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Synthesis of processable ACR and its application in PVC
XUE Mingxin'?, CHENG Hongpeng'*,ZHAO Xu'?,LIU Xin"?, TAN Zhiyong'*

(1. School of Chemical Engineering, Changchun University of Technology ,Changchun 130012, China; 2. Engineering Research Center

for Synthetic and Special Fibers, Ministry of Education, Changchun University of Technology, Changchun 130012, China)

Abstract : To address the processing difficulties such as difficult plasticization, long blending times, incomplete plasticization
during the blending process of Polyvinyl Chloride (PVC)/CaCO,, and market pain points like rough surface and lack of gloss of the
products., a processing-type acrylate copolymer (ACR-P) was designed and synthesized with tert-dodecyl mercaptan (TDDM) as
chain transfer agent. The effects of the addition amount of TDDM and ACR-P on the mechanical properties, rheological behavior,
microstructure, and plasticization effect of the PVC/CaCO,/ACR-P blends were explored. The results show that with the increase in
the addition amount of TDDM, the intrinsic viscosity of ACR-P gradually decreases, and the tensile strength and storage modulus of
the PVC/CaCO,/ACR-P blends significantly increase, while the plasticization time is substantially shortened, with a slight increase
in impact strength and elongation at break. When the addition mass fraction of TDDM is 0.8%, the tensile strength of the blend
reaches 52.79 MPa,a 50.28% increase compared to PVC/CaCO,, the plasticization time is reduced from 71 s to 32 s. The increase in
the addition amount of ACR-P significantly affects the mechanical properties and processing performance of the PVC/CaCO,/ACR-
P blends. When the addition amount of ACR-P is 10 phr, the tensile strength of the blend reaches 61.12 MPa, an 87.6% increase
compared to PVC/CaCO,, the plasticization time is reduced from 115 s to 25 s. Dynamic thermomechanical analysis shows that the
PVC/ACR-P blend has only one glass transition peak, indicating that the PVC resin and ACR-P form a compatible system. Scanning
electron microscope observations reveal that the interface between the two phases in the PVC/CaCO, composite material is clear,
while the introduction of ACR-P makes the interface of the blend blurred, indicating that the compatibility of the blend is improved,
and both mechanical properties and processing performance are enhanced.

Keywords : acrylic copolymers ; polyvinyl chloride ; plasticization time ; processability ; intrinsic viscosity
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PR ER LB YI(ACR), BFFE T ACR B4 43 FI
T X PVC &AM EHERE M2 . &5 R E0, 24
ACR WX FE LR 90/10 AN I A 10 i, 525 B4 Rk
f e R EE AT LAIAF) 1276 T/m., A7 BEAREEILL
FEIR DU AU Ly~ FH S D7 Tk S R T 5 — R A
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100~200 nm (1A% -7¢ U R ik Ut /PR s PR T A A A oK
SRR AR , 25 8T LA L S e ) B A e A
B X B A LR RE RS . S5, AL
Tk BRI K A 4 I 1) g 12 b B Tk 4R e LA ) o
I3 ECH 3.0% , FLEEBEAR IR BT 5 5050k 6.0% B, FL
TELA B W AR St i R e v 5 PvC
PERR RS , T i 2 M 2 PVC A A 7 i T B AP
rohdiPEBE. Fan 090 BA N \MMA FIA 2 0
(SHY AT, & M T —Fh ACR-g-St 4% 52 45+ e v 571,
BA/MMA/St it Jfi & [ 4 80/10/10, 28 )5 5 PVC 147
YR AEIR L 4 T PVC/ACR-g-St & & M B, 24
ACR-g-St (U N 8 i, PVC & A ML whts
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1 FRERER (KPS) : /M4l , KEET HOL R K 404k
T 5T

PVC:SG-8, ILARPIH B BR S v 5

B RS (CaCO,): Tk g, IRV IS b R AT
PR F

TDDM : 43#r 4k, L Z- s AL T A BRA 7
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1.2 EBMNEREEL

FH B T 8 3085 (SEM) : ISM5600, H A< JEOL
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FE-FER 20 w]
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1.3 #H5h &
1.3.1 ACR-P 84 &

¥ KPS A2 L & 1K h s i, SR e # 3L
fE71 SDS — I A B FLAT L BB F1 VR
BB, BT 60 °CIHEIE/K A, 11 4E 5 min
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54— Z 5 A6 TDDM %3 il #) ACR-P in T- 8451, UL
#1,

®1 ACR-PEREF
Tab.1 ACR-P synthetic formula

Number MMA/BA mass radio  Mass fraction of TDDM/%
1 92/8 0
2 92/8 0.2
3 92/8 0.4
4 92/8 0.6
5 92/8 0.8
6 92/8 1

1.3.2 PVC/CaCO,/ACR-P & & # £t 4l %

FREL— & B PVC, CaCO, 5 ACR-P, % F#5 41
WA AT A IR . TR M 180 °C, B4 3R 60 1/
min, 2RI [E] 24 7 min, 5 %] PVC/CaCO,/ACR-P &
HRE B W22,

%2 PVC/CaCO/ACR-P#EE T
Tab.2 PVC/CaCO,/ACR-P blending formula

Number PVC/CaCO, mass radio ACR-P content/phr
I 90/10 0
2 90/10 2
3* 90/10 4
4 90/10 6
5* 90/10 8
6 90/10 10

1.4 miX5 &AE
14.1 A E MR

FRRSE S T 76 B S 5 il 45 1) L 5~6 mL hin A3
B A L, IESIRG 2% O X 28 1y (FHL 2R 5510 K 8 W, 1
THFREE , 7 80 CCRYELZS MR h TR i . e fbR
THREAA AT,

G, /G,

m,/(m, + m,)

Krf X R G o FLI TS i
G, HFLIE L s m BRI 5 m, Ak BT
1.4.2 450 FE B

P FLIS A9 ACR-P LA 65 °ClE A - EF 10
h, & H 5 FPRE % RS- e AR B 0.075 g, LA 25 mL
R RIE AL 15 mL i =S %%, A (35+
0.1) °CHYTE IR /K FE P, HCE 12 h, Fr b iE i s, 7
FH =40 T e B2 25 mL, SR 5 115 B Bl
VSRR EE , I = S P BE M REE o FRIE R
HHEAL WA Q2)~K(4).

n= 4 @

n,=m.—1 (3)

X = x 100% (1)

n=}'x2/n, ~Inn, )

P A EOE R WO 2 B A BB TR 52,k
V) = G e T 4 ) — B 40 B RHIRD 5 ¢ v T Y
Tt s, AR RO s, S LORAEE s o et
R
1.43  BAFEM K

¥ PVC/CaCO, Fil ACR-P & TDDM 7E % 4 i 2%
AL T R, SRR R 180 °C, 54384 60 r/min,
LIRS E] A 7 min, #5241 - ] fh 28, #£9¢ TDDM
HI ACR-P Xf PVC/CaCO, ¥BAL SR I 520
144 9% MEAE R

WAL SR R BE S 1 mm ., B2 25 mm fY (B
Ao DR S F IR 180 °C , J5i 3R 1 FEl ok 0.1~500
rad/s , VA5 M 1%
1.4.5  #0 AER

FBERE S R SF 4 50 mmx10 mmx1 mm #E 77
DMA 3, 2% 4 4 TH i % 5 °C/min ., 8 245 I A%
0.5% Jii# 1 Hz,
1.4.6 7 FHEAE R

W5 R & G e o R0 B (R RE 4% . % IR GB/T
18432008 17 v of 14 BE I 3L ; 422 B GB/T 1040—
2006J HEA TR IR, M A 50 mm/min,
1.4.7 SEM &

B 8840 5 1Y PVC/CaCO, A AL —/NER 4, il
SEmE AL BE, % H R M R RO A TS
2 GHBR5ITE
2.1 AR5
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FEHFHERAL RN, /D T 0] TR A1 H 35k
L X FE A R R AR T RS RN AL
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T
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Fl1  TDDM Bt 70tk ACR-PHALA 2
Fig. 1 Effect of TDDM mass fraction on ACR-P conversion rate
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Fig.2 Effect of TDDM mass fraction on ACR-P intrinsic viscosity
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43 %% 0.8% 1) ACR-P il T. PVC i 98 4k T A isf Ji]
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o3 FEEEL, A A BH AN, 52 B il i B8 5 T o
ZEIRAE PVC KL 24 ! fifi 15 o FUR T PRk
25
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K13 TDDM @M it 5450k PVC/CaCO/ACR-P SAKFR i) 1) 5 i)
Fig. 3 Effect of TDDM mass fraction on plasticization time of
PVC/CaCO,/ACR-P
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Fig. 4 Effect of TDDM mass fraction on maximum torque(7},, ) of
PVC/CaCO,/ACR-P
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Fig. 5 Effect of TDDM mass fraction on equilibrium torque(7},,....)
of PVC/CaCO,/ACR-P
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Fig. 6  Effect of ACR-P content on PVC/CaCO,/ACR-P

plasticization time
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Fig. 7 Effect of ACR-P fraction on the maximum torque of
PVC/CaCO,/ACR-P
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Fig. 8 Effect of ACR-P fraction on the equilibrium torque of
PVC/CaCO,/ACR-P
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Fig. 9 Effect of TDDM mass fraction on storage modulus of

PVC/CaCO,/ACR-P
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Fig. 10  Effect of ACR-P fraction on storage modulus of

PVC/CaCO,/ACR-P
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Fig. 11  Effect of TDDM mass fraction on glass transition

temperature of PVC/CaCO,/ACR-P
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PVC IS AL AR IR B, i LKA T LUE 1, PVC
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Fig. 12 Effect of ACR-P fraction on glass transition temperature of
PVC/CaCO,/ACR-P

2.6 AFEEESHT

7 3 F1Z 4435125 TDDM Jit it 53 £0F1 ACR-P {53
BT PVC/CaCO,/ACR-P Ji2AERE RIS . 36 3
FIZE 4 0] UL, B %5 ACR-P H TDDM it 43 %k 1) 1
Jin, 2% PVC H ACR-P ] & 19 34 jin , PVC/CaCOy/
ACR-P & &b R o o FE W& AT B, (E S A B3k
S LB ME IR, W SR 3R AR A AN O, o i
B W& . 24 ACR-P i in & b 10 0y B, PVC/

#3 TDDMREHEI PVC/CaCO/ACR-P K 1 ERE RIS
Tab.3 Effect of TDDM mass fraction on the mechanical properties
of PVC/CaCO,/ACR-P

TDDM in Impact strength/ Tensile strength/  Elongation at
ACR-P/% J-m™" MPa break/%
0 47.17 35.13 24.86
0.4 49.25 39.21 23.27
0.6 48.48 46.33 23.12
0.8 55.12 52.79 22.79
1 59.27 58.72 22.57

F4 ACR-PHEX PVC/CaCO/ACR-P Ky /1M EE RIS I
Tab. 4 Effect of ACR-P fraction on the mechanical properties of

PVC/CaCO,/ACR-P
ACR-Pin PVC/ Impact strength/ Tensile strength/  Elongation at

phr (J'm™ MPa break/%

0 30.76 32.58 17.82

2 49.29 37.61 19.46

4 53.86 41.79 21.13

6 52.77 49.53 22.36

8 55.12 52.79 22.79

10 59.31 61.12 20.72

CaCO,/ACR-P [ $i7 fif1 3. &£ A 61.12 MPa, b PVC/
CaCO, iy Hi iR L = T 87.6%. TDDM %3 il Jit
IR 0.8% I, 5 A A BHL AR A 52.79 MPa, 5
PVC/CaCO, Ml , #2785 T 50.27%. — )7 Hi&h T
ACR-P (A ] AR5 PVC 23155 22 18] B A EAE
FH DT B =5 A4 BHEE 52 T B3RP RE 7 , S8k A
SR RE RN o X AR A 43T Al FH Tt R T
G FEER RS B , (AR AR B ) e — R K
TH T 0 A BEAIG , i 45 Wy 24 (e S8 PR R AH X AR
JE 5 93— J7 T , ACR-P fif# T PVC 24k i 2 v 52 4
ANE) EBAEANSE A AR R, (45 PVC 455 1 e 2
FETR 98/ T PVC AT R B IS, W R B
MR —E R
2.7 KM EREHRSHT

& 13a >4 PVC/CaCO, ¥4k J5 1 F #4 2 1 SEM
KL 0K 2 500 f5 7T &t FLNFR 448 S A IR, Rr
TR A 5] A T A58 A SR AL N S8 AL PRI XE AR
A5 & 13b M A 6/ ACR-P CR 7SIl TDDM) Y
PVC/CaCO,/ACR-P i #4 31iH SEM [, Al LLA R, i
MR IR AR B 13¢ F1E 13d 43 5]
X I 6 433 F1 8 £ ACR-P (241 %% i J5 43 5
0.8% f) TDDM) A PVC/CaCO/ACR-P F #1 3 I
SEM &, i LA B & B, 51 A ACR-P J5 , A #1181k
RIS A AR, R 7 240, By 5 RS T
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(b) PVC/CaCO/ACR
(TDDM 0, ACR 6 phr)

TR

(¢) PVC/CaCO JACR-P
(TDDM 0.8%, ACR-P 6 phr)

K13 PVC/CaCO,/ACR-P ;i H3& A fHOULIE 5t
Fig. 13 Microscopic morphology of PVC/CaCO,/ACR-P sheet surface
PVC/CaCO, Z [ 445 S ¥ 5], A A T 5 85 9) )
M T, ERefE it PVC E &R B L .
3 g

(d) PVC/CaCO /ACR-P
(TDDM 0.8%, ACR-P 8 phr)
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