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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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0 3%

TR KA CRIFI K ) 2 H1 58 5 6 U
5L 6 T 2% 5K S T T AR 0 K 45
N LT VAN R SN P
R G T N S ) U
YL TFRA R, LA K 0k
AR, 50K TR & B EORI A 3 bR R 2
55 2 O B ORI o J5 1 0 9 G 0 0 TF R e
AL MR T I P 4 % )
B £ BOKE B I DI B B D 588 VM
BL%, FLTIE 4 81k 2 B R TR O 2
ORI I S AR ) B AT R S IK
BT TF 52 060 5620 s 45 LR 5
o2 7 0 AR AT LR BT 1t
3 B0 LTV TR 2K 1 0 2 03 2 17 £ 91 1 86
S I M 2 5 R 2T
B0 7 5K 22 7 46 X K 2038 i S0 0 I
L

AR, BT 0 JE R A 5 2 B U
BT Tk A R TR AR R A
FLAT B HF ) 3 R TS M L RS 5 3R 8
T 5 1 0 LI i, 5 55 0 51 5
B A WO 21 BB 3
I B L ) — FIT R R R JE T TR
T2 G PR, 3 0L S AR 0 2 R BT
GeoFORM By 3 4, #-00 B 47 IR AR i AL 2 4L R
B AR , R 03 3
MR %2 1 B, 22T 5, 6 55

%5 B AL IR BE | R 0B 4 2 R0,
K1 FTR

El1l GeoFORMB#ARGFEECREFNEAHATEN)
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.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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performance parameters
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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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Fig.12 Permeability histogram of different shape

memory polyurethane
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Fig.15 Sand control performance of polyurethane

in different states
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states before and after sand control test
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