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Tab.1 Structure and molecular weight of plasticizer

%

Molecular Molecular

Plasticizer =~ Molecular structure weight/ Plasticizer =~ Molecular structure weight/

(gemol™") (gemol™")
ESO 951.46 DNOP 390.56
DOA W 370.57 ATBC : 402.48
DINCH 424.66 TBC 360.44
DINP 418.61 DBP 278.34
TOTM 546.78 ATEC ' 318.32

(%)
DOTP 390.56 TEC 276.28
L

DOP 390.56 BBP 312.36

1.2 FEEF&
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Fig. 1 Isothermal crystallization morphology of PCL and PCL/plasticizer blends at 25 °C: (a) PCL; (b) TOTM; (c)

DINCH; (d) ESO; (e) DOTP; (f) DOA; (g) DINP; (h) DOP; (i) DNOP; (j) ATBC; (k) ATEC; (1) TBC; (m) DBP; (n) TEC;



B TR 5 TR
POLYMER MATERIALS SCIENCE & ENGINEERING

(o) BBP
ARSI PCL/AS ] (FEL 1:1) uRAYRNERS AT N, 5855 PCL K
FHEAEH 5% . PCL Al PCL/AE YR — e HIRMIAE 25°C AR &5 AT A W Fig.1 s
POM W %2 PCL . PCL/AEYEF] — oMM S RS R B, AFRBEEF S PCL 45 RIESE R

#. TOTM. DINCH. ESO. DOTP. DOA %t PCL )45 i &mmi%s/N; DOP. DNOP 255 5 H HiL 3

H

W (Te) HISEN . #5975 PCL A EARFBRGE, T PCL J& Rlld A0 45 b 16l F2 R B 2 . DSC i 2%
cERRE, BYEFIINBRR T PCL 4 SIEE (To) FUERLIEE (Tm), FHIEK T 25045 52 A
[B] (o ¥4 PCL/AYIEF —Joik R g 850 PCL 45 dn i F2 o Te AT ¢ (52 m S 45 2 Fig.3, AR¥EHY %85|
XF PCL 55 i 45 i 56 ST 8] i SR R s, i 3 98 750 5 PCL (¥ AH ELAE R 5 BE R 3 mT 40 =2
TOTM. DINCH. ESO. DOTP. DOA. DINP ¥ 7|5 PCL A H./EFH58J%5: DOP. DNOP. ATBC
5 PCL M EAF 30 th%%; ATEC. TBC. DBP. TEC. BBP 5 PCL A HAEH58. Z& /Ny 7Y
I 250 S Hont PCL 45 AT N BISZ I 40 AT ol 60, S R Fbe B B JE (8 257 5 PCL AJ A
HAFE S5

(a) M (b)
AA_.,./'A\_‘_H_._.

Endo —=
Endo—

SOOIV ) KA AHHHHHHHHA <, S < f—{—
< IA}JH"W\ — e 5 —y
= ) e T L . . )

L
30 40 50 60 -20 -10 0 10 20 30 40
Temperature (°C) Temperature(°C)

—&—PCL +—TOTM 4—DINCH ——ESO —4—DOTP —4—DOA —>—DINP

—8—DOP —#—DNOP —e—ATBC —#—ATEC ——TBC ¥—DBP TEC —¢—BBP

Fig.2 DSC (a) heating and (b) cooling curves of PCL/plasticizer blends during isothermal crystallization at 25 °C
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Fig. 3 Effect of plasticizer structure on 7c and 7 of PCL in PCL/plasticizer blends
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Fig. 4 Effect of plasticizer and PCL on the interaction with PVC
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Fig.5 Crystal growth rate curve of PCL in PVC/PCL/plasticizers blends
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Fig. 7 Effects of plasticizers with different structures on the semi-crystallization time of PCL in PVC/PCL/plasticizers
blends
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Fig. 8 Influence of plasticizer structure on PCL crystallization in PVC/PCL/plasticizers blends
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ABSTRACT: The migration of plasticizers in soft polyvinyl chloride (PVC) products, which brings the
deterioration of material properties and environmental pollution, has attracted much attention.
Poly(e-caprolactone) (PCL) can serve as macromolecular plasticizer to solve the problem of plasticizer
migration due to its excellent compatibility with PVC. However, PCL is prone to crystallization in PVC/PCL
blends, which affects the plasticizing effect during long-term use. In this work, the effects of plasticizers with
different structures on the crystallization behavior of PCL in the PVC/PCL/plasticizer blends were
investigated. The polarized optical microscopy (POM) and differential scanning calorimeter (DSC) results
show that the structures (such as benzene rings, short-chain alkyl groups, hydroxyl groups) of the plasticizer
affect the crystallization behavior of PCL in the blends by changing their interaction intensity with PCL.
Meanwhile, the compatibility of plasticizers with PVC has an indirect regulatory effect on the crystallization
of PCL. This study provides a theoretical basis for the synergistic inhibition of plasticizer migration through
the combination of PCL and small-molecule plasticizers.

Keywords: polyvinyl chloride; poly(e-caprolactone); plasticizers; crystallization; interaction



