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Abstract A hydrocarbon gas drive production method is used in an oil field in Changqing. The use of this method may lead
to a high gas-oil ratio (30~100 m*/t) of well flow. This study carried out relevant experimental research into hydrate prevention
and control problems that are common in the process of the hydrocarbon gas drive method. Compared with the prevention and
control scheme of adding a traditional thermodynamic inhibitor(THI), a kinetic inhibitor(KHI) has attracted more and more at-
tention for its advantages of low dosage, high efficiency and environmental protection. However, according to a large number of
field examples and experimental research results, it can be found that the effect of a single inhibitor is not ideal, and the inhibition
effect of traditional KHI is greatly affected by temperature. Under high undercooling, its suppression may fail. Adding synergists
to the kinetic inhibitor system enhances the inhibition effect. This has become an important research topic Two kinetic inhibitors
of PVP(polyvinylpyrrolidone) and PVCap(polyvinylcaprolactam) and their synergistic inhibitors combined with mono-ethylene
glycol (MEG) were experimentally studied in a 500 mL autoclave. In the process of hydrate formation, the inhibition effect of
compound inhibitors on hydrate formation was studied. The inhibition performance of the two kinetic inhibitors was tested from
the perspectives of inhibitor concentration, maximum allowable undercooling and the effect of combination with MEG. A total of
42 groups of experiments were carried out in this study. The experimental results show that the inhibition ability of kinetic inhib-
itor PVCap is better than that of kinetic inhibitor PVP at the same mass concentration. PVCap still showed good inhibition ability
at nearly 20 °C undercooling. In the synergistic experiment of PVCap and PVP combined with MEG, it can be found that they
all showed a certain degree of synergistic inhibition. The synergistic effect of PVCap and MEG is more obvious. The synergistic
inhibitor combination of 3 wt%PVCap and 5 wt%MEG can prolong the induction period of natural gas hydrate to more than 9
h under high undercooling (22 °C), which shows that a reasonable and effective synergistic inhibition scheme can effectively
improve the inhibition performance of KHI, help to promote the application of KHI in the field of oil and gas resources under a
domestic high undercooling environment, and provide technical support for efficiently solving the problem of hydrate prevention
and control in oil and gas production under high undercooling conditions.
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Table 1 Configuration of natural gas components

Moy TR % Mo /%
N, 1.53 G, 3.0
co 2.05 ic, 0.33
CO, 0.89 iCs 0.04
C, 89.02 nCe+ 0.1
C, 3.07
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Hoy i /% HIy i /%
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Fig. 3 Two commercial kinetic inhibitors
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Table 3 Undercooling degree of the system corresponding to
different experimental temperatures when the pressure of the

experimental system is 5 MPa

SEERLEE °C 1 —4 -6
A °C 14.35 19.35 21.35
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Fig. 7 Hydrate formation curve
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Table 5 High pressure scheme of reactor
ETkd ) BT 'wit% SRR /°C MEG/wt% Ve °C
1# G 0 -4 0
2# PVP 3 -4 20
3# PVP 3 -4 30 2251
4# PVCap 3 -4 5
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Table 6 Experimental induction period of each group when the initial experimental pressure is 5 MPa

S Rl e iwt% SEHRLEE /°C MEG/wt% Wi/
al T 0 1 0 127
a2 i 1Bl 0 -4 0 0.97
a3 Johnl 0 -6 0 0.96
a4 PVP 1 1 0 1.85
a5 PVP 2 1 0 3.53
a6 PVP 3 1 0 48
a7 PVP 3 -4 0 1.64
a8 PVP 3 -6 0 1.32
a9 PVP 3 -4 5 2.55
al0 PVP 3 —4 15 >9
all PVCap 1 1 0 3.8
al2 PVCap 2 1 0 4.19
al3 PVCap 3 1 0 >9
al4 PVCap 3 -4 0 7.17
als PVCap 3 -6 0 1.75
al6 PVCap 3 -4 5 >9
al7 PVCap 3 -4 15 >9

x71 ZWHRESNH 8 MPa b E AL FESH

Table 7 Experimental induction period of each group when the initial experimental pressure is 8§ MPa

S T T Iwt% SEYGIRE /°C MEG/wt% 753 /h
bl To 0 —4 0 0.71

b2 PVP 3 —4 20 1.73

b3 PVP 3 —4 30 2.88

b4 PVCap 3 —4 5 >9
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Fig. 8 Induction period of PVP and PVCap at the same

concentration
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Fig. 9 Hydrate induction period of experimental groups
with different undercooling under the condition of 3wt%

additive concentration

RS 3Iwt% MFKREFGTARLREXLKEANKSYE
S

Table 8 Hydrate induction period of experimental groups
with different undercooling under the condition of 3 wt%

additive concentration

8 /°C PVPIES/h PVCapiZs S8 /h TEhnsis S /m

14.38 4.80 >9 1.27
19.38 1.64 7.17 0.97
21.38 1.32 1.75 0.96

SR, A KHT A 30 1 P RE A R 2 v8 B 1Y
BT REAG, Horh PV Cap FOTIHIMERE S M. Ml
¥ B 14.38 °CHY, PVPAURER 5 S WIHEK 5 4.8 h,
L Z N, PVCapMIBEIE K 2 9 hlL |, Bl & oF %
JE Y HE— 25 B 2= HEE 20 °C, PVCap {5 Al LUK 5 S
WRER % 7 h L b, PVPIIAY ] 1.64 ho 7E1L%
it 21 °CJa, W IGRAR R T iR A H T 2 h,
HR A AR S 1.2.4 5% T Fe K AT 7K AZ 320 v B 9 40 0 b 1
PV Cap 1) d5c R ] 7K 52 35k ¥ BE W AE 19.38 °C %2 21.38 °C
ZI[a], PVP LT 14.38 °C.
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Table 9 Hydrate formation temperature and effect on

undercooling with different concentrations of MEG added at
5 MPa and —4 °C

MEG ¥ /wt% W B /°C

0 0

5 -1.53

15 —4.56

20 —6.26

PR, SR MEG X WA KHIE A7 52 B, 52 0 45 5 4
B 11, 310 s, 3R 10 HhY kv 2 19.38 °CHY,
5 wt%MEG [ PVP A R 15T 1.64 h3fiH % 2.55 h,
VLB 5 S IR A0 0, AN REAS B B ARM I RR, Bl

F 10 3 wt%KHISARERE MEG £ 5K EWHSH

B HEINMEG Wk B i — L3R 2 15 wt%, 755018
i 9 hik B4 b 30 M AE . MEG 7R IR A il ik &
FEAE AR 240 4] 550 B 38 80500 W R VR o T B
15 wt9%eMEG A Ay #8270 ] 700 (4 53 M BV X 2o ¥4 B2 (14 2l
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G AR RS E N 14.82 °C. 5 15 3 wt%PVP
PP AE AR I8 (14.38 °C) &4 NS0 4.8 hAfl
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Fig. 11 Hydrate induction period after different concentrations
of MEG and two kinds of khi (initial pressure 5 MPa, undercooling
19.53°C)
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Table 10 Hydrate induction period after the combination of 3 wt%KHI and different concentrations of MEG
¥ i ) /MPa MEG ¥ ¥ /wt% 1A oC KHI N 758 /h
0 1.64
5 PVP 2.55
15 >9
5 19.38
0 7.17
5 PVCap >9
15 >9
0 Je s 0.71
20 PVP 1.73
8 22.51
30 PVP 2.88
5 PVCap >9
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