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Coagulation Characteristics of Polyferric Chloride-Poly ( Epichlorohydrin-

Dimethylamine) Composite Flocculant for Simulated Water Treatment

LIU Xin-xin, YANG Zhong-lian, GAO Bao-yu, WANG Yan, YUE Qin-yan, LI Qian

(Shandong Key Laboratory of Water Pollution Control and Resource Reuse, School of Environmental Science and Engineering,
Shandong University, Ji'nan 250100, China)

Abstract; Polyferric chloride ( PFC) and poly ( epichlorohydrin-dimethylamine) [ P( EPI-DMA) | were applied as raw materials to
prepare a novel inorganic-organic flocculant [ PFC-P( EPI-DMA) | with various intrinsic viscosities (%), basicity (B, OH/Fe molar
ratio) , and organic component fractions [ w(E) ]. The PFC-P( EPI-DMA) prepared was then evaluated for the coagulation treatment of
synthetic active dying wastewater and simulated ground water. Effects of B, m and @ (E) on the Fe speciation distribution and
coagulation performance of PFC-P ( EPI-DMA) were comparatively examined as a function of coagulant dosage. The coagulation
mechanism of PFC-P( EPI-DMA) was also discussed in this paper. Experimental results indicated the interaction effect of PFC and P
(EPI-DMA) component in composite PFC-P ( EPI-DMA ). The effective Fe speciation content of PFC-EPI-DMA decreased with
increasing w (E) , while it was maximized when 1 =850 mPa-s. As B value increased gradually, the Fe, concentration initially
increased and then decreased, but the Fe_ concentration kept continuously increasing. To some extent, higher  and lower B value was
favorable for the improvement of coagulation performance for coagulation treatment of both synthetic dyeing wastewater and simulated
ground water. The w(E) influence on the coagulation performance of PFC-P( EPI-DMA) was related to the treatment target. Both
charge neutralization and adsorption bridging effect played roles in the coagulation process of the composite PFC-P(EPI-DMA).

Key words : composite flocculant; coagulation performance; simulated water; organic component mass fraction; viscosity; basicity
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BRER IS BN A M BB S IR SRk EALR &
R AR IS B AT AL ZL B R B 7 A R TR B R
UK AL BEASCR. KEHER IR TR AWRAA
N kE-—H % [ poly ( epichlorohydrin-dimethylamine ) ,
P(EPI-DMA) ]J&—F BHES 724 4k, BoA I fL ff 2%
BE L IR SRR TS TR
AR Ay T N R R 2 | AR A
h—F R B 2552 30 6

BB L 250 2 P 2LEER B BERCR 1 ¢
SRR YRR o R YR B R B K R R A TR
A5, Xt ey B4 AR BT 2 1T 1 R R - L o R R
A FH R S BOK AR i A SR R T 58 A R A Ay 2244
ST TRV VT A 1) B e A R R R IO ML 4
TIRBEF B AR K i 2R G AR vh ] 74 5 B s 1
o B S AR BFSEIER PRC &t AR
Fe( 1) K i B4 ™, HFe () KIBIEAZ £
CUPSE N0 G A O R T A SR IR = e o S e //POR S
TEZS 434 (R S M s BRI T & i s RE R R A R A
BRERI BB B T EE R 5 2 R
XFFRERTA-AILE G LB IR B K
FE7K A PR 4 FH B 4 S R e NS
Y.

Hii, X FAVLE TR G5 P(EPI-DMA) 1)
ARG R R R C 2 R 2R, Sk
[9,16 ~18]%} P(EPI-DMA) MR A AL 2 &/ E
BC I PR BAE B Y /K 288 AT ol A SR A T
THRZMNE , RIS BF5E T P(EPI-DMA) 15 %
A SRR B 2R AE RS RH A 7K i i R R
FZEEHLE T P(EPI-DMA) 5 R4 &b E 4R
S SERR EYNE B E SR O S il N - = I 1 1
ARG A HLAIRT AR 7K 22 4 RS2 Aok H 25 5%
SRR F L A, $2 i b K JE K R B 2
BRACR A AR W HE M E L. EEFEREUEN P
(EPI-DMA) AT TR K I 7K AU AR BE, #e HH &
EFRN 20 mg- L7 R, A B LR A A
FBER (polyferric chloride, PFC) MG HLE > FREY
[P(EPI-DMA) 1 Rk, FIE & T2l & R A
FALR- R R A AN bE-—H ) A 2 5BE [ PFC-
P(EPI-DMA) ], 3R i Fe-Ferron i& i} 4% & Lt {8 15
SIHE T B AT R IE S A S R i R &
it HAR BEVE FH AL S8 s el s W] R
2 8 oAb B K AR K I 2 BRI S B 2 4 R DX 3
27 55 0 5 G BRI AR B AU BN B 2 K R
AR b 28 7K TR o K AR 118 T 9 U0 U Ak L e R AT T

SR T AL,
1 R

1.1 SCEAP RIS

FeCl,-6H,0 (A. R); JG/K Na,CO, (A. R);
Na,HPO,-12H,0(A. R); HAEHANEE(A. R.); —
Hle(C. P.); M (A. R.); Ferron IXH; 5Pk
HALL; PR AR e

ZR4-6 ALEEES S AL (I TRk Tolk
FARKIEATBRAF]) ; FA2004N B HL 1 K- (L
KRG R A ) 5 78-1 BURE J7 NI A%
(LB EIZHEIT AR ) 3 WFZ756 2540 0] L4y
HEETH( BRI A BR AR 3 HH. S K% EEK
W (VLA SIRTTES AR ) 5 2100P HBYfE #E X
@MWE»E@Z(%% Hach /L\\ﬁ” 5 TOC'VCPHE! TOC {M
FEAL( HA R HAF]) ; JS-94H R A ik {X; NDJ-
79 Tt AR
1.2 STk
12,1 JREER M &

PFC [l %% . Bt —E BT 1Y FeCl, -6H, 0 [E{AT
PR I —E 2K TER I HE T 20 2
iSRG R TUE R BRALE B([OH ™ ]/[Fe]) A —
SE RN TEK Na, CO, ByoR , FRIEIRTH R G , gk e
WS4 FE R n(P)/n(Fe) =0. 08 I HLHIIM AR
FE T Na, HPO, - 12H,0 ByoR , FEHE i 58 I it I Ak 2
Pk Th 5 B 2 — 8 Wk B, 115 PFC 1R 5
%]J[Z()].

P(EPI-DMA ) {1l 5 . £ 10 ~20°C Ay fH IR K I
T, 111250 mL 45 BEFE A Rl v A 1 1Y 1 e
THEMAZ e, FF R S peds S0 5l vkok s —H
JEREIR ] 10°C LR, 2 J5 T JF 100 0 v S 2% 12 4D
K FERF S RE ™ F AW S I B R S o, FE AR
L 0 0 P [ B ot ¥ 2500, 8 52 I 25 A 1% O B 4
HIFE 10 ~ 20°C , % Jn 58 B2 J5 P A & Z e VR 38 Bk
FI A H 2R 5 4 v D ke 1 L AR S TR K A B O HL
P S AR o T R OR R . S
P R AN NS ] 2 he 2 S TEARSE T 928
THEZE 60 ~75°C , N 5 ~7 h &, 534 7=
E45Y P(EPI-DMA ) |, & Bt F 1 e i =X &l 1 i
ARV A LR A W I e 2k R R s A
J_ED”.

GAAEEER [ PFC-P (EPI-DMA ) | A9 4% . 76 i
FUREHE T MR IR B AERY PRC VAW I A — & i
—SE B BE{H (140, 850, 4200 mPa-s) [ P ( EPI-
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(CH3),NH + Cl— CH,—CH—— CH; + HoN(CH1),NH; ——>
Ve

CH; H H

[ +cr | +cr | +cr

| —CH:—(|?H—(‘H2 T—(CHz):—lT—L‘He
CHs OH n H CHa

OH—J'.H
{‘Hz
+CI°
CHy—N——-~U CH
J|'.H:
OH—CH
CH-

E1 P(EPI-DMA)®&RREE
Fig. 1 Synthetic reaction of P( EPI-DMA)

DMA) BAY FFEitt | h ERE —EWkE,
il A B 2 A AR B{H(0.3,0.5,0.8), A[A
P(EPI-DMA) i & 5344 [ 0 (E) N 2% ~10.5% ] 2%k
J¥ (m 2N 140, 850, 4200 mPa-s) iy PFC-P ( EPI-
DMA) & A%
1.2.2  SCRKAE R A

BEIYRHE K AEEN YL K A B AN Tk I
B K BT G Rk I € 2ok R A G, iR )z
T2 SV EN YA Y 3 A T K T 1 T e I €2 5
DR ) PR A 9 e B T LA AR Rk B T
CTFIG P 3 PRI 1 G S AU e B /K i) 32
By, L iR FRERO. 5 g BTG EHG 4T sl s P
FRWEFMAIMAR] 10 L B RK SHER A 5, 6
PRI PR R o8 50 mg - L' BB G R s 40 okl i
K, AHERR 52 B 5 7K rpHAth 2H 53 %8 B A 38R ) T3

R R M K (Rls £ + AR ) /KRR . 1) H
AN B F AR 12 1A KFEPIA — &
o 11 T R R 0 - DR, i AR Sl 15,0 NTU
JEB R M FE M 10 mg-L™" (UV,q, 4 0.041 ~ 0. 049
em™'; DOC 7 3.835 ~4.796 mg-L~") AR b 5
TKIKEE.
1.2.3 IREHCRSE

ARSZEAE ZR4-6 TR BE I8 Hi PEAL LR H IE
A S TR BE R A R AT TR SRR S 5
TREELEAR R TR 1L, 7 Ab BRAHELIE 24 ekt /K
A, B 500 mL AU GLEHE K, F 120 remin = R
PiFk 30 s FRATIRSE A —E 2 IR BE], gk S
2.5 min,%}ﬁ?’{ 40 r-min ' FIE#EBEFE 15 min,
FEDIVE 20 min J5 HC— 5 =5 B LI W7E S RO
WA AL 7 W S BE (B IR R R R, AEAL BB

SR ZEAKOKFERT T 120 remin ™ PREBEHE R 11 500
mL BEHUKAFE oA — 2 & AOTREE R, AR 22 PR 2. 5
min J57E 40 remin~' N 15 min,%%?ﬁ: 15 min J5
B o B 1 b 3 VR 2 A DK B4 .
1.2.4  AHIIKBTRAR A E 5 ¥

KA L ol FH 2100 P 76 {6 485 2O 1R e 3 43 4
WA UV, iR B S FIS W T 0. 45 wm BEIR
212 8 At 58 U5 2R A AT UL A3 6O BETHAE 254 nm
T B WG EE s DOC 2K TR e e I W o
0.45 wm R £ 4k 38 B 43 38 J5 H TOC-V oy B TOC
T 5 SCI A5 PR S A Pk AT AL ) Ve 5 TREORE IS 2R AR 1Y
ZETA H AR JS-94H A3 e kA B FE 5.
1.2.5 Fe( I) KR EIEA BN &

PFC-P(EPI-DMA) & &R EE ) Fe (1) R H
Fe-Ferron 3% I} 2% & [ €6 3 0 432 4R 4 A [A)
Fe( D) 7K i RGBS Ferron 157 4% & 1 3 %
ATA], DB R B Fep X400 3 #345. BI Fe, | Fe,
Fl Fe,. Fe, /248WEME] (30s V) 5 Ferron 23l 52 1 Y
B ALHE A ARG TR RIS B Y. Fe, N
KON AT 3 h &, WG R th 4z i i A e, X — B Bt
5 Ferron &7 [ N R AU 3G & | Fe, LR — R T8k
(M A% IR G W S PR AR IR & FE R ToHL & 4 1.
Fe, AURELM =R, HAE R .

Fe, = Fe, — (Fe, + Fe,)

A Fe, AR B

2 HFR5ITE

2.1 PFC-P(EPI-DMA)JREERIH Fe( 1) KRR
BRI
2.1.1 P(EPI-DMA) [JF£7EX] Fe-Ferron & B 4% &
[ERCRERINF AL

Fe-Ferron & i 4% & b 0,1 & F T WF 5% 4l gk 26
P RIS 20 A 1 J5 %, IR AE PRC-P ( EPI-
DMA) & G IR EE B W, 1 54T P(EPI-DMA)
FAEAE R 75 X2 2 D7 A s . o) [) AR R ALY
Ferron &I A ] i & /) P ( EPI-DMA ) %, LA
EBETREZS A EWCE. W5 &3, 4 P(EPI-
DMA) Bk EE 4351 0, 2.0, 4.0, 6.0, 8.0, 10.0
mg- L™ B, O BE 435324 0..003 . 0.004, 0. 003,
0. 003 1 0. 004, 7] W, P(EPI-DMA) K5 Ferron i 7
KON HAFTEXT Fe-Ferron B0 454 O AN e
A5,
2.1.2  o(E)EXERMIES 0 52

MEARF o(E)E(3.5% . 7% . 10. 5% ) ) PFC-
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P(EPI-DMA) (B =0.5, 5 =4 200 mPa-s) "4k 4Fp 50
TKAIEAS I o i 448, SE e s &l 2 B, 45 - °\
S
. =/ 40 -
o -n—Fe, %
cwf DAy =y .
= : a1
& T S
EE Br = = /g B -
\Q 20 —a— Feu
é 30 F [;% —o—Fey
i 15 F hX —&—Fe,
% 25 + ///,///Q 10 1 Il Il i 1
= A 0 1 000 2000 3000 4000 5000
n{li/mPa-s
20 1 1 1 1 1 1 1 1 L
oA e e E3 q ERERKRES RN

2 o(E)EXKEKBESS B2 Mm
Fig. 2 Effect of w(E) value on the Fe speciation
distribution of PFC-P( EPI-DMA)

SEGEE B Fe, T RME o (E) HIHKZE
Wb (HIE2Z 50N Fe, S RHE o (E) EHAHE
KIAEIHEA; 1 Fe, MBS o(E) HYHEK
ARBiEK. PFC FEA BRI, 4 RSl Fe (1) 2R
G2 B AT AL, T 5 i Fh 4 AL a4 32 2L
H& NIk R P ELER OH™ % 1. {E PFC-P ( EPI-
DMA) & G ERE W T, P(EPI-DMA) BN A 2
N PRC VW SR OH ™ 5 H* Z 4. i T
P(EPI-DMA) ) pH {H# =, 23R {1 Fe #h 7K fif 2R
G RN AT AT, NITAE R A s RGBS
WFe( M) REY. NMRHEFE o (E) {H 173
K, Fe, Fl Fe, & m AW, M Fe, B9 5 & NN
W K.

Fe, 55 Fe,, JUIL Fe, A Jy Rk Eh IR BER A
RVERIE 282, WY PRC W P I A LY
P(EPI-DMA) B} , A RBOE S & B o (E) B3
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