7}Xl
A HJch B2A £ A= #9 —Er?iﬁ-_r‘i 3 dA =
-9 X718 7l tigh deAe Eok
AGS AL, FF o] Hopof A9 F7HA
A ALz} Stet.

2. Application Case of Magnetic Separation
Technology for Wastewater Treatment

AFE A7l 4 ol &3t EAS
Z o8 7IA QA 1847] Futel] A7l e A i
&< s7] AFSA HAAt 71EY A7 RE ZEdle Al
gto] Aot 19709t 7bA] Lul A& 71E9] A
wEt iR RS AR A7 Ve deA
oAl M2 Vol E2 ¥ 289 EJ& /HAn
A7 AR TEe] @A 71dske] A S
THl ZA71EE 7lE2 AR 9FFY A

n\l £ rlr
1:1

A A S ALe AoE A7) ujA] FHY Ao B
%_17“]3} A st a7 A71E BASAL AGE HdSs
o B £&8 588 I7MIIE RS grieith 59
FAE BokdlA A& V& AT 9 &
v 7|12 71w o5 2R AT L7 AT E
g 72 #44 7:’2]%’30]]7‘194 223 A4, 7hed HEY
BA, g ZA, FdAsAY, sS4 EFEL 4 A
£33 AYrle & ] g A7 &0 AF7A| o] Fof
X THBorlido et al., 2013; Yavuz et al., 2009).
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AZNA71&9] A& AL A7 2 7es dAdd ZA
ZdsHA ]'S\’iotq ANA S Aol wet ok 27| EE
(<1T), &3¢ A7 (<2 =4 %E A& (>10T) 3714
2 YysE —’T— Sl tH(Borlido et al., 2013; Gokon et al., 2002; Li
et al,, 2012). 94714 T+ Telsad AR A& E(Magnetic
Flux Density)®] @9lolth 724 % FPHL =z o 44
T AAANE o] &S ATEE Tse] AVFE A=
o A7 AL FS Aol mlA JAE M ste vYHE
SHAIZE vk a2 AR AN AT o FE A
g QA £EE FAZ ¢ gtk A2 JEhd 245 1
IV EZF §FAolY AAE AR o] 2T F fAd
TAE HAstL FAAA A7 ATl $HF] A= 5
ARAE o] &3sH o] 2FQ1 AFEAdo] A=7T H7
A A9E A ASE = Utk g2y 24= A
2 A8 BEE A FEAIIL A Y

71%2 7]
A &ME FolA A7) Y 5EH 2&S FHAIIIH A
229 A& WS wWoled 8988 dognh

=2 AA Z=(Electric Intensﬁy)—i— 771'—‘:- ZAE A9
Hgo =, A = 14 &=

L7 718 713 sl A
A8 A& weTl MAR AAAA FomE o
B2 o5 Bl 48 5 glow A7 wes) o9 2 o
Ao 2A} itk FAY AN AZ B AR
Wi B BE GG oPAW 2AE A4
sge AT A7 Re 7o) G8e 2A AR A
SAY RN SEE HAHAT 2AE A7) R 7

A6 o) G2 58 7}%@»2_— FAAT s 5

& AFrdoR Hr| fIol AUE

7lgo] o2 AT && % ol o JFsHA St

A7 AR Ve 2R AVEY A Y A
ot $& "Wt A SiEL F2 I3l I9 He
A, AA AFLAL F), 25IFFE: FEIZ AFAH,
54 "#5-A48 ), ’51% 2 AAZAE: 71 e3rA
), 84 S2E 247 HEAY, AF7HE HsA
), AFAE: BE AP, Aed dsAD §), BAHSF
(c: gAY, FAY, AstrAE §) § AQd &
WA &85 9 th(Ambashta and Sillanp, 2010; Zaidi et al.,
2014). 22U A712E] 71E0] HEA e Zokol §&357]
sto] g F S QHEDC] FAE EZolAA HH A
718w SFstE ATt oHFER o] FAE HAsH ok
sttt 2g A Hg el B et AuiA = AV1EE Vs
o] HEFA HopdA] AutH oz BFT ¢ AES st
HesE Atk AAR AgFeh, AExZs HeAe 9 7]
El ol A A7EE JlEs &t AL dFEE AV
Ag 7oz sy, A7|nAY Az 2 FHE&ES A2
7€y AL HYE 3A U ckBorlido et al, 2013;
Philippova et al., 2011). I EZ A7 &8 7|&S A o)A
o 7o wet APolg, A, ALEFTH AFEZFHE
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5 & Aok A5ADY BoplA AR A& AAE
2RI 99 A AT 2 8L F2 0eH 2
ofdl WEAG. =, TEE, AV AJuA A
84 7%, AVEd 71e% e Jed 2% 4 88
M, A7 e A9 AT 2D A, AV e F1ee wE
Y ggoz 2 % 9

=

3. Application Type of Magnetic Separation
Technology for Wastewater Treatment

31 A7 (e AY 018

A713& AR ol &AM HFAE BollM HEE & Q)
&7 Zo] 2707} itk AA, A71ES o] &3 A
& A 1FES FFAR F ﬂﬂﬂlﬂ'@zibﬂ o4
© A, A7Z0] Hg &oll A 4TS 2 &
Ronz 2AD AA L A, 2F = FA =3, WA
£ &5 53X 58 53l g =2 S £8 Y AAdHZaidi
et al,, 2014). A71Z& A o] &3 A& 71&0] HFH
g HopA o] &8 AL 197090 FElolth nPA A&
g 71&o did 7HF %—&s& A 2he JA Z7 ot A
7N8e FA 9 Fx 9 HAAY ARz Qs AA F=It A
&Aooz FgHH Ulai £ Uk 379 A= AA &

v

Ditsch &< 74 27122 (1.4T)E °l&sto 2A71d Y

= ZE2HE AAStY 4AAE, A7) §&719 ol E &
&o] ARG PR TS At 23E BH ¢
AT A7) 9719 Zolg gAY f&5S EFol= A
2 AALES FA7E 2RE YEITE T 52 #
44 cnys)l A 50 nm o4 Z7E 7R JAE 99.9 % A

AT g dem 7] ¥gr19 Aolg HAsA F7HAIIIH
o &2 939 AAZEE S FHAE T+ Utk 2288
A 9l tHDitsch et al., 2005).

Ha 52 2AE A7|&E(6DE °l&sto] kg Tl

He AFEES ?-Hal A stH ZFEE AT
el A Y ARAE S FhAE AAZES T As
& Atk o] YRR A AYYAE & AAT F As
Pk ohg} thE okt ZW 2 2234 A= A AAH
£ A& etk deAE Bopoll A A& 71Eey dF
M 8o A&Hoz dAdhd met ATIES A
A YA ols HFT £ wAYUF e A
FopA L glom, Zdin 2dy 3 A9e dste FHS
2 A71EY WAUZS ZA olsistaL o2& & A7
1THHa et al., 2011). :LEM A718E 7R ZvA YA
o} 2 uiA|, L HEH, HIFEZ S B A5t HH

7S BT 87t Atk(Sarikaya et al., 2006).
AL FAE ASGAA Ve
&3 Ve B2 AT 9 S85H= Vel g EF s H
7t 297t gla, g 2 FFEolH, #2 9 FH &
Y& aHF o2 PAY F glon, B4 2 G/ AE

2 AAY 7)1FZE o]

AL A E Hokste I8F HFAD st 2AY
JAE AAA 71€2 AE WAUETG A aFdEs A3
=29] o x]7} A THBaker et al., 1997; Wang, 2001), 7] &
el Y8 = A7)0l CaCO;, CaSO42H,0, Si0,, BaSO,
SrS04, Cas(POs), A 2 &Frlw FASIET 22 dubEel
LEEZY S WA, LEEZY X FHIF A

7] g S fste] #2 T+ HY2(Furnace) Mol F&
st AL @A ) Baker 52 2AY FAE A5HA A

22 At He9S
3o, Astd & 1749 -_r‘ = tﬂﬁo}ﬂ RO
g3} PVC B2 FAEE &
(Baker et al., 1997).

Li 52 =59 TDR(Time Domain Reflectometry) 573
S A&t Uk oJ oo X CaCO; o] ik A7)
o g BAYoM, A7 A F FedFol gt
vedgen ey AL AUSAE ole ANF
CacOie] B F2 % 5% B 2 IF& TGS

& BAFHHLI et al, 2007). Luo &°] &A1Y A
A7gAA A BEe AP FALIE, E B £
9 FFS 2AG Al G5 471G 2AY FAEY A
A MAYZe] i3 BHAAL FAT A71ge] 2AY
A= AAaR7E ok oI Luo and Lu, 2000).
Liu 5 282 53 Astre] 249D 34 Gl Bt 2
AL AA 2 A 23 AFaRgon Ca Y Mg
F2 AFSAT 2AY Fdol

H.IlO n)l'
oL
)
mol'
o
9,
S
i.,
ol
3R
£

oo W O K oX mE

Jo o

il

EE Al Q1% CO, &3l =9 tﬂ;ﬁ‘rﬂ 7‘*4 e As| =S
3 BFEFEHNE W77 2ol 2ALE A 5=
< g # AATHLiu and Sun, 2000).
Lee 52 A& 97t gdatq(aAnkd)e Xz 2 #
2HE S Ve LS APtk FARU £8A
Fagol Bt 85 %ol 3l AFEE FAE MEsta, A
&8 A|(Steel Chip Sludge)THe £33t 90 % A&
FozH H7IE A H 8L 80 %2 A4S AHE Ao
(Lee et al., 2000).
Hane #3082 29348 5 U2 fAHTE 72
71l &3h il‘ﬂ"ﬂ-@} +51]F(poly aluminium chloride, PAC)

85 kg/d, AE 37 kg/d, E?ﬂ ol o}n}o] = (Polyacrylamide)
18 kg/d° Fhste AeFE AF 29 5% 300 mg/L, FHE
2 BX 300 mg/Lo] oH TA7|EE UE5H tHHan, 2017).

AN &g sl £9 24 9 94 EH(FHE,

ANAEE, 3485, 208E, 35 9 J94d F5€ 5)
2~
Z F

o
9
o
_O'L
2
il
o
5
ox.
2 o
9
~ oo
ol
ith)
2
_@L
'E
O{N
)
(i,
o

|28 E24% 9FS vA|
22 713 Ja A E £& Asteda dh A
AHGE A Rk A71ZE JH A& A4S s
S AT WRolH, 5 Ar)Fo] 2AYD 3R] HAEs T
4% o|f =2 AART AVFE EolA FRo)= -4 Sl
& HEAA ZFRo|EY AHE Yo olHT F
LHER AAN Hegd ¢ ,\,\E]-(Wang et al., 1994). 213114-
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ARE AR =AY AT Yom A% AF
Fol AR 2|9 S FEZ P2

% Th(Higashitani et al., 1992).

G A2 vAEY A 9T MA=
ZHon, AESE e HFAE Eopl AR ATES
Ch(Narsetti et al., 2006). 249 A5 de g ol=

=
ARE FAL £ 908, fE AR/ 389 2

Coagulant Aid

Magnetic Seed

Flocculate
Inflow

= Magnetic

Magnetic
Sparation

Flocculation

Outlfow

st Eo] gjdo] MAgHAY aa @40l o d

EHE JeRth(Narsetti et al., 2006). Wu So] tf&g ol

Sludge

Magnetic Seed
Recycling

Fig. 1. The flow diagram of magnetic flocculation for wastewater

treatment.

0E 9@ AN AR GIE AFF AW, ATFS

dgwo] B&Ys adrt qlen, e 7%, 259 A E2Hg 2487 &) AFMAE Frlsln o) 29E2
g AIF 59 547 o] e ALZ ¥ FH K Wu and 3 A3 g8 A7) FEe A&t AASTY AL -
Lin, 2004). Z712¢] & &3] e & & olf+= A4 71838 71&L ST A RIS A B WgHozm
22 g vABEY FF 2 259 53 nAE AAY 2 23 9 AVEY T A FHE 29T = A0
A AF WZolth e HEAE HopllA A7 F AE A 2 SHAAE sA FEFeEN, A SHEH,
7 AYgFAMY FEEE 2 AESH S0 It AQA L FHste 222 A7)F 2A0A By 2 AA
FFE Ao HYEHRE FHE AR Wt ot S5 E Ze 58 AduAls FUFeEM, 34
(Shi, 2005). < A B9 5 715l & 2HEA, HFHE

AAA o2, A7) Az Zopl A4 ol&5 = 7le A7 ZAA B do dubEQ AP SH-A7 R TP
A FFY IS JRo dis] dFol ALER, o]& Fig. 13} 2A A7|mA F41, &84 7, AdS4, E5

FE AL YA AA 9 A o] &2 UE 5 T g 2 APuiA ez FdErh

a8y dA gREY FHLHEEAL FAYER HH AP LA A7 R 7]&L B A g% 7E 1¥E
el dUdez & FAV leH, 71EY AEs J4 A, 7% 24, A 2 A 2EER S sHH o= AA
A& Ve AL A, A Sl A, B2 A 5 & & Qe A2L dA5AD] 71EoltZaidi et al, 2014).
of F2 AL&HAT Aste] Ased g3 AL B Table 19 YR Hle} 2ol AP SR/ 8e] V&L %
HAUEE B AgHA Fkon =89 Ax71 AT B 2 f71ER S sRH o2 AAT F Atk 53
om, o] 7l&o] HEEH AL A E TMAYSAE B8 AR LA T 17 A8 & Aets A7) HEA

3 AT L AGS A% ol FAFojok Fe.

3.2 AFdSH-AZ|IEE| 71E

A5 FAY EE ok

=
oz odHl 28 aFHE de F e, LH=

2
ox,
to
ei]
il

X,
1o
on
Ho
>
N,
o3

d
g,

g Zokellxd g AMEEHATE Chin & CMP(Chemical
Mechanical Polishing) Z| ol A o] Agt4 Y=PAE A A
571 & AFY-SH-AVEHE AHgReH, 2FE BH

800G 5 A7 Zo A A E HF9

Table 1. Application of magnetic coagulation in wastewater treatment

%7} 99 % o4 A

715°] INTUZ Zas il AgufA = Ad&Ho] oz | A

Target Wastewater Condition

Results

References

Chemical Mechanical

Polishing Wastewater co-precipitation method

Magnetic Particle: Fe;04 by

Turbidity: Removed from 99NTU to INTU

Chin et al. (2006)

Magnetic Particle: Fe;O4
Coagulant: PFC
Coagulant Aids: PAM

Oily Wastewater

Removing rate of oil: 82 %
Turbidity of effluent: 7NTU

Wang et al. (2007)

Magnetic Particle: Fe;O4

Smeltery Wastewater Coagulant: PAC

Removing rate of copper: 98 %

Kang and Yang (2011)

Magnetic Particle: Fe;O4

Phosphorus Wastewater Coagulant: PAC

Removing rate of phosphorous: 98 %

Zhao et al. (2012)

Magnetic Particle: Fe;O4
Coagulant: PFS
Coagulant Aids: PAM

Coal-oil Wastewater

Removing rate of COD: 56.9 %
Removing rate of turbidity: 99.7 %

Guan et al. (2014)

Magnetic Particle: Fe;Oq4

Municipal
unicipal Wastewater Coagulant: AI2(SO4)3

Removing rate of COD: 93.5 %
Removing rate of SS: 83.2 %

Zhao and Wang (2002)

Magnetic Particle: Fe;O4
Restaurant Wastewater

Coagulant Aids: PAM

Coagulant: PAC, PAFC, PFS

Removing rate of COD(4,300 ~ 5,000 mg/L): 98 %
Removing rate of COD(2,800 ~ 3,400 mg/L): 83 %

Sun et al. (2006)

SI=EEEEs|X| Az 25, 2020
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[e]

=

&2 & Atk £ A, U AW EARY EiHdo]
AEY FE F4A fdolH, pHE A7 E8 ¢ S8 4
I e a3 2i4FgE AL LASAUTHChin et al.,
2006).

Zhao T& AYSH-AVIRIZE =A] At A2

3’Jri HH 158 hH of #HEZD AARTEC] 80% o<l

o2 Yesten, 1A A FI& A ¢ + A
‘}iE}(Zhao and Wang, 2002). Wang < A4S -A7|&d &
AHgete] 49 HEE ﬂﬂo} SA, SREZEA 2 A
A7 A ZHel A E §TFE A O 2 ?}aol
100 ~200 mg/L Q1 A< Xﬂﬂ& o] 83% ol =g &
R, FE59 HEE 7 NTU olst2 Yol A 0}911:}
@ A7 £5 &7t E% %%"6}5'- A 2o A o
Z3taL a@ 3%% &+ A 9 AF Y R E
43741 2 A A Y 7 "E}% ] A5t tH(Wang et

. 2007). Sun 5 24E HFAY A AYSH-A &L
S Ae&P o, A A =(Magnetic seed)S F715HH H 2
2 AZHE @Est S8R HAFE Ao E Fo|HA
COD AAEES Fol= Wl =8| HIATh A& E9, COD
7} 4,300 ~ 5,000 mg/L}] #HF= A 98 %9 H& COD Al
AZEE, COD (2,800 ~ 3,400 mg/L)2) HFE 83 %< A
582 24T & JATHKSun et al., 2006).

Zhang &< AeF4HH S X SHH A Lab-scale 729
ANSH1-A71 8 AI2-E AL SFA AHEE, AEY
29 z27] 9 FYF, pH, witASTH AF45Y] HH 24
S Bt Ao wE PAC FUF 100 mg/L, S0l
I EA-33 Al (Anionic Polyacrylamide) ¥4 3 4 mg/L, AH3
YA Z7] 74 ym FYEF 1 gL, $AYI IESE 300
r/min, A I WHHEE 200 r/min, SFE I AEHEE 100
r/min®] ZAA = AAZES 95 %7HA 23k tHZhang
et al,, 2019). Guan & A& A3} FAFAed ALEHE 3
& éiﬂr 1}712;894 ﬁiﬂrﬂ A&H SF/ET o 3t
e 3 A Tl W Zo 5 SS9
%—7}/\171 } oll FEES ForRTh e A

o] "] #AA % 125 4 A2 —d?ﬂ S%EHO}@ o F

,,
>
X
1:1

%9l IJ-E‘rLH ﬁt}(Guan et al., 2014). A4 OFS © TSl I
= B4 2 /8 14 A L G ol Je
Hoen £2 AFE AUtk AYSH- AR = T35
(&, 7t=H/, 3&, 79, ofd, UA 5) 2 el i AA
a7k $5aH FEs A5AY 2 49850 23
Fo% HH(Cui et al.,, 2010; Shen et al., 2014).

Zhao 5 HF 9 As(V)T PO E A2 5t7] Ysl A
g 712 AT AVEYE Ao AdSH —=A

T A7 EYE A B 98 % ol Al A5k th(Zhao et
al., 2012). Kang 5 AN Cu*' o]2& A A7

Ad AHgeH U AFF ATE FISH 7S A
AFAE AT F AJATE E G4 A2 (Poly Ferric Sulfate,

PFS)©] 100 mg/L, pH7} 8, FAAIZEC] 20 min, Al F
Aol 400 mg/LY Aol Cu* ol AAZEL 97 %S
2FsHoH, &5 Cu*' ol FEE 0.5 myLET B
et th(Kang and Yang, 2011). Kim 52 A7 31 & 9]
g3t A SHAE FYstL FREZS AAS= 48 S

AT A% ZFZIA 75 7t 42 AAEEY A3

£ wtado E/RF P EY AT SUHEFE A4S
o= Ao 2 JEFRTHKIm et al., 2014). A4SH -7 &

£ AdeEeAE By oilE 4 59 AY 549, 59
A7 FF AEA gt &4 AT H&o 7HsstthDe

Vicente et al., 2011).

AAH o2 AFSH-A7| 2= &5 2 AVE Y &4
2%stal 45 vYEA LH9Ed, 18R {UIEE, TF
27 7 01 o] Lo 3t ¢
A}%'ﬂ"it‘r a2y g 52 1%

45 AAE F g7l g7, 71&

5&21]5 Atk

|

m{u R mlo

o]

gatA etk AEE, AEF 9
HA= 283 A 29
2 AA 235 Z2AT, AS7A gAY FF52 Al
SHFola MedE Hom, A&y AYFHATE HH A
Z5t dile 2945 A7) oH Y tKFang et al, 2010;
Xing et al., 2014). 28 AEHA FA7<H AV RIS
Agste Zol a3HQ Aot Table 2+ HAFAE &
°]¢°ﬂ AHEE A EF-ATIRE 71 FA, AL E
4, A aHdE ‘JrE}‘—H Atk A FZA A7 2 9 A
e 5F 4% 7]'75_] 53 A7mAS Axste Aol
‘T}‘,]_“ES]-%X],O_ §,]-01-Z]71- :'_i]lﬂ,
2 A7|A S FH 7}
F7HZ T AWHERl A Y FH
F2 ALY, ;q./gg_gaoa 2 AAREFE THAH,
)t (Flg 23} Fig. 3 &X).
o $8 WelE mAA
Wa g den, AA o] Ve 5 55 o2, &

= o

Aol BHE2

B 4 5o d
e
-lE
Jlm
ox
i

o
031
il
mN
0
g

N o & o 2
v Ho mp ool rr fonR
o X o
0!
N
101'
4

v}

Mesostructured Silica Containing Magnetite
OISM)E A $3ict AGAAE AzokRA O G
APSGT AR BE FH 5 302 AgH
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Table 2. Magnetic adsorbent preparation and application in wastewater treatment

Adsorbent Target Material Result References
Magnetisability: 6.9 emu/g
Fe;0--MSM Cu** Adsorbance: 0.5 mmol/g Kim et al. (2003)
Adsorbent recovery is fast and efficient
Zirconium Magnetic Removing rate: 97 %
Adsorbent & POs-P Removing rate reaches highest in pH=6 Lim et al. (2012)
Recycle rate of adsorbent: 98.8 %
Magnetisability: > 6emu/g .
Fes0/FeOOH PO-P Effluent P concentration: <0.1 mg/L Li et al. (2018)
. Magnetisability: >11.4 emu/g
N tall
F:n(;jyg ;Z:rite Ezggo Adsorbance: 79.1 mg/g Wang et al. (2011)
IR Desorption efficiency: 92 %
Saturation magnetization: 54.7 Am’/kg
Fe;04/MnO, Pb** Maximum adsorbance: 142 mg/g Zhang, Chen et al. (2013)
Adsorbance is susceptible to pH
Magnetisability: 71.7, 19.6, 64.3 emu/g
Adsorbance: 16.7, 50, 25 mg/g .
¥-Fe0; As(V) Adsorbance is due to specific surface area of the nanoparticles Tuutijérvi et al. (2009)
and pH effect
Cu” FHFo] & Ha ¥ A7 ZE Fato] A E A (Sharma et al,, 2009). AH8 W=dAe] E4 &4 2 3t
&5 e A2 S A THKim et al., 2003). Lim & 2 4ol aA Walste] LR S FFY WA HIL
o A7 EA7 M5 A2AE %(eronlum)a o] &3t 7}h W Fe;0y H=S&AY A7 582 9 "3 2719 &
4 FHAE AL o] FHEHS AT 2F= 2ol Hlal 5~ 108 2o @A, M d=dAe vge S
e Ql AARGAME TE 5© 1%4 FEol A9 glol & & o2, #7] L9EZ, YA LH4=d 9 AAS A%
4 9 pH 6914 7HE &2 A AIAZES YERARIAL 1 FHA 2 AHg o] $ek A A 2IE Ve TH(Tuutijarvi et
% NaOH$} 1.5 % H,SO,E °©l&ste Aol 7hsatdltte al,, 2009). U= 23 I @3N $&2 AN =AL o
A& EATHLim et al., 2012). T ggko|n, AH Uk TZEAL AAAoz AF T o

=z
S

Li

-

A¥oz A4 & Z}Zﬂ](Fe304-FeOOH)E A=z
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A des BIAL EAETS 9 5% 1.8 mg/ll
mg/Le] oP?V] A At A F2A 39
AFUEFENaOH) 22 A7 o A4
AT AFLE 7F5ATHLI et al, 2018).
Wang 52 FAH 93 FeslaOs U= EF4E F2A
zsto] 23 Z(Congo Red) HFAZ ] FLso
EHd(La) 94F F7kste AgduiAld FxdE A=
25382 37.4 mg/gillA 79.1 mg/gE A FHAIAT,
A4 A & La Xd 71 Fo = A5 e FAdE Y
EFitHWang et al., 2011). Zhang 5& ZIHS A3ty
IEE WE ?E«l A FFA Fe;04/MnO, S A £ 35k
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(a) (b) (c)

(a): Magnetic particles (b): Magnetic core  (c): Magnetic shell

homogeneously structure structure

structure

Fig. 2. The structures of magnetic beads.

500 nm

TiO= duHE1 FFujo)H = =
4 TiO, Zufoll & B2 A7 Atk Su 52 AW
ol g3l Ti0y/Si0,/Fe;0, l‘i.—"?} Z0 & A _7.:‘8]-57_ ©
kel Eafol H &39S pH 3% =%
7141 97 % & A AL, x}ﬂﬂ Stoll A Sl 2] 94#001 90 %
ol AFE FFA5ATHSu et al., 2012). Ma & TEH
7 E£7%(Sol-gel Method) ZAE3te] A= CoFey/TiO,,
CoFe,/CoFe;,04/Ti0,, CoFe,04/Ti0,9 TF, B4, A g =9
e d BF(Methylene Blue) A2 258 AFA YA =
HE ZAYEHME 43 dAeAY Tl AHA FuE g5
g A@golrh o] FujFe CoFe,04TiO 8] WE# &F A
PEES 2% FA el B9 BAA R ot FUY
9 A5 YA =7], Al ZX(Interfacial Compositions), 2
Z3t=9} TIO, 2 71eF YA vl &l FHATL SHHTHMa
et al., 2018). Zhang < I 2R Fe;04/BiOCl 71§k
23 A5 E A x5 2o B(Rhodamine B) wE A

EFE AEste HE 3 AY FFuE A8 2 A
YEEL 100 %2 YeEdTh A2 H7uEe a7 A
w2} o] B3 A 2 Core-shell %% TiO, AZEY ¢ &
S BEH ZH S JHAA AX AVFAAE B4 4 7t
szt vl gde} S 54&& 4S5A171tHZhang et al.,
2009). Zhang 5 FZ %l 93 ZnFe,04BiVOs £ A4
FEE Az ol E WEH EF 959 7MF S A
ol &3 2345 29 59 F0f 5] BivO, 9]
) FYEHET 5FE LA THZhang et al, 2013).
Table 3& #HFA ] Hobll AMEH A/dEvl-27] 2] 71&9)
A, F99H, AHANLGER, AHFEHE YeR Qdth
g EujAl= HAFAE, AR 7] 2 EF o Ad=
& 7tsA S 7L Ak 71E Suf FQol vlE] AdEvl-
A718E 71eS A WA Segs A FHAA AL
o] & A Foolx FAAQ 7 A= =9 F Utk
wA, A FuiA o ATE FF AGEEe Eof, 59
HAE BolA o 2 A4S 7HXA 2 dFolth

35 A|2el d8 7lE

A7) A dAe T e 3l
ofol Al o &FRFol7] fME S Ex FAH ZAFHY
of ek 28u, 2 279 MNP E, Y HFAY Je
e d3te &35 248 F gl b5 AYUIey 27
ol m ¢ FHAFAT A FFolth £ I L2
d, 17 x71EE Ve & its), A5 X vlEe 2
GRS TFS o2 g2 A5AY Jed 29E 7
Atk Table 4= #HFAF Eobd A71EE] A% 71€9 &
£ AdFE YERh Thara 52 A7, 178 A7 &
2 A7) ety As3d s 2 st uﬂ%ﬂ FAEFE A=
St A F7129 EAH QEE FA2 AFSH-A]
22 dACA aﬂrﬂ o= xﬂﬂs}&l 2ol 100 L/h]l B¢
= & AAEL A3 90 %E 2Fst= AL LA}
A4SH-A7 1R HAE FHst P2 fUERY 9=
Yoy Ade A7sEty stgdez AAE £ Ao
(Thara et al., 2004). =3, A7] S —A71EE] @A &

2 HsAY &
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=
=
o
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Table 3. Magnetic catalyst preparation and application in wastewater treatment

Adsorbent Preparation Method | Target Material Result References
o Magnetisability: 28 emu/g
. . C tat . . .
Ti0,/Si0,/Fe;04 oprecipriation Benzoic Acid Removing rate: 97 % Su et al. (2012)
Method
Recycle rate: >90 %
Maximum removing rate: 84 %
CoFey/TiO,, Hydrothermal Removing rate by CoFe,/TiOs: 75 %
CoFey/CoFe,04/TiO,, | Method Methylene Blue | Photocatalytic performance relates to the particle | Ma et al. (2018)
CoFe,04/TiO, Sol-gel Method size, interface compositions, crystallinity and the
thewire between TiO, and magnetic particles.
Target material is completely degraded.
. Coprecipitation Rhodamine B Degradation efficiency and rate are similar to BiOCl.
Fe;0/Bi0CI Method Methylene Blue | Same catalytic rate can be maintained even Zhang et al. (2009)
decomposition recovery 5 times.
. Coprecipitation Removing rate: 99 %, better than pure
ZnFe;,04/BiVO. Methylene Bl . Zhang, W: t al. (2013
nFe,0/BIVO, Method cyiene BIUC | 71Fe,04(59 %) and BiVO4(70 %) ang, Wang ct al. (2013)
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o)A COD, TP, NH,/ NS @z oz AT
o7 yegt AV RS B8 3 29
23 $& B, A7139 BEE FF> A
9 ZEHE FHAE F Utk FA M A7) U=
BioMag &%3d3 MagBR(Magnetic Bio-Reator) 379l
(Zhou and Ni, 2009), 94X o= AE 7S A&t
7] LEEZAS Bl vhy LT AT EEE s AA
st 8371 $71 wiol A7 st oA Ag"ET &
71887 9A4gried A2FEHs AT FFS AVEH
g% HedE FaAA HAA GALHY A & 2 7
< F4AZtKBaker et al., 1997).

Chen 5& HA% 3389 7] LE& A3t 93l
TH A7EE7E AR e, A5 AAYE AHESHE
FHREF29] A E sHFeE Y F JdoH AG AF
T HEFEH L FEFE0] 90 %olH FAY] AAME AR
o 324% o =tk ASAATY F AF(GY FdH| FHH
CaCOs © ol 22¢ W&y #2771 olvet #FEHa o
#317] 4% olgtyo] E(Aragonite) 2011, ol of gt
9] AR &AF & A= F8 5tH(Chen et al., 2015).
< A S a7 AVRY VeR AEeT
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A7) SRS BHI 2PBAL AANT G0y
xRy HREASY2E §AT + AEol
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E=3 A4 349 A% 9 9% AAC dots 5HE

o]

N ¥R rjor

oy
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A, A71EY 7€ dEs 2 &
I wtex] A%E dart o, aTu) ArlEE e 2
IS e AT EoklA e Fa3 IXE AAY
Ao g d4dtiWang et al., 2014).

Dong 52 7F&RZ2 A7]E3(gas assisted magnetic
separation, GAMs)”7]|& & ©]&3td Q1Fd T F FI=E(I)
£ AA AAE APtAth AHE BH AFY FHYE
Z A 72 & B Ads SEL B S HE F
7Vatd ) o] AT Foll dgar oyl 7gte 2 JRFS A
Zg-ZYAE wEeta24F 7)Y ZHethylenediamine-modified
magnetic poly-(glycidyl methacrylate) microspheres, EMPs)+=
=B EFAE AXHJL, H=EE(I)S 90% 24
EMPs= Y& 7R3 fHdA 5& oy 355ttt
(Dong et al., 2015). 7}2EZ4] 7|8 71gS 42 oy
A a7, A2 3 a7 9 FE A FHo| SlojA HF
A Fopll A W& 589 7teds #ad F Utk

@
i)

Table 4. Magnetic coupling technology and application in wastewater treatment

Applied Technology Target Material

Result References

High Gradient Magnetic
Separation
Electrocoagulation
Electrochemical Oxidation

Removing rate of TP: 90 %(@Flow rate 100 L/h);
Landfill Leachate| Process of electrocoagulation using iron electrodes and high gradient magnetic| Ihara et al. (2004)
separation might improve the charge efficiency in electrochemical oxidation.

BioMag Process(Magnetic

Removing rate of COD: >94 %

lati i Municipal
:ﬁf;agzlc;r;? activated Wzgtlg\lx?:ter Removing rate of BOD: >96 % Zhou et al. (2009)
R« i f TN: % (TNgg <1 L
MagBR Process emoving rate of TN: 98 % (TNgx <1 mg/L)
Recovering rate of membrane specific flux: 90 %(32.4 % higher than without
Inorganic pretreatment)

Memb Filtrati i
embrane Filtration Calcium Scale

specific flux.

Magnetizing pretreatment can effectively retard the decline of membrane

Chen et al. (2015)

Flocculation-High Gradient
Magnetic Separation
Ultrafiltration Lustration

Cane Mixed

Membrane flux; 17.0 L/m’*h (@Magnetic seeds: 50 mg/L, Magnetic
flocculants: 3.5 mg/L, 0.2 MPa)

Juice Color value of Effluent: 400 ~ 600 IU

Turbidity: 10 ~30 MAU

Gao et al. (2009)

Magnetic Enhanced
Flocculation Membrane
Filtration (MEFMF) Process

Surface Water

Flux recovery rate: >97 % (@Magnetic induction: 6 mT, Aeration intensity:
500 L/m’min, Washing time: 5 min, 0.04 MPa)

On-line intermittent magnetic cleaning could be more effective in removing
colloidal and organic pollutants on membrane surface.

Wang et al. (2014)

Industrial
Wastewater

Gas-Assisted Magnetic
Separation

Recovering rate: 90 %(@5 min)

Increase capture distance.

Small energy requirements, small space requirements, rapid operation, flexibility
of application to various metals at various scales, and moderate cost.

Dong et al. (2015)
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4. Conclusion and Respect
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