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PVC ¥y oK, S5 2, RS FH e A Tk 5 3%
SUNR TR B G, Tl i, 6 SUMH 4. 22, VAT 4 4% T
RERHEL A W B AR K R (TSA) |, 43 Fr 4, V5 WAk
AR B R PRl | O SR R B R S
TEBEEE 310 43 A 4l AR RL Je A a5 5 bR
AT el AR AL Tl T
1.2 #EBHME PVC HWEK
1.2.1 AUk REA L E PVC

# 300 mL PR Hil .10 g PVC B A b A £ 500
mL = i, fF PVC 582 W5 TNA 16 ¢ fift
KGR 21 g BRIRER, AR T, T 60 C LI

1.1

24 h. I KN 58 5B = FURH Y R 9 5 A F
500 mL /K (RS KRB R 2.1) IR AW
H s TR A E110. 2 g @ HOR BA. JEK
(e T V0 500K ol 975 %, FH AR R R 5T pH (L 22 4 /2
A ARG BN B EE R i, FL2S TR 155 10,1 ¢
H ok AR R B AR K % B8R et PVC 2 9 (PVC-
TSA) , A AR WL 1 AR 1.
1.2.2  FENR W g ek PVC-TSA

FE—~ 500 mL — FBEHE S m A 200 mL 54
15 .8 g PVC-TSA (12 g AR s A 3 i NV,
N WA, F 65 °C F BRI 15 h. f§ K&
SO I EE DO, B2 T8 43 8.1 g Uk
RIF A NG W7 B2 P G B PVC-TSA 7= 4 ( PVC-
TSA-EFAME) , & B2 UL 1 Hh 20 38 2.

1 1 Step 1
PVC
0 (0]
/N II
H C—Rl—(li—(li—Rz—C—O— CH
H H

Step 2

H
|

Ry, R,: +§+6~7
H

Fig. 1  Synthesis route of PVC-TSA-EFAME

1.3 PVC/EFAME BRI $I &

1 10 g PVC.0.56 g ¥R 5 W2 H R 72 40 1R
B JE T E R BB , B SR TR R
R R ) ok B 42U T R I 5 PV C IRTR AR | s
1B 229 5, AR id 8 PVC/EFAME.
1.4 X FARAE

1 B H-27 AMGTE (FIIR ) 2 4F % 25 [ PE A
A Y FIIR 788 L i 728 e 21 A0 3% A, KBr J£ A
Wmg 4t R A 3% ("H-NMR) 2> # & Bl UNITY
INOVA400 #% i LA, LA — H FL K ( DMSO)
VA ) 5 B I 7 A2 T P R 4 [ i 3t /A /] Y DSC
200/1/H PHOX ZI7R 22 49 4 & #2247 W0
IR DSC =4 43 B, FHlR 2 10 K/min, T A
PRAE 7 i A A AR R UGS Rl 2.

e R SRV TS Aty i 0 1R K & PVC/EFAME
IR B PVC-TSA-EFAME A £12%4 100 mL IE
BEBE Y 25 O, SRR, R B AR S AR
UV-2501PC BY48 &} 0] Ul 43 56 5% B 1l 2 A [m] s
6] J5 1E BEGEAE 273 nm AEWEOGEE | A HT C MR BE Y
P 5 5 2 R 5 0E BB TR B VR O B vk B
it £ 152 EC i I A 2 0 ) v B

I FH 55 Ak (B 22 A1E 34 98 700 0% i 442 1, R R 7
Thermo Haake 7> 7] i PHOENIX 11 C25P #I%
A8 I 2 AL 5 PVC/EFAME 23R i FE & PVC-
TSA-EFAME (55 f0fA. Mk 7 k2 B HIRE R &
B VG B J Ak AR Q/SQR. 04. 097-2004.
AT, B S T RS TR 48 h TR R
Ja PR CT R S MRS, R AR
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TR TR UK 22 T L BR T (A6 Y T TR
) L B I A U AR ORD ¥ B0 AR RE IR B BN
(100 £1) C,AH KR 21 C ;M 2 A
mn R R WA ALY R BT AR TE L 16 h JE I
AR, TR R TR 4 b S D R B SS
FRTE A BT i ARk R 1 S5 AR E T He (1) T
G = (G, -G)/W (1)
K 6 HEAE (ALY HE L & B 00 mg/kg) ;
G, RV BERT AR E 1 BT i (AL mg) 5 G, MR BEM
TS R T B (B mg) 5 WA RE A BT (R
fii g).
2 HR5TR
2.1 FTIR $#f

PVC 2t Ak R SOk AT L ) 20 0 3% 141 L
K 2.

b

S 4
3| ¢ Lilo= 747
Q

g

k=

g

g

& -—

1733 17

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

Fig. 2 FTIR spectra of (a) PVC, (b) PVC-TSA and
(c¢) PVC-TSA-EFAME

Mk a 4 PVC % FTIR 3%, 7£ 2500 ~ 3000
em " AR HY B PVC R IR SR 45 3R 3 I i 04
AAE 2000 ~ 1500 em ~' Ab K B Bk FE G AR 0 U
WA U5 B AR S R R A TR i AR T AE PVC-TSA Y
FTIR 3% & (& 2 #fi & b) $a] L& B, 78 1705
em " 'AEFT 747 em AR BB T R BRI C—S—
C PRI W g X BT E S s 5 PVC SR+
Z [E] 1 Sy 24 4 AR K A7 R B 2 < 4 3] PV C
Ky T4k .4 ¢ & PVC-TSA-EFAME % FTIR
TR, NE AT LUE HAE 1734 em ™ AR T PR
B R AE W W 0 T 1705 em ' Ah FR SRR A W i 0
R UL IR RR R 5 PVC-TSA YR AL
AR AR, B Z PVC-TSA, PVC-TSA-EFAME
FE 1172 em " AL TR IR TR O = C—0—C MK
WU | ik 3 — 20 d B A 48008 I R B 5 PVC-TSA

KA T R
2.2 'H-NMR &#f

FFH"H-NMR #f — 2 % AE PVC-TSA Fl PVC-
TSA-EFAME ({45 #4 , I3t 25 S 53 ) UL 1& 3 (A) il

3(B).
A Water DMSO-dg
1o
'n m
Cl S b+d
COOH
atc I

Aromatics

1 1 i | 1 1 1 1 1

8 7 6 5 4 3 2 1

S
B Water DMSO-d
18t
n 1
Cl b 4
€
g
+
b+d ¢

Aromatics +

P S LM.J

8 7 6 5 4 3 2 1

Fig. 3 'H-NMR spectra of (A) PVC-TSA and (B) PVC-
TSA-EFAME

FEE 3 (A) 1,8 =1.95 ~2.39 H—CH,—
CHCI (i fb#i%% 6 =4.0 ~4.7 H—CH,—CHCI
HIA L%, AR AR K A R R I L & BLAE 6
=7.1~8.2 40, XU TE L@ EH IS PVC &
J - 2Z 1] 4 50 5 Ak 4 7K A7 R I 1l B < 49 422 )
PVC K% 785 . 7E PVC-TSA-EFAME f' H-NMR
W (E 3(B)) H,8 =0. 85 Ab HI B T 3 4 I 5 iR
FH i o —C—CH, W W 0 | i B4 4 B 7 R HH I o
CH,0—C = O Wil Hy B AE 6 =3. 57 4b. ix #
— UL T & T PVC-TSA-EFAME, 15 5] T
BT T 0 4548 .

U F ARG R 1 R TIRE A SCR T H-NMR
i BB AR K B R AH X T PVC Y AR
(MG). NEI3(A) HIL,6 #E 7.1 ~8.2 Z[A] i 57
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HREAMILFENFE, 6 7 4.0 ~4.7 ZH N
—CH,—CHCL k200 7% W AT LA — % i FR 43
1 AL 20 (2) TR PVC I EEACR

MG (mol% ) = (I, , 4,/4)/ (1, 4.4, +

L, s ,/4) x100% = 1.2 mol% (2)

RISF-25 48 1000 SR FA 12 DRI A T
FERCEE. MHT SCA] FIR B e 2 2 5 3 5 3 AR
U5 12 FEY T 34 958 7] =2 8] A B I, AT Ik AR SC 4 B ek
FEEEAHY T 10 g PVC HA N 0. 56 ¢ H %008 17 2
FH Tl 34 98 751
2.3 WEUHETEE

AR A DSC XF PVC/EFAME 3t iR 3% #f &
PVC BCPERT 519 T 4700 5E . T, (1 BUE J5 i 2 4
S AR S5 R R R AR I PR DR S T AR A
TR LA T, R BT 45 5L UL 4 Fik 1.

Heat flow
Exo

40 60 80 100 120
Temperature (°C)

1 1
0 20
Fig. 4 DSC curves of (a) PVC, (b) PVC/EFAME, (c)

PVC-TSA-EFAME and (d) PVC-TSA

Table1 T7,s of PVC, PVC/EFAME, PVC-TSA-EFAME and PVC-
TSA

Samples ~ PVC PVC/EFAME PVC-TSA-EFAME PVC-TSA
Plasticizer

— 5.6 5.6 —
(wt% )
T,(C) 81.4 38.1 37.8 83.5

PVC 73 18R 1K, 1 B 18] A B AT g 3
FELAF T 7 ¥ 4 BN BEFE, L PVC WY T, 3k
81.4 C. 5 PVC, Mt [a] =4 PVC-TSA 1) T,
WA 4 g X SRR R Dy s — O T, R B A A A
PVC-TSA K43 F 4 [0 B W 7 &8, 4% 7 1l
P 33858 5 o5 — 7 T, 51 R B0 WP L AT
REAR T 2> THE SRR, HL 2 ) (57 B AR 5 SE A0 A 1]
ForFHEiE 3, Ik PVC-TSA 1 T W54 T+ .

M5 ¥ %08 B MR Wl B JE, PVC-TSA-

EFAME (9 T F&E % 37.8 °C, ihd W13 s % 35 4 B

15 R B i 42 K B PVC Ko P4 BB 5 T A Ak
REAS PVC Y T, 6 5 1 98 A 85O0 76 NI R
B FEET I A S R AR E AT T, B
P A 5 kR U A 43 R MR LR, T A A
22 TR A BB B BRI A C17 ~ C18 1Y
TR DR Y R AU D R TR R 51N PVC R4y
THESG RN T 43 F4E 00 2Pk kb T U 3
RANF= A L BRI, 2RI T, 5 R AR

SERscE s PVC AN W B LR i
ISR 07 R Y R A 3 40 ( B4R TR ) 5 PVC
T4 B rp AR P B 4 (C—C) AR 51 S, TE AR
HX R E MBS 9 PVC IR &R . PVC 53 95 [a] 4 B
YE B PVC-PVC 8] B A F | ) Aok 33 28 551 I A
PB4 PVC 4> F BB T, 14 59 PVC K> T4k
48 0, 45 PVC /9 T, B AR 78 AR 3o
PVC-TSA-EFAME 1y T, 5 PVC/EFAME #2131, ¥
WA R 4216 07 82 TP G 4 A oo v PVC B 7 0 I
W AV 3 420 I 2 PP G ) 38 0B 2R
2.4 HWEBFHBEFHHMEST

AR SCF AT PVC/EFAME 3ER i3
FE & PVC-TSA-EFAME % il 25148~ 1E B Joe o 16 Jht
WAE BT RS, B S A I A5 Y IE B b P B SRR
i T Y ik ot ST i) A 28 155 O

e
(=
T

— e

—ay,

N
5

=
=)

=

EFAME concentration (mg/mL)
o o

©a

1000 1500 2000 2500 3000
Time of extration (min)

|
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Fig. 5 Extraction of plasticized PVC samples in heptane at
room temperature: (a) PVC-TSA-EFAME and (b) PVC/
EFAME by physical blending

S dnf LUF i, PVC/EFAME JEIR & &
FERhHAILTFRETIHAKBR. XFEHT
PVC/EFAME K& & 1 # RN R, /Ny F
BRI DL S SR AR 1 5 PVC 254, BT LS il
H P T PVC-TSA-EFAME v f4 35 480 I8 i 2 P s
W) 2 3 A M R U2 A B PVC R T8 L
153 PVC/HG SRR Z NI ] 2 AN 25 P A8 hy i
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I HES  WARA I ff e T 3 4R W R R I o i
f 1) 8l PVC-TSA-EFAME 7& I i i [v] 9 JL P
A I 2 A A AU 1 e R T A
2.5 WEBFNSEMELEDHT

AR SR FH 55 A0 (B Sk 2R AIE 15 98 500 19 T 4% % M
A 26 AE — IR E (EF 100 °C) FIES ] R
A R 4 e R B R BILY B B PR
H mg/kg(Hil i) . PVC NEEH TR EE KA
B R ARE, A R AR R A A B e R
Fr. PVC/EFAME 3t 3K £ 1 PVC-TSA-EFAME
(4 55 AL AR 2 25 91 T 3% 2.

Table 2 Atomization values of PVC/EFAME and PVC-TSA-EFAME

Samples W (g) Go(mg) G (mg) G (mg/kg)
PVC/EFAME 5.57 663. 53 665. 39 334
PVC-TSA-EFAME 5.10 660. 65 660. 66 1.96

fh3 2 AT W, PVC/EFAME iR 50k 19 Z 1k
A=A 334 mg/kg, X FEZH THEIEH R T
fif 5% A 25 By ¥ % W) 2k . A X F, PVC-TSA-

EFAME fiit #% & PEREAL 5, HiEALH <3 mg/kg, £
EMTFED FRFREEEBTL2ER(<3
mg/kg) .

3 #ig

(1) RIS PVC Z 8] 1y R R B 5T A
PVC K or T4 , A 2 2k 5 B0 S0 1 1 P T 2
(0] F) S 2 K B S0 s 1R TR R S 4 A 3 PVC 2y
FHE I FTIR " H-NMR WL 3IE 55 T 254 (1 1F 5 74

(2) PR AN 1 1 VR TR 4 PA) 34 98 Bl B A AR R
fiX PVC (4 T, , 524 5. 6 wi% 19 2R %08 5 R Ik 7T
fff PVC 9 T, M\ 81.4 CRE% 37.8 C.

(3 ) T doly 3 P 5 T 4 O A X L S 3 45 R
HhHEIA R G0 (SR ) I UB R 12 h 5 LT 2T,
il T 55 A A T A 3 2B AR R 0 I8 R 9 1T RS A
BT A BEWE7E SRR L PG A 2 1 99 55
W HER AR T PV i A B A
LA TERE.
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Study on the Graft Modification of PVC with Epoxy Fat Acid
Methyl Ester and the Plasticizing Properties

Hua-zhen Sun, Po Yang, Hao-jun Fan®, Yi Chen
( National Engineering Laboratory for Clean Technology of Leather Manufacture ,

Synthetic Leather Research Center, Sichuan University, Chengdu 610065)

Abstract To suppress the migration of epoxy fat acid methyl ester ( EFAME) from plasticized PVC,
EFAME, as an internal plasticizer, was covalently bound to poly(vinyl chloride) (PVC) chains via a special
synthesis process. The carboxyl-containing PVC ( PVC-TSA) was synthesized through nucleophilic substitution
reaction between PVC and thiosalicylic acid (TSA), and then EFAME was added to react with PVC-TSA to
gain the internally plasticized PVC ( PVC-TSA-EFAME). Fourier transform infrared spectrometry ( FTIR) and
hydrogen spectrum nuclear magnetic resonance ('H-NMR) confirmed the structures of PVC-TSA and PVC-
TSA-EFAME. The 'H-NMR data were further used to calculate the degree of modification. It was found that a
degree of modification of 1.2 mol% was achieved using the method of this work. The glass transition
temperature (T,) determination was realized by means of differential scanning calorimetry (DSC). The T,s of
PVC and PVC-TSA-EFAME were respectively 81.4 °C and 37. 8 °C. Compared to PVC, the marked decrease
of T, was attributed to the introduction of EFAME which increased the flexibility of PVC chains. The extraction
and fogging experiments showed that almost no extraction or atomization loss was detected in PVC-TSA-
EFAME, which suggested that the migration of EFAME from the plasticized PVC was completely suppressed.

Keywords PVC, Epoxy fat acid methyl ester, Graft modification, Internal plasticization, Migration
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