PREPARATION AND CHARACTERIZATION OF PVC PLASTISOLS CROSSLINKED IN SITU WITH POLYFUNCTIONAL EPOXY RESIN
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ABSTRACT
PVC plastisols, crosslinked in the presence of a polyfunctional epoxy resin, were obtained via spread coating. It was possible to infer that the presence of an amine type accelerator, at least in the conditions used in this study, proved to be essential for the occurrence of the crosslinking process. The results of degree of crosslinking showed that gel formation only happened in samples where the amine type accelerator has been used concomitantly with the epoxy resin. A final evidence of a chemical reaction between these two polymers was not possible, because of the large number of molecules present in the formulation and large number of stabilization reactions. However, the Young's modulus and dynamic mechanical (DMA) results seem to confirm the hypothesis of the formation of a three dimensional network between the molecules of PVC and epoxy resin.
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INTRODUCTION

Poly(vinyl chloride) (PVC) can be regarded as one of the most versatile plastics. Due to the necessity of being formulated through the incorporation of additives, PVC can have its characteristics altered in a wide range of proprieties, tailored to the final application, varying from rigid to extremely flexible(1). 

Plastisols and organosols are among the most versatile of the various types of PVC compounds, since they offer the possibility of obtaining new products from special processing conditioons. The technology used to obtain these new materials makes possible the use of a wide variety of molding and recovering processes (spread coating), and also in different flexibility range from hard and rigid (rigisols) to soft and flexible(2). 

Hiperbranched polymers, as well as dendrimers, constitute an important field of study in Polymer Science, and find applications where the structural singularity has a great potential. Although further progress in the structural and synthesis method knowledge has been attained, the comprehension if its functional derivatives and utilities are just in the beginning(3). The creation of a crosslinked structure is expected to enhance the thermal stability of a PVC compound, which would broaden the applications of this material, as described by KARMALM et al.(4).
MATERIALS AND METHODS
A PVC resin with K value 78 ± 1 (Norvic P78LM, supplied by Braskem S/A) was used as basis for the formulation. The thermal stabilization was given by the incorporation of Baerostab UBZ 790V, a commercial Ba/Zn salt, supplied by Baerlocher do Brasil S/A.

Di-octylphthalate (DOP) from Scandiflex do Brasil S/A was used as a primary plasticizer, and epoxidized soybean oil (ESO, Celuflex), from Resypar Indústria e Comércio Ltda., was employed as a secondary plasticizer. The presence of the ESO impart synergistic effect to the Ba/Zn salts, acting as a costabilizer(1).
 The crosslinking agent was Epikote 496, from Momentive Química do Brasil Ltda., an epoxy tetrafunctional resin based on tetraglycidyl methylenedianiline (TGMDA). The commercial hardener, based on polyamineamide, had an amine content superior than 60%, and was supplied by Brascola Ltda.

The reference formulation was proposed after contact with some manufacturers and it is commonly used for spread coating, the proportions are given in Tab. 1.

	Tab. 1: Reference plastisol formulation used in the experiments.
Component

phr

PVC Resin

100

Thermal Stabilizer

0.5

DOP

60

OSE

2




In spread coating process the substrate is supported on a carrier, and the fluid material, such as dispersions like vinyl plastisols, is applied to it just ahead of a blade or ‘‘doctor knife’’ that regulates the thickness of the coating, then the deposit is heated to fuse the coating, generating the final material(5).

In this work we produced 1 mm thick sheets in a Mathis laboratory spread coater, at a temperature of 180ºC and a residence time of 1.5 min in the oven. These conditions had been previously optimized.
The degree of crosslinking was determined through gel content via Sohxlet extraction. The samples were cut and extracted with THF (tetrahydrofuran) in reflux during 24h. The remaining material was oven dried at 70°C until constant weight was achieved, and the gel content was calculated through Eq. (A):
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Where Ws is the weight of the non soluble remaining material (in grams), and Wi is the initial weight of the sample (in grams). The tests were performed in duplicate.
Tensile properties (Young modulus, stress and elongation at break) were determined in five ASTM D638-08 type V test specimens, for each formulation, in an Alliance 5/RT MTS universal testing machine, at 50 mm min-1 and (23 ± 2)ºC. The dynamic mechanical analysis of the samples was performed in a Q800 TA Instruments equipment, in the cantilever mode, at 1 Hz frequency. The samples were scanned from -150 to 100°C, at a rate of 2°C min-1.
RESULTS AND DISCUSSIONS

An experimental design was used to determine the effect of the addition of the amine accelerator in the crosslinking of PVC by an epoxy resin, resulting in different plastisols as can be seen in the Fig. 1. 
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	Fig. 1: Visual comparison of the generated samples in the experimental design.


The yellow color is due to the addiction of the accelerator and the degradation that is favoured by the reaction between amines and the PVC chain.
The Young Modulus results corroborate the gel content results indicating that apparently a tridimensional crosslinking net is formed in the PVC in the presence of epoxy and amine, as shown in Tab. 2.
Tab. 2 – Crosslinking degree, inferred via gel content, and tensile / DMA proprieties for the studied samples.
	#
	Epoxy

(phr)
	Amine

(phr)
	Gel content (%)
	Tensile strength (MPa)
	Elongation at break

(%)
	Young

modulus (MPa)
	Peak loss modulus E” (oC)
	Peak tan (oC)

	F1
	0
	0
	0.0 ± 0.0
	15.9 ± 1.4
	634 ± 111
	6.6 ± 0.5
	-34,1
	-6,0

	F2
	0
	1
	0.0  ± 0.0
	15.0 ± 1.4
	335 ± 27
	8.2 ± 2.2
	-34,6
	-9,4

	F3
	0
	10
	0.0  ± 0.0
	10.7 ± 1.6
	267 ± 33
	6.0 ± 0.2
	-34,1
	-4,7

	F4
	5
	0
	0.0  ± 0.0
	16.3 ± 1.2
	354 ± 27
	6.6 ± 0.3
	-35,5
	-9,0

	F5
	5
	1
	0.0  ± 0.0
	15.1 ± 2.0
	358 ± 44
	6.1 ± 0.1
	-35,1
	-6,7

	F6
	5
	10
	58.0 ± 0.0
	9.5 ± 1.8
	179 ± 40
	8.1 ± 0.1
	-33,1
	-2,7

	F7
	10
	0
	0.0 ± 0.0
	16.5 ± 2.3
	663 ± 128
	6.0 ± 0.0
	-34,6
	-3,0

	F8
	10
	1
	0.0 ± 0.0
	12.8 ± 1.7
	320 ± 50
	5.6 ± 0.3
	-32,8
	-5,0

	F9
	10
	10
	37.9 ± 0.1
	9.8 ± 1.1
	172 ± 30
	8.8 ± 0.4
	-32,3
	-1,2


Fig. 2 presents a proposed crosslinking mechanism for the PVC resin in the presence of epoxy resin and amine accelerator, which will be confirmed in the future by more specific techniques like mass spectroscopy. This mechanism was proposed after FT-IR analysis of the samples and raw materials, as described in a previous work(6).

Tab. 2 also summarizes the results of stress and elongation at break, Young modulus for the different formulations studied. In the case of stress at break, the comparison using ANOVA showed that the presence of the amino accelerator affects this property in a statistically significant manner (p value = 0.000), promoting a progressive reduction of its values with an increase in its incorporated content to the PVC plastisol. However, the epoxy resin content does not affect the stress at break values of the samples in a statistically significant manner (p value = 0.233). The effect of interaction between the factors studied also fails to affect the stress at break of the samples in a statistically significant manner (p value = 0.342). 

In the case of elongation at break, the comparison using ANOVA showed that the presence of the amino accelerator as well as the epoxy resin content, and the interaction between these two factors, affect this property in a statistically significant manner (p value = 0.000). As in the previous case, a progressive reduction is observed in elongation values, with the increase in epoxy resin and amino accelerator content incorporated in the PVC plastisol.
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Fig. 2: Proposed reaction mechanism between PVC and epoxy resins, in the presence of an amine accelerator.



The Young modulus results corroborated the gel content results, indicating that apparently a tridimensional crosslinked network is formed in the PVC when in the presence of epoxy resin and an amino accelerator. The comparison using ANOVA showed that the presence of the amino accelerator affects this property in a statistically significant manner (p value = 0.000), promoting a progressive increase of Young modulus values with an increase in the amino accelerator content incorporated in the PVC plastisol. However, this increase only occurs in the presence of epoxy resin since the parameter related to interaction between the two factors studied was also statistically significant (p value = 0.000). As with the stress at break, the incorporated epoxy resin content does not affect the Yong modulus values for the samples in a statistically significant manner (p value = 0.877). 

Finally, Tab. 2 also shows the results for the loss modulus (E”) and tan peak values for the different formulations studied. Analyzing Tab. 2 results, comparing the values for the E” and tan peaks for those formulations in which crosslinking occurred (F7 and F9), versus the reference formulation (F1), it is possible to see the displacement in both cases to higher temperatures indicating a discrete increase in Tg in these samples. The increase in Tg can be explained by the reduction in PVC chain segment mobility(7), as a result of the formation of crosslinks, corroborating the results from increasing gel content shown previously. Fig. 3 shows the results of DMA analyses for F1, F7 and F9 samples. Besides the displacement of E” and tan peaks, for the case of the storage modulus (E’), higher values can be seen for those situations in which PVC resin crosslinking is present, especially at low temperatures.
CONCLUSIONS
From the analysis of the experimental design epoxy-accelerator was possible to infer that the presence of an amine is necessary for the crosslinking to occur in the presence of a tetrafunctional epoxy resin, at least in terms of the processing technique used.

The results from degree of crosslinking confirm such conclusion; hence gel formation was only in the samples where the amine is used concurrently with the epoxy resin. Evidence of chemical reaction was hampered by the large number of chemical species present in the formulation in addition to the degree of displacement of the peaks in the FT-IR spectra caused by the interaction between them. Anyway, results of Young's modulus and DMA profiles obtained seem to confirm the hypothesis of the formation of a three dimensional network among the molecules of the epoxy resin and PVC, but further studies are needed in the future for identifying the hyperbranched polymer formed.
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	Fig. 3: DMA results for PVC/epoxy plastisols: (a) Storage modulus (E’); (b) Loss modulus (E”); and (c) tan.
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