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Table 1 Companson of kinetic equations and paramcters for coagulation and filtration
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Table 2 Comparison of the rate of particle transport for coagulation and filtration
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Table 3 Comparison of throries of particle attachment for coagulation and filtration
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Table 4 Characteristics and process of technology for coagulation and filtration in water treatment

LZHR TE¥xR BERRE

HREXEE. >2x10 mol + 1!
WEKE. >20mg-1!
REXE. <2x10 %mol » 7!
FRAXKE. <2mg-l!
PRBIMHEF. 2--10%10 Smol-! !
RERE. 2—20mg !t

g R | REE-UUIE- 08 B ITHIE BRI B A AT A

ERTE  MARREAMGHEHEEAREL 2BERRVIEABEBN TR

Hftos | EaTRBE N ERRARY | BoERREIBREEEANTR

HER4TL. FHKCESBPRESTERES BN ML BRERIT, KPRk
R REE BT E TR KW EERERGE2TIERBER, TR PR E &SR &
it AT R . RS E S HE T ENCRIRE S T R S i
BT R S T TR, BRE T0FERU GRS, MR bR M K BT R
HEkBREEY. EMSEETENRKIET. BT ERERKF A E&ER & LB o
ATEH . B RS AR 2R R Em ST, MEELEN AR REE Y RE
TR, RIS Y M R Ss T BB E M, DA ERE
PR, KPR UMK KSR, E KK E .

Wt DA K ORI BV R Rl bR A
K H £ SRR IR K R B
RYIREMBREGTTHRELZFE,
EFARAREME 1 AR ZEEER
F O & B T 2B Iy b FE A UK M 0K B #0
HRHEE, NIXNETZERTEES T
ERAEE.

HZER R, BRKE DT 2mg - 17!
BIRKE S FHEMBLE: BREKERT

20mg « | T'WEKES TERRE. T8#; B UEAKEBREYSRSNE
HETEETHEEEK:. () BREE< ABEGHE T ZHRERER

10mg 17!, WifRa<<lum; (2) BRiwkEe Fel Optimal water traeatment configuration as
2 20mg » | ' Z ] BIBAE 2—4um 2 fA]. a function of raw water characteristics
LR b, EFKREELEFRYNEER

T EBBFRAKRBEEEANE. ST ARKEZSEELKENPRER, &8
ELBEF MHELREERSE. URERELETZFE.

BRI, HE T aE AT OEEMEROEAKE. XAEREE-TEL
SRR MEAK. TR kB A AT S BUBR: WA B A LR KK, R
A TR R IR R g i ol A i I B R 4 B R A A R ks
PR S IRy B T R R AR EL, (X R RO SR BRER RS, ST



6 RS, FEEFREIERCENAHTTIR 595

BRI, OFMMEEOMA. RAEESE, $IEEE RSO, 3088 M R
FEMEEILRRERA, IVTHEEMNARRS AR, Rt 2d T EEKE
BRA M KPR ER. BTFEMERET AN ERERD, FHit, EMdEs
HESELhR FHENEE S IR H5HNERTEEE5E4EERERN K
B, AAHETFRENERAREANSNEZENMAsEERIBMRAR L, Hik, 28
RAMEETEXBEXBELEN T, HARUTFEER FIELPES 58 MHEEE
A, MMYEZWHERIBHAERATEGEN.

WA, FEFREL, BEREIREE S OB MEMMSRMEK. BRi—&RiAN, B
B uEdE T =R K: PR B BT 25 AL, et & Rt 100 @A
By, K A M E R 200NTU; KBEAEEXYRABI 04 -1/
1000asu « ml~'. @k, X FMEE 0—10NTU, & 0—I15APHA, 325485 #F 0—1000
A e ml T WEK, BESEHKEER /AT 0. INTU. XEAWWA i, HES
EEREKS. GE/NF 0 GFRA, ME/NFSNTU, BEE/DF 20004 «ml™!,
FER—EHRBW =5 RAFE VRN E RN S BEATEMRAED, AN
%A 15mg « 177LL R BRRSA A RS 3 Mt BEAN 65 5 6 s A 08 5 7K H9 URAKCHE DA PR B e s
TR, MERERME/DT 6 K Tmg - IT'HMLOBRER SR ™4 & B E S K EK
REHE T B REEHKE
2.2 HENBETZHRHK., BRARNMAD Y

fEA—MBREEARINRAKLBIZHER, HEE REAETEAFRIHEE. ¥
FHHEBRULRROBREMEZTRBEFRE. REF-RRIBTZRAET RS T, R
FEUEMMSRUERE, RFAEEERERE, FTFEREAMEBERR Y, &
HARPERTE T ERER. BERIBETEEBREATESMBLR, Hik, EEHERmM
BRUBERL, BHETHE 10-30%EH, A, EREEGBEENBRAKLERS
5, BHEAFEEERE, NTTHAKRK TREMEPRAE. —EHREY, XHEE
SR ERAE T ESARA S0 LS.

HESBOBRAETZESENRG, FEOBEMmE. S Faml ke iRy
BHKE. WEATHKSREEEEDSE, BRELASNIEEWIER, BERALBMN
SFEREE, FHit, MEBREAFRFERK. i PRTXEPLLR, B
WEHERELIRLIEEARNGHNE. TRAEFFEHTEERLMREHEER RS,

HESEAKLERT BT 1964 EMERHEBRET, BN, LHFR, RBRER D,
WEE LB (201967 FaI{LH 6m - h™', 1967 FLURRER 12m - h™). HIZHRE
ERLIZHN, EEN. K&, WESHTEHLEN, FEEMNEXTEKHRRERS
REH7E. R KHEBEY, BEREIERK. HEDETEBEEIBEERSHEE
KRR K AL PR BB T KA.

0FERS, HBRESTEERHRMAEEA, U RAKRMIS 0 SR, @i
HYBRTHESERRENVHEE. 0 FREEBEFLAER, WFEEH. KM ERKH
JERBRBTEIZGMNER. BWHEEK EXRXATHEHESETIZ. HA4RTZME
ERAHRAERIES, HEHBZE 1. 2—1. Smm, FIEKEEZEE3m UL, §F



596 ® 8 1t &4 16 %

FHYFABREMEK, TUBEMMERNEISES, RAIFEEZNEERE., Hit,
WER Y EBRRARRTERY L. AABRAERUBEE. XK TLIEEE
BERE. A ERE- RELEER - REHE20-30m - h ™' KAFLE, MAEL
f &b 38 5 B B8 TR W 134 35m - bl AU EI Y L R R A R T AE 1996 SF R
H $hHE K& 500 F A R E-RIKT AR K. TR REXER A KD SEE
£, BRIETE 3m Ll L, EFEEF 20m - h7

2.3 WEH FEEIESBHEGEShEERS®

MEE AHREE. TR T BUAERTRGEAN, ATERRTE LS &G
EEEBBEERSEEIRREEL B, MHAMPEELEIEYEEIRAEEeS 52
BEGEE. Hit. FERFHREANNERZEIBN HERIENEW, HERE
MARERE, BEIRSREURE/KKENY L& M2 EmEE.

BEl, BEERE. FEEANEEE RERIBEERAMERN, FtXHERE
FRMERFREVNS? TEEMENBEMAIERNR. HTFEKERETRBI A
HERABRMNER, i, ERESHERERARERR. BEA0IEem EEMEA
BT EE, XFEHRALE. () JHEIENEEEETBEER; (2) i
MESREEBHNAFERE; 3) AEAKLBMRBOI BN LS REE;, WO TE
EREFEETAY, BESKE EEHYE 1995 FHANEERKATREE 5K A
ERERMAEMEE- REIBELZHEARPHN AR, FARMVWSHERSFALKEREMS
EREEREPRRART N EAKANSESEMEAFTESZZTRRR, R0
SR AFES IR, SEGERBRRMMAL, EHRBKRERFT. BEE &
B A 18 b0z 17 R AR R KR 30—40%.

%5 LNWELITERNESGEABEMER REKIE T EHRFHNA
Table 5§ Application of polyferric chloride flocculant technolagy

of micro-coagulation and deep filtration

AKkBik/me b7l HAKKFE/NTU | AKREBE | EFEH#/L | FAE/m? e m?

i

1YE A K R 7.5—8.5 30—35
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Amirtharajah 56 7 KB B B fIR B R THRESHLFC. H—PIEL T S A
BEELF R LB NLBEAIRPRBABRELERGSEEL Y+ H
BIENER R —ZW. B, SR BRFERTP RGN IR W LSS LA A% k€ ,
EXREEXBREMTUERNYATIE LZHWERHRMERE A . 4RuE 2 iR,



6 X%, HEERAIERLSNANHR 597

EhE st ) RAREEIBZEMRAEGR. X—FRNIBLENHAFERENL,
AERMEGHNERFERERATREPHBEZT LA ARI BB RERS. X
—HRKRMA R T AR B T ZHBEEREF.

WERIK P REBR N BN RN ERYEMR AR A EEER, RAER
HIK P RER RO AR RE ST ELBNRERNN, FEBIISELEYEE, H
R A. B, EEFREREERANNORGT, BEREREXMEHATNE
HEREKRERNTOEREM. EEAKPBRMES REMN RPN/ KB BEREA
&, FEENKATBREWIMERERRERDZHEK, B, BEANEmHEKERNE
BT BN A R R LB B

, 1A COS )Y

Al T Al OH ‘
AL (OID Jffkuf—~‘—{
1 i

v
mh+ﬁf [
- % 2 ] [N L
2

1 6 3 10 12 14
pH

B2 FEXBEATNERIELRER
Fig.2 Experimental results of direct filtration in the disign

and operation diagram for alum coagulation

HTEERESERD TEAREYNIREG, BB RERSG. BEFURHRE
PR, B, MEERRIEPRENNERFREERABEEERSEHEY
¥, EZEAKARENERKERRERERN SEKRERSY B, ERAMEEK
23T -BEEREERMEEZYR, HWEIEXTERERES.

A REE. S EEARMR R R R R RIHAUE, URMEE-KRIBTZE
HEARMWEBRENR, MERIBNEEEMAT TR BEIBTZHRUERBRE
BRARIESE, MEESSERATREIENMRYEERTRIEAN, BRTHERM
AR —BtE, NTIRE THEERKEET SRR SRERS, RAFTRTHE
BRI BT EEARGERE RN AEE, LHTEREREKEARS A AR
BHET ., E—BEAMREERE- RERIEIEMNERYEREEME R, HERNIE
EES FEEMEEREELHMREM L, KRRENHRER- FRIBLIHER, &
RAFHHEENHZREFEL



598 ®oo®m & ¥ 16 %
# £ X MW
T17] Edzwald ] K.Coagulation in Drinking Water Treatment : Particles, Organics and Coagulants. Water Sci. Tech. .

fz]

Cs5]
[6]
{71
[8]
[9]
{10]
L11]
fz]
f13]
[14]
15]
{16]
[17]

[18]
[19]

[20]
f21]
f22]
(23]
[24]

[es]
[26]

[27]

[28]

29]

1993, 27 (11) =21

AWWA Coagulation Committee. Preconf. Seminar on Influence of Coagulation on Selection, Operation. and
Performance of Water Treatment Facilities. Proc. 1987 AWWA. Conf. Kansas City. Mo.

Villermaux J, David R, Recent Advances in the Understanding of Micromixing Phenomena in Stirred Reactors.
Chem. Engrg. Commun, 1983, 21+ 10§

Clark M M, Critique of Camp and Stein’s RMS Velocity Gradient. J. Envir. Engrg. Div-ASCE, 1985, 111
(6) : 741

Amirtharajah A, Asce M, Trusler S L, Destabilization of Particles by Turbulent Mixing. J. Envir. Engeg.
Div-ASCE, 1986. 1127 1085

AWWA Coagulation Committee Report: Coagulation as An Integrated Water Treatment Process. J. Am. Water
Works Assoc. » 1989, 81 (10) :72

EFX, £E2%, BREDDFHBRARET. PESKHEK (£, T, 1991, 7 () 4, 7 4 : 8
Crak K, Direct Filtration: An Australian Stud_y. J. AWW A, 1985, 77 (12) :56

Lnrikman R D, An Overview of Filtration. J. AWWA, 1987, 79 (12) 2

AWWA Commuittee Report: The Status of Dirct Filtration, J. AWWA, 1980, 72 (7) : 405
Anmirtharajah A, Some Theoretical and Conceptual Views of Filtration, J. AWWA, 1988, 80 (4) : 36
Tobiason J E, O'Melia C R. Physicochemical Spects of Particle Removal in Denth Filtration, J. AWWA, 1988,
80 (4) : 405

Logsdon G S, Testing Direct Filtration for the Treatment of High-Turbidity Water. J. AWWA, 1993, 85
12) :39

Mstsui Y, Tambo N, Mathematial Description of Deep-Filter Performance. J. Water SRT-Aqua, 1995, 44
(5) 166

OMelia C R, Coagulation in Wastewater Treatment, In the Scientific Basis of Flocculation, NATO AS] Series ,
Ives K ] Ed. . Silthoff and Noordhoff, Alphen aan den Rijn, Netherlands, 1978

Dentel S K. Gossett ] M. . Mechanisms of Coagulation with Aluminum Salts. J. Am, Water Works Assoc. ,
1988, 80 (4) :187

Dentel S K, Coagulation Control in Water Treatment. CRC Critical Reviews in Environmental Control, 1991,
21 (1) =41

Stumm W, Morgen J J, Chemical Aspects of Coagulation. J. AWWA, 1962, 54 : 971

Hahn H H, Stumm W, Kinetics of Coagulation with Hydrolyzed Aluminum. Jour. Colloid and Inter, Sci.,
1968, 28 : 133

Stumm W, O’Melia C R, Stoichiometry of Coagulation. J. Am. Water Works Assoc. » 1968, 60 : 514
Stumm W, Morgan J J, Aquatic Chemistry. Wiley-Interscience, New York, 1981

Letterman R D. Iver D R, Modelling the Effects of Hydrolyzed Aluminum and Solution. Environ. Sci. & Tech-
nol. . 1585, 19: 673 .

Dentel S K, Bober T A, Ivans P D et al. , A Physical-Chemical Model of Coagulation. in AWWA 1985 Annu.
Conf. Proc. . American Water Works Association, Denver, p659

Dente! S K, Application of the Precipitation-Charge Neutralization Model of Coagulation. Environ. Sci. Tech-
nol., 1988, 22 (7) : 825

EFA, REAIB T ZABOEMBRTH. LATESEHM, 1988, 21 (4 =48

Dempsey B A, Removal of Naturaily Occurring Compounds by Coagulation and Sedimentation CRC Critical Re-
views in Environmental Control, 1987, 14 (4) : 311

Lawler D F, Izuieta E, Kao C P, Changes in Particle Size Distributions in Batch Flocculation. J. Am. Water
Works Assoc. » 1983, 75 (12) : 604

Klute R, Destabilization and Aggregation in Turbulent Pipe Flow. In Preceedings of the 4th Gothenburg Sym-
posium, Hahn H H and Klute R Eds. , Springer, Berlin Heideberg, New York, P 33, 1990

Letterman R D, Quon J E, Gemmell R S, Influence of Rapid-Mix Parameters on Flocculation. J. Am. Water
Works Assoc. » 1973, 65: 716



6 k%, HEEFRKIEELS VAN 599

[30] Amirtharajah et al. , Rapid-Mix Design for Mechamisms of Alum Coagulation. J. Am. Wat. Works Assoc. ,
1982, 74: 210

STUDIES ON THE THEORY AND APPLICATION FOR
MICRO-FLOCCULATION AND DEEP BED
FILTRATION

Luan Zhaokun Li Ke Lei Pengju
(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences,

State Key Laboratory of Environmental Aquatic Chemistry, Beijing, 100085)

ABSTRACT

This article relates the development and application for technology of the micro-
flocculation and deep bed filtration on the bases of the theory development for coagula-
tion-flocculation and filtration. Major factors that afffect use of the micro-flocculation
deep bed filtration in treating surface waters are discussed. A understaning for the deve-
lopment of micro-flocculation and deep bed filtration may be useful for the study and
practice of the deep filtration technology.

Keywords : coagulation, deep bed filtration, the theory of coagulation flocculation,

development and application.



