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Fig. 1 The synthetic route of PMAMPI
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FH 25 4k B 038 % B DDS-11C 7, 5 32 (Y
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1.3.1 QT2

A Y b B — 12 LY I — ¥ HE [ A — 5 b
HLOE AR IR B AR Y > — = — 5L PMAMPI
KIEW (10 g/L) (¥ L 1:10, 32 10 min, 5L Ax %R
T5% ) — T (80 C) — 3= " HL YW (YL kL 20
g/L LR FE T5% ) — ek 12 FL AR (B B4 10 g/
LB 1210, 5L % 90% ) > % H W HE (15 h) —
POKPE—-WR K- B (B 110, RRH 2 o/
L, 2 g/L,10 min) —/K%—4tF.

Xt HEAT TR A AR e, TR I
Geh vl A R], e i AL BN B 40 o/ L, [ 35
T &L AVR E 100 g/L.
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R LU 15 6 1 I >R F 7 KR ORINTEX H i
N 2 T £ 22 e D0 3 e 0 o 003K T R O 2 AR
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BEY B9 97 ¥, SR JH SW-12A 78U fi Yk €8, A2 B 5 36 Bl
(B G SALER ) Dk ; o 28 48 42 B AL 4% GB/T
3920-2008 277 2 iy {2, 4% i X0 560 it B8 4 o B ) 1
e, R YSTUA RS 82 42 g ) 0 (7 V3 N 5
ZUNERT) M AR 4l GB/T 250-2008 € 275 41 i ff
A 00 W AR B K B R ) I GB/T 251-
2008 &5 21 i €5 7 B 3 5 O 5 9 6 K R R )
Xt Y € 25 B HEATIE S H B 22 AR 9% GB/T 8427-
2008¢ %5 41 5 A2 B 3 5 i N 3 SR £ 7 B R
IO W7 2%, >k 136 B Q-PAR 22\ Q-SUN3100HS
196 2 450 3
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REBHAHARASA) WE RAHHEA
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AR RE R DU U 7R BR SR F R A 24 h, X
THEE N 2.0 em/s, MK 10 AR [ F A7 1 BHAU{E
PEATE . B IR BEHE GB/T 12704. 1-2009( 4541
i S35 W PR A 0 A — AR A W k) A
B, H AR R SR 2 4189 DH-400 #4% i
00 B AT I
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Fig. 2 '"H-NMR spectrum of MAMP

2.1.2 PMAMP By £1 463 A4y &

MAMP HufR2: [§ i R G 515 5] PMAMP #Y
L HNEIE N 3 Fr k. 3067 3039 3015 em ' Ab Yy
W g ok B T BE B C—H (Y it 45 4 2 ; 1728
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F 4 IR 30 5 1412 1466 cm ' 1Y WG Wi i Sk [ T ik
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Fig. 3 FTIR spectrum of PMAMP

W5 &K AIBN H & & A R4 F &1
PMAMP , 5 J& 51| J57 & #k B2 A8 AL 61 0. 4 wi% F]
1.4 wt% . 2 GPC | i /= ¥ PMAMP 1) 5 ¥ 73 ¥
B TR KR AR TR .
B 51 50 5T i A B I, 7R o R AR AR
T X2 R A B 51 kR R RN R & [
— I ] A % 14 TR PR RS i, BRI 5 Hy 5 Al
JUSBRIE N, Bl 14 SR IG 0, 18 et R 8 w5 0
—J7 T H H R 1 R 2 T BOE 4 0k R Y
Bom, sy 7 RBERCAG HEEREN K
L.

Table 1 Molecular weight and polydispersity index of PMAMP

Concentration of Conversion

M M, M,/M,

AIBN (wt% ) (% )
1.4 14600 3600 4.06 88
1.2 14900 3700 4.03 82
1.0 15500 4100 3.78 79
0.8 17100 4800 3.56 72
0.6 18300 5400 3.39 65
0.4 19800 5500 3.60 60

2.1.3 PMAMPI ) {25 71k

R R B, AR TE] CHLT R Bk B %) PMAMPI
FH B0 B2 52 dn 18] 4 BT . 4 CHLT (4R
JEART 10% B, FH 25 16 52 BE AR, 7= W 227K oA
RESC WM. >4 CHLIIRBUMR B2 10% B, HC fi
PEREEE 22, K VA W h AT T VE WAL, o v s T A5
PMAMPI [H 55 F B 4 26.87% . >4 CH,I {&FH vk pif
BEIE T 15% I, 7 W) B AT AR GF 0 0 e, T LA
S K, e ad PMAMPT FH g5 5 fk B 3 in 2]
35.12% k23 CH, 1 Hk B PH B 1 1k {4k &

Hafm, 4 CH,T ¥k B2 KT 35% BF PMAMPI (1 [H &5
TACBEE G I 22, 3 J2 T #h A5 19 RS
AR R UL UE, W CHL T Y R R L 3R A8 IS 3
;IR

W oW W A
(=] - 3] \S)
T T T T
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Fig. 4 Relationship between CH;1I volume

concentration and cationic degree of PMAMPI

2.1.4 PMAMPI [{J# 4L & (TG)
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24 ) PMAMPT 7628 AU R Y TG £ Kl L3 4
Mk JL-F & &, i 261 46 3 o 2 B2
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270 CZ i), B 5 BRI B 2k o, HAT 4 i AR
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100
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Fig. 5 TG curves of PMAMPI

2.1.5 PMAMPI ¥ fifi

W 3 H AL 2E HL L, 45 A PMAMPI (1) 45
¥4, PMAMPL 437 3 1 % 1 56 75 el 4 AL 7 R
W B 2 KA BN, A R TR A TR (S AR ) ANy
Tz O K R AW, O B8 IE, 7E PMAMPIL [
IKESW A NaOH ¥, 8 pH (%5 T 10, Jin #4
A3 30 min J5, [ W PO SBE B WA DTTE
KA T ) A AT B AL B A9 PMAMPI 7K %5 & H
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Fig. 6  Representative water solution ESI-MS spectrum of

PMAMPI after hydrolysis by NaOH

2.2 PMAMPI 7 & #h 3 & fh B9 52 A ¥ 4y
2.2, 1 i BT B A A G Y (0 25 B Y R )
Z QL[ A T2, PMAMPL 3@ & # i 7 VA
UL KPR T S 5 GRS AR 4R iy R T, AR 5
it PMAMPT (%) BH 2§+ 5 A1 45 & G4k}, 76 18 60 0 72
LRy SR N S A R o -l B E S D i
G55 SCI TG ER Y £5. PMAMPI 1 2049 35 18 W B o
Z oy F RS2 ), i w21 Y AR
PMAMPI 7 ¥ 3 K, ﬁé%ﬂﬂﬁéﬂﬁﬁirﬂéﬂ&
PR A, B0 GRS R 28, 43 i R/ B 23 03
55 PMAMPI K 4y 1 78 £F 4 3¢ 1 19 W B . PMAMPI
Gy F R KN T PMAMP (1 43 F &, % A [
5y F i i PMAMP i £  BH B3 710 35% 72 44
() PMAMPI F AR LU ) T b Y (o, 25 SR n 181 7.
L2 3 TR TR AL ME G )5 , B A s
(75 VR K/S {8, 24 PMAMP [ M_ A 1.55 x
10° A e (0 B4 15 €0 T8 B fe i, (0 [ L B 22
SR, X R TR A Y 1 w4 A v
T Y.
2.2.2  PMAMPI ) BHES 103 % Je o 25 B 5 i)
PMAMPI FH & 16 B /9 K /N R 25 3R A W 7
2L 1 n W B L, PR A AL BRE SU % LR Y
W B o, DA B e oRh i A LR S NI 20 6 M

3 e 137 ) 1417
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Fig. 7 Effects of PMAMP M on the color yield

1595 10° i PMANP. ) 9 L6 5 12
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S 8 57 5. PAMPL B S T 41 (04

BN |3 B Rk ELAT AR IR F BLEE. 24 PMAMPI
B T L 35% 75 4 A 400 419 i K 1
VREE |0/ A B T B A 185 5L 78 7R
P WA B - 15 19 PMAMPE 7 45 B 1 - 26
VA > | B 5 49 0 B W 5 0 0
HORHON T MBS LA RO R R TR T I,
SSU 10 75 GR B W18 T AL i, ey
535 PMAMPI 437 BB 38 10 o 9 25 45, e )
17 B £ 20 4 8 5 2 44 % P S A0 B AT B0
Fy T 3 W 2 B0 A 500 10 78 G VR F

23F
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21F
20
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16
15
141
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11 Z % % % % %, % 4
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KIS values of dyed sample

Fig. 8 Effect of PMAMPI cationic degree on the color yield
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7R 5 Y 1 B0 A R R Y g R g X
4 PMAMPIL 7E [ @1 & v, DA i Ab BREA P2 250
P, R A TR 01 v B e SRR e A e
IK A S 7R B8 2R TN M TR A L B /Ny B B

A NGV BRI T k. i HLR SO (TR 2R G 4

B RS B A T 52 4 BV F K W
o, 751 34 1 20 0 ELAT 5 1 2

Table 2 The color yields (K/S) and fastness of the dyed fabric

Rubbing fastness

Wash fastness Light

Dyestuffs Process K/S values
Dry Damp Color change Staining cotton  Staining wool fastness

CI reactive Salt-free 24.1 ~4 3 4 4 4 6 ~7

red 111 Convention 24.9 ~4 3 4 4 3~4 6
CI reactive Salt-free 17.2 4 3~4 4 4 4~5 6~7
yellow 176 Convention 17.6 4 3 3~4 3~4
CI reactive Salt-free 21.9 4 3~4 4 4 ~5 4 ~5

blue 194 Convention 22.7 4 3 3~4 3~4 4

2.2.4 e UY g H B TERE IR R I A 22 AR 0N X U B R

%3 NGO R S W R KB R
TPERE , a2 PMAMPL R kb B 5 (9 A 219 15 <
7T S N N i A R BT ER
TR K i de 0 )n S E S B
YA A BT AR i TR G fEh S 4K
ZU LRI LAY XF H AT R A0 T ER e 10 )5 2L Y

[ € LR SR e K e Ak BT PMAMPT K 1
F T B K A, T RLSE 23 M MR L) SR R 2%
X AU R BN 2 R . G ()5 21
Wi W L5 B 22 AT SR gL RN TG ER S ()5 A 24 L Ul
WA PMAMPI 3 17 JC £ e {0 % A £ 4k 1 5 2
JCHRF IR B M

Table 3 The air permeability, moisture permeability and breaking strength of the fabrics

Air permeability (R)

Moisture permeability Breaking strength (N)

Samples
(kPa-s/m) (WVT) (g/(m+h)) Warp Welt
Untreated raw cotton fabric 0. 160 8415 669 486
Pretreated with PMAMPI 0.221 7918 665 482
CI reactive red 111 Convention 0.198 8182 636 442
Salt-free 0.203 8175 623 439
CI reactive yellow 176 Convention 0.217 8079 624 441
Salt-free 0.215 8085 620 436
CI reactive blue 194 Convention 0.193 8195 628 446
Salt-free 0.201 8172 627 443

it

i

|

3 z

LA TR i Tt SRR 2 -k I Y A JEORE, 5 T 2-
WER I A 5 T PP T A 5 i B pE i B R R 1S
BN 3558 9 2R 2- b WE PR 04 R T I 5 DAL Y b
AR AT AN [R] BH B 1 AR R B 2R 2-74 0 R T
P -1-FH R e L. BAEE (TG) 20 #r % W, PMAMPI
(36 3 70 i i 2 0 170 °C 5 T AP Se R 2 2R R
PMAMPL 75 G P 4 5 & 7T & 4 K f 52 0. K

PMAMPI [ FH F A U4 ) TG 5 7% SLHE Y o v, 2%
R TSR JE [ N PMAMPL J3 4 X 4 (8,41
Y ERE MR/ N, FEEREY T RA6
B ) BA YR E T R 35% K4
B, Y o 21 15 VR B I IR TR AT Eh e o %t H L 41
WA TR B A% T YL €5 A 32 4 K ) ik i o A AR
e @ 1) 7K F-, TC £R Yo £0, 3k B 2L SR B L 3B T
B MEBE A . PMAMPI & 4 FH T8 804 %
YR TCEE Y (5.
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Synthesis and Characterization of Poly (2-methacrylate-1-methyl
pyridinium iodide) and Its Application to Salt-free Reactive Dyeing

Hong-wei Li" , Shu-hang Zhang
( Department of Material Science and Engineering , Beijing Institute of Fashion Technology, Beijing 100029 )

Abstract  The monomer 2-methacrylate-1-methyl pyridine ( MAMP ) was synthesized by using acryloyl
chloride and 2-pyridine methanol. Then, poly ( 2-methacrylate-1-methyl pyridine) ( PMAMP) with different
molecular weights was prepared by free radical polymerization of MAMP. PMAMP was further reacted with
methyl iodide to give poly ( 2-methacrylate-1-methyl pyridinium iodide ) ( PMAMPI) of various cationic
degrees. 'H-NMR was used to analyze the structure of monomers. The structure of polymer, molecular weight
and distribution , cationic degree and heat resistance of PMAMPI were tested using Fourier transform infrared
spectroscopy ( FTIR ), Gel permeation chromatography ( GPC ), electrical conductivity test, and thermal
gravimetric analysis (TG) respectively. The precipitation experiment and mass spectrometry ( ESI-MS) tests
were performed and it was proven that PMAMPI was hydrolyzed under alkaline conditions. The produced
PMAMPI was applied to the salt-free reactive dyeing of cotton fabrics by cold pad batch method to achieve
better dyeing properties. The influence of molecular weight and cationic degree of polymers on dyeing
performance was studied. The results showed that the influence of molecular weight on color yields was
diminished within the testing range due to the broad molecular weight distribution. The deepest color yield of
dyed fabric was found at 35% of cationic degree of the polymer. The color yields and colorfastness properties
(wash fastness,rubbing fastness and light fastness) of dyed fabrics by using cold pad batch salt-free dyeing
method with PMAMPI pretreatment of cotton fabrics were closed to, or even better than, those using
conventional salt dyeing method. There was no significant difference in the resulting breaking strength , moisture
permeability and air permeability between the salt dyeing method and the studied salt-free dyeing method. It is
concluded that the PMAMPI can be used as a salt-free auxiliary in reactive dyeing on cotton fabrics.
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# Corresponding author; Hong-wei Li, E-mail; clylihongwei@ bift. edu. en



