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STUDY ON THE RHELOGICAL, PHYSICO-MECHANICAL AND
THERMAL PROPERTIES OF POLYVINYLCHLORIDE/WASTE-
GYPSUM POLYMER COMPOSITES

NGUYEN VU GIANG

1. INTRODUCTION

Among the commercial polymeric materials, polyvinylchloride (PVC) is a common
polymer material that has been widely used for producing industrial goods and household
implements as well. Addition to the advantages such as high Young’s modulus, high tensile
strength, high optical stability, good weathering durability, compatible with plasticizer, fire
resistance and so on, PVC also has some drawbacks such as: brittleness, low thermal stability,
difficult processing .... Due to its inherent disadvantages, PVC is subjected to some limitations
in certain applications [1, 2]. In fact, the PVC products are usually the combination of PVC resin
and some important additives during processing like thermal stabilizers, processing aids,
plasticizers, inorganic reinforcement materials ... to improve their properties and enlarge their
applications. Generally, in the commercial PVC compounds, the inorganic materials play a role
as fillers, take the high contents and strongly affect to the nature and the structure of the products
and reduce the costs, the common fillers such as CaCO;, talc, carbon black, ZnO ... [3]. This
research has mentioned about a potential inorganic materials, waste-gypsum powder that can be
used as filler in the PVC matrix.

Table 1. Chemical compositions of waste-gypsum (wt.%)

Components Average Standard Minimum Maximum
contents contents contents contents
Phosphate 1.30 0.79 0.32 3.89
Soluble phosphate 0.93 0.68 0.19 3.01
CaO 33.7 17.37 29.00 36.30
CaS04.2H,0 23.00 25.76 10.90 36.70
CaSO;, 41.07 55.40 23.60 51.35

Gypsum is a by-product of the production of phosphoric acid. The wet phosphoric acid
obtained by dissolving phosphate ore into sulfuric acid in an artificial way, Namhae Chemical
Company has been achived the wet phosphoric acid according to this way to produce phosphatic
fertilizers. A lot of obsolete gypsum getting in this process has been buried in the large lands.
There for, use of waste-gypsum is not only a partial solution to environmental and ecological
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problems; it significantly improves the microstructure, and consequently the durability
properties of PVC products, which are difficult to achieve by the use of pure PVC resin.
Gypsum consists of a dihydrate sulfate calcite (CaSO,4.2H,0), anhydrate sulfate calcite
(CaS0,4.H,0), calcite oxide (CaO), phosphate, and with particle size less than 50 pm. The
components of waste-gypsum using in this study showed in Table 1 [4].

Waste-gypsum is quite soft, it ranked at the second position in the Mohs hardness [3,5].
Among the inorganic materials, this is a remarkable property of waste-gypsum since the
abrasion of polymeric composites depends on the hardness of inorganic dispersive fillers, the
lower hardness of inorganic filler is, the higher abrasive strength of composite reaches [6]. In
recent years, there have been some researches those investigated the applications of waste-
gypsum to the field of fabrication of polymeric composite materials [7-11]. However, the study
of the effect of waste-gypsum contents on the properties and structure of thermoplastic
composites has been not much interested in Vietnam so far. Waste-gypsum particles are strong
hydrophilic materials, therefore, the aggregates of particles usually occurs in the polymeric
structure due to their high surface energy and the interaction between particles. Hence, to
improve the dispersive ability and the adhesion of waste-gypsum in PVC matrix, waste-gypsum
particles were modified by using sodium dodecyl sulfate (SDS) as surfactant. The S=O groups of
SDS can be interact with the S=O of CaSO, and bonding with CaO particle to form an organic
layer on the surface of particle. Owing to that organic layer of SDS on the surface, MWG
particles are hydrophobic and more compatible than original waste-gypsum particles in the
polymeric matrix [12]. In this research, we mainly present the effect of modified waste-gypsum
(MWG) contents on the rheological, physico-mechanical and thermal properties of the
PVC/MWG polymeric composite materials. Four kinds of rigid PVC/MWG composite with
different MWG contents were prepared by melt blending method. The morphological
development of the PVC/MWG polymeric composite samples is also discussed in this paper.

2. EXPERIMENTAL

2.1. Materials

PVC pellets (suspension polymerization PVC, LS-100, DP = 1000) was provided by LG
Chemical Co., South Korea. Waste-gypsum samples were kindly supported by Namhae
Chemical Co, Yeosu City, South Korea with particle size less than 50 pum. Prior to use, waste-
gypsum particles were washed by water for eliminating the contaminants and dried to stable
weight. Owing to the low hardness of waste-gypsum particles, so they were ground and sieved to
the smaller particle size (about 1-3 um) for the better interaction with surfactant. The
modification of waste-gypsum was carried out at laboratory by using an internal mixer Banbury
(Farrel Co., USA). Dried waste-gypsum and sodium dodecyl sulfate (a ratio of sodium dodecyl
sulfate of 3 wt.% used) were mixed at 80 °C for 3 hours and rotor speed at 100 rpm. After
mixing, modified waste-gypsum (MWG) material was carefully washed by water-alcohol (1:1)
for removing the odd surfactant. Lubricant (Wax polyethylene powder) and thermal stabilizer
(liquid barium-zinc-phosphite and calcium-zinc-phosphite complexes, ratio as 1:1) were
purchased from Lucky Co., Sunchon City, South Korea. The component ratios of PVC/MWG
and additives were shown in Table 2.
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Table 2. Sample codes and compositions of PVC/MWG composites

Samples PVC (g) Lubricant Stabilizer MWG
(8 (8 (g/wt.%)
PVCO 100 0.5 3.0 -
PVC1 100 0.5 3.0 20.0/16.26
PVC2 100 0.5 3.0 30.0/22.56
PVC3 100 0.5 3.0 40.0/27.97
PVC4 100 0.5 3.0 50.0/32.67

2.2.Preparation of PVC/MWG composites

First of all, for each sample, PVC, MWG and processing additives were mixed by an
internal mixer Banbury (Farrel Co., USA) at 80°C, rotos speed of 70 rpm for 7 minutes. And
then, the compounds were roll-milled by an instrument model KR-250 (Nishimura Co., Japan)
at 175°C for 5 minutes. After that, the melt compounds were quickly molded into sheets of 3 mm
in thickness by hot pressing machine (Wabash, G302-BCLX, USA) at 175°C and 20 MPa for 3
minutes, followed by cooling to room temperature at 5 MPa. The sheets were prepared for the
structure characterization and the measurements.

2.3. Measurements

Determination of torques of melt-mixing of composites (expression of relative melt
viscosity) versus time was carried out in Haake Polylab System 600 with the chamber capacity
of 69 cm’, a couple of Roller rotors at 60 rpm, start temperature at 180°C for 10 minutes. The
tensile strength and the elongation at break were performed using a Universal Tensile Tester
(Instron, series IX automated materials testing system, USA) according to ASTM D638 standard.
The tensile test was conducted and obtained the average value by measuring each sample piece
five times at a crosshead speed of 10 mm/min. To measure the impact strength of the sample
pieces, the impact strength test (Izod impact, Grove Co., USA) was conducted according to
ASTM D256-97 standard. For impact strength, the results also obtained the average value by
measuring each sample piece five times with a hammer speed of 3.5 meter/second and pendulum
weight of 0.818 kg at room temperature. Differential scanning calorimeter (DSC) analysis was
conducted on a DSC2, Dupont 2000 (TA Instrument Co., USA) at a heating rate of 10°C/min
under a flowing nitrogen atmosphere. The temperature scan ranged from room temperature to
300°C. Thermogravimatric analysis (TGA) was conducted on a TGA, Dupont 2000 (TA
Instrument Co, USA) at a heating rate of 10°C/min under a flowing nitrogen atmosphere. The
temperature scan ranged from room temperature to 600°C. The polymer composites for scanning
electron microscopy (SEM) observation were coated with gold-palladium prior to examination.
The SEM micrographs were obtained by using Jeol JSM-T330 system (Japan).

3. RESULTS AND DISCUSSION
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3.1. Rheological study and processing characteristics of PVC/MWG composites

The torque measurement has been successful used to obtain qualitative information
concerning the relative melt viscosity and mixing process of the polymeric composites. Figure 1
presented the relationship between the torque and the mixing time of PVC0-PVC4 composites.
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Figure 1. Torque curves of PVC/MWG composites with the different MWG contents

From Figure 1, the plots of torque of mixing for different ratios of PVC/MWG composites
(or relative melt viscosity of composites) distinctly expressed thermo-mechanical mixings and
cross-linking processes of PVC in those composites. During first minute, the peaks depicted the
loaded materials into the mixing chamber, and then, the torques gradually decreased until ground
values. If MWG contents of composites increased, the ground values decreased and the mixing
time of the compounds was longer. When cross-linking reactions of PVC matrix took place, the
fusion peaks occurred. As showed in Figure 1, the fusion peaks of PVCO, PVCI1, PVC2, PVC3,
and PVC4 reached at around 1.7 min., 2.5 min., 5.1 min., 7.1 min., and 9.1 min., respectively.
Also, the intensities of torque at the fusion peaks are not the same for those composites, and they
decreased with the increase of MWG contents. These can be thought that the increase of MWG
contents in compositions which leaded to the temperature transmissive process from hot walls of
chamber to PVC matrix phase was longer than those of the smaller MWG content in the
compositions. On the other hand, the higher MWG ratios were loaded; the mixing processes
became more difficult. Actually, these results is important information for controlling and
setting up the processing parameters such as processing temperature, processing time, stabilizers
to obtain the good composite products.

3.2. Physico-Mechanical Properties

The results of the physico-mechanical properties are presented in terms of the tensile
strength, elongation at break, Young’s modulus, and impact strength by comparing MWG
contents to the PVC/MWG composite compositions those are given in Figure 2. From Figure
2(a), upon adding the MWG to the PVC compound with the content of 16.26 wt%. (PVC1), the
tensile strength of composite was increased from 43.8 MPa (PVCO) up to 49.6 MPa. The highest
tensile strength among five samples was measured on PVC2 with the MWG content of 22.56
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wt%, reached 51.3 MPa (increase of 17 % compared with PVCO0), then gradually decreased to
48.5 MPa and 40.9 MPa at PVC3 and PVC4 composites, respectively. Obviously, the modified
surface of MWG particle improved significantly the tensile strength of the composites. From the
results, these may be expected that the content of MWG dispersive phase had a critical value on
which the MWG particles were regularly distributed in the bulk polymer and the good
compatibility with PVC matrix made a peak of tensile strength value as shown in Figure 2(a). If
the content of MWG phase is added over this value, the compound system may be taken the
consequence of the coalescence effect and this may cause the decrease of the tensile strength of

composites.
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Figure 2. The physico-mechanical properties of PVC/MWG composites

On observation of the elongation at break of PVC/MWG composites in Figure 2(b), the
elongation at break decreased slightly from 42.9% of PVCO to 32.7% of PVC1, and then 16.5%,
12.7%, 10.85% of PVC2, PVC3 and PVC4, respectively. It was revealed that the MWG phase
played a role as an inorganic dispersive phase, which caused a decrease of the flexibility of PVC
matrix phase, therefore, reduced the elongation at break of composites. Figure 2(c) presented the
Young’s modulus (E-modulus) (which depicts the stiffness of composite). Generally, upon the
increase of filling MWG contents leaded to the improvement of E-modulus of the composites.
However, the level of those increases was disproportional to the amount of fillers.

From the observation in Figure 2(d), the impact strength of composites increased with the
addition of MWG from 4.51 kgf.m/m (of PVCO) to 4.85 kgf.m/m. (of PVCI). Thus, it was clear
that the dispersion of MWG particles in PVC matrix has actively affected to the impact strength
of composite. This indicated the good adhesion of inorganic-organic interface owing to the
organic part of surfactant of MWG particles was easily compatible with polymeric matrix. And
then, the impact strength of PVC2, PVC3, PVC4 composites gradually decreased with
increasing of MWG contents due to the high loaded inorganic component, the aggregates of
MWG occurred and the defects of structure caused the reduction of impact strength of
composites. The impact strength of PVC4 reduced 29% (3.22 kgf.m/m) in comparison with
PVCO. Thus, although the high MWG contents were added to the composites, the impact
strength of composites reduced slightly,
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3.3. Thermal Properties

Figure 3(a) showed the DSC curves of the PVC/MWG composites (PVCO, PVCI1 and
PVC2). On the observation of the glass transition temperature (T,) of three samples, it was
realized that the shifts of glass transition temperature occurred through the PVCO, PVCI and
PVC2 at 78.2, 79.5 and 81.4 °C, respectively. This implied that the distribution of MWG
particles into PVC matrix had a significant effect on the structure of composites with a tendency
of increase of stiffness of composites, hence, an increase of the glass transition temperature
found. This result proved the good compatibility at the interface between MWG particles and
PVC matrix.
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Figure 3. Thermal analysis of PVC/MWG composites: (a) DSC curves showed the shift of the glass
transition temperature; (b) TG analysis indicated the thermal stability of composites

Figure 3(b) exhibited the TGA curves of the PVC/MWG composites. It was interesting that
in the case of non-present MWG in PVC, the decomposed temperature of polymer was about
278 °C, however, for PVC/MWG composites, the decomposed temperature was the same at 285
°C. Thus, the presence of MWG in the polymeric composites can expend the range of the
processing temperature of the composite materials. This might be expected that calcium oxide
(CaO) presented in waste-gypsum composition which played a role as a fire resistance,
effectively scavenge HCI gas liberated from burning halogenated polymer (PVC):

CaO + 2HCI = CaCl, + H,O

Thereby reducing the corrosiveness of the generated smoke and improving the thermal
stability of PVC/MWG polymeric composites obtained [3,13].

3.4. Morphological observation

Figure 4 showed the SEM micrographs of the PVC2 and PVC4 composites, in which, the
white dots exhibited the dispersion of MWG particles into PVC matrix. It is clearly realized that
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in the case PVC2 picture (Figure 4(a)), the MWG particles dispersed finely into polymeric
matrix and the particle size was quite small (about 200-300 nm). Thus, during the processing,
the MWG particles seemed to be divided into smaller sizes by the effects of the pressing, friction
forces and high temperature from the mill rotors, therefore, the MWG particles could easily
intercalated into the PVC amorphous molecules. This is a significant point of waste-gypsum in
comparison with other inorganic fillers. However, if the amount of MWG continuously
increased up, the appearance of the coalescence of the MWG particles resulted in the structure of
polymeric composites as showed in Figure 4(b). The aggregates of particles usually possess the
bubbles as defects in the structure and caused the reduction of the physico-mechanical properties
of composites as mentioned above.
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Figure 4. SEM micrographs of PVC/MWG composite: (a) PVC2, (b) PVC4

4. CONCLUSION

The PVC/MWG polymeric composites were prepared by a melt blending process. The
rheological study proved that by the increase of MWG contents, the appearance of fusion peaks
was slower than that of the smaller MWG content used. Young’s modulus of composites was
enhanced with the increase of MWG content in all composites. The highest tensile strength of
composites was measured at PVC2 with the content of MWG of 22.56 wt.%. The impact
strength of composites improved with 16.26 wt.% (PVC1) of MWG loaded and then gradually
decreased with increasing the MWG contents. Research on the glass transition temperatures of
composites, it was clear that the significant shift occurred from PVC compound without MWG
to the PVC1 and PVC2 composites, this indicated that the gypsum phase was finely intercalated
into PVC matrix and a good interaction between two initial phases. TGA curves also exhibited
the presence of MWG contents increased the thermal stability and expended the processing
temperature range of the polymeric composites. The fine dispersion of MWG particles on SEM
micrograph of PVC2 composite (22.56 wt% of MWG content) proved to the good physico-
mechanical properties in comparison with other composites.
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TOM TAT

NGHIEN CUU TINH CHAT LUU BIEN, CO LI VA NHIET CUA VAT LIEU POLYME
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Vit liéu polyme compozit trén co s¢ nhya polyvinylclorit (PVC) va gypsum phé thai duoc
ché tao bang phuong phip néng chay trén mdy can tron va mdy €p nhiét. bé tdng kha ndng phéan
tan va két dinh voi nén nhya PVC, gypsum phe thai dugc rua sach va bién tinh bé mat boi natri
dodecyl sulphat. Anh huéng cta ham lwgng gypsum bién tinh (MWG) 1én tinh chét luu bién
trang thai néng chay, co 1i va nhiét cua vat liéu polyme compzit PVC/MWG dugc thao ludn. Sy
¢6 mat cia MWG trong thanh phan kéo dai hon thoi gian phdi tron trong qué trinh gia cong
compozit. MWG lam tang d¢ cimg, do bén kéo durt & ti 1€ 22,56% khéi lugng (k1.) cho gid tri 16n
nhat (tdng 17% so v6i mau khong st dung MWG), do bén va dap giam 29% khi tang ham luong
MWG Ién dén 32,67% kl. Nghién ctru nhiét do chuyen thuy tinh (T,) cua vat liéu compozit
PVC/MWG xuét hién hién tugng truot cta ching khi ting ham lugng MWG trong thanh phan.
Khoang gia cong cua vat liu compozit cling dugc mo rong nho viéc tang nhiét do phan huy cua
ching. Phan tich hinh thdi cdu tric qua anh hién vi dién tir quét (SEM) cho thay hat MWG kich
thude tir 200 - 300 nm phén tin déu trong nén PVC & ti 16 22,56% kl., do d6 cai thién ddng ké do
bén kéo dut cua vat lidu.
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