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Preparation and performance evaluation of multicomponent water-based supramolecular

microspheres
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Abstract: Aiming at the problems such as poor temperature and salt resistance and difficult injection of conventional flooding agent in
low-permeability reservoir, multicomponent water-based supramolecular microspheres were prepared by emulsion polymerization with
water as solvent, acrylamide acrylic acid 2-acrylamide-2-methylpropanesulfonic acid as emulsifier and various hydrophobic monomers.
The structure and properties of water-based supramolecular microspheres were characterized by IR, NMR, SEM, particle size, viscosity
and core experiments. The research results indicate that the initial particle size and viscosity of microspheres were determined by the
total amount of monomer and the content of crosslinking agent. The microspheres with particle size of about 200 nm and viscosity of
about 5~6 mPa-s were prepared by optimization, and showed good temperature and salt resistance at different salinity concentrations
and ambient temperatures. Core experiments show that the plugging rate of supramolecular microspheres with different concentrations is
higher than 85% in cores with permeability of 100~1 000 mD. In the evaluation of oil displacement effect of three-layer heterogeneous
core, the recovery rate can be increased by more than 14% on the basis of water flooding. The experimental results have a certain
guiding role in improving oil recovery.

Keywords: low permeability reservoir; displacement; hydrophobic monomer; emulsion polymerization; water-based supramolecular
microspheres; crosslinker content; performance evaluation; plugging effect
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Table 1 Source and purity of reagents and materials
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Fig.1 Core plugging experimental equipment and process diagram
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Table 2 Effect of different components on emulsion water-based supramolecular microspheres experimental
formulation design table

FUER R mOKEER BOKPER HUKMEER

METAC/  AMPS/ MBA/  KETFIK/

F5 Ag B/g 1k Asg 1k B/g & C/g Alg  AMg g 8 g
1 0.35 1.5 25 15 2.5 1.5 0.5 0.5 0.1 0.01 25
2 0.35 1.5 35 15 2.5 1.5 0.5 0.5 0.1 0.01 25
3 0.35 1.5 45 15 2.5 1.5 0.5 0.5 0.1 0.01 25
4 0.35 1.5 55 15 2.5 1.5 0.5 0.5 0.1 0.01 25
5 0.35 1.5 45 15 2.5 1.5 0.5 0.5 0.1 0 25
6 0.35 1.5 45 15 2.5 1.5 0.5 0.5 0.1 0.02 25
7 0.35 1.5 45 15 2.5 1.5 0.5 0.5 0.1 0. 03 25

(2) KR 73T IR TE AP F13 000 mD;

Fol s /NBIAE A L, K, = 100,400,700, 1 000

FEAMEE . C,=500,1 000,1 500,2 000,2 500
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Fig.2 The effect of the hydrophobic monomer A content
on emulsion water-based supramolecular microspheres
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Fig.3 The effect of different crosslinker content on emulsion
water-based supramolecular microspheres
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Fig. 4 Infrared image of emulsion water-based
supramolecular microspheres
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Fig.5 Nuclear magnetic (NMR) of emulsion water-based
supramolecular microspheres
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Fig. 6 SEM image of emulsion water-based
supramolecular microspheres
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Fig.7 Particle size and viscosity curves of microspheres
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Fig.8 Ationship between particle size and
viscosity of microspheres

ME 8 AT LLE t, kA2 5 2 A Bt 1] Fni B
FAAEIEAE G, Bl A 22 Ah s [R] 385 I, foskobr 425t Bl 5
B s Bl A 22 A TR B T 5, SIOERORL AR 34 R R B A R
W, IANEARRNREE S, k& A5 &5 B A2 4
BhEaE  ITE 4~6 mPa-s 247,

2.5 KRERBSFREKENETES

SR A ) ¥ i /K 5 8 3 1 ok, 43 I AE 100,

400,700.1 000 A1 3 000 mD &35 F 1A O Hh I R i



$33% ol

LA IAE  FLBOR K S ORI S S PEREPE A 33

NSLHG  FEWRR 1515 385 38 Z A X I A BH 7 2 08K
YL 3, B> T R E 73 5 O 500 mg/L Al
1000 mg/L B, ZEARRIBERA OHEAKETS PV
BRI 9,
£3 BRRESSEE EXMENENREMER
Table 3 The corresponding resistance coefficient data
table between sample concentration and permeability

HLBIER 5y TR/ (mg L")

/mD 500 1 000 1 500 2 000 2500 3000
100 3.30 3.41 3.62 3.94 4.33 4.84
400 2.90 3. 11 3.23 3.49 3.97  4.46
700 2.59 2.77 2.93 3.11 3.62 4. 10
1 000 2.40 2.48 2.58 2.78 3.19 3.80
3 000 2.17 2.21 2.30 2.51 2.91 3.59
0.20
—=-112.1 mD
--405.4 mD
0.16 - *723.2mD
- 1107.6 mD
—-3023.1 mD ,
} woRBE |\ gk
& 0.12 o——8
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Fig.9 The relationship between injection
pressure and PV number
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Fig. 10 Fitting diagram of the relationship between
injection pressure and PV number
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482> TR 7E B % % 100 ~ 1 000 mD %4 0 N
EIERE T 85% , 28 P AU A B 5 A5 R

OB B AT AR (<300 mD) , AR
IR, O B A A Y B iE R
FHXTES R (>800 mD) , 7 A J FUA O B3 4l
HRAERT AR . H s AN Oy I 3 R e O N R AL
BEURUST AR /N 32E A A 308 P A 7 Y A A
B AR St A R 3 5 IRl 8 i R s O T
FLBR IR 8 K Tk RO, 50 P9 i B I sk ) p
JeE SEK IR M, A b )2 A R A T e D A ST
WO, WO A O B AR TE A BB 3B R R 300 ~
800 mD,
2.7 KREBS FHREKIKHZREN

AN Ve B 19 7K S 88 o3 T ok AE = )2 B A
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Table 4 Water-based supramolecular microspheres
oil displacement effect

BT . B BER ISR/ %
Hokiepe, DO , s
-1 /70 JKIK . . -
(mg-L™") BioE KB e
1 000 75.11  18.02  25.33  32.48 14. 46
2 000 74.32 17.39  26.63  35.04 17. 65
3 000 75.23  17.19  26.54  35.75 18.56

M 4 M 12 7T LA Y 7EKBGE BR B B, 7K
BRTE AR AR AP B AN K IR MR 2 18% , 4k
MTE A KTE L 5 J2 N AT RE AR S TE 1 T K
P IE , 75T GOk BEE B B, 41301 R L E)  1g
PRI E S N ERE N LI R TR DN E e
PORR AR /KL Al T8 A A IR AR B . Ak 7 d
J IS Bk IR, TE AR DA e 22K BRI K A 2
R J5 BB AR WK AT, T AR D O 4G 4% T B,
Ja R TR (HARE S B T T A i T A —
UOKBRE TR T3 R B, 2 W Se i A K 8
TERTE K B E I N R AR T B Bl R S A
TR A R AL 2 1), A 55 i A 0 s Y AR
BB SRR IR W1, K IR At 4R R R
PR AE Tk 14% LA B, 5t R B 7K 2 43
TR RSN, B B SR WA 5 e Al T 4 1 K, O
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Fig. 12 Dynamic characteristic curves of water-based
supramolecular microsphere profile control
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