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Abstract: CO,-responsive worm-like micelle (CO,-TWMS) was constructed by mixing CO,-responsive
monomer N,N-dimethyl oleic amide propy! tertiary amine (DOAPA) with tertiary amine structure, which
was prepared from 3-dimethylaminopropylamine (NNDP) and oleic acid, with anionic surfactant sodium
p-toluenesulfonate (SPTS). The responsiveness of the system was characterized by the changes in
conductivity, chemical structure and micro-morphology before and after its contact with CO,. The
anti-channeling performance as well as the mechanism of the system were analyzed by combining the
changes in surface activity, pressure, and recovery efficiency in the process of CO, displacement in dense
matrix/crack medium and CO,-TWMS channeling prevention. The results showed that CO,-TWMS system
with n(SPTS) : n(DOAPA)=1 : 1 exhibited the highest viscosity of 4125 mPas. CO, and N, could
stimulate reversible changes in electrical conductivity between 0.90 and 1.95 mS/cm, inducing the
micromorphology transformation between wormlike and spherical micelles. In addition, CO, reduced the
critical micelle concentration from 0.63 mmol/L to 0.25 mmol/L, and the lowest surface tension from 30.2
mN/m to 29.1 mN/m. The adsorption efficiency and efficacy of the system at the gas-liquid interface were
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enhanced, which was conducive to the formation of micelles. In the dense matter-fracture medium, CO,
induced wormlike micelle formation, increased the pressure difference during displacement, expanded the
CO, displacement sweep efficiency, and increased the recovery rate by 22.6%.

Key word s: wormlike micelles; CO, responsiveness; tight oil reservoir; anti-gas channeling; oil field
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flf R I S8, 45 INEE LR
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Table1l Surface activity parameters of the system

&% CMC/(mmol/L) yeme/ (MN/m) pCao Hcwcl (MN/m) Temc/(nmol/m?) Amin/nm?
CO,-TWMS 0.63 30.2 1.85 41.8 1.24 1.31
CO,-TWMS+CO, 0.25 29.1 2.13 42.9 1.26 1.19

MFE 1AW, CO,-TWMS 5 CO, &4 i Tk
NiJi, DOAPA HYRMEIEMHE, CO,rTWMS S
VLT P A R AR AR BB R, AR 3R R ) TRV
HOE U AR
242 CO,TWMS B & ¢ AL

AU R 4 ML BL: KER, CO;,
UK . 7 CO,-TWMS LA K5 %E CO, 3K, SR B FE rh iy
7 R R R ARAL K 11 s, (1) 7K 3K 7K BKEY
B, ARIEFA R, R&GTREHE, &
ANIKIEEHEEB T, H A 288 P i Rl g gk
d, ML RN, EAORKEBTREM,
HEAIKH FTARIEASLT S, T AE AR I %
i, BZIKIRFUE R 12.3%; (2) 7E CO,: TEIE
CO, i, WEARIIEFE, HEmTHKET,
VEIAER AT E AR CO #E AL, M AEZETHE
#| 25.6 kPa i}, AR S TR FRAG, UiBHE AR CO,
KA, EREEER, AR CO,Zert 4y
XA, W BERIE N 7.8%; (3) 7E CO»TWMS:
J T ARIE CO-TWMS 5 CO, 52442 i 1 s o7, Ky
BUR AR CO, s B ABIA O, U R 0 &

Fhi, SRUBCRA B 8 ARE; (4) ]2k CO Uk%
PR CO BB, TEAE I HERIBCR B e, 1t
Bl CO,TWMS X 2445 D) S 56 i v i RAL B T T
AR B, W BORUCRIE R 22.6%, HoRICE
I E 42.7%.,
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Fig. 11 Pressure and oil recovery change during displacement
process
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Fig. 12 CO,-TWMS anti-channeling mechanism diagram
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TEKIRBY BE , TEAIKITE 55 T7 BT, 24k
HH ) R A3 BT B IR ok, RUR T AKORREIEA
PN, PECRAL, 7EHE CO M BE, HEAR CO;,
BEM KA 2 B, $2 & i sh ik s b4k, CO,
YENTRIESMR, RRASIAMRPa L T, s 3
FiBiER,; FR, CO, HARMMY HaES, Aeis
HEABIE BT, S A AR S, VS A S
HRON TG K SPE . AR M, 7E CO, IRERM B, #4
T4 IR H ok, (HAE, CO, SR LA 3 AK
HIBEEE 22 K, TEAR CO M TESiashas i, &
WIREASIFRTICRE A , Ee U SRR AR,
T3 5T R & S K R . COrTWMS DL
CO B EAZEE T, el 8h 5, TR &
FRRARBEAS A A b B 1 2R 4%, [l I e 3L o A R Y
itk fEIRSEEA CO, MrBEREE LB, CO, Kimik
ABFEFH, R EE S 1k CO, B AUk S 1)
X8k, P B DL R MSCR i 2 4 v o SEER 2l SRR,
CO,TWMS BA RAFry &g, & H TR RS
THIE COL BRHR B SRR

3 it

(1) A EIERAE T HA RS 1Y HK DOAPA,
ISR E T REEER SPTSLIM L 1: 18
BLAEE T CO, Ml i P T HUIR B AR R CO-TWMS,

(2) jlitRIE CO-TWMS HyHF% | 'THNMR
MROIIE S A Ak, 558 T H CO, M Pk

(3) T CO,-TWMS 5 CO, %@Mu}ﬁ%‘%ﬁ%
TR AR R R MG ES R, T80 HOR R
HITE B

(4) BUBIETRIHEENEA TR LS RE, A
FLBARFEECH 1.0 (0.5 PVIR ) 1Y CO»TWMS K
JG%E CO URER, RIUCEILR 22.6%. 4G KR M
NV, HEWE T CO-TWMS B 8 MLl . CO,- TWMS
£ CO, IR B A Jy Tl HAT — 2 1Y I FH i 5
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