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Tab. 1 Characteristics of the PVC paste resins

No. Grade Supplier Produce method Polymerization degree

S2 R1069 Shanghai Chlor-Alkali Chemical Co., Ltd Seed-emulsion 1800+300

S3 P440 Shanghai Chlor-Alkali Chemical Co., Ltd Seed-emulsion 1450+200

S4 GP62 Shanghai Chlor-Alkali Chemical Co., Ltd Seed-emulsion 700£150

S5 P450 Tianjin Botian Chemical Co., Ltd Seed-emulsion 1000+150

S6 PSM-10 Shenyang  Chemical Co., Ltd Micro-suspension 1300-1500

S7 PSH-10  Shenyang Chemical Co., Ltd Micro-suspension 1580-1780

S§  PSM-31  Shenyang Chemical Co., Ltd Micro-suspension 1230-1430

S9  PBI702  Anhui Tiancheng Chemical Co., Ltd Seed-micro suspension 18004300

Tab. 2 Characteristics of the plasticizers
No. Chemical name Abbreviation Molecular Mole.c ular Supplier
formula weight
. Guangzhou Doumen Joint New Material
Pl Dioctyl terephthalate DOTP C:H;0. 391 Chemical Co., Ltd
P2 Acetyl tributyl citrate ATBC CH:405 402 Dongguan Kaiji Chemical Co. Ltd.
Di-isononyl-cyclohexane-
P3 . DINCH CyHsOs 425 BASF of Germany
1,2-dicarboxylate
. Guangzhou Li Ben Rubber Raw Material

P4 Dioctyl Phthalate DOP CyH30, 391 Trade Co., Ltd.
P5 Diisononyl adipate DINA CxHOs 398 Nanjing division Fanke Chemical Co. Ltd.
P6 Diisononyl phthalate DINP CHa0s 418 Dongguan Ruiyu Chemical Co., Ltd.

Tab. 3 Characteristics of the fillers

No. Chemical name Abbreviation Type Supplier

T1 Calcium carbonate CaCo; 1250 mesh Jiangxi Gaofeng Chemical Mining
Development Co., Ltd

T4 Talcum powder Talc 1250 mesh Guangxi Longsheng Huamei Talc Powder
Development Co., Ltd

TS Montmorillonite MMT Nanoscale Zhejiang Fenghong Clay Chemical Co., Ltd

T6 Silica Si0, Nanoscale Commercially available

(4)OBSH K il , 4,4 — - B CAREIEF) : 2 phr,  FC TSR A 7] .
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Fig. 1 Bubble morphology of foamed materials prepared with different fillers (30x)

Tab. 4 Densities of the foam materials

Cell diameter Density

Standard deviation

No. /um Kg- cm”) /g cm?) Precision/% Vil%
TO 150 0.562 0.013 2 56
T1 122 0.513 0.013 3 57
T4 118 0.472 0.011 2 57
T5 171 0.561 0.005 1 53
T6 140 0.571 0.005 1 51

note: Vi foaming ratio
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Fig. 2 Corresponding relationship between DSC curves of foamed
PVC plastisols prepared with different fillers and
rheological curves of corresponding PVC plastisols with
temperature
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Tab. 5 Statistics of the decomposition temperatures of foamed PVC plastiosols prepared with different
fillers and T, of the corresponding PVC plastisols

T

No. /(P "S) T, /°C Ty/°C T(5%)/°C  AT/°C (Ii—T, )°C (T(5%)—T, )/°C
TO 37335 99 161.5 144.2 17.3 62.5 452
Tl 44737 100 161.4 146.3 15.1 61.4 46.3
T4 48127 100 161.4 143.2 18.2 61.4 432
T5 56408 100 1573 148.6 8.7 57.3 48.6
T6 27653 100 156.8 137.4 19.4 457 374

note: 7. the highest complex viscosity; 7, : temperature corresponding to the highest complex viscosity; 7 decomposition
peak temperature; 7(5%): initial decomposition temperature of foaming agent; AT: decomposition temperature width of foaming

agent, AT=T:—T{(5%)
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Tab. 6 Statistical sample data

Serial e g e N e %) (%) AT (T— (T(5%)— P V.
No. (Pars) e /(Pa-s) /(Pa-s) /°C FCOT)PC T)FC Ageemd) 1%
1 s2 38747 134 20858 1567 25310 149.2 75 227 152 0716 36
2 S3 35070 131 16409 1566 20360 149.8 68 256 18.8 0608 ¥
3 s4 57861 91 7010 1568 21845 1394 174 658 48.4 0.544 2
4 S5 37335 99 5930 1615 25764 1442 173 625 452 0562
S S6 49943 93 6609 1584 27428 1316 268 654 38.6 0647 0
6 ST 49262 110 17936 1526 43660 1201 235 426 19.1 078
7 S8 35103 19 12260 1547 31717 1200 257 357 10.0 0866 20
8 SO 2234 131 1800 1502 2084 1301 200 192 -0.9 0785 I
9 Pl 15227 142 7991 1599 12572 151.8 81 179 9.8 0498 51
10 P3 10341 152 9155 1579 10152 150.0 79 59 2.0 0.58 56
11 P4 27630 100 5913 163.0 13868 1500 130 63.0 50.0 0458 55
12 P5 6838 150 6242 1544 6689 148.2 62 44 1.8 0657 5l
13 P6 18674 140 9533 1589 15844 1475 114 189 7.5 0575 52
4TI 44737 100 7705 1614 19410 1463 151 614 463 0513 57
15 T4 48127 100 7463 1614 22510 1432 182 614 52 0472 57
16 TS 56408 100 11696 1573 20091 148.6 87 573 48.6 0561 53
17 T6 27653 100 6746 1568 17194 1374 194 457 374 0571 sl

note: #;: complex viscosity of PVC melt corresponding to decomposition peak temperature 7; of foaming agent; 7(5%): complex viscosity of
PVC melt corresponding to initial decomposition temperature 74(5%) of foaming agent; p;: density of foam sample

Tab. 7 Correlation coefficients

Dependent

e o /(Pa"5) T, / ni(Pacs)  TIC (5%/(Pa-s) T(5%)°C  ATFC  (Ti—T, )°C (T(5%)—T, )IC
Pr -0.156 0.279 0.324 -0.821 0.264 -0.658 0.385 -0.381 -0.571
Ve 0.113 -0.195 -0.325 0.741 -0.258 0.654 -0.419 0.289 0.479

(a) 1.07 (b) 60 .
0.8f . 50r = "
p 06 r -=. [ : c\c4'0' [} .
g e s—
9 04 r 30_ [
&L 5=—0.027x+4.9295 .
0.2 R*=0.65145 20~ ¥=2.0714x-278.256
R’=0.5193
0.0 I L L | 10! I I L
145 150 155 160 165 145 150 155 160 165
S T./°C

Fig. 3 Regression line and equation of 7; to (a) pr and (b) V;
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Fig. 4 Regression curve and equation of 7(5%) to (a) p: and (b) V;
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Establishment of Prediction Model for Poly(vinyl) Chloride
Plastisol Foaming Performance

Yubi Ji'*’, Qiang Wen', Peng Qian', Shaojing Ren', Zhao Yang®, Hong Tan'*
(1. School of Chemical Engineering of Guizhou Institute of Technology, Guiyang 550003, China; 2. National
Engineering Research Center for Compounding and Modification of Polymer Materials, Guiyang 550014, China;
3. College of Science, Beijing University of Chemical Technology, Beijing 100029, China)

ABSTRACT: Based on the test results of rotary rheometer and differential scanning calorimeter, the relationship
between the rheological temperature parameters and thermal decomposition temperature parameters of poly(vinyl)
chloride (PVC) plastisol prepared from fillers, paste resins and plasticizers was studied and summarized, and a
method model for evaluating the foaming quality of PVC plastisol foam materials was established. The results
show that the three factors of the initial decomposition temperature 7(5%), the decomposition peak temperature 7%,
and the difference between the 7i(5%) and the temperature corresponding to the maximum complex viscosity (7, )
optimal temperature range of PVC plastisol, the higher Trand 7:(5%) is, the larger the (7i(5%)—T, ) is, the smaller
the density of the foaming material is and the higher the foaming ratio is. Established the ternary linear regression
equations between the three factors of 7, 7(5%) and (T(5%) — T, ) and the density or foaming ratio of foaming
materials, those have practical value at the level of 0.05 significance.

Keywords: poly(vinyl) chloride; plastisol; foaming; rheology; prediction model



