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Hydrolysis Law and Coagulation Mechanism of Poly-silicic-ferric Sulfate ( PSF)
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Abstract: A new type of inorganic coagulant, poly-silicic-ferric sulfate( PSF) was prepared using water glass, ferrous sulfate and sodium
chlorate with co-polymerized method, and the hydrolysis process of PSF was studied. The microproperties ( microstructure; size of species and
Zeta potential) and coagulation performance of PSF were explored compared with polyferric sulfate( PFS) and polyferric aluminum(PFAD, and
coagulation mechanism of PSF was analyzed primarily using hydrolysis species distribution and microproperties. The results show that the
morphology of PSF is characterized by having multi-branched structures with larger size,» wider molecular weight and bigger fractal dimension,
while PFS and PFA are some conglomerate of some sphere or stick shapes with almost the same molecular weight and lower fractal dimension.
The average diameter of PSF is more than 5 or 11 times the size of PFS or PFA, respectively, and Zeta potential of PSF is almost equal to that
of PFS but is far lower than that of PFA. The hydrolysis process of PSF in surface water can be surrogated by that in pure water. The
distribution of hydrolysis species of PSF at different pH value is different due to its characteristic microproperties, which causes the distinction
of coagulation mechanism. Three kinds of hydrolysis products [ Fe COH);+ Fe(OH)** and Fe'* ] in wider pH range (5 < pH < 9) is
approximately constant, which is the essential reason that PSF has superior coagulant efficiency in water treatment with wider pH range and that
the coagulation mechanism of PSF is the cooperation of enhanced charge-neutralization/destabilization and bridging. The comparison between
hydrolysis species distribution and coagulation performance reveals reasonably that charge-neutralization/destabilization is the precondition and
bridging is the necessary condition in coagulation process» and efficient coagulation can be obtained only by the close cooperation of that two
stages.

Key words: poly-silicic-ferric sulfate; hydrolysis process; species distribution; microproperties; coagulation mechanism

By TRE-E R H R R L AR A s R AT R BRI IO R AR BA SR
HEREYRI - Rt TR AR A B BMAEY X RS KRR U ROK IR TE A B LM T oK
FEPES, BT CLRE R R o W TR A R RO (B B H T b, R 4 T Rk 2R
(PSF)JE b4l 90 SEARMITTF R R A i Tk &R FRTE BB AL (1) 4 T T 20 i e o4 VR 2 52 56 L A
TR R IR — AN it Aol 2% S SR A BT RS 1 e
SRR EER 5 B B o 1 s AR (PSO B BRI HIL WES B B : 2005-11-28: 15T B H8: 2006-01-11
GEARSK, 2 T & R K A AL A, B 4 [ EE B H K E SRR BRI (973)30 H (2004CB418500)

7 BRI 4961970 ~ ), o, LR, 1 B HF07 1l TR
HAG T ke’ s i A1 L PS (1280 M 4l 2 g, B ffy il 5 K S



114 7N 58

F} 2% 28 &

S SO 25 A TS SRBEAT IR BEIE 5T, X PSF
A7 Aot Jt 5 DA R o 7K A T 2 0 A KRR TR BEAL
PRR WARTE | A S50 K H L5 T2l #% PSF IR BEA],
IS5t H AR RE HEAT VEAN A 5T, [A) IR ) L PSF 5 2R
AR EL (PFS) & G 85 82k CPFA)D B B0 i ot (oW
SNBSS ST I Zeta FAAL) BB BENE E, 145 7K
R T 25 00 AT S AOUL b T X PSF TR EEHLER AT W28
TREVF, LAHA PSF VR 56 7] 1R R N T 2R B I8 ) 4 1t 2
Ak

1 #MR57AE

1.1 2 Sl

AQ2010 ¥t &£ 4% (€ [E), DHSJ-3F & pH it ( |k
), MY3000-6K 2 17 2 4 il 75 B 4 1 A G B D, T6
Frt 20 5L A mr W23 50 BE v CIE 50D, JEM-1200EX
RS T BT CH A, 7S 40K A R 5 43 BT 4%
(BEED KB w (Si0,) = 26%, Bi% = 3.16, o =
1.36 kg* L' 1V AR EH By I 77 fi FeSO, * 7H,0(90% ),
NaClO; /% H,S0, #h Tk g J5Ukl, 5 & i 2 2k
(PFS) K A58 (PFAD 73 51l W B 91 B S im] v . SEE 36
F/K A K.

1.2 ZREEBRIR (PSF)VREER 1 %

KR 45 1 1 2% 5 AL AR R (PS) A PSF . # /K
WIEM RE N T% » A6 o B FE: 25 AF T 2218 A\ 2
20% ] H,S0, ¥ T, ¥ pH {E A 3.5, it ~ 2R
B8 ), 45 2 s PS. K 35.21 g Y FeSO, *
TH, O % i 2 ¥ H,S0, %R, 75 40 ~ 60°C N5 PS
PR S RGN 0.9 g NaClo,, 2446 1.5 b, IIA
e 7, M B 2R Fe 4 0.18 moleL™", il 1532 W 5
T PSF, pH A 1.55.

1.3 PSF BRI

S KRR A Al K F LR 7K, MR K PR =
FEIL7K, W E =20 NTU, ¢ 4 18 ~ 21°C, pH = 6.74,
UV,s, = 0.137 em™ " T /KAE 2] — € pH {H, AR5 7
SO RE N K AR 2] 0.018 mol* L™ ) PSF
INEZKFE S A pH vh 3% 22 I /KA pH {122 1k,
R FECD ~ (DI HIEE SR .

1.4 PSF.PFS 5 PFA P3O it Jot

O T2 « W/ S VAR TR B AU it W By A
SCRERE A b, T USRI 25 2 AR, AR TR
min J& , B T B WS I

JEA RS F K EE R 0.09 mol* L™ FRICLA Fe 1)
VR E AR BT AN KL 3 A A A A it TR 1B AT 8 ~ 10

DOREAR W 58 AL D E 5 T : 0.6 ~ 6000 nm, He-Ne
BOGES, WOLH K : 633 nm, WOLIIE 4.0 mW.

Zeta WA < 15 V0 A VR 766 55 4% B 21 0.09 mol*L~!
(LA Fe 11D, R H A KL BE 3 A 22 O 5 1) 7 %,
I .
1.5 JREERERIXS L

SO K H E TG Y™ AT 4 T LR
K 2K 5T P A 5.4 ~ 6.INTU, t = 5°C, pH =
7.17,UV,, N 0.116 ~ 0.134 em™' . /K : 1l )E
N 115 ~ 144 NTU, t =22°C, pH = 7.64, UV,5, 4 0.131
~0.151 em ™" BEHESEH T, AWK E N 0.018
mol* L™, A4 & B 73 5 1 11 (1) # 25 & — #F, PSF. PFS
PL Fe U1, PFA BL AL T [l e VR B, 5 1 LKFE
BT NEBEHENL b, PO ) B BE R, I T
30 s WE 2 RIEVEHIN. B HE 4 A 2 P 200
r/mins 1 min; P25 40 r/min, 10 min: YU 10 min, 75
MR 2 cm AH EI5 100 mL, ¥ B2 A0 o v
Yol g B3SO 0.45 pum I B8 )5, FH 20 o6 6
JEVHI UV, .

2 ERE5HH

2.1 PSF 7E4EK S AAE LT 7K FP 1 v A -0 e - 1 X
B

a7k AR AE VLK #2585 58 0.36.0.216
mmol* L', ZKAR I [A] 24 60 s. ASLK: f PSF #5 H K
%, PS (W52 m AT DL 2006, PR m) DA A UAEHE Fe't
B KRR A vlie I RE L Fe BT AR R AR
N, RV K = 107%, LA S5 b pSF 4b
TR B T P 5 35 YRR A SR v B AR
A A E T 25 R B i 1) CI 3045 I T fig ozt dze KT
60 s, THAEXS TR FH PSF AF by Wi 358 71 1) W 46 R 48K
Wi, PRI ], B KA /2R A 18 - AR R 51 J N T
BLRY I B S %A= AR 60 ~ 90 s oA, R IEHE 60 s
X TR SE B =

5= pett B —FES), PSF P R BT K
BRI A CRLEE A% 2 R HE I 3 745 1
R P A B ke T 1) pH {EL, DRI AR 4l ST ik
L1619 Fe & FIEA S FeCOH), () 2 [A] [ - i
KARKMET I F B BOKE )5 MIEA I
MRS pH I sk B R AL FECD ~ (5],
A 25 HHOGE I PR %o 50k 5 -pH R CRE 1), R I oF 5
FIEAIS s, S mE, wiE 2 &E
30X R BT KSRl OK AR A R R R



14

58 - TR TR R KA L IR R LB PR 4R

Fe(COH); \Fe(OH)** - Fe(OH); Fe, (OH)3* KE IR,
LA FeCOHD, ARERFR LI % 2 7 AN LE 5 Fe TR
S O TAAETL K, BT AR % Pl 2% TORURL A A HL
WAL FeCOHD, S FRRERE SURAE T 24k, Fe(OHD,
B TARE — VIR S B SN, 16 A5 1
WLl — R 15 PSF B RIS 5 .

Fe(OH)s"

1g[Fe]
b
T T T T T_ T T

Fe,(OH),*"

1 M
10 11 12 13 14

-~
%]
(=)
~
oe
o

115
lgl Fe™* ] = 4 - 3pH (D
lgl FeCOH); ] = - 2.74 — pH (2)
lgl FeCOHD* ] = 1.84 — 2pH (3)
lgl FeCOH); ] = pH - 19 (4)
lgl Fe,COH);* ] = 5.2 — 4pH (5

HIP 1 A S FELK S RAAETT K A, REOR L -pH

10

-10 Fe(OH),*

lg[Fe]

-20 Fe(OH)?"

-30

-40

(b) #AEITAK
Lo

| | |
10 11 12 13 14

-50
4 5 6 7 8 9

El 1 PSF BB RR-ITUE T & X
Fig.1 Equilibrium diagram of solubility-precipitation of PSF
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Fig.4  Electron micrographs of coagulants
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Fig.5 Influence of pH value on coagulation performance of coagulants
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