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Application of calcium/zinc cyanurate and zinc acetylacetonate composite heat stabilizer in PVC
PENG Han, WANG Ning, WANG Xuanlun
(College of Materials Science and Engineering, Chongqing University of Technology,Chongqing 400054, China)

Abstract : To overcome the problem of poor thermal stability of polyvinyl chloride (PVC) in practical processing, zinc cyan-
urate (Zn-CA), calcium cyanurate (Ca-CA) and zinc acetylacetonate [Zn(acac),] were synthesized by precipitation and solvent-
thermal methods, and the synthesized samples were characterized. Zn-CA and Zn(acac), were added with suitable auxiliary stabiliz-
ers, plasticizers, and antioxidants, respectively, to explore the effect of the single zinc salt on the thermal stability properties of PVC
when acting. Ca-CA was binary compounded with Zn-CA and Zn(acac), to construct the calcium/zinc compound system to investi-
gate their synergistic effects on the thermal stability of PVC, and to obtain a kind of highly efficient and environmentally friendly
calcium/zinc composite heat stabilizer for PVC. The static and dynamic thermal stability of the composite heat stabilizer on PVC
was tested by the thermal aging oven method, congo red paper method, and torque rheometer method. The results show that there is
the synergistic effect between Zn-CA , Zn(acac), and Ca-CA, and the stabilizing effect of the binary compound on the thermal stabili-
ties of PVC is significantly higher than that of the zinc salt alone, and the optimal calcium/zinc ratio of Ca-CA/Zn(acac), composite
system is 4: 1, and the initial whiteness of PVC samples is optimal, and the color stability during thermal aging is 60 min, which is
0.5 times higher than that of the pure sample, and the color change time of Congo red reaches 1 861 s, which is 4.46 times higher
than that of the pure sample. The system optimizes the thermal stability and processability of PVC through the triple synergy of
Ca’ neutralization of HCI to inhibit autocatalysis, Zn>* coordination to stabilize the molecular chain, and rod/layer structure to
improve the dispersion, and it is lead-free, cadmium-free, and inexpensive, so it is expected to replace the traditional calcium/zinc
soap system. It is expected to replace the traditional calcium/zinc soap system in the field of PVC processing.
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Fig. 1 FITR and XRD spectra of Ca-CA and Zn-CA
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Fig. 6 TG and DTG curves of Zn(acac):

& 7 4 Zn(acac) ) SEM B F, i1 [l 7 7T L, Zn
(acac)27% I 2 B A 7] 80~90 pm A 8] 15 m AR
BATHAE R, AT WA ) e A RRAE . AR SR T
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Fig. 7 SEM photos of Zn(acac): at different magnifications
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Tab.1 Effect of different quality share of Zn-CA on thermal stability of PVC products

Thermal aging time/min

Zn-CA/phr
0 10 20 40 50

. L
H ”,

0.4 Lol

a '
F B

0.8 %

. 4
¥
1'6 ‘ n
2'0 | . z *. .

[A] B X5 Zin-C A AN [R) 48 0o AR 6 iy 47 I SR 41
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0.4 333N 2 1.2 sk, WA 20040 ) 1A 22 (2
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Xof I ARG A N ] Sy 1 782 s, B AT Il By i o
FILEPVCRESETE T 3.16 1%, 5B b 525045
FETE B AOA G , 36 IEAE Zn-CA TR 1.2 4y
i, Zn-CA/PVC A Z A Fe e BRI B Fef:

J T 2B Zn-CA % PVC il i $R& 5
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Fig. 8 Congo red test results of PVC samples with different quality
share of Zn-CA
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Fig. 9 Torque-time curves of PVC samples with different quality share
of Zn-CA

M B, 4l PVC 5 K5 H 4 15.98 Nm, 1] 0.8 {/ Zn-
CA & R B4R 18 2 16.54 N-m, 1.2 )3 14 Z W] [ &=
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W, EIBALI B, 4l PVC T 104 s 52 B4k, i
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171 Zn(acac), X PVC il i #F& 2 1 OA NG|
200 AR ESm Zn(acac)2 ﬁi?ﬂl EI’J PVC £ 5 7E
180 °CHAEAL 30 min Ji7 & #7488 T s S Ak s 24 Zn
(acac) TR AN K 0.5 43 1 0.1 Gyt , B30 (4 3 A
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L B SRS 2 0.2 £, R R AR B ) 4
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R2 AEREHNH Zn(acac), X PVC il SGEE LRI RN
Tab.2 Effect of different quality share of Zn(acac), on thermal stability of PVC products

Thermal stabilization time/min

Zn(acac):/phr

0 10 20

B 10 a3 in A [\ Ji 5245y Zn(acac), B PVC £ i
A WIS LTI ZE S, f 1AL 10 AT 0L, W SR 2T A4S
W T REASE I 25 R . I 0.2 7
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Fig. 10 Congo red test results of PVC samples with different quality

share of Zn(acac),
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Tab. 3 Effect of different mass ratios of Ca-CA/Zn-CA on thermal stability of PVC products

Thermal aging time/min

Mass ratios
0 10

40

on.;‘ 30
- EEEE
ﬂ 1?

o-—\l

2:3

- HEEE

3:2

B,
I"‘: A
4:1 3 ..-';;:...7—‘.;. F

3
ﬁ
™

) RS20 0 3 2 — 25 50Uk, 45 5 an &l 12 fr
o HE 1271 UL, Ca-CA/Zn-CA Bk I R 2:3 F13:
2B, MR A ER E B TR] 43 5 1 791 s 1 827 s.

m= Complete color change time
mm Starting time of color change

1800 -
1500 +
1200 -
900 I

600

Time/s

300

(I) 2;3 321 1:3 3;2 4!1

Mass ratio of Ca-CA/Zn-CA

12 AFEFAH Ca-CA/Zn-CA XN PVC EE SR A2 ]
Fig. 12 Stabilization times of PVC samples corresponding to different
mass ratios of Ca-CA/Zn-CA
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Tab.4 Rheological data of PVC processing with different mass
ratios of Ca-CA/Zn-CA
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Tab.5 Effect of different mass ratios of Ca-CA/Zn(acac), on thermal stability of PVC products
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Tab. 6 Rheological data of PVC processing with different mass
ratios of Ca-CA/Zn(acac),

Mass ratios Maximum Plasticizing time/ Equilibrium
torque/(N +m) s torque/(N - m)
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