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The influence of shape memory on the performance of polymers used for

sand control in hydrate production wells
QIANG Sigi, SUN Youhong, ZHANG Guobiao’, SHEN Yifeng, SUN Ying, LI Bing
(School of Engineering and Technology, China University of Geosciences, Beijing 10083, China)
Abstract: The shape memory polymer sand control system has been successfully applied in the second phase of natural
gas hydrate production in Japan. However, the effects of the shape memory on the pore-permeability characteristics and
sand control performance of polymers is rarely researched. Therefore, in this paper, a shape memory polymer sand
control material taking the polyurethane as the matrix is developed. The polymer’ s shape memory characteristics as
well as the changes in pore-permeability and mechanical strength before and after the shape memory process are

investigated and the sand control performance is also evaluated. The results revealed that the developed porous
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polyurethane shows excellent shape memory characteristics and pore-permeability properties: the shape fixed rate

exceeded 98% , the shape recovery rate reached 100% , the shape memory temperature was 59.8°C, the permeability

remained at approximately 10D before and after the shape memory process, and the compressive strength was

maintained at around 1MPa. The mercury injection tests indicated that the shape memory process is a

compression-rebound process for the polyurethane material with large pores, which will lead to some changes in the

internal structure of the material, resulting in a slight decrease in compressive strength and a small increase in

permeability after complete shape recovery. The sand control performance tests indicated that a small amount of sand

production occurred only in the initial test, and the presence of sand particles caused some damage to the permeability of

the polyurethane material, however, the permeability could still be maintained at around 10 D for the fully recovered

polyurethane. According to the comprehensive performance analysis of the above materials, the developed shape

memory polyurethane material can be used in conjunction with a mechanical sand control screen pipe, which could meet

the requirements of sand control in hydrate production wells.
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Fig.1 Schematic diagram of GeoFORM sand control system
(from the official website of Baker Hughes)
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Fig.2 Shape memory polyurethane preparation process
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Fig.3 Schematic diagram of shape memory process
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Fig.4 Schematic diagram of sand control device
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Fig.6 Shape memory polyurethane after expansion
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Fig.7 Prepared shape memory polyurethane
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Table 1 Physical property parameters of shape

memory polyurethane
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Fig. 8 DSC curve of porous polyurethane
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Table 2 Polyurethane shape memory

performance parameters
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3 50 20.57 49.8 98.1 99.3 142.1
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Fig.9 Morphology of porous polyurethane before

and after rebound
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Fig.10 Morphology of porous polyurethane with

limited rebound to 80 %
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Table 3 Pore properties of polyurethane in different forms
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Fig.11 Pore distribution of polyurethane foam

in different states
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memory polyurethane
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in different states
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states before and after sand control test

98% AR % R, AT 15 100% o

CALEZ L INGIA NG L1 FZNEEIN
BT HALBREM I 2E00E . TR ARICAZ 25T RN
K LAY 4 - ] 3 AR [958 80 % I R A R B B
PR IK 5.88 D, HT K 58 35 0.70 MPa; 5¢ 4 [l 3 )5
M Z LR ABEBE MR 1044 D, bt JE iR B ik
0.85 MPa., AN & EIERICIZIG , 2% b 8Py 8
SR — 2 IR 1B AR R 46 e AR IR

() Wl IR ICAZ T A o LA B 41 B
W RE . AAE SIS R I A A B ED 7 H BDER A 7
S AE TSR M RHL B N OB A0 A |, BELAS 5 S i R 1
B, 4 4 h BRI, 58 42 [0 55 1 R AR B
BPEAE 10 D 2247, [ 80 % (1 A g5 BEMEAE 3 D
A BAT KA B b v

() ZEBMPRHERE SN BT, BT 7] F 588 2 196 e s o
FERTEAR , 5 25 WU B 0 i 0 47 feft 3 ok SR 5
YRV BE i 7 A0 2 G0 0 5 0 B, 0 A7 9 BE B
T 2 N A S AR IO R A WA R ) 2
SR

5 % Uk (References) :

[1] EB . RBSKEDHIFRHREG K REEHI] ) ReT,
2017,44(18) :131-132.
WANG Rui. The research status and developing tendency of
natural gas hydrate[ J]. Guangdong Chemical Industry, 2017, 44
(18):131-132.

[2] W, ISP, B4 K A KRR G W I R EOR BT 5T Ak
HRHBIT] A E T RR 2022, 24(3) : 214-224.
LI Qingping, ZHOU Shouwei, ZHAO Jiafei, et al. Research



55 50 555 6 1)

S ] AH S < TR AL AL X 7K 5 ) TSR I By 420 T 35 0 e RE F) 52 i 9

(3]

(4]

(6]

[7]

(8]

(9]

[10]

(11]

status and prospects of natural gas hydrate exploitation technolo-
gy[J]. Engineering Science, 2022,24(3):214-224.

T W RO, AR AR KT R SR B ROk K T[T ].
AR T2, 2018,40(2) : 198-204.

YANG Mingqing, ZHAO Jiayi, WANG Qian. The develop-
ment status and prospect of combustible ice in Russia [J]. Oil
Drilling & Production Technology, 2018,40(2) :198-204.

N RAR SR G W HF R B AR BUIR Bk et # L] Ak T it il
if,2018,44(1) :55.

SUN Feng. Status and development trend of natural gas hydrate
mining technology [J]. Chemical Engineering Design Communi-
cations, 2018,44(1):55.

EEW] AN SRR L A IR R R AR UK G iR 2
W7D ] BRI TR, 2021,48(6) : 32-38.

WANG Zhigang, LI Xiaoyang, ZHANG Yongbin, et al. Analy-
sis of the stimulation methods for Marine non-diagenetic natural
gas hydrate reservoirs [J]. Drilling Engineering, 2021, 48(6) :
32-38.

FARRA R B L A5 IR UK W I R AR T i b
BUIR[T] B REVR i, 2017,5(5) : 394-402.

LU Jingsheng, LI Dongliang, HE Yong, et al. Research status
of sand production during the gas hydrate exploitation process
[J]. Advances in New and Renewable Enengy, 2017, 5(5) :
394-402.

ik, XS, TARE A RN UK S Wi )2 5 A i
JRRASI AT S [T B R TR, 2022,49(3) : 23-28.

LUO Qiang, LIU Zhihui, NING Fulong, et al. Sand control
and water drainage by ultrasonic atomization for gas recovery
from hydrate reservoirs[J]. Drilling Engineering, 2022,49(3) :
23-28.

BEINACR VK A T T )2 T X R R KA R
TSRl P 32 Wi B0 MBS LT 5 [T ). Bl 4R T AR L 2021, 48(4)
85-96.

QI Yun, SUN Youhong, LI Bing, et al. Numerical simulation
of the influence of reservoir stimulation in the near wellbore area
on the depressurization production characteristics of natural gas
hydrate reservoir[ J]. Drilling Engineering, 2021,48(4) :85-96.
U WESCTL, TEL, & BB HORTE KRR UK B WIT
S R RTATAT YRSy B [T ) AR T, 2022, 49(1) £ 5-15.
SHI Haoxian, XIE Wenwei, YU Yyanjiang, et al. Application
feasibility of composite plugging removal technology in the devel-
opment of natural gas hydrate[ J]. Drilling Engineering, 2022,49
(1):5-15.
KA R R IF R KR AOK &Y L2 REEBE LT ] 5
K T.4,2021,44(6) : 74-77.
ZHANG Lei. Process and numerical simulation of gas hydrate
development by displacement and decompression method [J].
Drilling & Production Technology, 2021,44(6) :74-77.

Setiawan T, Putra A, Az-Zariat A, et al. Shallow reservoir de-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

velopment in mature field: From hazard to resources [C]//
SPE/IATMI Asia Pacific Oil & Gas Conference and Exhibi-
tion, Jakarta, Indonesia 2017: SPE-186263-MS.

Mohd N, Mohamed A, Shamsuddin S, et al. From shallow
hazard to productive opportunity: Opening a new gas play in
the North malay basin[ C]//International Petroleum Technolo-
gy Conference, Kuala Lumpur, Malaysia, 2008:IPTC-12642-
MS.

M. van den Boogaard, H. L. J. G. Hoetz. Shallow gas play in
the Netherlands takes off [C]// 74th EAGE Conference and
Exhibition incorporating EUROPEC 2012, Houten: European
Association of Geoscientists & Engineers, 2012.

R N = DN R B L NN TS 3 QS & S N
—LURAR 22-1/15-1 < H 9 B [T]. KRR Tk, 2013, 33
(11):62-67.

JIANG Ping, XUE Guoging, CHENG Tao. An economic and
efficient joint development technology for medium and small off-
shore gas fields: A case study of Ledong 22-1 and 15-1 gas
fields in the Yinggehai Basin[J]. Natural Gas Industry, 2013,
33(11):62-67.

Yamamoto K, Terao Y, Fujii T, et al. Operational overview
of the first offshore production test of methane hydrates in the
Eastern Nankai Trough [C]//Offshore Technology Confer-
ence, Houston, Texas, 2014: OTC-25243-MS.

Card R J, Howard P R, Féraud J P. A novel technology to con-
trol proppant backproduction[J]. SPE Production &. Facilities,
1995,10(4):271-276.

Lu W B, O’ neil B, Zhang K W, et al. Enhancing proppant
flowback control through surface treatment of proppant[ C]//In-
ternational Petroleum Technology Conference, Bangkok, Thai-
land, 2016: IPTC-18796-MS.

Marfo S A A, Appah D, Joel O F F, et al. Sand consolidation
operations, challenges and remedy [C]//SPE Nigeria Annual
International Conference and Exhibition,

2015: SPE-178306-MS.

Lagos, Nigeria,
Duan P, McElfresh P M. Shape memory polyurethane foam for
downhole sand control filtration devices: 7926565 [P]. 2011~
04-19.

A, B TR AR ACAZ AR T SRk [T ] A3 A4, 2014, 6
(4):17-23.

LI Min, LI Houbin. Research review of shape memory materi-
als[J]. Packaging Journal, 2014,6(4):17-23.

AT A, 38 05 ek, AR, AE R ARICAZ R A TR R AT (T ]
WAL T, 2019,48(23) : 141,

ZHAO Lijuan, GONG Zhankui, LI Yaling, et al. Study of
shape memory polymers [J]. Shandong Chemical Industry,
2019,48(23):141.

B PL BRI TG P M. T IR B o vk n g Rag A
R : CN102224321A[P1.2011.10.19.



10

iR TR

20234 11 H

[23]

[24]

[25]

[26]

[27]

[28]

DUAN P, MOSELFRESCH P M. Shape memory polyure-
thane foam for downhole sand control and filtration device:
CN102224321A[P]. 2011.10.19.

HUGHES B, 2= {5, B 1l JEARICAZ B it D se ¢ St By 10
AGELT] AMAIR,2016(2) 43,

HUGHES B, LI Shiyi, TANG Shan. Shape memory materi-
als make Baker Hughes sand control System [J]. Petroleum
Knowledge, 2016(2) :43..

LA RTE W 18 260, 5 TR R IR 5 W e 57 80 v B 15
[J1 A A TR, 2022,41(11) :44-48.

KONG Detao, SONG Jiming, YAN Xingtao, et al. Applica-
tion of shape memory polymer in sand control[J]. Petrochemi-
cal Industry Application, 2022,41(11) :44-48.

A o, A a4l A B A . CN110295868A
[P1.2019.10.01.

DENG Fucheng, DENG Jingen. Combined expansion screen:
CN110295868A[P]. 2019.10.01.

akOBE G X, EAL R, A — Bb G 0E ST AT K O R .
CN205577959U[ P1.2016.09.14.

ZHANG Gengpei, LIU Yin, WANG Hongke, et al. A kind of
non-filling expandable screen: CN205577959U[ P]. 2016.09.14.
B A RIUUR A B ARICAL IR A SR B D SE R R
[T] AT B A, 2019,47(5) : 86-90.

DUAN Youzhi, Al Shuang, LIU Huanle, et al. Shape memo-
ry screen self-packing sand control completion technology [J].
Petroleum Drilling Techniques, 2019,47(5) :86-90.

20, k2 R, 55 R A 2 LM ORL R A 7 R F 9T HE i
(7] A2 e k500 5 85 23 1 A kE, 2018, 16(1) : 34-39.

LI Shuai, ZHANG Jun, ZHANG Chengbin, et al. Research
progress in preparation methods of polyurethane porous materi-

als [J]. Chemical Propellant &. Polymer Materials, 2018, 16

[29]

[30]

[31]

[32]

(33]

[34]

(1):34-39..

P s B AR AL B AR W IR W ) B AR A i AR e R (D]
Jeat LR TR, 2016.

FANG Song. Development of shape memory polyurethane
foam and its application in petroleum engineering[ D ]. Beijing:
Beijing University of Chemical Technology, 2016.

Bk XU, XS AR R AR RK S W 2 I D AR C A2 41
AR LT ], P4 R A il R 2 22 i (A SRR ) L 2022, 44(4)
139-144.

DUAN Youzhi, LIU Huanle, LIU Jinchun. A study on shape
memory material for gas hydrate well completion[J]. Journal of
Southwest Petroleum University (Science &. Technology Edi-
tion), 2022,44(4):139-144..

LiJF, YeJL, Qin X W, et al. The first offshore natural gas
hydrate production test in South China Sea[J]. China Geology,
2018,1(1):5-16.

Pang J, Tao Y, Freiberg S, et al. Syntheses, structures, and
electroluminescence of new blue luminescent star-shaped com-
pounds based on 1,3, 5-triazine and 1, 3, 5-trisubstituted benzene
[J]. Journal of Materials Chemistry, 2002,12(2) :206-212.

Liu P, Tong Z. A novel greenish blue-emitting amorphous mo-
lecular material: 2, 5-Bis {4~ [2-naphthyl (phenyl) amino |
phenyl| thiophene[J]. Chinese Journal of Chemistry, 2001, 19
(10):979-982.

Ko C W, Tao Y T.9,9-bis{4-[di-(p-biphenyl) aminophenyl | }
fluorene: A high Tg and efficient hole—transporting material for
electroluminescent devices [J]. Synthetic Metals, 2002, 126

(1):37-41.

(%# I X)



