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This study is aimed at using thermal history control and nucleating agent to adjust the foaming behavior of
isotactic polypropylene (iPP). Through the introduction of an annealing stage and a nucleating agent, the
crystallization and rheological properties of iPP were changed, and its microcellular foaming behavior was tuned
correspondingly. Rheological testing results verified the enhancement of melt strength through the presentation
of the crystallization stage and a nucleating agent. After an annealing at 110 °C, 10 MPa, for 40 min, iPP was
further saturated at 165 °C, 12 MPa for 30 min and then foamed, the cell density is 7.95 x 10° cells/cm?, while

the average cell size is 11.66 pm. Furthermore, the synergy between the annealing treatment and an addition of
0.2 wt.% a nucleating agent could positively affect the heterogenous cell nucleating ability and melt strength of
iPP, much smaller sized cells with relatively quite high cell density up to 10'*-10* cells/cm® were induced.

1. Introduction

Microcellular foams exhibit unique properties over solid or tradi-
tional foamed polymers, such as light weight, material saving, low heat
conductivity, and high impact strength, these advantages enable mi-
crocellular foams to be received significant attentions in the past sev-
eral decades [1-4]. Compressed CO, is usually used in microcellular
foaming process, as a physical foaming agent, primarily because it is
inexpensive and safe in performance [4]. Compared with other micro-
cellular foamed polyolefin materials such as polystyrene (PS) or
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polyethylene (PE), Polypropylene (PP) foams have higher service
temperature, rigidity and thermal stability. Additionally, PP foams offer
a good impact strength than PS foams, and a higher strength than PE
foams [5,6]. PP foams are the promising substitutes for other polyolefin
thermoplastic foams in various industrial applications. Being one of
universal synthetic polymer materials, iPP has been popularly applied
in packaging, household appliances, heat insulating, automobile parts,
and other industrial fields. However, iPP is difficult to be foamed to a
fine cell morphology level. The main reason is ascribed to its liner
molecular structure, which results in a too low melt strength and

Received 3 September 2017; Received in revised form 5 November 2017; Accepted 6 November 2017

Available online 07 November 2017
0896-8446/ © 2017 Published by Elsevier B.V.


ASUS
Highlight

http://www.sciencedirect.com/science/journal/08968446
https://www.elsevier.com/locate/supflu
https://doi.org/10.1016/j.supflu.2017.11.003
https://doi.org/10.1016/j.supflu.2017.11.003
mailto:zhangxl@zzu.edu.cn
mailto:chenjb@zzu.edu.cn
http://dx.doi.org/10.1016/j.supflu.2017.11.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.supflu.2017.11.003&domain=pdf

	Modification of iPP microcellular foaming behavior by thermal history control and nucleating agent at compressed CO2
	Introduction
	Experimentation
	Materials and sample preparation
	Rheological characterization
	Batch foaming process
	Differential scanning calorimetry (DSC) analysis
	Scanning electron microscopy (SEM)

	Results and discussion
	Rheological testing
	Batch foaming experiments
	Foaming without a crystallization treatment
	Foaming at 165°C but different foaming pressures, after a crystallization treatment
	Foaming with a crystallization treatment and cooperating with a nucleating agent addition


	Conclusions
	Acknowledgements
	Appendix A
	References


