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Fig.1 Apparatus of floc images recording
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Fig.6 Process of anisotropy determination for PFC-HA floc morphology
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Fig.9 Fractal dimensions calculated with different methods
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Fig.10 Change in D, values of PFC-HA flocs with PFC dosages

FiAER ZEBESE pH = 5. 00 + 0. 05 F 5 4 &0 4k 4k IR E 5 R N & B, X4 PFC 2 RN
1.01 x10 * mol-L™' (L) Fe’ " i) B}, AR Zeta A K 2.1 mV, 2482555 2.02 x 10 * mol - L' i}, &8
TKIY) Zeta FUALIR B HRAE 12. 1 mV, ZJ5HEE PFC 2R IIE K, Zeta OB FIEZR 4.4 mV. H AT
UL, PEC A5 T TREE RS S IR , W B Hi A AR D TR e Y = ZEHLBE, 1 LR e 2 i &, 3 A &



2066 52N b 1k =S 30 &

PR T RE 2 TE BT T -5 18 L 1R i A 0 T B R 4 41 2R B e, T EL S A AL ) L9 2 B 1% 2
(2 B s . PR, B 10w D kAR Pl S8 I, i1 B ri w1 DA TR 1) B AL BRI T i ) 28
RS [ ST RE IR OR — 28, it 2 DR ARk TR 35 R it , im0 22 5 TR A SR SRAL BRI DL TE L%
TS BAE A SR BRI R HH B, PRC-HA SRR 4 52, FLas (R ST RE S R0, 28 R ALk v B 1 2%
2 AN, SOV ES FA A ol g o — .
2.3 A[F] PFC 255 T PRC-HA ZRARZS (RIS 45 1) 57k
2.3.1 PFC-HA ZYR=SEJESAY Hurst $55009 722 1k

K Anisotropy Analysis Z{F X — PFC-HA ZRRULRYT5 () |- 28 (R JEA R R 1 Hurst £5 805945
DL 11, A]hL,0°.45° 90°F1 135° )5 1] Hurst $5%543-71] 4 0. 9006 1. 0228 (1. 0469 0. 9584 , LB A [r] J5 [w)
(192 R SR AE AT 7E — 5E (19 22 57

M 6=0° 0-45°
5 [~ 5 -
koo 4k
= =
E’J 3+ E‘) 3 A
2 - & 2 L
L7 1=09006x+3 5287 1=1.0228x+3.4456
L R2=0.8729 1r R*=09228
0 I I I | 0 I I I |
-4 -2 0 2 4 -4 -2 0 2 4
lgz gt
6 6=90° 6 0=135°
5 5 F
4 4+
S @
B 3r B 3
X O
2+ 2 b
1=1.0469x+3.4336 1=0.9584x+3.4639
'r R*=0.9487 'r R?=0.9562
0 ! ! I | 0 ! ! I |
-4 -2 0 2 4 -4 -2 0 2 4
lgr lgt

B 11 PFC-HA 2Rz 7 6] b Hurst 541
Fig.11 Hurst indices in different directions on the PFC-HA flocs

K12 5 T AR PRC 25 T PFC-HA ZRAARAN [ 5 1] b3 () 35 i B2 A9 Hurst $5 8000 22 1k
e NIET 12 ol U Al — PRC 22508 T, SRS (A AN R T7 BB Hurst $8 BUEAT £ 2250 5 1 B R
BRI R, BT Hurst S5 80 BB T BEshn#a %, IF B 5 PRC B2 P e MG . H
EIRERA TR TR (A 4% 1) SR AR

1.1 — ]
1.0 |-
09 [
= |
08 —a—0=0° —a— 0=90°
i —e—0=45° —v—0=135°
0.7 -
0_6|1|I|]|I|I|I|I|I

|
2 3 4 5 6 1 8 9
Fe**(X107)/(mol-L™")

|
0 1

12 K[ PFC #2255 PRC-HA 2R %5 [A] i Hurst #5507 42 1L
Fig.12 Changes of Hurst indices of the PFC-HA flocs with PFC dosages



12 4] TRFF R AR 4R MR 10 2 [8] S IR B 7 2067

[

2.3.2  PFC-HA ZRURZERPES M —4E A 75T 3B 4E%

MG 1. 4.2 AR, Hurst 5505 SRS RS —4E B 05 3 o B4R e (S ) BI5R & . ARt
(5) 435 T A PRC #25 T 24KR3R M 0°,45° 90°F1 135° )7 [m] (1 D (8, HAS (Lt 4 UL 13. A
13 LI, 5 Hurst $88CEM0L,4 DA LY D BEFR PFC 25 A28tk L R sl , e 90° 75 1)
AR BB T T R X TR B T B A [ SAE AR A ) . AN, ix 4 D B T/ T
HRUEL, JEAAT & — 4 T AERU R ).

11F
10 f
B —~4
09 | — T <
= L
081 —=—0=0° —a— 0=90°
I —e—0=45° | —v—p=135°
0.7 |
O.6|I|I|I|I|I|I|I|I|I
0 1 2 3 4 5 6 71 8 9

Fe**(X107%)/(mol-L ™)

13 AN[F] PFC ¢t T PRC-HA B [R5 — 4k B 05 55 70 T 4R 50 A2 4k
Fig.13 Change of D, values of PFC-HA flocs with PFC dosages

(1) CCD JEAUIR A /s PRC-HA SRR ARARA RN, 2 7 M1 T AN AN [a] AT o] — o g B4 Bk
KOUTA, i AR WA R V2 T A — JESA R I ALEL.

(2) O 9 7 5 A 3 05 T LIARIBOE Sy R2 S O ERf 1Y) PFC-HA B MBS 5 8 TH R Y
23 (6] 4B 53T AR A = — L8 R [F TR BEME TP T IR B PRC-HA 224K [ 3 5T RE 1) .25 [A) B 45 ik
P B [RS8 S A7 AR 22 S 1.

(3) ZARAS BEAAEA R J7 16 /) Hurst 35501 —4E A 05 50T 4E 8 S PFC #5253 A G HE.

(4) PFC-HA B HAT W] A 2% 6] 25 ) S 1

& £ X #
[ 1] Edzwald J K, Tobiason J E. Enhanced coagulation ; US requirements and a broader view[ J]. Wat Sci Tech,1999,40(9) :63-70
[2] H#EEM SRALER SR 2Bk h DBP SEBTRE [T ]. SRR3R ,1999,19(4) :399-404
(3] EBI1, B0 AR5 ORISR EE- I RIS R T2 LBk b I SE IR Y BIF 5T
BBl #244R ,2006,26(5) :791-797
(4] SRS, REE, 5. BRI R EHE S5 RSB T ] [ T]. eV WF5E , 2003, (5) :69-72
[ 5] Bushell G C,Yan Y D, Woodfield D, et al. On techniques for the measurement of the mass fractal dimension of aggregates[ J |. Advances in
Colloid and Interface Science,2002,95:1-50

VIRA S AR (PFC) 9 BREERI [T ]. 3R

[ 6] Michael C, Sterling Jr, James S B, et al. Application of fractal flocculation and vertical transport model to aquatic sol-sediment systems
[J]. Wat Res, 2005,39(9) . 1818-1830

(71 EZRI7, XA kLT, 55 W04 2R M B BsRs  5 fL R /- MBI ST L] IR 22741 ,2007,27 (1) :106-113

(8] ERI,FHEHE A, 5. EQILHERIEBRY R R HEAER(D,) [J]. HEifb, 2006, 25(4) :400-404

(9] EBJy, o AW, % BEAMBK-EHIR (PFC-HA) 2R R A2 0 T AR BB 5 [T]. FRELR24 2441, 2008 , 28
(4) :606-615

[10] Wang Y L, Du B Y,Liu J,et al. Surface analysis of cryofixation-vacuum-freeze-dried polyaluminum chloride-humic acid (PACI-HA) flocs
[J]. Journal of Colloid and Interface Science, 2007 ,316:457-466

[11] Clark K C. Computation of the fractal dimension of topographic surfaces using the triangular prism surface area method[ J]. Computers and
Geoscience ,1986,12(5) :713-722

[12] Xie H,Wang J A, Stein E. Direct fractal measurement and multifractal properties of fracture surface[ J]. Physics Letters A, 1998, A242 .



2068 2N

i

1k 30 %

g

41-50
[13]  JAZA, AN, Kwasniewskima. HURE R 10120 4ETTH3T A9SL 7 i [ ] BRI ,2000,20(6) :455-459
[14]  SRWAT, 2, WA MRS 2 7 4B S i i S 7 (R B e vk [T ] A0 154 5 TR 240, 2005,24 (17 ) :3192-3196

STUDY ON SPATIAL HETEROGENEITY OF POLYFERRIC
CHLORIDE-HUMIC ACID (PFC-HA) FLOCS

YU Fuling KAN Jiangming WANG Yili LU Jia ZHAO Xiuhai
( BeiJing Forestry University, Beijing, 100083 , China)

ABSTRACT

The morphological gray of polyferric chloride-humic acid ( PFC-HA) flocs two-dimensional images was
analyzed through a professional software, and the corresponding height of the rough surface of PFC-HA flocs
based on above gray was calibrated. Then, the space height distribution matrixes of typical flocs produced
under different PFC dosages were identified as well. Fractal dimension ( D,), Hurst indices and self-affine
fractal dimensions (D, ) in different directions on the PFC-HA floc were calculated accordingly. The results
showed that all the D_ values of PFC-HA flocs under different PFC dosages are greater than 2.0, which were
calculated through the following four methods: Triangular Prism Surface Area Method (TPSAM) , Projective
Covering Method(PCM) , Cubic Covering Method( CCM ) and Improved Cubic Covering Method (ICCM). It's
obvious that these D, values are consistent with the definition of fractal dimension. Also the D, are reduced
slightly with the increasing of PFC dosage, which implied that PFC-HA flocs formed under adsorption and
charge neutralization mechanism have a slight larger space-filling capacity, and showed stronger fluctuation and
more high-frequency components in space morphology. As the surface adsorption/complexation and sweep
flocculation mechanism gradually appeared, PFC-HA flocs displayed a slight more compact and simpler
microstructure, and the smaller space-filling capacity, gentle fluctuation and longer wave should exist in their
space morphology. In addition, both Hurst indices and D, values in different direction on PFC-HA flocs, being
formed under the same PFC dosage, were different from each other, which demonstrated that surface of PFC-
HA flocs was anisotropic.

Keywords: PFC-HA flocs, dosages, fractal, hurst indices,fractal dimension, space anisotropy.



