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[ Abstract ] Based on polyvinylpyrrolidone(PVP), two low-dosage kinetic inhibitors for the formation
of natural gas hydrates, namely carboxy-modified polyvinylpyrrolidone(PVPCOOH) and amino-
modified polyvinylpyrrolidone(PVPNH,), were synthesized and characterized by FTIR, “C NMR,
XPS and GPC. The influences of their concentrations and subcooling on the hydrate formation were
investigated in a high-pressure sapphire reactor, and compared with the kinetic inhibitor PVP. The
results showed that the purities of both PVPCOOH and PVPNH, reached more than 99% and the
relative molecular mass distributions of PVP, PVPCOOH and PVPNH, were concentrated. The
experimental results indicated that the solubility of both PYPCOOH and PVPNH, in water was
higher than that of PVP. The inhibition effect of PVPCOOH to the formation of natural gas hydrates
was similar to that of PVP, but the inhibition effect of PVPNH, was worse. The influence of the
concentrations of PVPCOOH and PVPNH, on the determination of the subcooling was little. The
inhibition mechanisms of PVPCOOH and PVPNH, were analyzed based on the experimental results.
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Fig.1 Device for the formation of natural gas hydrates.

V1-V3 Valves; T1, T2 Temperature sensors; P1, P2 Pressure sensors; BC Buffercell; GC Gas cylinder;

C Crystallizer; MS Magnetic stirrer; DAS Data acquisition system
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Fig.2 FTIR spectra of PVPCOOH, PVP K90 and PVPNH,.
PVPCOOH: carboxy-modified polyvinylpyrrolidone;
PVP K90: poly-N-vinyl-2-pyrrolidone;
PVPNH,: amino-modified polyvinylpyrrolidone.
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Fig.3 "CNMR spectra of PVPCOOH, PVP and PVPNH,.
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Fig.5 Typical graphs for the hydrate formation through
standard constant cooling test.

Reaction condition: 2.0%(w)PVPNH,.
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Fig.6 Typical graphs for the hydrate formation through standard
constant temperature test.
Reaction conditions: subcooling degree of 7 °C, 5.0%(w)
PVPCOOH.
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Table 2 Results of the constant cooling tests for the hydrate formatio

Cooling rate/

Hydrate formation Maximum subcooling

No. Sample (C-hh temperature/ °C degree/°C
1 Pure water 1.0 7.0 4.0
2 0.1%(w)PVP K90 1.0 5.0 6.0
3 0.5%(w)PVP K90 1.0 5.1 5.9
4 1.0%(w)PVP K90 1.0 3.1 7.9
5 2.0%(w)PVP K90 1.0 3.7 73
6 5.0%(w)PVP K90 1.0 3.7 7.3
7 0.1%(w)PVPCOOH 0.5 4.0 7.0
8 0.19%(w)PVPCOOH 1.0 42 6.9
9 0.1%(w)PVPCOOH 2.0 4.1 6.9
10 0.1%(w)PVPCOOH 3.0 4.0 7.0
1 0.19%(w)PVPCOOH 40 4.0 7.0
12 0.5%(w)PVPCOOH 1.0 39 7.1
13 1.0%(w)PVPCOOH 1.0 4.0 7.0
14 2.0%(w)PVPCOOH 1.0 4.0 7.0
15 5.0%(w)PVPCOOH 1.0 4.0 7.0
16 0.19%(w)PVPNH, 1.0 5.9 5.1
17 0.5%(w)PVPNH, 10 6.0 5.0
18 1.0%(w)PVPNH, 1.0 6.0 5.0
19 2.0%(w)PVPNH, 1.0 6.1 49
20 5.0%(w)PVPNH, 1.0 6.0 5.0

Conditions: temperature 0-20 C, starting pressure 8.0 MPa.
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Fig.8 Formation process of the natural gas hydrates.

a Without hydrate; b Beginning formation of hydrates; ¢ Formation of a large amount of hydrates; d Complete formation of hydrates
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