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WS BRI B 70 B K, ASER AR it A g i
K, FKTK 2 AR A 23 B 2 52 i AL B s Fenton
SALIARIER R, AR E . TREREED,
HHERXTEKI COD LBRAR—BEAE, HEAARE
SEAN M, SR UG P JRERR I L
L, ORAMK, KB COD MUREME, KEWMIREN
MR AR, TA TR —Ph AR R e,

ACAEE LA ARIRA A PES NEFR, @ity
PDMDAAC. PVP =X CTS G L5 7 Lkt 2 i
% B AL SUERI(CMF), R HL R T 3 24 1%
IKIIRCER, BT AT 2R R AR TE B 24 PR /K AL B2 1) 5 F
PRALRL AR o

1.1 KM

SR ik SIANE R At 3 Y AR b TP YA
(Dso) 2.48 pm, Fe;0, i1 & 714 94.35%, HORIEAL 5L
83.66 X107 A-m*/g, HiFH XRD WA SEM Uk 1
FizR.

THLZEER PFS NAM ik, AR &5 4L
N O11.20%, HEEN 1.46 glem®, MBS EDECN

(@)

311)

(440)

Fig.1 XRD pattern(a) and SEM image(b) of magnetic seed

0.01%, #HIEFFA 13.32%, pH E(1%KIBEB)N 2.5,
HHLZEF) PDMDAACUKIE, B4k
40%)+ PVP(7r#T4l). CTS(4r#r4k).

1.2 CMF H#&

1) WERNTIALEE . SR FH e UK B LG b 1 AT Bk
PEFRALERN, K SRR R LA 40:1, AERER S5
PR LE R 3:1, EREEHECH 130 t/min, BREEHS ]
9 0~50 h, BREEJG TS HEFRE 60 CHZETRE&H .

2) HAEZHEGME] 4 HL 200 mL PFS BN B
B, A—ERENEEG, £ 60 C TFHitEk
G 2h, AHERBIEEGREGHHIE LR,

3) CMF [ffil#%: B 1 g BRES S #ERH I 100 mL
PFS 8¢ FR B3 56 2050, AR S 10 min,
33| CMF, HHEFI+PFS f# 5 MPFS, 28 5% CMF
JRAE 60 C RS TFRAE T T4 WS 5 159 3 [ 444 .

1.3 CMF EEHRKLGEFHINA

K FH Fenton A fb—Hi 2k T 2T 25 %K,
TR KA BB, BCRA T BB 2w %
K, BIECHEA, HA TR RIKE N 25 mg/L, R
K pH A 7.5,

1) Fenton M. HU | L L2 KK T 1 L V&
Ferir, BT ONBOEENL L, A SR R R
WO R KYIE pH A—EE, MA—E 2R
WAL AR (T2 3 E0N 30%), S6tR45(250 r/min)
2 min, fRJ5 84 (50 r/min)25 min, #'E 30 min J5, B
B E FE 2GR COD KRFE, i Fenton 7P fR
TEBAMEE T 254N

2) WA, W 1L 4 Fenton EALANIfFH %
JEAKT 1L iREERA T, BTN, HEHA
BN R KMIEE pH N— M8, TN —E &K
PFS Ei& & ZEHT, JetR(250 r/min)2 min, A58
(50 r/min)25 min, fFIEHERE, WG BRI UT IR
%, #HE 30 min 5, B3GR E 2R COD WK,
B 38 L 1A R K W06 pH AN & S k5r Hin &

MEZEESER NN : 1E IR IE B MKV pH 1E
MG A RBFIBNE XM, ARG REH T mA—
E R IHERR, SCSREFR R & (AR 5 5 A 2L
JRE S HERTR), 555 A R BRI T 24 R K 1 b B
RO, SIS UR A 2D IR

1.4 S50
1.4.1 CMF 7riika e e vk
X FHEFR . PFS FUA ML & 4 1 226657 &2 e ) &%



1678 hEA O RYR

2018 £ 8 H

CMF, B Z&AM MRS BAE BB, R
BUTREZR VPN CMF 5Bk e YERE. CMF 4 5¢
BR, SERDE BN 10 mL & H, JFiRTHR, Wi
CMF ikt il it —BN FETIRE, SR
TG E, FERNEBER, TZERN CMF B,
NERIEBATIRRAARR, DURRARRRRER N, DTk
R E ANARI, A Lk TEi, A0SR A .
1.4.2 2B R (0 2

TERGZEERI T, 5 LRI A TR, i
REBAR N UG IR, SfiiifEmE S
DU [ PR 58 R I
143 ZEHIEIMEE

Nk R BRI G SRS MR, SRR
BB & DI S, SRERFESGKPFET
TR IR, LR ARSI b AR ) 2 BT
BErEREm B SRR B R RARUTREEEE, HEmT
WA S, BURFER G T 60 C M, HEHR
BRI b & LR IR TS
144 HAb I H & ITE

KA X FLATHHMU(XRD, Rigaku D/max—TTR III)
AT E R P CROGIE N Cu K, BB, RN 40
kV, BN 250 mA, AN 1.54056 nm, HHHEEN
10 (°)/min, 26 5 10°~80°); KB (SEM, FEI
Quanta 200) /Mt A=W R LS K BOGRLE
T (LS-POP(6), FRilERKSE AN A A PR A F]) 2 bt
FORLRLAT : K5 ICE A0S R B vh (i i T s
TEMIOAH=F E, RS R & 7 i)
(GB/T10247-2008)7E 20 C Fill5E. KF¥ERRE T
(PHS-3C, MUMNTEHEA AR ) idl pH: KA
S HNET A0 6 HH(WFZ UV—-4802, JLJEHT( i)
EREIRAT) A ekes: KA ORGSR
I E — PR T AR 6 EEE) (HI/T 399-2007)F1
CRpif % FH AR Mg — =R E) (GB
11914-89)4 ¥t COD.

2 ZER5THE

2.1 CMF 19%#&
2.1.1  WEFRIAR%T MPFS 45k 2 1t B8 (1 520

B 2 BT AN IR B I 1] R i £ Bl e 1) P B b A%
(Dso) 1 MPFS [T ] HI 1 2 TR HE, B BR
IS 1R 30, WP Dso SB#IAZ/N, MPES TR
B [ IZHAE K . BREEIT (] AN 0 3505 40 h B, REFRE
Dso M\ 2.48 pm J/NZ 1.04 um, MPES [T E] M

1 h ZEK % 3.5 h; BRESIF 3G A 50 h B, REFRRIAE )
W/MBRERESE, Dso N 0.95 um, 1 MPES [T B 7]
REEAAS . TEEREE ISR, RPP Y e 52 3K B T Al e
FEAE KRR 56 TR, TR 2 2R 2 & kL,
WEJE E & BRI RO ¥R IF A, BIFhRIAE
AN RAR AT S BRI —E R ), AR
WNB— B REE, SRS EREEIT (B], 41k 5 (0 TR
KIMREIG R, FIREARAERRL A IR, 43
R ARARFEACRAR TS i MPFS B iFA R,
HEFPRLF-RARER/N, Zeta RO IZEXHE RN, AR
IYBIRE T BR AT, RIZMHIOKE 1 AT LR HTIR 2[RI,
WEFRTE PFS A0 3 BOAe E VERR AT, T REFRAE 1244 &
R VRIN A, LU S, TR )
CRETE BRI AR R B B 4 BRe e ERE, & EI
BREEIS )4 40 he

3.0 4
4+— Dy .
= — Settlement time
2.5
13 <
()
g 2.0t £
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A
Fig. 2 Effects of milling time on average particle size (Dsg) of

magnetic seed and settlement time of MPFS

HHLEEEERIXT CMF J3 o e Y R IR 52 1
B AT, BEEEAE PFS H LA T 43 MPFS 1)
sy E M2, FHUTRERT RO 3.5 he (B, HEd
PFS 5HNAENE G, FEE S REG BN F
#il4¢ CMF, DAIHIEE CMF [ ke ettt . amifh
BREERS[H] N 40 h B, 7E PFS 40 AN [FIIR FE
PDMDAAC. PVP 1 CTS, H&EMIMHEINEESGE
HEEFIZTEAN CMF TR [R] ) 52ma, 2550 L3R 1.2 1 3.
HH 1. 2 13 ATAN, B &AL 2RI FE 1 1
K, HAZEFNE B AZWTE X, CMF TR [E]
HRIZWAEK . 24 PDMDAAC KRFE N 480 g/L I, B4
L5771 PDMDAAC-PFS (%16 K % 1997.74 mm?/s,
B R 2567 Fe;0,-PDMDAAC-PFS [T B s ] ZiE K
% 248 h: WK AR SEIE I, R EATTRE [ TA0E
X2 T PDMDAAC 4 5 £ FE R . 24 PVP 1 CTS

2.1.2
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#& 1 A PDMDAAC %~ PDMDAAC-PFS HIRZA
Fe;0,-PDMDAAC-PFS L [ []

Table 1 Viscosities of PDMDAAC-PFS and settlement times
of Fe;0,-PDMDAAC-PFS under different concentrations of
PDMDAAC

PDMDAAC Viscosity of Settlement time of
concentration/ PDMDAAC-PFS/ Fe;04,~-PDMDAAC-PFS/

gL (mm’s ™) h

0 10.09 3.5
160 243.14 34
240 402.38 41
320 685.30 68
400 1492.18 119
480 1997.74 248
560 2000.12 253
640 2001.52 260

#* 2 K[ PVP K T PVP-PFS [JF R Fe;0,-PVP-PFS
PRI 2R ]

Table 2 Viscosities of PVP-PFS and settlement times of
Fe;04-PVP-PFS under different concentrations of PVP

PVP concentration/

Viscosity of Settlement time of

(g'L™h PVP-PFS/(mm*s ') Fe;04-PVP-PFS/h

0 10.09 3.5

40 26.49 115

80 70.67 25

120 189.46 63

160 1623.02 133

200 3798.82 227

240 754521 371

280 13797.14 1035

320 Gelation -

%3 K[ CTS ¥ F CTS-PFS KIF:ERI Fe;0,-CTS-PFS
FRC BRI TR)

Table 3 Viscosities of CTS-PFS and settlement times of
Fe;0,4-CTS-PFS under different concentrations of CTS

CTS concentration/ Viscosity of Settlement time of

(gL™ CTS-PFS/(mm*'s ') Fe;0,-CTS-PFS/h

0 10.09 35
10 37.26 7

20 305.51 34
30 783.04 102
40 2303.60 152
50 6882.68 310
60 11820.91 507
70 Gelation -

W55 280 Al 60 g/L if, PVP-PFS Al CTS-PFS
() 25 B o Bl 38 K & 13797.14 A1 11820.91 mm?/s,
Fe;0,4-PVP-PFS Al Fe;0,-CTS-PFS [T B& T 8] 43 ) 4iE
K& 1035 f1 507 hy WREEARSEIG KRS, PIEMEEE
B PR IR, KRk

R ERTR, ANV LR S CMF )
Y BN E TR RE o XA T2 B T 0 8k R R R
AR, ResiiRbLFIE IHER, & asn
JoE PRI BE W] LA SR s M ) A R e s A, 3
T ML BRI 1) 47 AR T PFS YA BRI,
Hor 7 EABKEEK, BETERURR [ 2 RUE 88 25 (A7
BEL, 42 URi o B, A e SR 02
2.1.3 CMF fI45RAE

4 PFS Al CMF WAAKRE i T8 ¥t 515 21 [ 14
BEfh, STREAREHIEAT XRD 08T, G534 w3
A4 B, I3 A, [ AR A BER 2k(SPFS) A [

(b)

* — Fey(SO,);-7TH,0
* — Fe,(SO,);-8H,0

20/(°)

3 SPFS {4 MPFS [ XRD 1
Fig. 3 XRD patterns of SPFS (a) and solid MPFS (b)

SRR TR (f)
ST —— . )
s ot . (@
i ©

— " (b)
W v R (@)

10 20 30 4I0 50 60 70 80
260/(°)

4 AHLREGZIN TG A CMF ) XRD %
Fig. 4 XRD patterns of solid composite magnetic flocculants
obtained with addition of organic flocculant: (a) Fe;04-
PDMDAAC(240 g/L)-PFS; (b) Fe;0,-PDMDAAC(480 g/L)-
PFS; (c) Fe;04-PVP(120 g/L)-PFS; (d) Fe;0,-PVP(280 g/L)-
PFS; (¢) Fe;04-CTS(40 g/L)-PFS; (f) Fe;04-CTS(60 g/L)-PFS
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4 MPFS #5520 BH S (1) dn A 4544, e TR 2 AR A
Fes(SO4)s(OH),-20H,0 Fl Fey(SO4)s-7H,0; SPFS F /i
HHIETEAEYIR Fey(SO,)s-8H,0. [El1A MPFS 1% Fes0,
AT, IMNAHLZEFIE A CMF Hik A w3
p A (L 4), XAEBITIERE, —& Fe;04 F &K

fiX, RTARMIR; =& Fe;0, 8 £ A%, Fe;04.
PFS 5 WL A EFR G0 75—,
SPFS Fl[E{& CMF ) SEM 44> i 5 #1 6 fr

No

HIF 5 W1, PFS MWA R G5, TBIRAE T2

Bl 5 SPFS #[#E & MPFS [#] SEM {4
Fig. 5 SEM images of SPFS(a) and solid MPFS(b)

‘3‘; ‘5 o ~\ 7 ¥

Bl 6 L EEEE AN F R CMF 1 SEM (4

Fig. 6 SEM images of solid composite magnetic flocculants obtained with addition of organic flocculant: (a) Fe;04-

PDMDAAC(240 g/L)-PFS; (b) Fe;0,-PDMDAAC(480 g/L)-PFS; (c) Fe;0,-PVP(120 g/L)-PFS; (d) Fe;0,-PVP(280 g/L)-PFS;

(e) Fe;0,-CTS(40 g/L)-PFS; (f) Fe;0,-CTS(60 g/L)-PFS
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1t.. SPFS N Z P T HUIR R, 5 Fe;0, Z &5,
TSR TN E S, e K] T Fe;04 5 PFS Z [
MHBE. MESE, XFEHN A4 MPFS
(IR B SeAR B D B o, BCTR BRI RE 1S 2Rk
HE 6 A%, WEfh. PFS FIE WL ZEHIEE)E,

TESURAE TR K48 s AHEL SPFS HIHLR, [H 44
Fe;0,-PDMDAAC-PFS 2% i £ B 9: 43 (LA 6(a)),
i #4 Fe;04-PVP-PFS AZ B AT AR (ALK 6(c)), [Fl A
Fe;0,-CTS-PFS 28 A BRIR(ILIE 6(e)). IR Hy
HEFP . PFS S5HNAEFIE GG, IR
M ZHPREE A, REMMBIER, WRTAIEIN. PFS
A HR BT A B AF AR, CMF /& B AR 1)
HAERR. LR 4 ) XRD 73 #r4h 5.

2.2 CMF EERARKCEFRHI A
2.2.1 Fenton E b kAbHE 24 K /K

HRE T IR 5256 5 1%, K Fenton {771 Ab FH 85 24 1%
Ko 24 Fe* WE R 10 mg/L. H,0, W E N 2 mL/L i,
SRR pH EXT 88245 EBRF I W& 7(a)Fis
I 7(a)rl 5, B2 EBRFBE K YIME pH E N
JeFtm bR, RKPIME pH N 7 B, 325 LB
IR 94.36%. Fenton i\GFREMS [ ARG 2, FER
KAET H,0, 7E Fe’ M6 T oA B TEIR S 0 72
B HE(-OH). E/K pH fEIRES, EHAMLRRE H
H Fenton iR FFLFIVEH IEE R, ONRE /> B 25 7R R
ISR A A SRR AR, B pH A, B 53 H0, 4
S fR T BRI B 2 22 R 38 IR K — ORI, =
FUNBREIG L, AN, BAK pH 5 4E X 15 A
g SR B U0, RK pH B THE AR T OH 17
A, B Fe oA A AT 2k LA aE T
FERNE 25 %K I pH AE N 7.5, BT 7, FrRLEEZ KK
(A14s pH (E TG AT .

K KT pH {EA 7.5 H,0, W E N 2 mL/L i,
Fe™ W BN s 25 LB e in B 7(b)fim . 45
B, $HZEBRREE Fe’ RIS INeT B a BRIk, X
JERA Fe? X Hy,0, 40 7= -OH e fifb A s 4 Fe*'
WFERARIS, HyO, 43 r=AE0OH MEAE, F2MF 1R
MURZE; BB Fe IRFERIIK, Fe¥ X H,0, ML
FHIZETE R, IR HyO, 73 fif 7= A2 «OH, MM 2 =y 35 24
MBI RCR s 24 Fe® IRIEIL I, Fe*' 4 5+0H M,
Fe* #i A A Fe™*, TMikb 5% 253047 S [19-OH =,
T B A 35 24 A R R Y, Rk, & B Fe® IR N
10 mg/L B, Ubif, 325 LR H A 94.14%.

95

(@)
90

85+t
80
75F

70 +

Removal rate of butyl xanthate/%

65

2 4 6 8 10 12
Initial pH

Removal rate of butyl xanthate/%

70

0 4 8 12 16
Fe?* concentration/(mg-L™")

100

80

60

40t

20

Removal rate of butyl xanthate/%

0 05 10 15 20 25
H,0, concentration/(mL-L")
B 7 WI4h pH fH(a). Fe® WREE(b)FI HyO, WL ()X K H
LK BRF IR0
Fig.7 Effects of initial pH(a), Fe*" concentration(b) and H,O,
xanthate  in

concentration(c) on removal rate of butyl

wastewater

2R IKVIE pH AN 7.5 Fe* N 10 mg/L i,
H,0, W FERT 38 24 22 BRI 52 M 4 1] 7(c) s« FH ] 7(c)
AL, B2 EBRFRBE HO, WL IS N 56 T i 5 i T4
SEs M H0, KN 04mL/L B, HEGEBERA
91.03%; 4kZEHE K H,0, ¥, WA ERFETIE
KT BN Hy0, 50H KA MM, i Hy0, B3
G, SEZ AR CRBEAG: JE T &1 1,0, 5 Fe*'
SRR Fe'', Fe'' 2x4iil«OH [ 4124,
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25 L FTIA, Fenton Ak AAL 3 25 R /K IF3E B T
SEMNITR . JOKIME pHAEN 7.5, Fe WA 10
mg/L, H,0, iREHN 0.4 mL/L, fEMAMHTF, RKL S
pH F#AICH 3.35, EAKT A LREN 91.03%, &6
M COD £BEFRIUN 60.66%. KM, 7E )5 S:mE 2kt
TZ2iH, LLCOD &2 2B (H) /K2 Fenton A AL AN
ZBE L fE COD IR EBRZ) ATFMFEIR, RIKFEEE
PFS.Fe;04-PDMDAAC-PFS . Fe;0,-PVP-PFS #l Fe;0,-
CTS-PFS X 35 £ % K Kb #3150
222 WEERBEFEAFRH K

2%, 7E PFS #UNE N 20 mg/L 44T, %%
R KVI4E pH EXF COD & L FRAF MM, 45 R 8
Frm. B 8 ul %, COD j& 2BRZFFE KKV pH H
(B IS 38 K JE /N, 24 R K WT4E pH {E N 9 B, COD
BB RN 61.44%. Kk, JE8HR50 1 K KYILh
pH %N 9.

61.6

61.4}1

6121

61.0F

60.8F

Total removal rate of COD/%

60.6

3 5 7 9 11
Initial pH

B8 H4h pH X PK COD & LR F A

Fig. 8 Effect of initial pH on total removal rate of COD in

wastewater

Kl 9 Firs AR PFS AR & Bk & T R K
H COD & LBrZFARE . WE 9 nTLUE H, Bi# PFS
A A BRI E K, COD 2 2R B 01K
Jal#/N. PFS. PDMDAAC(240 g/L)-PFS. PDMDAAC
(480 g/L)-PFS. PVP(120 g/L)-PFS. PVP(280 g/L)-PFS.
CTS(40 g/L)-PFS F1 CTS(60 g/L)-PFS 73 BIAEH AN & A
200. 180. 120. 160. 140. 160 A1 120 mg/L i B 15
KM COD & PR, COD & 22 (K 41 5N 64.94%.
72.08%- 66.92%- 68.44%. 63.67%- 71.92%#1 69.80%.
PFS I & LRI n] i — 5 2Bk Fenton 171484k b
PRS2 % /KR ) COD,  H. % PVP(280 g/L)-PFS 4},
HARESZEFNT COD AR T 5l
PFS . #ATM, SE&ZEGNFAENLZER S El,
L COD 2 EFRFBEMAL. TH—AHLE G L EFZH H

TENUAIA HLZR BT 2 18] R B (R A 5 A5 2 g ) L
LR H AR AT RE T AR R 2R MR E 77, B 58 SRR
B2, AEEREFIPEI RS RS &, AL
Fi8 o3 N [ B L ] DA R AR FB AR e, I
SIS . Fi4b, A B T TOHLES S (1 R R
FI5 A HUHB 73 O PR A PGB R 56 4ik B P S, 5 4%
PIRDBAT HLES 70 58 K SN G IR R U0E, 80 S
TR, BRI I 2580k .

72 | —=— PFS
—e— PDMDAAC(240 g/L)-PFS

—o— PDMDAAC(480 g/L)-PFS
70 | —A— PVP(120 g/L)-PFS
—w— PVP(280 g/L)-PFS
68 | =% CTS(40 g/L)-PFS
—k— CTS(60 g/L)-PFS

66
64
62+

Total removal rate of COD/%

60 L L 1 1 1
0 50 100 150 200
Flocculant dosage/(mg-L™")

B9 ZEGIERNKKH COD &% BRI M m
Fig. 9 Effect of flocculant dosage on total removal rate

of COD in wastewater

e FIREHE A REFRINERGT, £85
LRI — 8 LR, SCRREFN N, 52
2 A1 2 Fe;0,-PDMDAAC-PFS. Fe;04-PVP-PFS
H1 Fe;04-CTS-PFS X} 7Kt COD 2 BRA 50,
ZERNE 10 Frox. HE 10 T4, BEE R I 1)
HK, K COD B EBRFHFIG KGN CMF
TA LRGSR & &S, H COD & EERFEBL.
Fe;0,-PDMDAAC-PFS, Fe;04-PVP-PFS F1 Fe;0,-CTS-
PFS 73 HIAERERN A NG 5% 10%A11 20% T B A5 1 K
ff] COD M EBR*H; Fe;0,-PDMDAAC(240 g/L)-PFS.
Fe;0,-PDMDAAC(480 g/L)-PFS. Fe;04,-PVP(120 g/L)-
PFS. Fe;04,-PVP(280 g/L)-PFS. Fe;0,-CTS(40 g/L)-PFS
F1 Fe;0,-CTS(60 g/L)-PFS [ K COD & £ FrH 75
N 82.22%. 80.55%. 70.81%. 64.02% . 85.10% Al
83.69%. AHLLE &L ET, CMF XK KK COD
ERRMREFELE. 5 PFS ML, Fe;0,-PDMDAAC-PFS
F Fe;0,-CTS-PFS ] COD st £ B E N, W
KT 43 5 AT 17.28%F01 20.16%; 1M Fe;04-
PVP(280 g/L)-PFS ] COD .t 225 K FF1K 0.92%.

FER KA B AR T, CMF B4R FIALER g g M vk
5B FAE LR g Rckikia /N L
RIMBUK. RIMRES - BEIMEHSR, B JeriPERok T
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100 - Fe,0,-PDMDAAC(240 g/L)-PFS
e —+— Fe,0,-PDMDAAC(480 g/L)-PFS
a ook —— Fe,0,-PVP(120 g/L)-PFS
S —v— Fe,0,-PVP(280 g/L)-PFS
%
s 80F
g
=
g 70}
=
8
S 60t
= —— Fe;0,-CTS(40 g/L)-PFS

— Fe,0,-CTS(60 g/L)-PFS
50 1 1 1

0 20 40 60 80
Magnetic seed content/%

E 10 CMF iR as & Rk o COD & % BRFR KI5
Fig. 10 Effect of magnetic seed content in CMF on

total removal rate of COD in wastewater

CUEIS & B HEERSEE R, T Rk AR
KL% 0 AL e S5 A IR RIORE s SR & PFS KA L 4
WU EMERT, kL2 18] B Ty A 7 sl i i ik
—BEEER, &)o@t PDMDAAC Al CTS &7 T4
ZEMr. PORESEVE R, TR ROK I 2 Se G IR & 2344, DT
BT s IX PR B AR T 7E S I 3% B EE
YER T PRESCILE o B, I8 BRI ZUEERUR .«
R P it 22 I 2 5 SURE PP RIURL 2 1) A L7l 4 gt
TR LGN, AT PR 23E % R, il
(T AR RLAR LN 3 TCVE T UG 2 T ATy B K
o, A RIK I COD 22 B3,

PFS Al CMF 5 J& 7K 88 24 1) e K el 23 FR 28 1k 4
Fli7s . 3 4 W50, 5 PFS AL, Fe;0,-PDMDAAC-PFS
H1 Fe;04-CTS-PFS X35 24 5 K BRGNP I
KTIHIE 358 1.91%F01 2.48%, i Fe;0,-PVP-PFS X}

4 PFS 1 CMF X & 7K iR ¥ 24 i B K 2o B R

Table 4 Maximum total removal rates of butyl xanthate in

waste water for PFS and CMF

Flocculant Removal rate/%

PFS 94.84
Fe;0,-PDMDAAC(240 g/L)-PFS 96.75
Fe;0,-PDMDAAC(480 g/L)-PFS 95.13
Fe;04-PVP(120 g/L)-PFS 94.31
Fe;04-PVP(280 g/L)-PFS 93.82
Fe;04-CTS(40 g/L)-PFS 97.32
Fe;04-CTS(60 g/L)-PFS 96.25

AR EBREDBIEET 0.53%F 1.02%. MRS
P 9 #1110 ff1 COD & 2R i —,
2.2.3 PFS Ml CMF L EAR K ELix

B 11 AT~ 54 PES. Fe;0,-PDMDAAC-PFS.
Fe;04-PVP-PFS 1 Fe;0,-CTS-PFS A F # 24 [ /K I} i
B L E5 M T =R BRI 8 E  WE 11 1T LR
o, IONBERPG, 3 FhE G 0L 2R BT T R T8 R AR X
T PFS 588 i, Ui A WL IRt SRR A
TRHEAE R s AN [A) 2238 700 0 2344 T I 3 B I/ 29
Fe;0,-PDMDAAC-PFS >Fe;0,-PVP-PFS, Fe;04-CTS-
PFS>PFS. L& R 5K 9 1 10 e R —2,

15

-= PFS
-+ Fe,0,-PDMDAAC(240 g/L)-PFS
-e- Fe,0,-PDMDAAC(480 g/L)-PFS

10+

Sedimentation height/cm

~&- Fe,0,-PVP(120 g/L)-PFS
—v- Fe,0,-PVP(280 g/L)-PFS
—* Fe,0,-CTS(40 g/L)-PFS
> Fe,0,-CTS(60 g/L)-PFS

0 200 400 600 800
Time/s

B 11 A SRS N SR TR

Fig. 11

Settling velocities of flocs produced by different

flocculants

PFS Al CMF fEi&EH L EKMF N AR A A
R IR A 12 Fros. BB 12)r &1, B
PFS B, 6 24 R /K o= A i 2 1 o B B R IR B K 2
SR, HZRBIN MBS EE: WE
12(b)+ (¢)~ (DF(g)"TLAE i, M Fe;0,-PDMDAAC-
PFS Hl Fe;0,-CTS-PFS ¥/ 24 21141, (HZHIN L1
ARG R X T CMF H1%) PDMDAAC F1 CTS
AR THE, AT DARR AT SR 5 J A ROk [] (1)
W B ANEERRAE A, (A SR IR AE K, RS T8
PHEss . BEMZFEEERT, ZENIEmEE
HAFIREE, LA E L, AR, FesO,-
PVP-PFS HIZARILE 12(d)Fi(e)) 2 LLE 5L, 35
W RSN, XS5 MEBIMIMRE—5, 7]
REth 2 S 8L COD M 28 LR ACR AR R IA

zi bLRTiA, 5 PFS MLk, Fe;0,-PDMDAAC-PFS
A1 Fe;0,-CTS-PFS #R3K1F [ 5% SLi) 2454, IX A
R T = 1) COD 88 24 J. 25 B IR 45 R 2 — B o
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1) DARERRAN PFS D=8 RO}, ddid 52 e T 25 1) 4%
B CMF. WEFPERESETEY 40 h, A HLEEGIE PFS
FIAR IR EE R, FITfS CMF 77 5 BT B e el
PDMDAAC. PVP Fl CTS 7E PFS H AN E 5375 R
480. 280 f1 60 g/L I, 7§ Fe;0,-PDMDAAC-PFS.
Fe;0,-PVP-PFS 1 Fe;0,-CTS-PFS 73 I3k 15 Hofe Kt
FEIRFIA) A 248 1035 A1 507 ho

2) SKH Fenton A~ £k T. 2 AL FRBE 25 K

12 REZEGH A 241 SEM 14
Fig. 12 SEM images of flocs produced by
different flocculants: (a) PFS; (b) Fes;04-
PDMDAAC(240  g/L)-PFS; (c) Fe304
PDMDAAC(480 g/L)-PFS; (d) Fe;0,-PVP
(120 g/L)-PFS; (e) Fe;0,-PVP(280 g/L)-PFS;
(f) Fe;0,-CTS(40 g/L)-PFS; (g) Fe;04-
CTS(60 g/L)-PFS

Fenton A0 HY BUE B 2 AR K YI4R pHAE A 7.5, Fe™'
WEEN 10 mg/L, H,0, #KFEHN 0.4 mL/L; 23560 B
I8 FL 44 EN Fenton WRFIAHL G, #E25R/K¥I4G pH 14
99, Fe;0,-PDMDAAC(240 g/L)-PFS. Fe;0,-PVP(120
g/L)-PFS I Fe;0,-CTS(40 g/L)-PFS H & & Lk
AR AN In & 43 51 180+ 160+ 160 mg/L 1 5%,
10%- 20%. TEEH LEKMET, WAL EHRET
N 96.75% 94.31%FH01 97.32%, COD s Z B3R5
82.22%. 70.81%41 85.10%.

3) CMF 7E /K Ab 3 A ¥4 F HLER vT A 45 g i 14
ok 5 2R R B 15 AE ML . AH L PFS,
Fe;0,-PDMDAAC-PFS Fl Fe;0,-CTS-PFS #3%k15 T
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Preparation of composite magnetic flocculant and its application in
treatment of butyl xanthate wastewater

PENG Ying-lin', YU Wang?, ZHENG Ya-jie?, LI Chang-hong®

(1. School of Materials and Chemical Engineering, Hunan City University, Yiyang 413000, China;
2. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
3. Yufu Research Institute, Central South University, Yufu 527300, China)

Abstract: The composite magnetic flocculant (CMF) was prepared by the composite process, with magnetic seed(Fe;0,)
and polyferric sulfate(PFS) as the main raw materials, and its application in the treatment of butyl xanthate wastewater
was studied. The results show that when the milling time of Fe;0, is 40 h, and the concentrations of poly dimethyl diallyl
ammonium chloride(PDMDAAC), polyvinyl pyrrolidone(PVP) and chitosan(CTS) in PFS solution are 480, 280 and 60
g/L, respectively, the settlement time of Fe;0,-PDMDAAC-PFS, Fe;0,-PVP-PFS and Fe;04-CTS-PFS reach 248, 1035
and 507 h, respectively. When the initial pH of butyl xanthate wastewater is 9, the dosage of composite flocculant in
Fe;04-PDMDAAC(240 g/L)-PFS and Fe;0,-CTS(40 g/L)-PFS are 80 and 160 mg/L, respectively, and the Fe;0, content
in CMF are 5% and 20%, respectively, compared with PFS, the total COD removal rates of Fe;04;~-PDMDAAC(240
g/L)-PFS and Fe;0,-CTS(40 g/L)-PES increase by 17.28% and 20.16%, respectively, the total butyl xanthate removal
rates of which increase by 1.91% and 2.48%, respectively, and both Fe;0,-PDMDAAC-PFS and Fe;0,-CTS-PFS obtain
the faster settling velocity of flocs and denser floc structure.

Key words: magnetic flocculation; composite flocculant; butyl xanthate wastewater; Fenton reagent; floc
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