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Abstract: Poly (N,N-diallyl-N-methylpropylammonium chloride) (PMPDAAC) was prepared using N,N-
diallyl-N-methylpropylammonium chloride (MPDAAC) as monomer and 2'2-azobis (2-methylpropionamidine)
dihydrochloride (V50) as initiator in aqueous solution. On the basis of single factor experiments, the
Box-Behnken mathematical relational model between the intrinsic viscosity values of PMPDAAC and their
affecting factors was established, and the preparation conditions of PMPDAAC were optimized. The
optimum preparation conditions were as follows: the three-steps heating process temperature was 56.1 °C,
61.2 °C, 80.2 °C, respectivity,w(MPDAAC)=71.03%, w(V50)=2.50% and w(Na,EDTA)=0.0074%. The
average value of intrinsic viscosity of PMPDAAC and the conversion of monomer under optimal conditions
reached 1.17 dL/g and 92.05%, respectively. The structure of the product was characterized by FTIR and
NMR, and its M,, and polydispersity index, d(M,,/M,), was measured by GPC-MALLS. The results showed
that the maximum M,, of PMPDAAC was 2.658x10°, and the polydispersity index was 1.358. The research
indicated that steric hindrance and possible solvent effect caused by substituent propyl group were the main
factors affecting the polymerization activity of diallyl quaternary ammonium salt.
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ammonium chloride, DMDAAC ) ¥R ¥ 5L R Y0
WSS AT o R R A b, IR AE Kb
AMIFR . SiZIEN YL AT H AL T DL R = 254k T 5543
WAy AN RERTHAOTERS
DMDAAC R G W 0% i, 4ok & B2
B O ) L A 4 5 AR AR AT b A R O =Rk
AE B ARG, el e A B e S R M et i R R B v
DMDAAC R4 M SR IEA R AZ ),

Y%F DMDAAC FAREH ) I 3L T Eh 45
H, W5 IE25iRiE T Z iR I A A e BT R
REWAR, VHIY R R ITE KA, 2
Y32 i S ARk e sl A5 4R A iy M e S kel O
W37 AR UEE S Bl T R I TR T I A B B Yy
E4Y) . Timofeeva™ 454 a7 N-HUICHE — 0 9 3k = 51
LR AR T A5 Olsson"™ 45 W T N,N-—
W N R I R R AR O R G . DL A
JE BRI T 0T I e £k sk KRG YR
25, (B T 51 A P SO0 TN LR B = % B
L B iy N g 51 K A SR iy N 7 A B =% DO e
HRETWR AT, X RA YR T RE A
WA, WHEPNE MmN R (NN-diallyl-N-
methylpropylammonium chloride, MPDAAC ) J& ¥
DMDAAC Z= i 8 F #y— > Y B2 40 il e 5 A 1 Y
[AE: LI AR RSy N (EP SIS PN E - 506 M D))
TR BREIFICA RN, &L DMDAAC N JEhl it 17
R RIIE . WRHEBE T 2l o,

ASCHALL E ) MPDAAC SRk, DL 2,2
TS TR AR RREY (V50) ShEIRR, sk
F—EMA =S THRR AR, SRRy
RN N A b8 (PMPDAAC ); Mtk
il T2, SR 5 i 11 7% #2537 Box-Behnken 57
RO St T ANESIERE (6), BRERE ().
BAIREE (6) KPR 5. 51 &7 (V50) &
PR T R A ORI R £ i DU 2,2 DU £ ( NayEDTA )
o7 BRI AT T, e R A A
e, FFEXT IR =Yy AT G5 AR X 4 BT 3R AE
Xof SRR 3 PR 356 18 5 | ALK BRLAAC SR 5 s o7 1% 2 14055 i)
1T TR DL b TAE R BRI 7 3 2 £
AR [R] R W) R A W 5 B e LA K v F 1 e 1
FF A 97 B8 0 10 S Y 3L S 5 Bt

1 SRIGERSy

1.1 XF 5

V50 (40 98.0% ), BERL2=H AR ( Bif)
HIRAF;  Na,EDTA (44X 99.0%~100.0% ).
NaCl ( JE &4 80=99.5% ). HH ( i %=

99.5% ), LifFEZGERLERAFIARA R DLy
R e, B, RN 99.9%, Rt SCARE
Fh SR A FR S 7] s MPDAAC ¥, 5 /3% 87.0%,
P B TOR A 2ROk, AT

Nicolet 1S-10 FUfd B 27 MR A4, 36 [
FEBR KR BHEL A A Avance T 500MHz #5417
HAEREIY, Hit+ Bruker 227 ; DAWN HELLOS #EJi
B -2 A HOCOEEUHY ( GPC-MALLS ), 3£
E Wyatt 23 A,
1.2 PMPDAAC Hi% &

B 5.0 ¢ MPDAAC & T4 A Bt FI 4 U 1B
Hr, ARUINA H 3 R ZE A K B — 5 R 4 B
FURE . SRR BN BB . e E T
RN T WL EE 20~30 min, i1k R YEHE A1
S, TEIRKE PR R IR RS REE . BE
T EE B T & R RF 3 h, Ak 9 h Z50 5,
RBNR B AP Wy, WRE R, D Yy
TR0 BE B RN SRR A 232, FASORH 10 25 48 R A1 AH T
o3 i S LA A
1.3 ITEHexn

BE T B R R IR R LI AR AT A B A S AR
6,=55.0 °C . 6=60.0°C. 6=80.0 °C. w(MPDAAC)=
70.0% . w(V50)=2.45%F1 w(Na,EDTA)=0.0071%, %
EEIRE N RS H AL T 2N R AR, Xt
R A7) PMPDAAC FEZEBE(E B2, L,
WAL E 6 AR R/ W4, % Design Expert8.1
H Box-Behnken BifY , S35l AT AL SE5:, L=
FIRFHEZE B (oM R N A, B FEAS BB il 4 T2
Hrp, BB RTZHENREG (4). 6 (B)
e (C); 540 wMPDAAC) (D). w(V50)(E)
K w(Na,EDTA) (F), 3t 6 ANHZE, BitHE %5
BRI 1 3k 2,

1 Tl BN R G KoK

Table 1 Codes and levels of design T factors
1% i) LSis
-1 0 -1
6/°C A 52.5 55.0 57.5
6,/°C B 57.5 60.0 62.5
65/°C C 77.5 80.0 82.5

2 BRI HAM T Z R R gl KoK
Table 2 Codes and levels of design other factors

% i Ll
-1 0 -1
W(MPDAAC)/% D 615 70.0 72.5
w(V50)/% E 2.25 2.45 2.65
w(Na,;EDTA)/% F 0.0035 0.0071 0.0107
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1.4 PMPDAAC M4 ER EEMBEKEHL RN E
FEEBEEEn]: FREZ 0.1 g 721, H51HZ 0.2 mg,
BT 100 mL &, LUAR] 1.00 mol/L NaCl &%
BRI, BA. fEAKBRE (30.0£0.1) CHHEES
PR, A T 2 B A, 438 >l
ALE (Conv. ): FRELZ 0.04 g 7=, UEHf
0.1 mg, BT 250 mL MEif, A 100 mL 2 &+
K, BB SE R R E AR GB/T 2231220081
rH A IR T 2 AR ZR R AR R Y %
1.5 PMPDAAC WIZE#aFntExt 4 FREFRAE
FEMORE ] . FREGE 877 A 100 mL BEdrH,
A EZEIEK, R EEmG, S8 mA N
JEFE i FE, s B E AR Y T, K A
40 CHEZ TR TR, SR, BUHEE S BRE,
BBEREGYTH, MATERS PR, HTEg™
WA RAE
FTIR: XM KBr J& R ik XRG §il 5 iR st 17
FTIR i, JEGER 4000~400 cm™, '"HNMR &
PCNMR: DL D,0 M, DU SEERE bR, X
Kl G AORE S i AT 45/ R AE . GPC-MALLS: RH

0.50 mol/L NaNOs; sl A, Kk il J5 (A i i il
T IRIE N 5 /L BT, 3 0.45 pm 15T 3kaC
g RS UE S, SR GPC-MALLS I 5 7 4 14 Al %
oy M, M2 e 5 d (M /M, ).

2 HR5WR

2.1 MR @E:EMEH PMPDAAC #I&TE
2.1.1 RJERRAL

e WO B R AR AL S 5511, R Design
Expert8.0 {4 236 HcH A7 11 A 404, ml 45 HOR
R TR [1]=-211.3305+0.63194+0.9063B+
4.1644C+0.00964B+0.00364C—0.0036BC-0.013444>
—0.00944B7-0.0258C*, I K 2 [a] I 45 1Y (1) 5 22 4y
Br 2% 3.

MR 3 kB R 2 Rl AR () 5 22 30— 25 A ml
T, ZARR R ok BB R*=0.9159, 3% I T {8 1 5
HE RO CTE BT, A 9.41%BMa W (E 8 SRR
IR . FXUA TR — RS %E T 0, K
fiff —JC—W R, B R WA N 4=
56.1 °C. B=61.2 °CHl C=80.2 °C,

3 IR R MHRRL 5 22 5 B
Table 3  Analysis of variance (ANOVA) of temperature parameters

3 S5 A i Y155 F P e E M
Model 0.22 9 0.024 8.470 0.0051 Significant
A 0.015 1 0.015 5.340 0.0540
B 9.113x107° 1 9.113x107° 3.180 0.1177
C 7.200x107° 1 7.200x107 2.510 0.1569
AB 0.014 1 0.014 5.030 0.0599
AC 2.025x107° 1 2.025x107 0.710 0.4283
BC 2.025x107° 1 2.025x107° 0.710 0.4283
A? 0.030 1 0.030 10.370 0.0146
B 0.015 1 0.015 5.120 0.0582
c? 0.110 1 0.110 38.330 0.0004
Residual 0.020 7 2.865x107
Lack of fit 0.011 3 3.525%x1073 1.490 0.3456 Insignificant
Pure error 9.480x107° 4 2.370x1073
Total 0.240 16

K1 kA, B, CHEERE 0 KFKMT, £HEE
X R B AR 2 B2 . & 1a AT LA H
Wi A F B RREE N, 7= R e 6 B (R SE T i
JG TR, 24 4=56.1°C. B=61.2 CH}ik#IHA; K
1o R, PR REEAEREE 4 A1 C 3G finm Se
Jakk, B RIEAE 4=56.1 °C. C=80.2 °Clfliz; Kl 1c
R, PUREER BEERE B RN C RGN [RIAE SE 3G hn
MEREAR, 24 B=61.2 °C. C=80.2 °CH} ] 3453 nji i &
MR A . TR, SEER AT, RN ER

XTGP VR BE AR Y 52 W LFE Sl A>B>C o S Hir
HEHTET, RHE Arrhenius 28 k = 4e 5/ RT Al
RA TN R AU e BRGE R  RE E
TEOLT, A IR BRI FR N5 & A ROk BE 2 52
RE BN E LN R AR SCRAG LR — Kk
A =20 TR I X T R G, 2R ROV HTIN 51 &
—RPEMA B ETHE T, 382 % B B s i B Y A 2
B, SEELRA RN T . RITE 6, B BE HAk
R BE G| AR T BE B S R I R A, $R i R



© 432+ & @m & T FINE CHEMICALS 36 %

FEZE 6,, W SLBURAE T 51 &0 B s oy, A AEG AR A, ek Ay kL

HEFF IR RO AR R . A8 R O e ) T

§H3 BJ/I\EQ,

AERA, RS RA WX 7 T,

e ~_ | < ’ . 7 B g2
61.5 5650 8IS .~ 565 805 - 605
60.5 - 5 o~ 555 795 oo - 595
0S5 s s 53 s o557 5585 B
“s57.552.50° B ac 55257 M 57

a— GRS REGRE; v S3IRIEE; —RaS5PLRE
P 1 R PR 3R 58 T R R R 1 ) 3 T ]

Fig. 1 Response surfaces (3D) showing reciprocal effects of temperature parameters on the intrinsic viscosity of PMPDAAC

212 HMLTEemAL

Fie O A T2 A L8 1t , >R A Design
Expert8.0 A {45 S B 4 A 7 01 0 4304, AT 45 oA
TEHRERE A F R [7]=92.7520+1.8701D+
21.5522E+165.4012F-0.0600DE-0.5556DF+34.7222
EF-0.0121D*-3.5125E*~14313.2716F*, HAth T 25
BRI 7 2250 B WL 4.

FH 2 4 Hofh T2 R &R WS FE AL ) 5 22 30— 243
Frol i, B P e R AL R7=0.9624, R WIFHAA
FNSEIAE AR DRSS 3.76% 1M oy {8 1) S A8
SRR FZM R ROR o FEXHUA R — B 4
T 0, R =J0— R, AN RNRES
. D=71.03%. E=2.50%. F=0.0074%.

K Kl 2¢ W, 78 E=2.50%%1 F=0.0074%}, 73k
1) e 1 AE F e Ao FROTZE AT AT, SR AR R L
b PR 28 X 7 AR 2 B R SE WU Ry E>D>F . S At
HIFRAET : RAERABEEEO R ™, 5] %57
R I F R m AR T R RGN
T XA SCHIFSY, 7 B R A TR 1 3 A L
ME|RFNFEDEN 2.45%0F, BENSHE L5 T
RN I RFER 51 K BRI A R 40+, i)™
VIR AR 3 B CRRAERGRE(E ) 34 hm. A 51 &
WRERAR, TN, 51 &FNE]ESRIK,
RE R ARG H RN AT A, 5 &I e,
SlEREMWHOZ, AT RIS FREGUNIE, L

K28 D. E. FEEEZRKFFET, £1T.24
PR 2T 7= W R 8 B (L A 3S B2 Hh BT 22 T LU
e, PEURHERNEEREE D M E RYREINERGE R
TE D=T71.03%H1 E=2.50%H}, 1 35 31 W 17 {1 55 1o 155
Kl 2b £, R D R F W30, P9 iegh i (E
SeTbE I TR, 24 D=71.03%H1 F=0.0074%F 1k 3] %

AE SRR A T R IE B B (A . A R
M i A BUTE 67.5%~T72.5% N BE {57 B4 43~ ) filf 48
SO S: )|WNRR 7/k S (1 -y (R3[| I (BB S ¢l e
R IF 5 3 T PR A TS B 5 | 39k B A A2 K 5
[ei] st /> 55 14 BH 300 45 B 07 R 2 v i 1) 4 R S T
Je RERE I DB AT, (3R G S BRI HEAT

#4 HAb T 2R mIHBALE Jr 22507
Table 4 Analysis of variance (ANOVA) of other factors parameters

P37 R H HBE ¥4 F P B
Model 0.38 9 0.042 19.900 0.0003 Significant
D 0.039 1 0.039 18.580 0.0035
E 0.048 1 0.048 22.770 0.0020
F 7.20x1073 1 7.20x107 3.410 0.1072
DE 3.60x107° 1 3.60x107° 1.710 0.2328
DF 1.00x1073 1 1.00x1073 0.047 0.8339
EF 2.50x107° 1 2.50x107° 0.180 0.3124
D’ 0.024 1 0.024 11.370 0.0119
E? 0.083 1 0.083 39.390 0.0004
F? 0.140 1 0.140 68.670 <0.0001
Residual 0.015 7 2.110x107
Lack of fit 0.010 3 3.350%x107° 2.840 0.170 Insignificant
Pure error 4.720x1073 4 1.180x1073
Total 0.390 16




SRTFUR, A SR DY AR T TN A S B S SR AE - 433 -

35— 695 ofo 2 0.0055
2577 50561580 D %%

0.0035

13
121
Ll
§ g 10+
=091
=08
0.7
725 0.090"5"’7': 065
70 s 0'00756‘66‘5”5‘“ o, 258
"'7."? g * ! ! '».,,,7.._77,.« 2.35 . \n/°
67.5685  pole /% 0.0035 225 B

a—V50 5 MPDAAC it 43%; b—Na,;EDTA 5 MPDAAC JEHE43%0; ¢—Na,EDTA 5 V50 [ &5k
B 2 Hofth T2 R 2R A8 5 M AR AiE 286 13 %) o 7 1T €1

Fig. 2 Response surfaces (3D) showing reciprocal effects of others factors parameters on the intrinsic viscosity of PMPDAAC

454 2.1.1 KX 2.1.2 s g R 14 %] PMPDAAC
Btk T 4R 6,(4)=56.1°C . 6(B)=612°C,
6, (C)=80.2°C. w(MPDAAC) (D) =71.03%. w(V50)

(E) =2.50%F1 w(Na,EDTA) ( F) =0.0074%., &
RIS R 6> 6> 65, HoAth B2 052w iy A
w(V50)>w(MPDAAC)>w(Na,EDTA), fEffET 24
PR3 3 d1PATSESE, 3R A =Y R IE 2 B
FEREEAL Bl 1.21 dL/g Fl 92.85%, “F34(E
4 1.17 dL/g 1 92.05%.

2.2 = PMPDAAC B &HIRIE
2.2.1 FTIR &% 5#7

KLk MPDAAC F1¥%¥ PMPDAAC /iy FTIR
JEEE 3 i, O MPDAAC Ha[E Hi: 3329 cm™!
b7 O—H WP 4 dic sl licvd , =B b AT5 A
FIKAFAE; 2997 em™ J2=—C—H {45 §i 3h W i g
2880 cm™' JEAEHEBET C—H KGR B W
1641 em™ J& C=C MR 45 4R s g, 1472 i
1426 cm™ JEIEREBEh C—H 1T P il AR 3h I
g, 998, 959, 907 cm™' J&=—C—H I/ HhiE s
el , X SERRAE G LB 7 MPDAAC H 40 & =C—
H.C==C .C—H %:H{?", 5 MPDAAC #ft,,PMPDAAC
1E 2939, 1626, 994~902 cm™" &b X 7 A4 B4 XU
WU 47 EL 9 2k K R , HLAE 1458 cm ™' 4b oy A
U WS J g A 4% O C—H YT P A
PR g, LR AR E A BN PMPDAAC,
2.2.2 'HNMR #= P"CNMR % B o #7

& 4 5 MPDAAC F1 PMPDAAC i 'HNMR ii#
El., & 4 77, PMPDAAC T 6 1.37~1.59 (a
) A BT IR, S R A ) FBE—CH,—
FH BT, 62.71 (b ) &Y HICH
—CH— I H Wi, 6 3.87~3.93 (c i) =)
FICH 5 N A% —CH,— b H B9 Wi, [a] i,
%FH MPDAAC, 5 C=C B | H A1 A i o
5.69 (alg), 6.01 (big) BLFEANL,

& 5 )y MPDAAC F1 PMPDAAC 1 *CNMR i
K., dE 5 AL, PMPDAAC HAT 626.80 (alif)

F F5E—CH,— W, 6 37.51, 38.97 (b %)
4871, 51.36 (¢ W) 435128 Lot E—CH—HI
—CHy— 1 BRIl [FR, X MPDAAC HLfk
Wiy, 5 C=C W I CHIXM 6 1244 (alg) K
128.73 (b W ) PRIt JEATH 26, 3 ¢ B UUdg:
CATHIF RS -

PMPDAAC

4000 35|00 30IOO 2500 2000 1500 1000
viem™
K13 MPDAAC #l PMPDAAC M£L4MGHEE
Fig. 3 FTIR spectra of MPDAAC and PMPDAAC
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Fig. 4 'HNMR spectra of MPDAAC and PMPDAAC

2.2.3 PMPDAAC % GPC-MALLS & & 2 #7

WE 6 Fr, H4E GPC-MALLS #a ) Ji #1251
I 5E K i J5 FE 5 PMPDAAC ([7]=1.21 dL/g, Conv.=
92.85% ) MIAHXT /¥ s, 159%] PMPDAAC it
s T] AR X - o i R AR A i e, Lt B )
I~ 17.7~24.0 min, 243 H B A ZE 20.8 min A3k 2]
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WEAE , FEMIARRT A>T M,=2.658x10°, Z4rHitE
S%d (M,/M,) =1.358,

a
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c + or £
TN d
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oot L 1|
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e

b3

140 12|O 160 8|0 6b 4|0 Zb 0
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Fig. 5 '"*CNMR spectra of MPDAAC and PMPDAAC
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= 06} ks
E" 16.0x10¢ 8
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Kl 6 PMPDAAC M HfsIE] (a) AR 4>F 5 REY
i (b) ik

Fig. 6 Elution time (a) and molecular weight distribution
(b) curves of PMPDAAC

2.3 BRESEHUXRERAEEEMNZIESH
231 BURA T 2om ALk AT

5 DMDAAC ik e H R AR, AR
PR E I — W B B N 3, B MPDAAC
HR, R T 2R X — B IR AR Ak Y H - 2500 X
HEE LT A B A4 S n s, B 3
B TR0, T AR AR T R A A Aok
HHRE IR (14 4 1F A A 06 e 2 A8 A R g BB ) A B% (41
B R ) 15 LMKEL, 2% 3CHk[19]F DMDAAC 5
Y15 Y PDMDAAC M4 4%, MPDAAC Ml T

DMDAAC H44 K 15 5 W) 21 H1i 18] ) o i g i e 7
LB 5 B,

# 5 MPDAAC % T DMDAAC Hfk KR L5k
P 1 e R A g 2 A

Table 5 Comparison of absorption peaks change of monomer

and homopolymer in MPDAAC and DMDAAC by

FTIR spectra
1k
ZES FEAE WL
2L Lt S I
A2 s Y -

MPDAAC =C—H % Ikzh -83

AH T LeJeAE b C—H WY N IR 3 +48
DMDAAC —C—H [fi$h25 i 8 +50~118
PMPDAAC T8 E C—H W4 IRsh +5~14

T

W =7 FoRAE; 7 R,

M 5 0l XFFRURG A T3 B IE
H2ZJ5, MPDAAC % DMDAAC H=C—H #1454k
SR CIELT# 83 em ™', FRII AT REA AT B BE A1 sl
BB FRAR, AT A4 9 360U [ H FE AR
ISR B HEAT 5 {H S, =C—H THi &M 3R Sl
W RN e FE 8% TR C—H B T P S PR S R A s A
DMDAAC ## 7T 50~118 i1 48 cm™, M50 & fig A
oA R BE B I IN RORF . T RAY,
PMPDAAC T4 F ) C—H 45 Ik 3l W i s 45
PDMDAAC ¥ T +5~14 cm ™ 5B P L0495 Ay
Kl B REA SR RBEE IR, BR T H R LA
RRGER =AW Z AN, TERRE MR A Y
AR, BUREEH B AE X C=C R HL T = %
S AL, E I 5 e 3R B B I T 1 SR AR T ] A
(), ELARTT R SRR R G B T RGeS A
AL AT, HERE RN IERER AT
B AT RBUEA AP0
232 RRZEMAEARESREE®Y A6 THES

M Fe Ba ik
2.3.2.1  BAUKGERES I W] BEPE AT

XFFH I IERA R, 45| &5 R R R
BN, BIRMRA NGS5 A EE LR,
T H WO A 2SR | B TR AN g
X}F MPDAAC 1l 5 , ¥ DMDAAC Z=4 5 I iy F &
BN EE , AR 5 K4 A AL A X R A S I 1
FEAE—E WM, —J7 T, 388 B FROW & H: FTIR
TEEI AT AL, BRI, AT el
F LB T ®E R gm, ARTHHRERS
R R T o HE, RS TN R BUR S a A 38
FE AR FRUHE A 5 | b A B 2R G o 8 A 25 )
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REBEAE R A, B A A B s 1 o i e
%, AT 035 AE A Z2 8 20 HOR 20— 1] B4 il 42
X BEAH T AR [ R SRR G OB EAT, SR
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