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N,N'-Z 3 & 3k I 0 f¢ (DCC) 10.6 g (50
mmol) AT EE 2.22 ¢(30 mmol) N, N-XF — F &
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Scheme 1 Synthetic routes of M1 and M2
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CuBr 14. 5 mg(0. 10 mmol) F T i & oK
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Scheme 2 Synthetic routes of PS-6-PM1Na and PS-b-PM2Na

EREETMAEZLK 1.04 ¢(10 mmol) |
PMDETA 17.3 mg (0.10 mmol) , BEB 18.2 mg
(0. 10 mmol) ,CuBr 14.5 mg(0. 10 mmol ) f F 4
ISR 5.00 g &30 3 WA R—h H 2 —i8
RAEHKRESEHE, T OCHEB P RS
24 h. R EGEE TUOK PR L IERE ATIFER
A LA 20 mL THF R, 5 & 4 7 R 28 01k
SALE AR A 300 mL 1B, 453 3] 1 € UTUE PS-
Br0.60 g, /=% 59% i3 4§, T 115 .

EREGE P INARE S IE KT 51 &
0.60 g (M, = 6.2 x 10°, PDI = 1.05, 0.10
mmol) . B8 & M1 1.50 g (5.0 mmol) . PMDETA
17.3 mg(0. 10 mmol) ,CuBr 14. 5 mg(0. 10 mmol)
KT HERAA 5. 00 g 25 3 Wl AR R—Hh H
2l RGBS B, T 110°C s

EH24 h BREEE TUOK TS L IERE T
TFRAH A 30 mL THF B, & YK K&
Bl AR AR AR T A 500 mlL i o) 75 3 1 48,95
VE , 1 UE, T A [ AR 2 22 I THE W5 i, F I 0 € LA
B 2/ iR O R 4 5 R R A5 80 e B 3k 2R
¥ PS-b-PM1 1.20 g, =% 57% .

¥ 1.20 g PS-b-PM1 % T 100 mL T4 1) =4
F e v, 2812 8 hn it 20 mL =91 2% , 1R A R TE
ST ARSI 24 h. SO 25 R R bR RV

Tl 2 [ A FH Tk e 3 WK, T #8459 5] PS-b-PMITH

0.50 g, ;=% 54% .

¥ 0.50 g PS-b-PM1H 1. 00 g NaOH 5 30 mL
KR A, 7R 2 T i FE 24 b IR G W A 100
mL B e, 5 gE 15 5 PS-b-PM1Na 0.48 g, j= %
86% .
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Scheme 3 Synthetic route of (PS-b-PM1Na)

ERGE PMA(PS-Br),0.50 g(M, = 4.9
x 10°, PDI = 1.10, 0.10 mmol) . Bfifk M1 1.52
g(5.0 mmol) , PMDETA 17.3 mg (0.10 mmol) |
CuBr 14. 5 mg(0. 10 mmol) F F A&7 5. 00 ¢.
230 3 W AR R—h B s — sl AR E
BIEE, T HOCHKR T RE. MREEE TIKOK
MR IEREG ITHRAGE, A 30 mL THF
Wi B, R G W s W 2 AR AL BB A T A 500 mLL
rh A B E A TURE, o U8, BT R & 2 K THF
Vs B UVE ABR KD R RV KT a1 R
FI 195 (PS-b-PM1), 1.33 g, /"% 66% .

J& P55 28 UK PS-b-PMI %% A5 3y PS-b-
PMINa (% 75 3 % ( PS-b-PM1 ), 1 & ( PS-b-
PM1Na),.

1.5 PET 5 #ZFAIHHR

PET #fJE7E 130°C T 325 T4 10 h, g% 7
16 80°C T EH25 T4 10 h J5 B iz f4% 1. 0 % Jix
HESHS PET T fl i BUBFT 55 H HL b e ol
R, B IR o 280°C IR A 10 min J5 B, i 15
SO SR URE . AT I BUAZ R (9 PET A 5 28 4 [R) &b
BT X LS5
1.6 SHRAE

'"H-NMR [ i g Varian 300 MHz #% 5 X 3k
7%, Lh CDCLy, R 71, TMS S N b 5 #4028 5 (TGA )
MhiZih TA SDT Q600 X #4575 |, 7 A LA T,

LI 10 K/min [ 34 % F} 3 ; DSC £k i TA DSC
Q100 Y #8453, ZE R LA T , 29 5 mg FE a5 LA
40 K/min {3 {6 2 300°C , fH IR 5 min §i KR
P AR)E LA 10 K/min 4 38 3R % 2 5 0 ; BE IR
B (GPC) M2kt Waters 2410 Y515 5], L
THF 3t 2l AH , 5053 180K 28 S0 bR 3T 5 4K
Pi g Bilflex 111 % MALDI-TOF Ji 3% {3 45 ; B &
YIS R B AR B /1, 1,2, 2-D0 8 & e (BT Lb
1:1) A, 7E 25.0°C F H 2 Q&K B2 i A5, ik
FEMREE 2 0. 50 g/ dL, ] — sidE A X H AR 2
B —4ET A X LA (1D WAXD) fir AL &+
7 Philips X’ Pert Pro fif§11% , X $F£ ¥ (CuKa)
P BEOLE 7 A, X &K 0. 154 nm, {3 25 T
A X’ celerator ¥ M #% . Anton Parr TTK 450 # & L)
J TCU-100 % J 45 i 4% &, #F 5 5 A7k s,
YLy 2°F) 35°, FFRE R E A 10 K/min.

2 HRMITR

2.1 BEYMERSRIE
2.1.1 BRI RKA T 51 &M RIE

WE 1R, GPC 1S R 24K+
SIRFNMIF L, T GPC T i bR ke B o £
YRR M, WO Sk 0 A5 50408 B SRR 2 0 R o+
5| % 7B SEPR o T8 % T =R Rl &L H
TGS =R IE R A& WAL, i GPC 43
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Fig. 1 GPC curves of PS-Br-1, PS-Br-2, (PS-Br),-1

and (PS-Br);-2

2.1.2 i BOR R A 0

164G Bt A v, B DR A 5 e B g X R A
FEEA T, AR TR PS-b-PMI 4 i Br 4L 2R
YR E S BICE (n, m) 5 B4 A% A ).

WE 2 FrR, R 2-CMmEXN R H]R T
fit (PM1) (1 #4 5 ih £& 78 230°C B 3T 1 302k &,
REANE N 36% Wl TR (REYE
T4 F o 304, 5 T 36% B 304 x 36% =
109, 5 PHASRUT 30y 4y 5 2 112 452301 ) H) W
HOR BT BRFR A o0 i 5 L, 1T B 2K 20 B b (PS)
FE300°C LA MR E. A AL KA AT
DAAS 21 it B e 5y v 1 3 43 1) T dk b OF O R
(1) BRI KAy T8 KR4 7 1 B4 3
o1 B L By v R 43 1 EE A B OB e Al i
B YA RE L vh 2R IR X5 g 17 DX 45 5 B 40 T R
AT DA 20 W o & i b, AR O AR (2) el A
15 B ik B 3k R Wy ob WG 43 0 A B TR DAKE L

PS-b-PM1-1 Jy il , LB £ 4 R o3 51 &5 n 6
A1, RIS 2R P 2 I AR AE 230°C IrF R R
21% 4% m = 20; g 0GB 38 8 3 45 3 K 3R X A
B H, 50 KSR R H, Z 12,
i omo = 20. 38 3 PR J7 245 2 59 BogE A AT RS
i e PR E il T B S ik B SR W A AL R —
PRI FERYT5 3. R 1 B B AT ik B 3L R m
n Al b =R B R Y m Ao AR IR
SRIUH.

304m/(304m - 104n) = W, /36% (1)

(5n +3m)/(3n +2lm) = H/H, (2)

100

80

60

_PMI

40 ~-

Residual weight (%)

20 - PS-b-PM1-1

1 1 1 1 1
100 200 300 400 500 600
Temperature (°C)

Fig. 2 TGA curves of PMI and PS-b-PM1-1

Fig. 3 'H-NMR spectrum of PS-b-PM1-1

Table 1  Compositions of copolymers

Sample Initiator n Weight loss at 230°C (% ) m
PS-b-PM1-1 PS-Br-1 41*° 21 20
PS-b-PM1-2 PS-Br-2 62° 25 48
PS-b-PM2-1 PS-Br-1 41 22 22
PS-b-PM2-2 PS-Br-2 62° 18 21
(PS-b-PM1),-1 (PS-Br),-I 750 16 21
(PS-b-PM1),-2 (PS-Br),-2 48 3 0

* From GPC; ” From MALDI-TOF MS

2.2 piEAIxt PET & @1T AN
Kl 4 g PET FI PET/ A% 5] LR K 2 9 DSC
W ZE. A DSC il 2 v nl DAAS 2 4 245 i U £

WEE T, B IREE T, 45 e mve T, f
gE G AH, R Jeziomny J7 M RIA R (3) 4k
HARSER S sl 2k Hodh X 3RoRTE ¢ 2RO 25
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JEH B REZ . E S P fElg [ -In(1 -
X) Ixf lge P, B 5 J A5 8] Aveami %80 n FI4G

an R Z. R — RV ER S TR 2 h.
lg[ -In(1 = X)] = lgZ + nlgt (3)

Table 2 DSC results of PET samples

Sample T.,,[,( <) T (C) T|.[, AH,. (J/g) n A

PET 184.9 203.3 21.0 33.0 2.15 0.43

PET/PS-b-PM1Na-1 211.5 216.0 10. 6 43.5 2.28 2.72

PET/PS-b-PM1Na-2 200. 1 209.2 12.7 46.0 2.27 1.02

PET/PS-b-PM2Na-1 204.5 212.5 9.0 49.1 3.21 2.19

PET/PS-b-PM2Na-2 196.7 207.2 12.8 43,1 2.71 0. 66

PET/ ( PS-b-PM1Na) 5-1 195.7 209.3 14.3 44. 8 2.54 0.74

PET/ (PS-b-PM1Na) 52 202.9 212.0 16.2 43.5 3.09 1.25
BRI ARE B BE A R ok 35 PET 45 B4 0, B B IF

PS-h-PM2Na-2 \ PET m*z?ﬂl .
PSHPMNal e A A 6 R[] 4 T 45 K 9 $1 45 H 11
< \ ., % \ S, —1 .
(PSHPMIND;2 e PR A A T L R IR 2K IR L 4 T
N N N ‘ W
g| |PSDPMINaL o e RN 1 A% AT AT 1 % AR, I PS-b-
SV eshemMiNeg e PM2Na-1 X} b PS-b-PM2Na-2; M1 H{A fiF 443 il 4%
PS-b-PMINa-1 7 \\____ FIXS PET 45 i 8 3 1 o 3 00 T M2 28 iR ), 4
M\_ PS-b-PM1Na-1 %f . PS-b-PM2Na-1; 23 JF 3t 5 4y
. s . : w =R LR YA T A 10 A SR 5 O [R] A 2 ) Rl
140 160 180 200 220

Temperature (°C)

Fig. 4 Normalized DSC thermograms of PET and PET/
nucleating agent (1 wt% ) blends at a cooling rate of 10 K/

min under nitrogen atmosphere

10k ° (PS—b—PMlNa)3—1
05| & (PS-b-PMINa);-2

. v PS-h-PM1Na-1
0.0 - < PS-b-PM1Na-2
| > PS-b-PM2Na-2

© PS-h-PM2Na-1
\._'/ —1.0 | © None

-1.6 -1.2 -0.8 -0.4 0.0 0.4
lgt

Fig. 5 Plots of lg[ —In(1 —=X) ] versus lgt for PET/

nucleating agent (1 wt% ) blends

A RLE W B T SO LIS B PET 45 4l
PET A LU, 45 & 0 24 1) 785 3 07 15 8% 30, 158 B A 5
REAT R AR PET 25 8% BT 75 2 3 % J3E 5 45 A e
e T 4 A W R AR S e R R 7 R,
W IN A AZ TR 5 PET 1R 25 fit e 545 21 I 4 24038
S5 RS YA S e, BT B A PET i
PRSE AR AL P v, & A W R . LA BB

FIXE PET 45 fh JBE ) ol A8 R AR I

LA RS AR, 455 TR IE 1A MUK IR £
fEh PET R A5 00 2K e Bk 3R
P AE K il 3R o A2, MINa , M2Na &5 5 PET
e i e AR A AR, — S B R PET #hdh, O —
Vi A A% R B2 A PET B 3% 28 i Bk 3R W) 8 5 1k
Hh R TR CTE] ) A% R B BT ) i L AH A
Fr R H A THEESE MR, A 215 PET 3%
i 52 N AL 2%, A R T PET B 45§ 24 %5 fin AR [
o B AR B 1 0N B R 7R R K
RVBE 5 0 2 19 PET A A= K2 00, WA ity B - il i 5
PET 45§ 2. X T = i B R W) i ), e
Fil ok A eh RN S PET 45 fih 08 g 55 4%, R B A=
A Z 1 PET Ak, 8 - 2Z 18] B AR ELAE 1 3 R
R Rz sh A 18 (PET &5 i R AR, ke 23R
IR SR ik Be 3L R Wy 22 . LU A R ) 45 4
M b, ke P 3680 i ) A 7 (o R 408 o 5 1 2 2 4 0
TAESRA RN, 5 PET KON M, 6 M1
PR TS B R X PET 45 & i oo e 4 T M2 B
1.
2.3 mFx PET i E /%00

PET B 45 2650 4 R ke 7R RHE 23 1 BER
AN SRR B REAT AR ORI R S8 P kS
PET R EEHEATIE , A 45 a3k 3 R, Wl L&
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A R ) PET FEACH [R] , #8 70 B ol L 2= P 3
I, 3% 55 /N o 5 FR R R R IR B IR PET % 19 2L
G AR R K. I AT RE 9 SR 24 PET /)
O A Je A2 IO, — 43 PET 8 Wi 28l
P B, T BB AR 1 R AR T PET 15X 6 ik
BeIE IR Wy A% R S I ), — J7 T PET BE W3R, 55
— 5 A% Be i A B PET vh, fili 15 4% {4 1
WEMRAS A B 24 B i iy, e X T BUR R SR AL
LS /NI 1 AN TR R B4

Table 3 Intrinsic viscosities of PET/nucleating agent blends

Sample [n] (dL/g)

PET 0.477
PET/PS-b-PM1Na-1 0. 498
PET/PS-b-PM1Na-2 0. 464
PET/PS-6-PM2Na-1 0. 455
PET/PS-b-PM2Na-2 0.452
PET/ (PS-b-PMINa) ;-1 0.513
PET/ (PS-b-PMINa) -2 0. 468

2.4 pizFIxt PET 22800

K6 (a),6 (b) 47l kK M PET/PS-b-
PMINal FORUSINAAZ R A9 PET F ff ) — 4 748 it
X AT G K, AT LUE 2, 4 PET A & 5 35 K
¥ PET A% §h 7E 290°C i ) #1384y LA — 4~
YRR RS S, RUITE X IR E T PET 4k T
AR S il AR = 1S0C Y, 2L PET 14 1Y
PR S P s A B9 PET R 5 5 85 5
Wom W 2 A5 Hok , R WL eIl T o8 A% )
() PET Ff i 25 B2 0, R MRS A T o8 3. 25
JEFEARZE 40°C 5, 41 PET K i B R7 5415 5 i g
S, TS BAZ R B9 PET A% & 77 3 5 5 JL-F A
AR LU N R R S PET 45 i 8 R 49 R, 7
150°C RV 3k 31 £z K &5 fh AR 2, 5 Z A B9 DSC i £&

FRAT, W20 PET R o W77 76 25 45 i 2018 245 0 2
65 B4 4 25, 3 1 32 X 40°C i PET/PS-b-PM1INal [
A RT A Y 26 (E TS BZRE b I 7 2 1 f)
BE d B (R 4) B T8 R i S =
AR LA ST N e =0.452 nm, b =

0.593 nm, ¢ = 1.002 nm, « = 100.5°, B =
118.5°, v = 111.0°.
PET
Temperature (°C)
290

3

z

g

£

1
20

5 10 15 25 30 35
20(°)
Fig. 6(a) 1D WAXD patterns of PET during the cooling

process

PET/PS-b-PM1Nal

Temperature
()
290

Intensity (a.u.)

1
20

5 10 15 25 30 35
20(°)
Fig. 6 (b) 1D WAXD patterns of PET/PS-b-PMI1Nal

during the cooling process

Table 4 26 and d values of PET/PS-b-PM1Nal at the temperature of 40°C

20 (°) 16.5 17.8 21.7 22.9 24.1 26.2 28.1
d (nm) 0.54 0.50 0.41 0.39 0.36 0.34 0.32
A By PET #7955 10 ~25°C , 45 S #5 2 30% . [F] A+
3 g

BT E BT — ZR 50 4 h W fl 14 8 1 Ak Be 3t
RV T EE PET A4 F. X — R 51 U0t 7
FOMh R B A ~2 S5 4, IO R RE ST 4> 45 PET £ filh,
WA 280 T 38 PET 25 . 35 1% Joi 2 43 20
IR A PET (49 25 dfke U i 5 B0 AR 38 i s 4% 51

1T U R AS B D ik BEIG SR W, 7 5 PET KB4
AE R R PET (8973 54 %2 W B /)y, A% 500 7 ik
B0 45 5 A T 09 [R] B AT 8% s AR 5 T PET #9 23
Tl I R B, S i B R W) U RCR b
T = B R Y, W= i Bt R W A R
PET 7y T AR T &I i B 3L R W), £ 6 L #R



OW R T R0 2(5) - H Xt (I) 2% R o BOAL R 1 £ UL PET 25 47 i1 5% oy 1059

PS-b-PMINa £ fie 4f (1) PET SO PEROR. ad X 40 @& Aoy =2 & i B R Y % 5 8 PET
LT HY SR UE SIS N S R S PET 25 Gl R 4R 25 R ob U AR 4 i I R

REFERENCES

1 KeY C,Qi ZN,Long C F.J Appl Polym Sci, 1999 ,71:1139 ~ 1146

Turturro G, Brown G R, St-Pierre L E. Polymer, 1984 ,25:659 ~ 663

Xanthos M, Baltzis B C,Hsu P P.J Appl Polym Sci,1998 ,64 ;1423 ~ 1435

Wang Lizhi( F3775) ,Sun Chunyan( 53 ) , Liu Wei( X4 ) . China Synthetic Resin and Plastics (& B g & #8 %} ) ,2006,23 :20 ~ 22

Kang Shenghong( FEF} 41 ) , Fei Guangtao ( %% )" % ) , Tian Xingyou ( H 24 /) , Zheng Kang ( ¥ ¢ ) , Zhang Xian (5K #k ) . Acta Polymerica
Sinica( 4> F 54 ) ,2010, (3) ;324 ~328

6  Liu Youxi( X4t >J ) , Wu Limin( | ) , Xie Weimin ( #§{/F &) . Polymeric Materials Science and Engineering( & 4> T # Bl Rl % 5 TH#) ,

1993,9.93 ~97

LY VS N S

7 Agarwal U S,de Wit G,Lemstra P J. Polymer,2002,43:5907 ~ 5912

8  Ning Caizhen( 7% %) ,Hou Feng( ) ,Xu Tingxian (#: 4Lk ) . China Plastics Industry ( #8%} Tlk) ,2003,31:1 ~4

9 Zhang D,Liu Y X, Wan X H,Zhou Q F. Macromolecules 1999 ,32:5183 ~ 5185

10 Xu Y D,Yang Q,Shen Z H,Chen X F,Fan X H,Zhou ) F. Macromolecules2009 ,42 ;2542 ~ 2550

11 Yi Jinghua( B#§#E ) , Mo Zhishen ( 535 ¥% ) . Polymer-Physics ( BLAR 55 40 T BL2%) , Vol 1 ( ). 17 ed (5 —hR) . Beijing (4L 57) :
Science Press( Bl B4t ) ,2001. 111

12 Legras R, Bailly C,Daumerie M, Dekoninck J M, Mercier J P, Zichy V,Nield E. Polymer,1984 25 .835 ~ 844

13 Legras R, Dekoninck ] M, Vanzieleghem A, Mercier J P, Nield E. Polymer,1986,27:109 ~ 117

14 Shi Jiangong( % #/) ) , Liu Zhijian (X ) , Zhang Minhong (8432 ) , Zhao Guiliang (#% 5§ K ) , Shi Qinzhi (A4 #1% ) , Yang Wantai (5 J7
2%) ,Zhao Limei (X i #§ ) . Science and Technology Review (#l# 42 ) ,2009,27:110 ~115

15  Chen Chongyou ( J4 8 74 ) , Li Zhiguo( 2535 [H ) , Wang Caixia( £ % 8 ) . Journal of Shandong College of Textile Technology ( 111 7 25 41 T 2% b
24,1994 ,9:31 ~37

SYNTHESIS OF POLYSTYRENE-5-POLY (SODIUM VINYLTEREPHTHALATE)
BLOCK COPOLYMER AND THEIR EFFECT ON PET CRYSTALLIZATION

XU Yiding, SHEN Zhihao, FAN Xinghe, ZHOU Qifeng
( Beijing National Laboratory for Molecular Sciences, Key Laboratory of Polymer Chemistry and Physics of Ministry of Education ,

College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract A series of block copolymers of styrene and sodium 2-vinylterephthalate ( sodium 5-
vinylisophthalate) was synthesized via atom transfer radical polymerization ( ATRP). Their structures were
confirmed by 'H-NMR , gel permeation chromatography ( GPC) ,and thermogravimetric analysis (TGA). These
copolymers had good thermal stability and were used as nucleating agents for PET. Differential scanning
calorimetric ( DSC) experiments were carried out to study the relationship between polymer structures and the
effect on improving the crystallization of PET. Compared with pure PET ,PET/copolymer blends showed higher
crystallization temperatures and higher crystalline enthalpies. Ubbelohode viscometer was used to measure the
intrinsic viscosities of PET and PET/copolymer blends. One-dimensional wide-angle X-ray diffraction (1D
WAXD) experiments were carried out to determine the crystalline structure of samples. The results indicated
that all these block copolymers were effective PET nucleating agents. They were able to not only improve the
crystallization process of PET ,but also retain the molecular weights of the samples.

Keywords PET, Nucleating agents, Block copolymers





