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Advances in research and application of water treatment flocculants. LIU Rui'®, ZHOU Qixing®, ZHANG
Lanying', WANG Bing*, SUN Piwu’('Key Laboratory of Water Resource and Environment Problem, College
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Water treatment flocculants are being developed from traditional to inorganic, from inorganic to organic, from
natural organic to synthetic organic, from synthetic organic to modified natural organic, from inorganic or organic
to inorganic organic, and from chemical to biological with ecological safety. In order to promote the rapid develop
ment and practical application of watertreatment flocculants, the research progress and application situation of
flocculants for water treatment at home and abroad were reviewed. In particular, the characteristics of two impor
tant flocculant types, chemical and microbblogical flocculants, as well as their application processes in water treatment
were summarized, their development orientations were analyzed and evaluated, and the future research directions aimed to
overcome the current shortages in developing and applying flocculants in China were put forward.

Key words Flocculant, Wastewater treatment, Ecological safety, Researching advancement, Prospect.

[20] (

2 2 ) 2
174037441

[ 44, 45]

* (20225722)
(2004CB418503) « ”

(2003BA614A-1601) .

* ok .E- mail: Zhouqixing2003@ yahoo. com

2004- 12- 19 ,2005- 03- 15



8 1559
(PAC), PFC
, 20 60 :3)
, [AL(OH),Cls- n]m(m< ( PAFC) ( PFSS)
10,n= 1~ 5). ) ( PFSC) ( PAST) ( PFSI)
; , (PASIC) (PAFSC) [P [3n
, , ) AICl; FeClz NaSiO3 ; NaOH
AP* , PAFSC. ,
. , ,PAFSC
, . , 22
[12]
(PAS), 20 80 i
, OH- . PAS , 1)
, ) PAS (PAM) (PAA), PAM
, [ Fes( OH) 41> [ FesO( OH) 41%* [ Fes .
(OH) 12] 6+ , . PAM 1893 M oureu
, , . ,1954
, COD BOD ,
i pH , 20 000~ 90 000, 50~ 1700
, pH ,
M0'2+
t=} 2 9 )
[ 24] [23]
(12 K ansai
pH )
L1211y (PASS),
[33]
, Handy (PDMDAAC)
[7];
[16]. [6] [12] . ,
(PASS) , , ,
PAS ;2) .
(PAFSC), ) .
AI(II) Fe(II)  Si(IV) ) ) ( ,
, ) ;
, , CcoD

PAC



1560 16

[34]
. -3) , ) ,
[38]
, , COD
s . 80% s . Benin
(PEO) .  ,PEO .
s PEO , [19]
2) ) (331
, Feo1 , s - CO0™ - PO3™
.PEO . - OH - CONH, s
5mel”! , , CG A,
pH PAM .PEO . CG-A3 CMT-A CMG-A,
( ) CGASP CGPA CGA
, Smge L7 0. 2% . 4) (81, , Foor
> s > s GMT-A CPA FIQ-C FSM-C CGAAC
. , . 132 3)
, ) , , ) 5% 10 ,
s . Corpart (4 . s
- s Hofmann s
120~ 1 000
(PAN) (DCD)
, PAN DCD N,N . .
, , , , 70%
(191 pAN DCD ) (31
CcoD 031, , ,
, . 90% . 4) ) ,
[9,15]
) . HCL H,80, ( PCB)
[3,11]
[36]
5 , s 70% ~
98%[8]. [ 40]
, (
r ) , , pH )



8 1561
2.3 - [17]’
’ “3]7 pH 20l ’
, /
[27,28]
[30] AF-1(2) /PAM , ,
[ 18]
N 430 mg s
‘L ! 92% , Agentinian
(41] , (Kloec Kera apiculata) R
HECES,
PAC, ) )
FeCl; Al(SO4)3 PDDMAC Ca*
[5]
(391, ( Moringa oleifera)
3 2 b
MO2. 1 ,
[2] .
DNA 12 2213
4
3.1
[1,2,12,20,21,22,42] , 1)
N- , A13+
; -2)
, (4, .3) ,
3.2
, ; 4
[12,22]
. Takagi [* .5) ,
PF 101 , , . 6)
3.3 ;
1976 , Nakamura (2l
19 , i 1)
AJ7002 ,
.1986 ,Kurane!'¥ 2) , ,
Noc 1, .3)
, 1997  Suh [V DP 152 4 ,
9 . 5)

3.4



1562

16

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Besra L, Sengupta DK, Roy SK, et al. 2003. Influence of surfac
tants on flocculation and dew atering of kaolin suspensions by catiorr
ic polyacrylamide( PAM-C) flocculant. Separ Pur Technol , 30(3) :

251~ 264

Broin M, Santaella C. 2002. Flocculent activiy of a recombinant
protein from Moringa oleifera Lam. seeds. Appl Microbiol
Biotechnol, 60( t2): 114~ 119

Cheng Y( ), Zhou Q- X( ), et al.2003. Progress in
treating methods of wastewater containing dyes. Technol Equip
Environ Poll Cont( ),4(6): 56~ 60(in
Chinese)

Corpart JM, Candau F. 1993. Fomulation and polym erization of
micrwoemulsion containing mixture of cationic and anionic
monom ers. Colloid Polym Sci, 271( 11): 1055

Farias ME. 2003. Fbcculation and cell surface characterization of
Kloeckera apiculata from wine. J Appl Microbiol, 95(3): 457~

462

Gao B S( ). 2001. Study on the properties of polyaluminum
sulfate silicate coagulant. Acta Sci Circum ( ), 21
(supp. ) : 30~ 36(in Chinese)

Haase D, Spiratos N. 1989. M ethod for producing aqueous solutions
of basic polyaluminum sulphate. US Patent, 4: 877

Hou H- M ( ). 1988. Chitosan—A novel material with wide
applications. Med Ind( ), 19(7):328(in Chinese)
Huang F M ( ). 1991. Study of removal heavy metal ions by

chitosan adsorption. Chem J Chin Univ(
(4): 34(in Chinese)
Jeager W. 1989. Study of the structure and property of flocculant
PAN-DCD. A cta Polymer , 40: 161
Kemp MV. 1995. Chitosan adsorption for selective removal of a
contaminant from a fermentation recycle stream. Virg J Sci, 32
(2):34
Kim YH. 1995. Coagulants and Flocculnt: Theory & Practice.
New York: Tall Oaks Pubblishing Inc.
Kurane R. 1991. Microbil flocculation of waste liquids and oil
emukion by a bioflocculant from alcaligenes latus. Agric Biol
Chem, 55(4): 1127~ 1129
Kurane R. 1986. Reduction of ferric chelate caused by various
woodrot fungi. Agric Biol Chem, 50(9):2301~ 2307
Lee SH, Shin WS, Shin MC, et al. 2001. Improvement of water
treatment performance by usig polyamine flbcculants. Environ
Technol,, 22( 6) : 653~ 659
Luan Z K( ),Song Y-H( ). 1997. Preparation for the
properties of poly metal salt silicate coagulant. Environ Chem (

), 16(6):534~ 539(in Chese)
M eng Q( ), Lu D W( ), Zhang G- L( ), et al.
1998. A new microbil flocculant—E valuation on flocculation effect
with microbial material. Environ Chem ( ), 17( 4): 355~
359(in Chinese)
Nam JS. 1996. Isolation of microorganisms growing on phthalate
esters and degradation of phthalate esters by Pseudomonas acidovo-
rans 256 1. Biosci Biotech Biochem , 60(2) : 325~ 327
Orumwense FFO, Nwachukwu JC. 2000. Flocculation studies on
hematite silica system wsing polymeric flocculants. Ind J Chem
Technol,7(1):23~ 29
Ovenden C, Xiao H. 2002. Flocculation behaviour and mechanisms
of cationic norganic microparticle/ polymer systems. Coll Surf A:
Physicochem Eng Aspects, 197(2-3) : 225~ 234
Ozkan A.2003. Coagulation and flocculation characteristics of talc
by different flocculants i the presence of cations. Min Eng, 16
(1):59~ 61
Saleh zadeh H, Shoposadati SA. 2001. Extracellular biopolymeric
flocculants —Recent trends and biotechnological importan ce.
Biotechnol A dv ,19(5): 371~ 385
Seki H, Suzuki A, Shinguh M, et al . 2004. Flocculation of diatomite
by methylated milk casein in seawater. J Coll Interf Sci,270(2):
359~ 363
Semerjian L, Ayoub GM. 2003. High magnesium coagulatiorr floc
culation in wastewater treatment. Adv Environ Res, 7( 2): 389~

403
Shibata H, Fuerstenau DW. 2003. Flocculation and flotation charac

). 13

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

terstics of fine hematite with sodium oleate. Internat J Min Proc,
72(1~ 4):25~ 32
Shimiziu N. 1995. Flo froming bactern isolated from activated
sludge in highr BOD loading treatm ent. J Fer mant Technol, 63( 1) :
67~ 71
Sun T-H ( ), Zhou Q- X( ).2002. Harmless and re
sourceful wastew ater technology and its industrialization. Proceed
ing of the 6" Convention of Department of Agriculure, Light and
Textile Industry, and Environmental Engineering, Chinese A cademy
of Engineering. Bejjing: Department of Agriculture, Light and Tex-
tile Industry, and Environm ental Engineering, Chinese A cademy of
Engineering, 16~ 24(in Chinese)
Tatsi AA,Zoubouls AILM ats KA, et al.2003. Coagulatior floccur
lation pretreatment of sanitary landfill leachates. Chemosphere, 53
(7):737~ 744
T hkagi H, Kadow aki K. 1985. Flcculant production by Peadlomyces
sp. Taxoruomic studies and culture conditions for production. Agric
Biol Chem ,49( 11): 315F 3157
Tang X-H ( ). 2003. Dicolouring research on the properties
of inorganic/ organic macromolecular combined flocculation. Envi-
ron Sci Technol ( ),26(3):41~ 43(in Chinese)
Wang BJ( ). 2002. Application study of the coagulant
polyaluminum ferric silicate chloride( PAFSC) in water. Environ
Chem ( ), 21(6):533~ 538(in Chinese)
Wang J( ). 2000. Study of the application of amphoteric
polymeric flocculation in sludge dew atering. Ind Water Treat (

), 20(8):28~ 3((in Chinese)
Wang J( ), Xiao J( ) . 2000. Researching progress on
amphoteric polymeric water agents. T'echn Equip Environ Poll
Cont( ), 1(3): 14~ 18(in Chinese)
Wang W ( ). 1998. Research progress on macromolecular
flocculant and improving properties in the magnetization. Technol
Water Treat( ),24(3): 171~ 174(in Chinese)
Wu B Y( ). 1997.Study on the properties and the prepara
tion for a new decolored floccuhtior lignin quaternary ammonium
salt. Chem Enwviron Prot ( ), 17(5): 268(in Chinese)
Wu FC, T eng RL, Juang R. 2000. Comparative adsorption of metal
and dye on flake and bead types of chatoyant prepared from fshery
wastes. Harz Mat , B73: 6375
Yan R X( ). 1999. T he present situation and the develop
ment of water treatment agent intermedia. Chem Ind Eng Prog(

), 18(6): 11~ 22(in Chinese)
Yin H( ) . 2000. Study of the application property of starclr
modified cationic flocculant. Environ Sci Technol (

).88(1): 13~ 15(m Chinese)
Yu J. 2003. Characteristics of coagulatiorr flocculation of humic acid
with effective performance of polymeric flocculant and inorganic co
agulant. Water Sci Technol, 47('1): 89~ 95
Zeng D F( ). 2002. Production of chitosan used for floceur
lant in medium scale. Environ Sci ( ),23(1): 62~ 65(in
Chinese)
Zhang K- S( ), Zhou Q- X( ) . 2003. Performance of a
novel combined flocculant HECES. Chin J Appl Ecol(
), 14(5) : 789~ 793(in Chinese)
Zhang K-S( ), Zhou QX ( ), Sun T-H( ).
2003. Advances and applications of treatment technology for sew age
harmlessness and resourcefulness in small cities and towns. Chin
Eng Sci ( ), 5(2): 88~ 92(in Chinese)
Zhang P F( ), NiZM ( ). 1990. Study on the prop
erties of chitosan in food ndustry. Environ Poll Prev (
), 12(3):23(in Chinese)

Zhou Q- X( ).2002. New cognition and solution of water re
source crisis in Liaoning Provin ce based on the 2™ Word W ater For
rum. Chin J Ecol ( ),21(2):36~ 39(in Chinese)
Zhou Q- X( ), Shi F H( ). 1997. Effects of small town
construction on the utilization and cycles of water resources and ret
evant ecological countemeasures. In: Yan Iz J( ), eds. Re
search on and Probe into Ecology. Beijng: China Environmental
Scien ce Press. 295~ 299(in Chinese)
Zhou Q- X( ), Wang R S( ). 1997. Ecological rsk
and background waming values of water pollution from rural urbarr
izaton. Chin J Appl Ecol ( ), 8(3): 309~ 313(in
Chinese)

, 1974 , ,

. E mail: starliurui@ 126. com



