Effective Parameters on Reaction Kinetics and
Particle Size in the Suspension Polymerization of
Styrene in the Presence of Graphite

Morteza Nasiri'?*, Farhang Abbasi'?, and Naser Harasi®

1. Institute of Polymeric Materials, 2. Faculty of Polymer Engineering; Sahand University of
Technology, Postal Code 5331817634, Tabriz, Iran
3. Research and Development Center, Tabriz Petrochemical Complex , Postal Code 5197133377,
Tabriz, Iran

Received: 23 February 2020, accepted: 9 June 2020

ABSTRACT

was carried out. The polymerization reaction kinetics was investigated to

gain better insight into manipulating process parameters. The particle size
distribution and thermal conductivity of the foams were studied by considering
different parameters.
Methods: Product characterization and the reaction thermal kinetics were evaluated
using differential scanning calorimetry (DSC), thermogravimetry analysis (TGA),
particle size distribution and thermal conductivity measurements. The effect of
graphite and initiator concentration on the reaction kinetics was investigated.
Findings: The results showed that the graphite profoundly reduced the rate of
reaction and consequently caused instability in the suspension. By manipulating
the process variables such as increasing the amount of stabilizers (1 to 2%) and
Keywords: initiator (up to 0.6% by wt), their frequency and injection time, the polymerization
of styrene in the presence of graphite was done. The beads were spherical and the
superfine (less than 420 pm) proportion of the product was less than 5%. Through the
pre-expansion process, the beads were expanded and the cell structure was uniform.
The pentane content of the beads was sufficient (~7% by wt) to successfully sinter
the pre-expanded beads in the final molding process. Final foams had 0, 1 and
1.5% graphite. By increasing the graphite content, the thermal conductivity of the
foams was decreased. Graphite-containing foams were better thermal insulators than
conventional expandable polystyrene. Therefore, for a specific thermal duty, a smaller
amount of graphite-containing expandable polystyrene rather than conventional
polystyrene is required and consequently, the total cost of the insulation is reduced.

Hypothesis: suspension polymerization of styrene in the presence of graphite
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Table 1. The molar ratio of initiator to styrene and weight

ratio of graphite to styrene in the investigation experiments

of polymerization kinetics.

Code Graphite/St (wt/wt) | BPO/St (mmol/mol)
G0-B2 0 2.775
GO0-B5 0 5.55
GO0-B11 0 11.1
G1-B2 0.01 2.775
G1-B5 0.01 5.55
G1-Bl11 0.01 11.1
G2-Bl11 0.02 11.1
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Fig. 1. The heat of reaction versus time at 90°C for samples
without graphite at different molar ratios of initiator to

styrene (mmol/mol).
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Fig. 3. The heat of reaction versus time at 90°C for samples
containing 1 wt% graphite at different molar ratios of initiator

to styrene (mmol/mol).
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Fig. 2. The heat of reaction versus time at 90°C for samples
with initiator to styrene molar ratio of 11.1 containing

diffirent contents of graphite.
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Table 2. The conditions of suspension polymerization experiments (all ratios are weight/weight. All reagents were added at the

beginning of the reaction and TCP2 and BPO2 were added in the second hour of polymerization).

Sample St/W TCP/St TCP2/St BPO/St BPO2/St G/St P/St
1 1/1 0.0252 0 0.006 0 0 0
2 0.4/0.6 0.0125 0.0125 0.006 0.001 0.01 0
3 0.4/0.6 0.0125 0.0125 0.006 0.0002 0.01 0.08
4 0.4/0.6 0.0125 0.0125 0.006 0.0002 0.01 0.11
5 0.4/0.6 0.01 0.01 0.006 0.0001 0.01 0.11
6 0.4/0.6 0.01 0.01 0.006 0.0001 0.015 0.14
7 0.4/0.6 0.01 0.005 0.006 0.0001 0.015 0.14

St: Styrene, W: Water, G: Graphite, and P: Pentane.
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Fig. 4. Polystyrene beads: (a) without graphite, sample 1, and (b) containing 1 wt% graphite, sample 2, (scale bar is 5 mm).
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Fig. 5. Particle size distribution of polystyrene beads: without
graphite (sample 1) and containing 1 wt% graphite (sample 2).
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Table 3. The results of analyses on samples (The mean particle size of beads was calculated as the weighted average of the

samples. For this purpose, the weight of the material collected on each mesh is multiplied by the size of that mesh, and the sum is

divided by the total weight of the material).

Sample Mean particle size Graphite Pentane Density of foam Conductivity
(bm) (wi%) (wi%) (@L) (W/mK)

1 293 - - - -

2 1287 1 - - -

3 1174 1 23 - -

4 1265 1 4.3 - -

5 1151 1 5.9 19 0.0365

6 1405 L5 7 15 -

7 1334 1.5 8.2 14 0.0361
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Fig. 8. (a) polystyrene beads containing 1.5 wt% graphite, sample 7, (b) pre-expanded beads of sample 7 and (c) molded foams

with dimensions of 28x12x3 c¢m?® (foams from right to left, containing 0, 1 and 1.5 wt% graphite, respectively. Scale bar is 5 mm).
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