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Abstract

In this research, polystyrene-poly (ethylene glycol)-polystyrene (PS-b-PEG-b-PS)
amphiphilic triblock copolymer was synthesized by atom transfer radical
polymerization (ATRP) method. The results of FTIR and NMR analyses were
confirmed the successful synthesis of the presented triblock copolymer.
The experiments of hydrate inhibition performanc testing were carried out in
the presence of methane gas using rocking-cell reactor at initial pressure of 68
bar and 1.50C, respectively. The potential kinetic inhibitory effect of synthesized
PS-b-PEG-b-PS copolymer was investigated at the conectrations of 0.05 and 0.1
wt% and compared with the similar data of commercial inhibitors including
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polyvinylpyrrolidone (PVP) and Luvicap EG as a polyvinylcaprolactam Keywords:
(PVCap)-based kinetic inhibitor from BASF. The obtained results showed that the Block Copolymer,
synthesized PS-b-PEG-b-PS at concentration of 0.1% wt had about 92% Amphiphile,

inhibitory performance, while PVP as a commercial inhibitor had up to 84%
inhibitory performance. Furthermore, the rate of gas consumption in the presence
of the synthesized PS-b-PEG-b-PS was decreased about 6 times compared to
Luvicap EG and 2 times less than to PVP one. The synthesized amphiphilic
triblock PS-b-PEG-b-PS copolymer by ATRP method could be introduced as
a new potential kinetic gas hydrate inhibitor.
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Figure 1. Schematic of the growth of hydrate clusters. (a) Hydrate production without gas (b) Formation of unstable clusters with gas
solubility in water. (c) Increasing disorder with the density of unstable clusters. (d) Reaching density to critical size and growth [18].
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1. Low Dosage Hydrate Inhibitors (LDHIs)
2. Kinetic Hydrate Inhibitors (KHIs)
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Figure 2. Mechanism of polymer synthesis by ATRP method [40].

1. Controlled Radical Polymerization (CRP)

2. Nitroxide-Mediated Polymerization (NMP)

3. Atom Transfer Radical Polymerization (ATRP)

4. Reversible Addition—Fragmentation Chain-Transfer (RAFT)
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Figure 3. Schematic of the rocking-cell reactor used for gas
hydrate tests.
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Figure 6. Pressure changes over time of hydrate formation experiment for pure water.
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Figure 7. FTIR results related to polyethylene glycol (PEG) and PEG-Br macroinitiator.
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Figure 10. NMR results of the presented synthesized PS-PEG-PS triblock copolymer.
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Table 1. Induction time in the presence of inhibitors at 0.05 and 0.1 wt% concentrations.

+8 162
+15 248
+20 352
+18 316
+40 720
+22 364
+28 460
+23 375

=== Pure Water
0.05 PVP

0.1 PVP

0.05 Luvicap EG
0.1 Luvicap EG
0.05 PS-PEG-PS
0.1 PS-PEG-PS

= Average
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Figure 11. Graphs of methane gas consumption in the presence of PVP, Ps-Peg-Ps, Luvicap EG inhibitors with
a concentration of 0.05% by weight.
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Table 2. Gas consumption rate in the presence of inhibitors with different concentrations and percentage of inhibition performance.

Inhibition Speed in the middle of gas | Speed at the beginning of | Concentration (% Inhibitor

percentage consumption gas consumption by weight
=== 4.9 7.7 ==== Pure Water
73.2 1.3 1.9 0.05 PVP
84.3 0.7 0.7 0.1 PVP
39.3 2.9 33 0.05 Luvicap EG
60.4 1.9 1.1 0.1 Luvicap EG
44.6 2.7 3.6 0.05 PS-PEG-PS
92.5 0.3 0.1 0.1 PS-PEG-PS
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