55 s WS TIESFIR B 14% % 199 20205 1 A

Eco-Environmental Chinese Journal of Vol. 14, No.1  Jan. 2020
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

jlxn 10.12030/j.cjee.201903122 hESS RS X703 SCRRARRUES A

KRR, WRAEHE, KER, % PR BFLEE IR PAS-PDMDAAC TREE I il & 45 1 i AL 15 FRAE[T]. SRBE TR 244, 2020,
14(1): 16-23.

ZHU Tianju, CHEN Chunyan, LAI Jinhe, et al. Optimization of the preparation conditions and characterization of PAS-
PDMDAAC coagulant with nano-microporous chain shape[J]. Chinese Journal of Environmental Engineering, 2020, 14(1): 16-

AR FLEEIR PAS-PDMDAAC R E51) il 8 2% 1
Y DLAE 55 2RAL

ARFHYT, HAML, R, 2 &
1. PO Al Kb ik T2 08, R 610500
2. WP E AT AR AR A BR A | E T E 4 |l IR 735000

BE—EE . RKH (1980—), &, Wi+, Peifi. FFFEHF M. M EGYAH . E-mail: zhu_tianju@163.com
*lAE AR

B E LR (AS) Ak 6 N 5L S ML B 3R 5 W) (PDMDAAC) 4 50k 5 T T HL-A HLIE & IR BE5 (PAS-
PDMDAAC), FfFI F X T SN 1 52 7K TOC 19 2% B 8 Sk i B 8, SR FH [ 17 75 ' Box-Behnken SC 30 11,
AL Tl s T2 S50EM . B ATREEIH 2 T 24 TUA S /K b TOC 1 25 B 3 52 i i 3 PR AR
W BN ik BE > 17 I 8] >AV/PDMDAAC Ji it b s 78 1 7 il 1 A S 0L A 257, PAS-PDMDAAC & 4 1R 56 771 % 1
HH IR PR K T TOC B B R N 74.35%; 24 SRR & 70 °C, R B E] Sk 70 min, AS/PDMDAAC Jii & [y
6 B, il & 10 52 G YR BE SR 6 DU AR IR K T TOC 1 2 B 3 0 220 0.72% , £F 45 SEI00kG B 20K o 38 o SO0 45 4
RAE K B : PAS-PDMDAACKH SR EEN M AFER G RN, ASKMIEWAEESGS, @l fHbBiEMNS
PDMDAAC & 45 B HLII A4 40 K SFLAE IR 23 1) 4540, 93 i IR B L RV Wb Zeta AR L, HE— B 0UE T2 AR
35 ) v DR g PR FH O HL P R R s 1 2508, e A A TR BE R Y B Ak pH Ry 6, SR ME SR TR R R R R G
TREEFIRDTTE, DL EWFIeal B EHL-A IR ARG ARSI T 2%

KRR IREER; AHROK; man kil RAE

R KA 25 7] — B K Tolk . /K75 34 3A 3 TR HOR 53485 08 & ' iy JEail =k, o2& 7K 4
FRERAR 7 Ml B AR G i R R B SRR Pl . BB 28U Y R R R, B — R R TR BE AR M A
FRE WKL BRER , P, &S0 B A 5 1R Bk 0 e 0 2 T AL - HIL A2 5 TR B8 ) 1) T 2 AT ol e ok
ARG B FRR o X T AR BE AN AR A TCHL i o IR EE R i T MR L O e R R A I
e, B A HLE 7 FIREER T —COO—. —NH—. —OH 53Rk 3N, B BAHR . FIR
GEZREEH, AMTHREYNER, 2GR MRENEANED . BREKRELR. ZRElkRS
UL IR R G TR )

BREL . AR ICHLIR BER By K B OB Sk 4 py , IR, LS B2 45 ot R B 5T R T G JEURY
WS BHEA: 2019-03-18; sRAAHHA: 2019-09-24
EEWE: EHZOKETG Y86 56 RHE 5K LI (20162X05062)


mailto:zhu_tianju@163.com
mailto:zhu_tianju@163.com

51 RRHGE: YORBALEEIRPAS-PDMDAACIREEFIH & 45 - 1Ak 5 R AE 17

LIU 251 3R J1 48 E8 oot 1 45 00 9 RO TR BE R 2 75 1 0 38 FR AR v e 2 4 e b 9 A HLY (TOM) 1 25 B
. LIU %0 R FBH B8 1 3R e A AR SR AR VR S 2R BE 0], IRk B | IR A B2 A AL (DOM) &
0TS e b K L RS T RAFRUCR s BB T AU PDMDAAC 1R M BB B L 4 F R A Y
K Kb PR R I AR SR G A B s AE DR RIS AE R R, P A G R AR B R 5 4 K T T A Ak
FAY R B, BEAR AL R A . AE H AT R A Y, B SR % 4 PFC-PDMDAAC. PAC-
PDMDAAC. PFS-PAA. PFS-CP. PFC-P(ECH-DAM) %5 TCHL-FH HLE S IREER], 33 LUy ¥ 57 X A [\ %
7K Kb PSSR 357 i 1 R — 0 A T O LR R sl A HLIR E R, LR S A B4 2 A A 4 v e P R
Aey . MR RS, HAGORZS 5 R A, A A AN RE 1 A TR e

TUA S I KR AE TUA ST R A S R b = A (K, 15 e Rl RN & 2 5 08 FH 09 B 1 Wi
G, [FIEZ M RGOS, His Ry F 2 @k ALY . BRIk, e Es %, |
FEHER S X7 A T 4 MR R T K SERE TS Y. WAl R sk S BR R i K2/ ALY
BIRY . OIS, JRIREEWANEA SCEED, g5 BT, AR N HOKE IS TP B T RRRR ) 2 R AN 45
L Wik, BB R HHRERCR, ORI FHE % PDMDAAC HA RUIRE5 K, BEA 20 5k M
AR o ARBEIE AR R 55 (AS) Ml — H L IR N S A L 8 ¥ R ) (PDMDAAC) M iUk, il 4 TG
HL-F HLE & IR 5E 7] (PAS-PDMDAAC), F| A % gl a2 -1 77 X e 005 T R 3 5F 15 8l 91 22 K
TOC M LB R NIEMAabr, H4T & A IREER Ml T2 5%, FFF H i )i 1 2% th Box-Behnken 512
X T2 &M AT Tk, 153 i Ll & 2508, JEXT 3T T ROR S5 M B RAE, 5T T2 G
TR 1 75 JRL P R TR S L HLER, O TEHL-A ML A IR EE R 0 F R AR S %

1 MR5ERF%
1.1 ME5NEE

B BRBRES (AS, TolbZk, & 16%A1L0,); — 3 IR ALY Y (PDMDAAC, Tl
%K, srTBEZK 3000kDa, & 28%); RNMBEIE (PAM, Tolg, 4rF B2yl 3 000 kDa)
KA . BRIREN . ERER Y M AT al, LK M EE K. DI TUCE R K T K X &
B K RS2 R K . B K P 3K #1400 £, COD A 11 000~18 000 mg-L™', TOC 4 8 000~
10 000 mg-L™",

IR A8 L 21 0 6 % (L (WQF-520 7, Jb 5t & Al ); $7 2 Y6 3% {X (LabRAM HR #Y | 3% =
HORIBA); FRE5F14i B 7 B /3 8% (Quanta450 %Y , 3% [# FEI); X 5 £k A1 5 1% (x'Pert Pro %!, fif %
PANalytical); 5 #%E 52 5 9 £ 4L (MY3000-6C, A T); ZETA A7 I %2 {2 (PALS/90PLUS #4, 3
[ A 5 5 ¥ 30); TOC SRV AILAR I 5 {X (TOC-L #,  H A 5.

1.2 PAS-PDMDAAC BB & 54«

¥ AS(BRL IR 57 ) TC B 8 40% MK, b UEBR K42 B B 500 mL % WA 2 000 mL 3 55 [
wam, HKBIE RV IRE, A —E i i PDMDAAC; 2K 5 BBt £ — @ kel , BEdEy it
RO AR IR BRI, T pH 2 3.5 24 EASEAER, ERHAML4h, BHREERAEY
ARFEHR W A

HAATREER M Llifl . 1 SEH 4 1 PAS-PDMDAAC YR %7 1 50 mL (9 TG 7K 20 B 43 3 Uik i
R8T 40 C AT, THE8hE, BUL&HL
1.3 JEEESCIY

HHL6 1y 500 mL B5HFEEK, 20 E TR EECSHEL T 6 4 1 L fidfstrh, BoEfy, LL280rmin
Fit Pt 1 min, LA 800 rmin” Pt 5 min; BEFEIFUR)E . 76 6 DHEFEAR 4318 10 mL IR EEFR A1 1 mL
B R N I BERE (0.19% PAM), TLRE 60 min 5, BUWFERS FIEW, KM TOC M7 {3 & H TOC & & .



18 ok L B ¥ W H14 %

1.4 Zeta BN E /5 3E

B 1000 mL KAE FIREEBEFEAR T, 875 pH BITUE(E)G, A —E = IREER . 4% 350 r-min™
By, IRBEBEFE 1min, SRJ5 FIHBERESR IORE , AR o SR Zeta B A7 BORLBE 43 A1 {300 2
H Zeta LA o BEAMFES B3I E 3 Wk, THFEHESEIME, HFE R 2 Zeta L4 o
1.5 M B2 B T S A 10 R 8 5T ol 2% 5 1

A3 A5 B N IR BE . R RD . JE AL A LR RN B e 3 A4S B X ] 45 B9 PAS-PDMDAAC
AR EE RN TUA A K T TOC KBRFMFEm, FESCIVa N, X A TR EE R ) i 5 4% 1 it
i1k . R H Box-Behnken i i iy [ 2% A f6 52 56 52 41, 43 BIFEAR (D). 1 0). & (1) 19 347K
b XFTUAE AR K TR TOC LRk 7T, AT 1S 4L, ALK ER 3K, BULE
BHAEVE X R BAE . 3 BRI 3 7KF i F LI H O R L3R 1, TUA B KH TOC LBRE M
S R TR BE S5

2 RS
*1 LUHEERKF

21 MM AR R R Table 1 Experimental design of factors and levels of
PAS-PDMDAAC & & 1R 85 X 7 25 S g5 3 response surface method

V27K H TOC 1Y 25 BR R L 96 B 1T B 25 2R L3k 2. KT

%] Design-Expert 8.0 44 B 55 40 45 5, O %43 x e

Mras Ban g 3R . DL A S eI R K SRR/ °C X, 50 65 80

TOC & B Ry B, VAN iR &R A 2 JR7 ] /miin X, 60 90 120

] . TCHLAPLBTE o HAS S @ ST I N A YK AUPDMDAAC Fltlt X, 4 6 8

ZuiA, ERm= ) s,

®x2 ZLERIHEHER
Table 2 Experimental design and its corresponding results

TOC BR%/%
BT S X, X, X,
FIRE T
1 -1 1 0 73.28 70.408 64
2 1 0 -1 69.78 69.618 64
3 0 -1 1 71.67 73.074 86
4 0 1 1 72.39 69.747 36
5 -1 -1 0 73.54 74.451 14
6 -1 -1 -1 73.51 73.513 66
7 0 0 0 75.51 74.817 39
8 0 0 0 75.46 74.817 39
9 1 1 0 72.95 70.693 63
10 0 1 -1 72.82 70.069 9
11 1 -1 0 71.73 73.256 14
12 -1 0 1 70.96 69.776 1
13 0 -1 -1 72.05 73347 4
14 1 0 1 72.05 71731 12

15 0 0 0 75.50 74.817 39
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Fig. 1 Three-dimensional surface maps of optimization of preparation conditions of composite coagulant
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Abstract  An inorganic-organic composite coagulant PAS-PDMDAAC was prepared with aluminum sulfate
(AS) and dimethyldiallylammonium chloride homopolymer (PDMDAAC), and was used to remove TOC in
shale gas drilling wastewater. Then the TOC removal rate was taken as the response value, and the preparation
process conditions were optimized by the Box-Behnken experimental design of the response surface method.
The results showed that the significance of the effect of the preparation conditions of PAS-PDMDAAC on the
TOC removal rate in shale gas drilling wastewater was following: the reaction temperature>reaction
time>Al/PDMDAAC mass ratio. Under the optimum conditions through response surface method simulation,
the TOC removal rate in shale gas drilling wastewater by composite coagulant PAS-PDMDAAC was 74.35%.
At the reaction temperature of 70 °C, the reaction time of 70 min, and the AS/PDMDAAC mass ratio of 6, the
standard deviation of TOC removal rate in gas drilling wastewater for composite coagulant was 0.72%, which
met the accuracy requirements of the experiment. Through the microstructural characterization, polymerized
hydroxyaluminum was found in PAS-PDMDAAC composite coagulant. AS hydrolyzed to form
hydroxyaluminum and it could combine with PDMDAAC to form a regular nanoporous chain-like space
structure through electrostatic interaction. The Zeta potential variation in the coagulation test solution further
verify that the complex electrostatic interaction might weaken its electrical neutralization ability, and the
optimum pH of PAS-PDMDAAC composite coagulant was 6. At weak acid conditions, the use of aluminum salt
composite coagulant should be avoided due to its hardly precipitation. This provides the theoretical support for
the improvement of the coagualation effect of the inorganic-organic composite coagulant.

Keywords coagulant; drilling wastewater; response surface methodology optimization; charaterization





