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The study of the rheology of polyvinyl chloride plastisol is important because, at first,
it is in a paste state and is usually applied by spraying. Moreover, controlling the gel
and melting processes is possible by using rheology. This research investigated the
rheological behavior of plastisols, including shear thinning behavior, thixotropy and
gelation behavior. Also, long-term ageing was studied and it was found that plastisols
turn into gel at a constant temperature for a long time period according to the
concept of time-temperature superposition. Finally, the relationship between the
samples' thixotropy and yield stress was evaluated to study the physical gel structure.
The results confirm that thixotropy and yield stress in PVC plastisols are the same
due to the fundamental physics and this is related to the strength of the
microstructure.
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17- Paste

18- Grade

19- Extender

20- Homopolymer

21- Copolymer

22- Gelation and fusion

23- Aging or ageing

24- Particle deagglomeration
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1- Plastisol

2- Dispersion

3- Plasticizer

4- Blowing agent
5- Reactive

6- Tg

7- Rubbery

8- Baking

9- Elastic

10- Automotive underbody coating
11- Dipping

12- Cast molding
13- Extrusion

14- Spraying

15- Spreading

16- Screen printing
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Table 1: Commercial plastisol samples.

Sample ‘ Application ‘ Company
1 Underbody coating Henkel
2 Underbody coating Daghigh shimi
3 Sealer Henkel
4 Sealer Daghigh shimi
5 Underbody coating (sample 1 aged) Henkel
6 Underbody coating (sample 2 aged) Daghigh shimi
7 Sealer (sample 3 aged) Henkel
8 Underbody coating Daghigh shimi
9 Underbody coating Gama thinner
10 Sealer Gama thinner

11 Underbody coating (sample 8 aged) Daghigh shimi

12 Underbody coating (sample 9 aged) Gama thinner

13 Sealer (sample 10 aged) Gama thinner
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1- Shear thinning
2- Thixotropy
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Table 2: Materials properties.

Number | Material Molecular Structure Physical
State

' ¢
1 PVC (]3—C|3 Powder
H HJ,
CH,
o ﬁm/\CHs
0 - -
2 DOP o Liquid
o g\/\/CHa
CHs
i
3 N o
3 DBP Liquid
— O\\//\\\//
(0]
(0]
O/CQHH}
4 DINP Liquid
“CyHag
0
o)
5 CaCO; ® )‘I\ o Powder
Ca2+

o 5l Jpm dly sladies ganJge, ¥ Jgo
Table 3: Plastisol samples formulation.

Sample ‘ DINP DBP DOP CaCOs; ‘ PVC

14 - - 80 phr 40 phr 100 phr*
15 - - 65 phr 40 phr 100 phr
16 - 80 phr - 40 phr 100 phr
17 - 65 phr - 40 phr 100 phr
18 80 phr - - 40 phr 100 phr
19 65 phr - - 40 phr 100 phr
Additionally, all six samples aged for one week and new samples were
obtained

* Parts by weight per hundred of resin
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Table 4: Commercial plastisol samples properties (27).

RE Plastisol application Solid Content (%)
1 Underbody coating 90.61
3 Sealer 94.41
4 Sealer 96.20
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Figure 1: Viscosity flow curve of sample 1,3 and 4 a)20 days after plastisol preparation; b) 15 months after plastisol preparation.
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Figure 2: Viscosity flow curve of sample 1. A Symbol: 20 days after plastisol production. ® Symbol: 15 months after plastisol production. Open
symbols: return curve of flow curve.
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Figure 3: Viscosity flow curve of sample 2. A Symbol: 20 days after plastisol production. ® Symbol: 15 months after plastisol production. Open
symbols: return curve of flow curve.
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Figure 4: Viscosity flow curve of sample 3. A Symbol: 20 days after plastisol production. ® Symbol: 15 months after plastisol production. Open
symbols: return curve of flow curve.
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Figure 5: Schematic of Structural Changes in Plastisol Due to
Temperature and/or Time According to the Time-Temperature
Superposition Principle in Polymer Systems (29).
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Table 6: Hysteresis area and static yield stress of prepared samples
and 7 days aged of them.
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Table 5: Hysteresis area and static yield stress of commercial samples.

Sample Hysteresis area (Pa/s) | Static yield stress (Pa) Hysteresis area (Pa/s) | Static yield stress (Pa)
14 890442 2.19 1 261078.66 5.56
15 2377079 6.55 2 394416.44 15.15
16 96486 4.7 3 412871.95 12.25
17 2478955 55 4 265793.56 8.47
18 132550 2.13 5 365536.76 53.02
19 1991811 5.9 6 1122321.38 102.6
Aged Sample 15 4347761 18.96 7 917641.22 96.13
Aged Sample 16 1986296 3.53 8 272896.63 33.07
Aged Sample 17 2763108 18.29 9 271169.30 30.79
Aged Sample 18 794042 3.72 10 585078.51 65.2
Aged Sample 19 2559530 11.31 11 615923.69 67.65
12 373158.29 31.39
13 661016.67 84.46
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Figure 6: Shear stress versus shear rate.
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Figure 7: Extrapolation of static yield stress in diagram of shear stress versus shear rate.
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Figure 8: Experimental values of hysteresis area and static yield stress of commercial samples.
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Figure 9: Experimental values of hysteresis area and static yield stress of prepared samples.
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Figure 10: Viscosity flow curve of samples containing 65 and 80 phr of DINP. 1 day after preparation.
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Figure 11: Viscosity flow curve of samples containing 65 and 80 phr of DINP. 7 day after preparation.
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