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Abstract—The effect of mixing by hand and mixing by mechanical mixer on limiting oxygen index,
thermal stability and DSC of plasticised PVC has been studied in this article. LOI Stanton Redcroft FTA
flammability unit, Stabilimetr PVC 03, and DSC823e were used for measuring limiting oxygen index and
thermal stability of plasticised PVC. The experimental results showed that limiting oxygen index and
thermal stability of plasticised PVC mixing by hand higher than mixing by mechanical mixer, because
there is an irregular distribution of chlorine, carbon and oxygen elements inside the PVC structure,
where there is a conglomeration of these elements at some points in case of mixing by hand and more
homogeneous in case on mixing by mechanical mixer, as illustrated by scanning electron microscopy
(SEM) images and the energy-dispersive X-ray spectroscopic micro-analyzer (EDS). Therefore, this
irregular distribution will give inaccurate results for limiting oxygen index of plasticised PVC.
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I. INTRODUCTION

The combustibility execution of PVC considered one of the important factors that the selection of this polymer
in many applications depends on. It is possible to explain the reasons for the selection of PVC in applications
that require high thermal resistance, by reference to its characteristic thermal properties, in addition to its
generally have high chlorine content (56.7%), also have a high affinity with a lot of flame retardants and smoke-
suppressant additives. There are different methods of additives action within PVC, where some act as catalysts
with chlorine to generate non-flammable gases (free radicals), thus preventing oxygen from reaching the flame
zone, or helps to form a char layer as in the case of smoke-suppressant additives.

These gases causes flame poison by free radicals and thereby limit its spread or even its eventual annihilation.
The others needs heat energy to decomposition, which reduces the temperature of the surface of the material to a
temperature below the degree of combustion, so the ignition will stop, and this called theory of thermal
flammability [1-6]. PVC has low heat of combustion and it is an essential characteristic that gives it a preference
over other plastics when flammability resistance is the basic choice for an appropriate application. The total heat
emitted during combustion and the rate of this heat is one of the most important factors that control the actual
spread of flame, which determines how can the materials fighting the fires [7-12].

Il. METHODOLOGY

a. Materials: the main materials percentages were used in this article shown in Table.2. PVC S-5070
(Ongrovil®) supplied by BorsodChem Zrt., Hungary; Dioctyl Phthalate (DOP) as plasticizer supplied by
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supplied by Betaquimica CO., Barcelona, Spain; and Wax-E (Licowax® E) as lubricant supplied by
Clariant International Ltd, Muttenz Switzerland.

TABLE I. Composition of batches

Material PVC S-5070 DOP Newstab 50 Wax-E
Content, pphrr 100 70 1.5 0.3

b. Mixing process and preparation of samples: Two batches from PVC with some additives shown in Table.2,
the samples materials in first batch were mixed by hand, and the samples materials in second batch mixing
by mechanical mixer. The two batches were prepared by using the laboratory two roll mill (Schwabenthan)
with forming conditions shown in Table.2 as sheets with 0.4 -0.6 mm in thickness and then fabricated to the
proper shapes by using hydraulic press at 300 and 20 bar pressure and temperature 175°C with 80 mm
length, 10mm width, and 4mm thickness.
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TABLE II. Condition of rolling process

Temperature Time Rolling speed
170°C 5 min 21 rpm, Front roller 24 pm, Back roller

¢. Limiting oxygen index test: LOI was done by the instrument Stanton Redcroft FTA flammability unit with
oxygen and nitrogen cylinders gas and accurate pressure control system found in BorsodChem company
according to (ISO 4589-2) standard.

d. Thermal stability samples: (EN ISO 305) was used to fabricate thermal stability samples with 200 mm
length, 15mm width, and 0.4mm thickness. This test is finishing within 2 hr and temperature 190°C, where
the sample moves out of the Stabilemetr with velocity 2 mm per minute.

e. DSC test was performed with temperature range 30°C-240°C, with DSC823e instrument from Mettler
Toledo found in BorsodChem. Samples weight was 10.5 g.

f.  Surface SEM-EDX analysis field emission scanning electron microscopy (FESEM) was used for the
structural analysis of plasticised PVC. This test was done by using Carl Zeiss EVO MA10 SEM.

111. RESULTS AND DISCUSSION

Fig.1 represents the limiting oxygen index of plasticised PVC vs. mixing type. From the figure below we note
that the value of the limiting oxygen index of the sample mixed by hand is higher than the value of the limiting
oxygen index of the sample mixed by the mechanical mixer. Because the materials that are mixed by hand are
conglomerated together inside the PVC structure and are difficult to see it, causing non homogeneous
distribution of the elements so the results of the test is inaccurate and fluctuating, while for the mixing by the
mechanical mixer, the distribution of the elements is fairly homogeneous.
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Fig.1 limiting oxygen index of plasticised PVC vs. mixing type

Thermal stability test of plasticised PVC at temperature 190°C vs. mixing type shown in Fig.2. The marks of
this test will be a gradient colours series, where color of the sample is light and transparent when the test begins,
because the beginning of the sample does not remain in the device for a long time therefore it is slightly affected
by heat. And as we mentioned above, this test continue for two hours and the sample moves out of the device
with velocity 2 mm per minute, so the color of the sample begins to change to dark color gradually. The color
change depends on how long the sample remains inside the device, as it will change to pale yellow, then to
yellowish orange, and by continuous testing the color changes to yellowish red, then changes to red color, then
dark red, then brown, then the sample becomes dark. When comparing the color gradation between the two
samples, we note that the thermal stability of the hand-mixed sample is better than the sample mixed by the
mechanical mixer.
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Fig.2 Thermal stability test of plasticised PVC at temperature 190°C vs. mixing type
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From the DSC measurement illustrated in Fig.3, we noted that the average value of the gelation grade of PVC
mixing by mechanical mixer is higher than PVC mixing by hand, and this due to the plasticizer will penetrate
within PVC particles with rotational movement of mixer and temperature causing swelling of these particles
[13].

Ems Mixing by mechanical mixer: gelation grade 61 % at 176°C

m lMixing by hand: gelation grade 75 % at 176°C
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Fig.3 DSC measurement for hand and mechanical mixed plasticised PVC

This behavior was characterized by scanning electron microscopy (SEM) coupled with energy-dispersive X-
ray spectroscopic micro-analyser (EDS) as in Fig.4-13.
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Fig.4 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.1 in SEM image for the sample mixed by hand
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Fig.6 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.3 in SEM image for the sample mixed by hand
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Fig.7 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.4 in SEM image for the sample mixed by hand
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Fig.8 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.5 in SEM image for the sample mixed by hand
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Fig.9 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.1 in SEM image for the sample mixed by mechanical mixer
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Fig.10 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.2 in SEM image for the sample mixed by mechanical mixer
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Fig.11 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.3 in SEM image for the sample mixed by mechanical mixer
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Fig.12 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.4 in SEM image for the sample mixed by mechanical mixer
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Fig.13 Energy-dispersive X-ray spectroscopic micro-analyser (EDS) of point.5 in SEM image for the sample mixed by mechanical mixer

IVV. CONCLUSIONS

From the results obtained from the LOI and thermal stability test we noted that the limiting oxygen index for
sample mixed by hand higher than the sample mixed by mechanical mixer and also the hand-mixed sample has
color stability better than that mixed by mixer due to the non homogonous distribution of components causing in
conglomerated the Cl, C, and O, as indicated in scanning electron microscopy (SEM) images and the energy-
dispersive X-ray spectroscopic micro-analyzer (EDS) test. Gelation grade of PVC mixing by mechanical mixer
is higher than PVC mixing by hand.
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