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Development and Performance Evaluation of a Graphene Reinforced
Aluminum-Based Soluble Ball Seat
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(1. Sinopec Research Institute of Petroleum Engineering, Beijing, 102206, China; 2. College of Mechanical and Electrical
Engineering, Beijing University of Chemical Technology, Beijing, 100029, China; 3. State Key Laboratory of Shale Oil and Gas
Enrichment Mechanisms and Effective Development, Beijing, 102206, China)

Abstract: The re-entry of tools in horizontal wells can be negativelly affected by problems in removing the ball
seat in multistage ball-drop sliding sleeves such as low drilling efficiency and incomplete removal. In order to
overcome that, a graphene reinforced aluminum-based composite was developed to make soluble ball seat with sliding
sleeve. By using graphene and silicon carbide ceramic particles and with powder metallurgy, a graphene reinforced
aluminum-based composite was obtained. The composite possess characteristics of high strength, high hardness and
self- rapid dissolution in saline environment, with yield strength of 469 MPa and surface hardness up to 170 HBW. The
soluble ball seat made of graphene-reinforced aluminum-based composite could still maintain sealing and pressure-
bearing capacity when eroded by sand-containing fracturing fluid with a sand ratio of 30% at a flow rate of 4 m’/min for
26 hrs, and its overall weight was only reduced by 2.1%. In addition, the ball seat could completely be dissolved in the
4% KCI solution at 90 ‘C when soaked in the solution for 32.5 hrs. The field test showed that the developed graphene
reinforced aluminum-based soluble ball seat could satisfy the requirements of multistage sliding sleeve fracturing with
high flow rate, high sand ratio and long operation time. After fracturing, the ball seat can dissolve by itself in downhole
liquid environment to achieve a full-diameter borehole. The developed graphene reinforced aluminum-based soluble
ball seat can provide clean and safe wellbore conditions for the second stimulation of the reservoir.

Key words: fracturing sliding sleeve; soluble ball seat; staged fracturing; graphene; reinforced aluminum-based
composite

5 B #A: 2020-12-03; B[] A #8: 2021-11-25

EERB N 23T (1984—) , 5, @M 4 A, 2007 F R LT PEBwRF (£E) MR HEZ AL F L, 2010 FHRLTALXEF
AR R E LA L F I, LR LIRS I RA I EANEE LA IR, TR, TENFLAZ T
BB A AR A TAE, E-mail: weiliao.sripe@sinopec.com


http://dx.doi.org/10.11911/syztjs.2021134
http://dx.doi.org/10.11911/syztjs.2021134

114 « % B 4k

2022 % 3 A

Har, K PHZHB KRB ETBEERTEARACD S
TE B 0 AR R AORCE AR AL R E T
ARSI T AR N T, SCHE T I A B X
Rl HEEE TF R BIARKIEA, AR
B L, Wi, WENTH T AN ZRBERE
BRIESAT RN, H AL emit)s, RHTHT A
X 7K 2 B AT B s T ke . A 1
Bk W E BR R CHR JH R B 5 A A S
BR A B 6% 2 2 T A R B BRASORAIR L Bl B AN IS 45 0]
L S AR T 2T A

LA, BE TS SR AR L &, AR
WML A AL T Bk, AT LA A R e
Bl B O R o A O S B IR, SR TR AR
F, R HRE B A A M B E IR /N T
300 MPa"!, F i B IL T 70 HBW, K#B I T &
AT VA AR Bk L TV 2R T LY dnR g ok
T AR, KE DL R B R R R HEE L K
s [ R 2 A0 LG B b i SR P SRk, 2B R TR
1R & T v, R A 3800 S Ab reE P g Uk 1 i 45
A4, W TR ALE B E B R B R A MR, i
R ELA R TR B R R AR SR A B T RS H AT
TRV R A, R I T A R BR M B Bk A, T
DA 2 1 v BR A A T p i PR e, TR 2L S R H 2 AR
HEW o5 b )2 E6 K ] S B ER AL 5E VR R, TORE T
VeV BRI AT IR W 7 4z A%

I AT A AR A 5 R AR

1.1 REFMERE

T BT IR AR Ry R ] SRS 55 A =l
I 7050 BB A MR, SEEIRAE 32 um, Al i
9 87.89%, Si 5t A 0.10%, Fe & 4 0.12%, Cu &
N 2.10%, Mn 4 0.05%, Mg & & H 2.40%,
Zn TN 6.20%, Zr TN 0.14%, FHHE T B
Bi(SEM) R i /R BB i AR I S BRE (ULE 1(a) ) .
K AR AGRE (SIC) FlA S AE 3 a4, o Sic ol
0-SiC kL, SRR K 50 pm, B 50N 12%; 41

SRRANK & LA N 99.9% 1 R SR A7 55 JRURT R

Ik FH B B Hummers J5 72 il & 19 48 Ak A 5506 94
KA. SEM MR FTLIE H, 180 5 48 R4S
H, BARRM LRI LK 1(b)) .

il 2 F 240 22 K e FH A SR 0 G R ER R A 5 MRt
B A DL ME L 1) A A S50 L R UK, IR i
B ES kAR 2) fER G & m AR bl m

(a)7050 B3 (o) £

B1 HAHEEFEMRERR
Fig.1 SEM (Scanning electron microscope) images
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Fig.2 Optical microscope image of the composite
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Fig.3 TEM (transmission electron microscope) images of
the graphene aluminum-based composite
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Fig.4 Soluble ball seat made by the graphene einforced
aluminum-based composite
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Fig.5 Evaluation device for erosion resistance of soluble
ball seats
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Fig.6 Morphology comparison of magnesium alloy and
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Fig. 7 Dissolution of the soluble ball seat

600 1120
500 | 100
400 | 80

= g

I 300 60 3

B =
200 140
100 120

: : : : : =0
0 5 0o 15 20 25 30 35

fif [ /h

8 IKEERMRIIERREMAFRER BT
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