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Effects of additional dosage of PAC on the re-growth of
the broken flocs and removal of particles

HE Junguo', LIU Jian', HE Kaifan', YU Miao', DONG Zhihu', YUAN Yixing" >, ZHANG Jie"?

(1. School of Municipal and Environmental Engineering, Harbin Institute of Technology, 150090 Harbin, China;
2. State Key Laboratory of Urban Water Resources and Environment( Harbin Institute of Technology) , 150090 Harbin, China)

Abstract; To improve the re-growth ability of broken flocs and the removals of colloids and small particles, the raw
water with character of low temperature and turbidity was investigated using optical detection instruments and
mathematical method. The effects of additional dosage of PAC on the variations of the floc size, growth rate and floc
size distribution were studied and the removals of turbidity and particles were also conducted. With the increase of
PAC dosage, the floc size and growth rate showed an initial upward trend followed by a downward trend, and the
optimum dosage for the floc size and growth rate was 4 mg/L. and 6 mg/L., respectively. Moreover, the residual
turbidity and particles were significantly decreased first, and then increased. The lowest values of residual turbidity
and particles were 0.79 NTU and 90 mL™". When the addition dosage was 2 mg/L, the volume percentage of the
flocs in the range of 280-630 wm was evidently increased from 22. 85 % to 46.36 %, while that of the flocs in the
range of 4-35 pm was decreased from 1.21% to 0.19%. In addition, the floc size after re-growth was 400 pm,
larger than that before breakage, with the growth rate of 77.26 pm/min. Therefore, the additional dosage of PAC
could obviously improve the re-growth ability of the broken flocs and the removals of turbidity and particles.
Moreover, the experimental results could effectively improve the treatment efficiency and water quality.

Keywords: floc breakage ; re-growth; PAC; floc size distribution; particles

YRS B8 : 2014-02-15. LKA BRRERR T TRRE SRR R g

BEETH: WK ARG (51278143E0804) 5 [EZFHLH K L5 W Y vk R e T g O
(2014ZX07202-011).

TEERA: R (1970—) | 202, i+ S TRBE R — R B TN SR oy, B R A4 4
H—R(1957—) 5 8% A R =7 s TP T 7 B At e
e Ly — JE B ToK it LT R Mok i Fa 4 — R it AR,

BIEEE BRI  junguohe@ 263 net. MR EE PR 5 A e R SN B R 033 i i



- 14 - MoK E L

ANV

4T 4

R AR RBER B Y S A i A
FBERSUR A S IR — B4R 31— 52 A RUST R B2, MK
T4 e FC AR B B V7 S0k 1) 22 BR AR A F b R 1 T 22
BE T 20T IR A4 S BT N 2R AR e 32
oMb, FESEBRAE = R, B R B V)5 Y
DX 38 38 7 AE T 2R K AR B & H S Bpoc ) 2 4
PR B R BT U) T 45 F Rt Sl TR
FIRRJ5 T A/ N AR T Hh 25 B R A, T 52
i 22 T 2 RAL g e 7.

TR B T LA 53 Ay 4% T 63 R A RL 8 B e 7o A
2R AR N ORI 2R R 2 T L, Bl
/N IR BRI N J5 & iR R E R 2N’
AABUR /NI ZE AR N 22 4R A it I e A B I
W2, HAT, FFXT SR i P 2L Y I oY R B
TR RITR B R o 20 g ) 24, 7 S ) g e i
RS RE TR R B JFE A K. Wang 45" X4
FBER (AICL) AR A &AL AR (PAC) TE L) 2 1A 1k
PR 2LEE S R R AT T IRST, DR R ) 1) B4
A FEZUEEI | BRI MEDK A 2 B AR T 114 7K S
Xu R AL, (PAC 5 8 5 R TV 1 ) 22 44k 14 BF
LSRR WP 255008 8 1) 22 P il s P 225 it
TRV AL ZARSREE/NT PAC 24K {H AL,
BRI RE S5 T PAC 24K Jarvis 251273054
N Fe—lk 2R K Fe-KIRAHLYI (NOM) £ 44
MR 1 P22 R ) 35 22, IR R /NS RRYR &2 )
AR T B 7K AR T, oA 5T 2 B, SR A e -
PEEBER R 52 T 0. Lin 2561 SA Ky il 4 5 61
BT UER Y B 1Y) 28R 1) 1 e 1 2 0 0 R o8 4]
i [ AP s 25 1 T TR B 22 AR B B D)
e 158 T R M A F T B A0 2L {K. Yukselen
SRR IE H e A LR ST TS AR
FEA B [RI A 1 T T B 22 AR e i SR R K
S BN RBEREFT AR/ Yu 607 SR ) TR AL
FAF N SRR 5 BT TS A s
FIARAE T T B 22 (R 11 M e 1 28 2 ol R T 3, T
DA A4 S TR 1) 2R R e P 2R i R AN T
. ERIT XEAS [ 7RI 5 1 22 A %) o e -2 O
T FEWFIEA LS | T O T U0 AT 5 v T e R 2 o
UNCIBUE LV NEE i A RN 0 e S DO RIS
B Bt 22 1R i) A o AR b AR A AT R GRS W)
A, Gl e AR TR A D 7K 25 1 T TR A 22 Rk ol e
Jer BRI DT R fil S8 AT 0. A SC DU Y AR okt 7k A 4
FEXI G, LA PAC IREEF, 70 5175 58 T PR 2286 by
BRI PAC X EUARRAT Az KR R AR 43 A AR
b, i B R BURL RN 2 BRASCR s ), LA el 2244
T IR I P P BRO5E B 0, 4 R R 1 22 B3, T

G B K R A0 BB I HE R S8
%

1.1 ZWEARMRE

SR RUKCR H A T T AR KT 0K
TR ACH S bk K E A B AR . 5K
U5AE 2012 4F 11 A ~2013 4F 3 H #-47, S256: 3 1]
JROK KT KRN 1.4~4.3 C,ME N 1.89 ~
1.96 NTU,pH A 8.01~8. 07, ki #k 367 ~ 389
A e mL7 EORCRIAR R 1. 12~1.78 pm.

PAC(fb2#40) Sy 556 i A6 K T {58 FH A9 T ek
I, FRFEFE N 40% ~90% , B 5 43 B ( LLAAAR AR
1) =30%. B R SR 2 h, ¥ PAC ¥ T-Z818K,
B B A3 ER 5 % A VAT
1.2 KEHE

SRR PRSI0 FH SRR (MY3000
—6M, H DU AR A FR AT S8R 1 L Y
FEFUKET 1 L BRTELERR T 4 LT &k 7
R 13y L NG T8 BT e M il = e
15 mg/L 1Y) PAC fHIARARINEREAR T, LA 300 1/ min
B EESEFE 0.5 min, SRJF LA 120 v/ min AY5E 5T
$£ 1.5 min, f5LI70 v/ min RIS 6 min. S5k,
5 57 RV TR R S 30, R S5 2R e i 500 1/
min, B[] 1 min, GHERESCIGES RS, e AR IR
IR B PAC IR, I 7 BV T PR 220 00
FEERBEHIPEIR EE 70 1/ min, SEREE] R 1~6 min, I
TIVE20 min. 73550 A R (2100, 35 E MG A A F )
FIELRRR U (2200PCX, 36 A28 ] M EAS
[Fi) P22 RS (BT 7K Y ) A ok AR e i

FI B 7 B A ( Mastersizer2000 , 2 [F 55 /K
SCAXAS O] ) W2 MR P2 R R AR AR
PEEATAELR I | S rfoR A2 2 R B A - 35
KR s R S EE R T R B
R A JEK LA 2.0 T/h A9 38 B 22 12 M0k Ak
A, A R BRI BT o] LA R R AR AR, 42
TR B KRR D AR R R
PARLAR A3 A3 [RVRE SR O BE (AT W =

2 EREH

2.1 EFHEHEL

SEE R, SRR T DR S 2R AR 3T
BEVERE, — OISR IRTTRE R /NSRRI 22  []
I, SR0E IR B 14 2R B kAR 9 A8 Ak vl LA
HRAIEZAIE A M AR A AN TR] PAC #M3 22 5E |
RRHAE B P AR BRE I A R MAOREAR AL N 1 PR,



BRI, 2. PAC BUIXTERM R P2 BEAS M FIBURE 25 R A2 ) <15

500 —e15+0 mg/l. —o15+] mg/l, —415+2mg/L.
v A5+4 mg/l. —15+6 mg/l. < 15+8 mg/L

(9%
(=]
=]

:,Zig*ﬁﬁé/pm
)
S
S

t/min
E1 7E PAC #MEEREEMZNEWL

M 1A LUE 1, B R T LA 3 AN B
BE A5 I PR U AR . A5 0 TR 7R
SRR TR R A, HoK = 5 IR A ks & -
SN, FEBE B B, 2R I/ INAR AL B e 1 K
BEE S IR ] P A4 | BR AR AR T K Y 2R ¢
AFEIA 1 min ZEK 226 minff, 24K 42 M 17 pm
HERF 370 pm FEBL I B, B 4 J0A 3 1 ir s 1 £
FLfTHE PAC T 4 K H: 1 FRL A 8 20 v T k122
[ AH BRI AR I 2204 [, i F PAC TR #&E
TR R, T LRGN S0 R [ A
e DT (5 22 A RO S I 348 . 22 8¢ 1 [ 4 3k
6 minJi , AREEAER LEEIT ], R KN LA LA
Ak, BERTE AR A K E A TR A, A B, 2Lk
TR A AR A KN R ) Sh A R

W e IF 4f I, B2 MR ORE AR 2R /. W R
0.5 minff, ZAKAE H 370 pm FFEE] 176 pm.
AR S GEA I 1] | BRACR AR ARSI/ N | BRS¢ 1
A AR A2 9 109 wm. F T2 5 Bl i, 24
YRR T 2R R 1835 U)K TR NES & )
BF, SRR e A R, R AR T . B A P 2R AR
/N UTRE R 22 , 2 DTVE 1T R ME L 22 B, AT 52
M) J5 25 1. 25 A Ab FRALRE.

FRELEERY B, AR TR BE R AN 5 R RN S 1
T, R AACRLAR 34 B A 1o R O ) P4 I O
W] PAC BB G B — @ 28R ). B
HERT BT B B T, 3 1T BE 5 R I 22 A
V1) R T I T A DG 2R B B, X4 ) /K v 48 o 5 )
Je , SN B AR A R I R T b
R ,CHERRAEM S, RN 2S G BRI
FRBETESN  BRTEMEI A TH S Y BN PAC
J&i , R 2R R RE IS AR Pt & A w22 ki Az
TR R RN TR BRI I, AR AR AR Al W 2%
15 PR BEL SRAT , SRR 225 wm, [N R
HI 59.5 %, Ui B PAC ZRRE I A A58 2k
0 B2 TRBEE TR AN R 38 K, BRI TR B E

SEISET G T RS TR EER TR R AR
L 5E 3 K5 I8/ PAC 1M 2 A (1 mg/L)
LRI AR AN RE 58 4 Wk B 2 B T AT I 7K F 5 M=
HARKE] 2 me/L B, ZRRAZ BT 118 pm 3G K %)
400 pm , B KT RBEFERTAY 370 wm, ZURRIE
HERK RN 8. 11 % ; #MEE N 4 mg/L B, 2RI 4%
BRI AR, 408 wm , (HAHEST 2 mg/L B A3 0
W B R T . 2 R R AR I, 8 AR 3 1T 174 R A7
AARE, BN 510 i B R A T
PAC 2 [Tl 14 Kt L far £ 5 4L 68 76 S0 19 1
o 2 A RS 5 T PAC B & 1R, %
TR I P /N 22 T S G 93 - T LK 22 A R BE B
TR T R R R R AR s R F R
FAVE I AR A W T 5, 5 22 B N SRR 8
AR ONIOE 2N E N TREST ST 5 N E S b i
h 4 mg/L B AR ZR R SR E far BEAS RN K
P24 10 B 38 0 %o 2R AR AR 38 K R IR R K. Ak 2 4
T2 & RARR R SOmT /. AR 8 me/
L i, SRR A2 /N E 345 wm, /N T8 5% B A4 KL
RN R R B R 8 T KA
() PAC, 2204 3% I 1) HL o7 8 0 0 oRD, BROAR B A U
LR A AT T T EH B A6, (024 PAC 4%
I K N R A AR BEAR TN IR
LR R S G T LN TR
2.2 BERNESEERKERRNTW

Bl PAC #MEELI T, 2288 B B 2 A0k
PR R 3 PR A T T A I T S R 4 (R 1) A
#ME PAC B, 2R PR BE A S R R A K
B 1,2 me/L B A A 8 31 S i 75 e 1] 4
AR 4.5,3.5 min; BRAME I (4~8 mg/L) B, 2
PR AR IR IR E BT B ] LA AERFAE 2.5 min. iH
BT DU Y 2B B B2 AR AR K R b
12 GERBE [A] HEA R LR R R, X2 R A
MR ATEAEIA A PAG L A 3 B 722 it
BRI AR ECR RN 1 k.

Fz1 PAC BREMENZEEEKEENHI

B/ AR/ G HL WA HZL
(mg -+ L") (pm + min~") R AHIC R AL

0 19. 88 117.41 0.988

1 46.91 114. 05 0.988

2 77.26 129. 17 0.991

4 98. 00 111.86 0.991

6 100. 11 121. 86 0.992

8 95. 60 106. 33 0.993

AR AN I, 2ROk 42 5 2R BRI ] =22 [ 77
FE R AP MG R HE R B 0. 981Xl ig
Je AR RF B 400 & 10 2 i BE A A W], 4E 57
106~ 129, i BH 5256 19 85 5 MR AT, X 5 2R B - 1



- 16 - WOk | L

ANV

47 %

WSk —B00AT 6. B PAC AME R T,
e e 5t LSS O RIS 9 i R #h R PAC
B, ZRAARAE A% ) A P 22 E e % R 19. 88 pum/miin,
A% (1 mg/L) 1) PAC B, 5 228 R N
46.91 pm/min, ¥EHN T 2.4 %, ULEA AN D BB
PAC BIATIIPR SR I A% S5 1) 15 2R 356 8. Y PAC
MRS 2 me/L I, 2R R AR 5 B 77,26
pm/min. PAC #M% & 6 mg/L B, 3 %15 5] %
K, 100. 11 pum/min, 24k 25 52 25 45 | P22
HORGENG T B Bl A #ME T, S5 0B & AR
N LT AR WY £, H S 5 M EHEER
B REAIECE AN =, TR R T S AR A K
R YNGR T KT (8 mg/L) , AR FE AR
R LBEH R TRE XTI 1% 1 K E 3 01,
PAC 2} 6 mg/L W}, 2R AR A4 Ji 11%) T 22 e ol 0 5K
RSN EREER S A =1 NS N TR S |8 N =
AH S P R o A v, 0 ) A K R Y g HUE:
JBRELEELF IR — A 3R N g B4l DL P 2L R
R LR AR 5 Y PR 2L BERE T, N LR B % IR
LURIPPRLAR T IR ) 22 BRAE .
2.3 ZEFRNESHHTH
TR R R PN [RPREAR JORE 3 RS AR
TR, 00l %558 T PAC #M% R 0 f 2 mg/L Y,
TEBEN B MR AR L, 25 R AnE 2 PR,
ANHMERIR BE T I, Bifi 5 22 B[R] (9 S, 2244
KiAR A BB ) KORIAR R )5 10 R 3, (ELRS Bkt
R (1 2(a) ) MBI E LG , ZIRRAE 5T
A1 2 2 IR, 150 B SRR 5 o N R AR g o
SR 22 ZRARAR 53 AT 2 AU ] A RLAR /N
S35 22 115 o, B G ARFR G053 5108 2. 98 %
F17.63%. 11 2(a) Al 15, RiARALE 22 pm B3 A9 3L
NIRRT AL T8, ORI AE 115 pm B
IR BPRAR S AR Y BBl R, Ul B AR IS, &R
Seh DA/ INRLAR 1 2244 32 2R BERS [R] 24 2 min
B, KA A i AT A R, {EL A/ IN 2 4R 11 5 i B
UL B ) BEARAE AN W B L0 iy Xof o7 1) 22
KREARA3 AT J9 31 1178 wm, HRIAR N 31 pm FUEE
TRBT 5 R F 500 1,91 % BB /NT 0 min B0
AR T o5 A AR R 280 S PR B R KT 4
min B RS 23 A7 2R b A WU T 2 | WAL BT X iz
FRPRLAE MG KT BB 2 R R AR 43 A Y 1L
WERRAT A 1. 12 ~447 wm 28 N FEBEES 1 1. 78 ~ 1
588 pm. FH & 2(a) 0] LA Y, il % ZLEET [R] 1) 14
T AEAR 53 AR AR I P B2 AR BT o (AR R 0 B
YL, BEET R 2 mindENEN6 minff, IGE T 5 H
Iy 7. 35 %FEIER] 6. 57 % , i 24 TG IR EEF b

P, BACR A ] B 2R I I I A 38 o i A2
SARAPRAR A N AL

&

9 -
8T —e— P45 O min
Tr —— FEEE2 min
6 —A— PR 4 min
% 5k —o— P26 min
4 L
3 -
2}
1k
(e R St
1 10 100 1 000
FifR/wm
(a) N#ME PAC
9r
8r o RO min
7r s— FHEREE2 min
6F —2 FEEE4 min
% 5k o— F2EE 6 min
4t
3t
st
1k
OF

FiAt/um

(b)#Hn 2 mg/L Y PAC

B2 #MEPAC HEZEIEREESHHNEN

#M% 2 mg/L PAC i, Fifi 5 22 5k 5[] 38
LURRAR AR R RE (0] RORLAR (9 5 [ B 3y, (H RS B
IR AN (B 2(b) ) R 2R EE 2 min B, 22K
AR A R T A WU B 28315 2% |, W (B ) 0 174) 22
PRARIGE K] 282 pum, W K T ICH 25 1 1Y 178
. P 5 2R R [0] 1 20k 2 38, A28 A il 2 i
[EROYIAE %S TSI N[ NG %- 0 27 N
{ELUT R BRPREAR A 400 wm , ELERACK A2 5045 3 FRl
4~1 782 pm, Yo B ORI AR BRI 4 2.
E 2(b) FBH , bt 22 5E T B) (4 38 i, bz A% 53 A il
LRI S, Ul B R AR IR AR o A I Y
AR AR A i 2R e (i X Iz A8 2R AR T o R 1k
FUYBCZ W TE S, B 2 min BFE96. 55% T 5 6
min B 7. 13 % , i — 20 0] K2 AR B Bl AN
B hn. S 8 E AR IS JE R T e, M R R AR
PAC J& , 0% 5 T8 1) /N 2K R B ik 3228 7 P
PSR W2 A RIS T PAC 19 W B 2R A S
DRART A FAE T, I 2 F N 22 R e O o sk A R R
PR FLBR DI 32 G rh /N B AR /b 2R AR
(RRLAR S A TN A H5) 1

e 2(a) ((b) A4S, 4% 2 mg/L PAC )5,

—_



5 2 1]

BRI, 2. PAC BUIXTERM R P2 BEAS M FIBURE 25 R A2 ) <17 -

RIAEIEFE A 280~ 630 wm YKL IARFT IR FL %
22.85 % Tt E] 46. 36 %, MTRIAEIEE A 4~35 pmf
ISR S IARTR M 1. 21 RS 0.19 %, i1
I PAC B I8/ NS R A FR MBI, B IR 22
PP | T R 2R AR A 2R RE .
2.4 FKMENTH

W A K AL B T s A T I YR B 4 Y
fah5.E 3 AT PAC #h AT, UL /K
ATy B P22 I ] ) AR 1.

ANA] PAC #ME AT, UG K B R4
o 32 AT P 2 B (0] P 358 o T AS TR AT N 2y
O B, el e B Bt o (] 19 28 Ak B 8 2848, 2206 min
J&i T A iR PR ZLBERT Y 2. 74 NTU R30I R85
JE Y 2,32 NTU, 3 B2 ZSBRFAH 15,33 %. 3% &
AR R 2R AR R TS TR A, S e T
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