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Preparation and Performance Evaluations of an Ultra-low Permeability

Film-Forming Agent Based on Graphene Modification

WANG Weiji

(Sinopec Research Institute of Petroleum Engineering, Beijing, 100101, China)

Abstract: In order to prevent the drilling fluid filtrate from entering the formation, to maintain the wellbore
stability and to protect the reservoir, a procedure to activate a graphene surface was conducted by using a modified
Hummers method. It introduced carboxyl, hydroxyl, epoxy groups and other active groups, resulting in a kind of
graphene modified film-forming agent SMSL with ultra-low permeability. It was prepared by grafting copolymerization
with selected monomers on the surface of active graphene. The molecular structure, micro morphology and dispersive
state of SMSL were analyzed by the infrared spectrometer, the element analyzer, the atomic force microscope and the
synchronous thermal analyzer. Researchers used pressure transfer tests, core self-seepage tests and SEM to evaluate the
dense film-forming plugging characteristics of SMSL and the compatibility of SMSL with the water-based drilling
fluid. The results showed that the molecular structure of SMSL met the design requirements, and it could significantly
reduce the pressure transfer and self-seepage effect of rocks. Specifically, the shale film-forming efficiency was
162.96% higher than that of the conventional polymer film-forming agent, the self-seepage capacity of tight sandstone
was decreased by 88.74%, with very good compatibility with the water-based drilling fluid. The research indicated that
when SMSL was added into the drilling fluid, a dense film can form on the wellbore to prevent the filtrate from entering
the formation and thus can maintain wellbore stability and protect the reservoir.
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Fig.1 Schematic diagram of active graphene structure
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Fig.2 Infrared spectrum of active graphene and film-form-
ing agent SMSL with ultra-low permeability
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Fig.3 Observation result by atom force microscope(AFM) of active graphene
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Fig.4 Thermal gravimetric curves of different polymers
3 ARSI U IR S S P

31 EAhEERE
K A AT U8 0T K AL — 7 R A B

B4 B 3E O He 07 A% 3 I AN R B 2% 1 A%
B 5 UR WA A I VERE, THE S A 18 3 R AR
FXRESH, R EME S R KA LDBAR
DI HRE, B2 N 5.0 MPa, SRR % 8t E i
VA FE A, 5550 b i 2 i, 13 R )
4ERF 2.1 MPa, T UiFi0 I E FH 4%NaCl %W, T i)
UG HE F1 13 8 1.0 MPa, 38 a3 K i A8 4k, AT
BRAG 0 FE T A 338 B AR R B 3B R | RARR
(AR Ak, TEAR B IR 18 J R 3 5 1 i

RS Ry

O Qo

rosinn || LR
LA e
(A
H () p(HIIE) PR
mﬁﬁfmln——{ @@Jﬁ%@@%% PR
4 T T

p (BliE)

Es5 ENEENARERE
Fig.5 Schematic diagram of pressure transfer test appar-
atus
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Fig.6 Test results of pressure transfer test
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Table 1 Permeability and membrane efficiency of shale under dif-

ferent fluids

ML BIBEE/10 'mD kR
4%NaCUK R 3.720 0.074
4%NaCl + 2%LSF 0.756 0.108
4%NaCl + 2%SMNF 0.486 0.167
4%NaCl + 2%SMSL 0.302 0.284
4%NaCl + 2%SMSL + 2%SMNF 0.035 0.392
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Fig.7 Schematic diagram of a device for a core self-seep-
age test
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Fig.10 The micro-morphological characteristics of shale plugging surface observed by SEM
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Table 2 Test results of drilling fluid properties

wE (kg L) &4 FMELEE/(mPa-s) SAVEBERE/(mPas) il J)/Pa i) J1/Pa APIIEZE/mL iR RS B /mL
JAHT 38.0 26.0 12.0 2.5/5.5 4.0 10.4
b AR 35.0 23.0 12.0 2.5/5.0 32 8.2
JmAHT 36.0 26.0 13.0 3.0/5.5 3.8 9.6
20 AR 36.0 24.0 12.0 2.5/6.0 2.8 8.0
JmAHT 42.0 29.0 13.0 4.0/7.5 3.8 10.0
22 IMAJE 44.0 29.0 15.0 3.5/7.0 2.6 7.4
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