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Table 1 Parameters of the gelation model from literature
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Table 2 Parameters of the heat transfer model®
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T.. h p c, k Thickness
(K) (W/(m*+K)) (kg/m®) (J/(kg-K)) (W/(m-K)) (mm)
Mold 573.15 26 9050 443.71 62 2
Plastisol 1200 1800 0. 167 3
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Fig. 1 Flow chart of the finite element simulation

Table 3 The values of My and f at gelation point for different PVC

materials
DMP DBP DOP DINP
My 7500 12000 24000 58000
f 2.4 3.9 3.5 1.6
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Fig. 2

Temperature profiles at different distances from the

mold for PVC plastisols
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Fig. 4 Curves of plasticizer mass in the discrete phase versus time at different distances from the mold for plastisols with DMP, DBP, DOP and
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FINITE ELEMENT ANALYSIS OF THE PHYSICAL GELATION PROCESS
OF PVC PLASTISOL DURING ROTATIONAL MOLDING

Fei Wang', Wei-guo Yao’, Cong-de Qiao’, Yu-xi Jia'
(' Key Laboratory for Liquid-Solid Structural Evolution & Processing of Materials ( Ministry of Education) ,
School of Materials Science and Engineering, Shandong University, Jinan 250061 )
(* School of Materials Science and Engineering , Jilin University, Changchun 130022 )
(® School of Materials Science and Engineering, Shandong Polytechnic University, Jinan 250353 )

Abstract The physical gelation of PVC plastisol is an important procedure in rotational molding processes, at
the early stage of which the variation characteristics of plastisol viscosity determine its distribution on the mold
surface, then affect the quality of products. On the basis of the unsteady temperature fields of the nickel mould
and PVC material simulated by finite element method, the evolution and distribution of PVC material structures
are calculated according to a theoretical model fitting well with experimental results, and then the plastisol
viscosity and its evolution characteristics are obtained by the material structure-performance relationship. Hence
the effect of different plasticizers on the physical gelation process of PVC materials is compared and analyzed.
The results show the that PVC plastisol close to a mold surface, gets faster heating rate and earlier gel
transition because of its smaller heat resistance. During the heating process, the viscosity of the PVC material
is first reduced to a minimum, then increases rapidly due to the start of the gel transition. The micro
mechanism of the gelation process is that the solution of PVC in the plasticizer and the swelling of PVC
particles by the plasticizer are both strengthened, while the macro picture is a sharp increase in viscosity which
makes the material stop flowing. Different plasticizers have different impacts on the evolution of material
structure and plastisol viscosity, which is mainly due to their different lengths of chains. For the rotational
molding process, the PVC thickness distribution depends on three important factors appeared during the
physical gelation process of PVC plastisol: the minimum viscosity determined by the plastisol, the rate of the
gelation process and the gelation temperature.

Keywords PVC plastisol, Physical gelation, Rotational molding, Finite element method, Plastisol viscosity



