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Investigating the reduction of the time of suspension
polymerization of vinyl chloride monomer using a
mixture of initiators containing cobalt catalyst Abstract

Sahar Mohammadrezaei'*, Ataollah Kamyabi!, Reza Darvishi?,

Amin Abolghasemi Mahani'

1- Department of Polymer Engineering, Faculty of Engineering, Bahonar University of Kerman,
Kerman, Iran
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In this study, the possibility of increasing the productivity of batch reactors for
the polymerization of vinyl chloride using cobalt catalyst was investigated.

This method led to a 33% reduction in polymerization time and the production of a product
with K-values equal to the product of polyvinyl chloride polymer (PVC). Under the conditions
of using cobalt catalyst, the reaction rate was higher at the beginning of the reaction and gradu-
ally decreased at the end of the reaction. The experimental and simulated profiles were run in
a 15-liter reactor and the product properties were measured. The effect of the cobalt catalyst
on properties such as particle size distribution of PVC powder, porosity of powder, apparent
density, shape and structure of internal and external shell of particles and average molecular
weight was investigated. Measurements of molecular weight distribution show that the average
molecular weight and dispersion index, despite having the same K-values, are not affected by
the conditions under which the cobalt catalyst is used. The absorption percentage of the softener
increases. SEM images show that under cobalt catalyst conditions, more spherical and porous
particles are produced, which is the reason that the three-dimensional aggregation of the parti-
cles occurs faster, which leads to more porosity inside the particles. The effect of using a cobalt
catalyst on the thermal stability of polyvinyl chloride product was investigated according to
DSC and TGA analysis, which causes a slight decrease in stability, but the amount of decrease
does not cause a disturbance in the downstream processes.
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1- Polyvinyl chloride
2- External Loop
3- Vinnolit
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Table 2-1. Instructions used in the production of S-PVC based on grade S-70.

Full name commercial name | The role of matter Amount Source of supply
Vinyl chloride VCM Monomer 22.8 ton Abadan Petro-
chemical
Primer mixture CX-CN initiator 9Kg Akzo Nobel Co.
in a ratio of 1:1 (Nether Land)
Polyvinyl chlo- SA(B)-422H Primary suspending 380 litr Shin Etsu Co.
ride PVA (4% wt% SA(B) (Japan)
in water)
Polyvinyl chlo- SA(F)-L11 Secondary suspend- | 125litr (4% wt% Hercubs Ltd
ride PVA ing agent SA(F) in water) (U.S.A)
Deionized water DM-Water Continuous phase 17.9 ton
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Table 2-2. PVC-S70 production instructions with PVC-Target code.

Materials Unit Amount Amount
Vinyl chloride monomer g 3000 3000
Water lit 6 6
Polyvinyl alcohol solution ratio SA (B) g 75 75
(4% in water)
Polyvinyl alcohol solution ratio SA (F) g 35 35
(4% in water)
Initiator LP -MYPC g 54 4.7
Cobalt catalyst g 0 9
Reaction temperature =C 51 51
The number of revolutions of the mixer rpm 500 500
Sample code sk PVC-Target PVC-CO9
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Figure 3-1. Determined viscosity values.
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Figure 3-2. Determined K-Values.
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4- Scanning Electron Microscopy
5- External Morphology
6- Internal Morphology
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1- Differential Scanning Calorimetry
2- Thermogeavimeric Analysis
3- Differential Thermogravimetric Analysis
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Figure 4-1. Graph of conversion percentage according to

polymerization time and comparison between them.
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1- Gel Permeation Chromatography
2- Brunauer-Emmett-Teller

3- Barret-Joyner-Halenda

4- Particle Size Analyzer
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Figure 4-2. Graph of conversion rate percentage versus polymer-

ization time and comparison between them.
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Table 4-1. Comparison of final properties of PVC resin resulting from polymerization of

PVC-Target and PVC-CO code 9 experiments.

Properties Unit PVC without cobalt catalyst PVC with cobalt catalyst
Reaction time Min 380 250
K-value ook 70 70.2
Apparent density Gr/cc 0.46 0.44
Porosity level ml/gr 0.27 0.32
Nill Nill % Mesh 40
Nill Nill % Mesh 200
Conversion percentage % 90 95
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Figure 4-5. Particle size distribution obtained from laser analyzer
measurements for PVC beads obtained from the polymerization

:(a) of PVC-Target(b) and PVC-CO9(a) - Specific surface area.
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Figure 4-6. Comparison of FE SEM analysis images of produced PVC particles and top view image at 100 pm size

(left image: PVC-Target and right image: PVC-CO9).
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Figure 4-7. Comparison of FE SEM analysis images of produced PVC particles and an image of the shell at sizes of

(and 1 um 10 (left image: PVC-Target and right image: PVC-CO9 ).
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Figure 4-8. Comparison of FE SEM analysis images of produced PVC particles and an image of a shell at a size of 5 um
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(left image: PVC-Target and right image: PVC-CO9).
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Figure 4-10. DSC diagram taken from PVC compounds prepared
by PVC-CO9 and PVC-Target methods.
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Table 4-2. BET and BJH characteristic values for PVC particles obtained by two methods: PVC-CO9 and PVC-Target.

BJH BET
ap rp Vp Total Average
(Cm’g")  (nm) (Cmigh) porosity porosity C - Vm
valume diameter (Cm2gh)
(Cmig") (nm) (Cm(STP)g")
25.2 63.04 0.025 0.047 20.26 72.74 0.02 PVC-CO9
12.6 30.6 0.007 0.037 43.79 43.09 0.01 PVC-Target
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Figure 4-11. FTIR diagram of PVC-CO9 and PVC-Target samples.
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