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Ultraviolet-initiated synthesis of P(AM-MAPTAC) and optimization

of preparation conditions with response surface method
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Abstract: The cationic polyacrylamide flocculant P ( AM-MAPTAC) was prepared by polymerizing
acrylamide ( AM) and methacrylamide propyl trimethyl ammonium chloride ( MAPTAC) under UV
irradiation conditions. Determination the structural features and thermal stability of PCAM-MAPTAC) by
IR and TG/DSC. The Response Surface Method was used to obtain the optimum preparation conditions:
pH 4. 75, initiator mass fraction 0. 07%, EDTA-2Na mass fraction 0. 20%, MATPAC/AM molar ratio
0. 33, illumination time 60min. Under optimal conditions, the intrinsic viscosity of P (AM-MAPTAC)
reached 14. 72dL./g, under this condition, P(AM-MAPTAC) showed the best effect of sludge dewatering,
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FCMC 70%, SRF 6. 94X 10" m/kg, tubidity 9. 70 NTU.
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diffent parameters on intrinsic viscosity of P(AM-MAPTAC)

2.3 #EBIIGIE

J T35 P(AM-MAPTAC) 2% % 14 £t 1 i
B A 0 D) R B [0 I3 5 # 43 B R g RT A5 2
P(AM-MAPTAC) ) e A il % 26 144 L i A& & pH
i 4. 75.v-044 Ji &4y %5 0. 07% .EDTA-2Na Jfi £ /¢
#0.20% .n(MATPAC) /n(AM) K 0. 33, 5 B B[]
60 min, £ T - P(AM-MAPTAC) 54 Kl B Fi
DA A 14,59 dL/g. b 1 5o e A5 A 0% o o Ve 7 B
PRI SN AT 3 A PAT IR UE SE 5, 43 45 3 P
(AM-MAPTAC) F¢ 4 K B & 13. 51,14, 72, 15.
11 dL/g,F34{E 14, 45 dL/ g, S5 {E 55 00 {H /Y
FHRT IR 22400 0. 96 X6, UF B 2% 455 78 Bl 4 47 b Joz bl HH
P(AM-MAPTAC) 28 & 7 1t i % 5% 1 . 78 Fe A 1l %
ST A PCAM-MAPTAC) , i i il %2 5% &
AM LR AT AS A AL R = ik 99. 200, KA
B PCAM-MAPTAC) 1k R 5 L 5% B8 2 P A% . |
i J5 20 U i K SE I L RT B AL A5 1 Rl & P
(AM-MAPTAC) ZEEFIA R 471 2 EEPERE .

2.4 P(AM-MAPTAC)Z & FI g R1E

2.4.1 #rohkigEEiE P(AM-MAPTAC) 2§
MILL A i B an i 2 fros. B 2 W %0, 3 435
em ' Ab X R A 2 B B R NH, 9 45 Bk 2 Ik
W, 1669 cm Kb X R A 2 B B I ok Ik C=O [y i
245 % 2 W AT i K T A TR AT W 6 N F AML B g R
B—NH, 5 C=0""", 3 743 cm ™ "2 XF 0 1y 42 N—
H {9 1 45 95 2h W% g g, 2 945 em ' 5 2 836 cm !
Qb A3 0 % R B 2 R JE—CH, 5 R—CH, A
Xt FR A 4 4 s 06T L 7E 1533 et Ak g R g U
e s B N—H 28B4k 8h . 78 1 492 em ™!
51451 e "4 P IR S 0 IR N D R 2 e R
MAPTAC 43 F 0 H 3 (19 A8 TE 4k 8h» 1 971 em ™!
Ab W% i U Xof I F N CCH,), 9 45 3R 2. 38 3
A3 BT AR U 0 T 1, P(AM-MAPTAC) 4 7
WATFoh &4 AM 5 MAPTAC f4E, £ AM
5 MAPTAC BRI L&A T RGN .

Transmittance/ %

3435

4 000 3 000 2 000 1000

Wavenumber/cm™

B 2 P(AM-MAPTAC) 2 5 5 By 4L 5b e i =

Fig. 2 Infrared spectrum of P(AM-MAPTAC) flocculant
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2.5 P(AM-MAPTAC)Z @M RN

SRR E L PCAM-MAPTAC) 2§ % #1775
Ye JE 7K S35, 43 A1 22 68 00 5 MR B2 L pH {6 22 3
RERY 2R 55 Tl 45 00 T BB R HEAT . LI
JIT R G e [ T R X5 K AR BT
Ui, B R B RER A RE, & KkE
98.3% .yl BF 120.2 NTU,pH 6.0,
2.5.1 HHEEESFFTRMLAEEG R BT
P(AM-MAPTAC) (f#i # PAMA) [ £ 1k il %% 5% 14
T A AR G e B L I BB K B
9.68.12.60.14. 72 dL/g (ALl & 2144 T & L &
e . BB T R 25 mol % 1y [ il £ 8k, 75 98
pH A 6.5, 58 PAMA R Kl B2 X 38 DF 5 7K 38
15 6 L BRI b 39 V0 A ek BE s e, Rl 4~6 af
H1L,3 B PAMA 7 #4775 U8 I K b BRI . 7 A TR] i)
P SN LB E PAMA SRR KRG B A 1S K 35 U8
(08 B 7K 38 5 18 B BELRT - 355 9 4% e B ) K
REAG X J2 K 2 PAMA 5 P Al B2 389 i i), PAMA
SR oy R AR B I A R B 50 e Uk
8 A ARG A o AT BT R R 5RO T 1 O A S R A
FHE o AFCY B0 0 R M G B 3 b, B 505
TR A AN J ¥ 57, = 3500 I ME BE ok TR, 2R €
TV R RE 1 8 FH L 25 6 5 08 A T I IR R L TE AR SR
Brrh L LRG R A AR bR . 3 Tl B BE R SR BEERE D
PAMA-25-9. 68 << PAMA-25-12. 60 << PAMA-25-
14, 72, 3t AR B A0 A A5 TR g v S
2.5.2 pHAEXTFRBLARER G Fom  pH (EXTE
Te Bk R B B mAE . BT &I KA BT
AbFEIK AR TR, 15 08 pH (A B B 22 5,
B3R pH A XF 5 Y8 B K R 5 5 5 i - 43 b B
S 56 6 RURE 1 R BE AH I 1) PAMA-25-14. 72 (flfk %
A 8O 58w F 28R CPAM-25-15, Dk b i

95 -

90

i \\6

FCMC/%

75 F

70 |

0 20 40 60 80 100
Dosage/(mg-L™)
1#: —=—PAMA-25-9.68 —— CPAM-25-12.60——PAMA-25-14.72

B 4 P(AM-MAPTAC) %1% 55 B XTI & /K R
Fig.4 The influence of P(AM-MAPTAC)

intrinsic viscosity on FCMC

35

@
=)

SRF/(10"?’mK-g™")
S & 8

)
@

5

0 20 40 60 80 100
Dosage/(mg-L™)

1 : —=— PAMA-25-9.68 ——CPAM-25-12.60 4—PAMA-25-14.72

B 5 P(AM-MAPTAC) 1% 45 & %475 ife Lt BE #9541
Fig.5 The influence of P(AM-MAPTAC)

intrinsic viscosity on SRF

~
=)

=)
S

Turbidity/NTU
g 8 8

w
S

S

0 20 46 6‘0 80 100
Dosage/(mg-L™)
1¥: —=— PAMA-25-9.68 —e—CPAM-25-12.60——PAMA-25-14.72

6 P(AM-MAPTAC) 545 E 3 £ i5 BRI K ERF G
Fig. 6 The influence of P(AM-MAPTAC)

intrinsic viscosity on turbidity

TR A by BE 8 BF 5 K A )L 8 pH (B X 2R BE
RGP BOKERER . I 7.8 Al AL BEHE pH
(ELAY T g o A RD 28 5 5 Ak BT 98 IS b i RO A
TG DR 25 7K AA0 52 B SE s/ 5 16 R A B, B #R
HicftE pHE., REE pH=4.0~11.0 i ,PAMA-
25-14. 72 Ab PRY5 PR b3 R AR L CPAM-25-
15 4 BRS m » AH B BF 5 K R X — 8 bR il LU



% 14

HRALE BT L B A P(AM-MAPTACQC) & v 5 &t 40 %) & 123

PAMA-25-14. 72 By Ab PRALC R S 47, H AWK 7.8 7]
HI,PAMA-25-14. 72 ZEEHOR X pH {H 1938 [ 1 2
I T CPAM-25-15, X & i T i & % M I &+
5N M T e 22 k79 2 2R DAC.DMC % [ 85 1
. FHEEW P FfER L, 75 pH HE R . A5
R K i T A 2R ) 43 - R YL T B BE AU AR
25 o T S 40 Ak 0 BH B 1 5K O MAPTAC, 45
A H ) TG B AR T AR, L FE pH (B R
NGy e He K i AT AR RE R B B AT B v BE . 7
AL T . PAMA-25-14. 72 kb 335 R )5 . i ik
Tl A3 BE AR AT 36 9.5 NTUL JEME & K R 5K 7] 35
70% . AT WL AE B AR A 1 R A B P CAM-
MAPTAC) 1 22 BERCR pH 3 FH 3 B 45 Jy i #8230
Hh R 0 2R R T R L RV A A I I

Turbidity/NTU
s &5 =

©

2 4 6 8 10 12
pH
1¥: —e—PAMA-25-14.72 —s—CPAM-25-15
E7 SkRpHEXNLERFKEENZIN

Fig. 7 The influence of sluge pH on turbidity

90

FCMC/%
= x

~
o

=
=)

65

2 4 6 8 10 12
pH
1 : —e—PAMA-25-14.72 —s—CPAM-25-15
8 5t pH EXIEH &K EH I
Fig.8 The influence of sluge pH on FCMC

3 &g

DR BARFR pH E . 5] &R v-044 it & 55 4.
EDTA-2Na Jit & 43 5. 50K B8 R L ot BET [|) %
PCAM-MAPTAC) F¢ 1 Kl B 1952 ) g 25 MK T Ol ok
HEE ) > 2 W 4R & pH {H > 5] & 7 v-044 i & 4
¥>n (MATPAC) /n (AM) > EDTA-2Na J§i & 4>

. iz e R TE AR ] 5 P CAM-MAPTAC) 2
BEFRI T AT I AT A S e A 28 20 Dy s SO iR & pH
{8 4. 75.v-044 438 0.07% .EDTA-2Na Jii f& 43
#0.20% .n(MATPAC) /n(AM) 4 0. 33, B& A} [A]
60 min, IZ AT Hil %15 20 3R 5 77 P FE RS B
By 14,45 dL/g, H SRR AL A 5 5% B BRI

LA T S R W] AM 5 MAPTAC Hufk
W EETRAERNMN. BRETWH P (AM-
MAPTAC) 27, 22 - 4t R W], P (AM-
MAPTAC) 577 W B A R FSE 1 .

34 H il PCAM-MAPTAC) 22§57 i 1 T75
Ye 7Kk Ak B 2B RAT ) SRR N — 2 B X
LB UE TR RIS L pH IS R MR Tk
DIRACRRE 3

SE WK

[ 1] RUIZZHERNANDO M, MARTINEZ-ELORZA G,
LABANDA J,et al. Dewaterability of sewage sludge by
ultrasonic, thermal and chemical treatments [ ] .
Chemical Engineering Journal, 2013, 230 (16):
102-110.

[2]ZHANG W J, XIAO P, LIU Y Y, et al

Understanding the impact of chemical conditioning with

inorganic polymer flocculants on soluble extracellular

polymeric substances in relation to the sludge
dewaterability [ J ]. Separation and Purification
Technology. 2014, 132 430-437.

[3]ZHENG H L, SUN Y J. TANG X M, et al. UV-
initiated polymerization of cationic polyacrylamide;
synthesis, characterization, andsludge dewatering
performance [J]. The Scientific World Journal, 2013,
2013(11): 937932-937937.

[ 4 ] 2250, 5K 8, B A 5. W oy 100 V26 DG Ak L A 25 5 1 I 32

AL I B b W B uE W L] BRSNS 3R 0 TR
2015,37(3) :134-141.
LI L., ZHANG S, FAN L L, et al. Optimization of
electro-fenton process for advanced treatment of mature
landfill leachat with response surface methodology [J].

Architectural &  Environmental

Engineering, 2015, 37(3): 134-141. (in Chinese)

[5]LIAO Y, ZHENG H L, QIAN L, et al. UV-initiated

Journal of Civil,

polymerization of hydrophobically assoclating
cationicpolyacrylamide modified by a surface-active
monomer; A  comparative study of synthesis,
characterization, and sludgedewatering performance
[J]. Industrial & Engineering Chemistry Research,

2014, 53(27): 11193-11203.



124 + REHR YL KB LTE

% 39 &

[ 67 Wy, ok k. 5 . B B 280 50 D 4 Tk fie 22 38 70 1Y

AR RMELT] L TR 2 M, 2011,38(4);
52-57.
CAO J P, ZHANG S, HAN B L. Synthesis and
characterization of a cationic polyacrylamide flocculant
[J]. Journal of Beijing University of Chemical
Technology. 2011, 38(4).:52-57. (in Chinese)

L7 %A0, ks, 2 me B, 4. ma R 1w 3% 08 16 il 46 PAC-

PDMDAAC Z& b 22 5857 S R AELT]. AL T4 3, 2014,
6(2):731-736.
JIANG S J, FENG X R, LI X E, et al. Preparation of
PAC-PDMDAAC hybrid flocculant by response surface
methodand its characterization [J]. CIESC Journal,
2014, 6(2): 731-736. (in Chinese)

[ 8 ] PALANIKUMAR K. Modeling and analysis for surface
roughnessin machining glass fibre reinforced plastics
using responsesurface methodology []]. Materials &
Design, 2007, 28(10): 2611-2618.

9] R B2 A6 DL Z 25 BRI HIK AL O, g4k it

R4y B R AR AL LT 1. D BB M RE, 2015, 46 (37):
23101-23105.
YUAN Q. GE H H, JIANG Y K, et al. Optimization
of dispersion conditions of Al,O; nanoparticlesin
simulated cooling water [ J]. Journal of Functional
Materials, 2015, 46(37): 23101-23105. (in Chinese)

[10] WANG X, YUE Q, GAO B, et al. Dispersion

copolymerization of acrylamide and dimethyl diallyl

ammonium chloride in ethanol-water solution [ J].

Journal of Applied Polymerscience, 2011, 120 (3):

1496-1502.

[11] POURJAVADI A, FAKOORPOOR S M, HOSSEINI
S H. Novel cationic-modified salep as
anefficientflocculating agent for settling of cement
slurries [ J ]. Carbohydr Polym., 2013, 93 (2);
506-511.

[12] ZHENG H L, LIAO Y. ZHENG M Z, et al
Photoinitiated polymerization of cationic acrylamide in
aqueous solution: Synthesis, characterization, and
sludge dewatering performance [ J]. The Scientific
World Journal, 2014, 2014(11); 10-23.

[13] YANG Z L. GAO BY, LI C X, et al. Synthesis and
characterization of hydrophobically associating cationic
polyacrylamide [ J]. Chemical Engineering Journal,
2010, 161(1). 27-33.

[14] GHIMICI L, DRANCA I, DRAGAN S, et al
Hydrophobicallymodi? ed cationic polyelectrolytes [J].
European Polymer Journal, 2001, 37. 227-231.

[15] GUAN Q Q, ZHENG H L, ZHAI J, et al. Effect of

properties of

template on structure and

cationicpolyacrylamide Characterization and
mechanism [J]. Industrial & Engineering Chemistry
Research, 2014, 53(14): 5624-5635.

[16] HJORTH M, JORGENSEN B U. Polymer flocculation
mechanism in animal slurry established by charge

neutralization [ J]. Water Research, 2012, 46 (4):
1045-1051.

(i #AED)



