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Table 1 The mass fraction of different elements in the rock (%)

Bl 1 MECRR. Jiffi. Hafi. ARDNEZETRARL
(REIAL))

Figure 1 The main element composition of MECRR, calcite,
dolomite and quartz sand (color online).

CaMg(CO,),, 5Tiff. Al SEME:F (K
2b)%& W, MECRRIVKI RFEM ST EA . B A,
B N T LI TR 3R T 45 4.

W RAEE AR Bl . LER AR . UKL
Zeta AT 25 112 Bl pHifi e MECRR S 7 i 1.
ZAMAIR R ER, 45 RnF2HR. NEFE
P AT, MECRRFE 5 = Fla A0 LU S IR B2 fk £ 1)
/INTF90°, RysE/K K ; MECRR. J5 A Al = 41 34
NS IE MR T (Zetatl 210 mV), 1A ZERD K58 i
i M T (ZetaH #4~—70 mV); MECRR. J5 A1 Al
AR R (pHA9), 1A bR O
(pH~7).

SEA R BETIR P I 52 45 H B 37 5 AR AL g B
R EE T a AR LR L, k3 pT
7~. MECRR. J5fff fl A = A SN R RN A
AR, HRAE R A BET WY B R B 52 i B R T A N
1.05. 1.13. 0.80 m*/g, FL&&F140.002. 0.003.

LR Ca 0 c Mg Si Al Fe
MECRR 56.31 31.26 11.96 0.16 0.11 0.08 0.06
TIfRA 56.21 31.50 11.86 0.12 0.04 0.04 0.03
A=A 36.16 32.92 12.79 9.86 0.08 0.07 0.07
HYERD 0.04 52.93 - 0.03 45.68 0.13 1.02
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Bl 2 MECRR. #fffi. Bz=f: (a) XRDE; (b) SEME (45 R F )
Figure 2 MECRR, calcite, dolomite: (a) XRD images; (b) SEM images (color online).

% 2 MECRR. Hf#A. Bfi A bR MR

Table 2 Surface properties of MECRR, calcite, dolomite and quartz sand

HARER, LT (m'/g) Zetafi 3 (mV) PEfu 10 (°) 7 HiilpH
MECRR 1.05 9 39+5 9.2
77 f#A 1.13 10 30+5 9.6
SFaV e} 0.80 10 334 9.7
AR 12.9 -70 1544 7.1
¥ 3 MECRR. Fff. AxfS5aER LRSI
Table 3 Pore analysis of MECRR, calcite, dolomite and quartz sand
I (g/em’) BRLLRTM (m'/g) LR (m/g) FLERAAR (em’/g) FLBRTE A
MECRR 277 1.08 1.05 0.002 Tl
T7 f# A 271 1.10 1.13 0.003 iR
S Py} 2.85 1.05 0.80 0.003 Al
FYERp 2.65 1.13 12.9 0.024 EZIN

0.003 cm’/g, FJZMEANTE. &40 5E B F IRE kA%
(ZIREE AL PE)2 pm e i) S50 & FEREAT 70 b,
R YA I Ny R e B N B ol A T AW
1.10 m*/g, [FBEHIER] TMECRR. J5ff A A &A1)
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Figure 3 Basic properties of MECRR, calcite, dolomite, quartz sand:
specific surface area, Zeta potential, chemical composition, contact
angle, pH (color online).

F4 REEERETFA B A FIMECRRE [H R
bt

Table 4 The adsorption capacity of surfactants on the surface of
calcite, dolomite and MECRR

EERE Gy gmol) ol
Tifa 0.00 0.00 6.60
Hzaf 0.00 0.00 422

MECRR 0.06 0.00 8.73

F 5 NIRRT AL J5 A A 2 TI POV PR e 4 o £
Table 5 Adsorption capacity and contact angle of different surfactants
on calcite surface

B4h Wi it e Bfd
Ehts ©) AL (°) B (°)
BDDAC 3045 2345 7
SDBS 3045 2143 9
TX-100 30+5 1945 11

PR R AR EER K 7 fEA X BDDACHITX-
100FI R Bt 80, DRI TG 5028 7 A P 2 T T g 1
W Bt & 7 A R T AT AR K 8 T SDBSTE J5 il A1 2R 1Hl
(R B B 29 96.6 pmol/g, SDBS KW Fff &5 35 £k S A
(El4a), KIISDBSW 5, 7 £ 31 NSDBS7 ¥ 5%
IKFE A (E4b), BRI B i [ A4 2 Th A7 SR Sk L 3R
T, S AL R —3
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B 4 SDBSTEJ7 fifA7 22 THI KW P 2535, 2k () Al o3 T HEF o 72 B (b) (P R )

Figure 4 Adsorption isotherm (a) and molecular arrangement diagram (b) of SDBS on calcite surface (color online).
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Table 6 Oil washing efficiencies of different surfactants

FIE A VEE (%)

BDDAC 86
SDBS 19
TX-100 34
SLS 19
SDS 23
DTAC 84
DMImC 86
DPyC 81

B F B0 7 A ik £ 350 2200 e A, T e 28056 4 il N
86%- 34%FH19%, IX 3 BH XA A #efid A SO AH IRl i 2=
TRV 701, 3 T 280 22 1) W 2, 0 Y [l Ak B i 7 A A 5
Ml 52 H R 1 B R 3%

HAERERE, MEgs Ry, SFhRmEERMbE
AR ZE SRR, B N86%IM w KA N 19%, UiiHE
TR V7% A7) 425 A0 A 03 o e ot AR S i (23 . BT 9
(1) 8 Foft 2 [HI 3% 1 77 AR R /K BE R AR, SKIESRAUARTH], H
FBDDAC. DTAC. DPyC. DMImC /¥ 2K B &
& T-SDBS. SDS. SLS. TX-100. M7 145k A I
4347, BDDAC. DTAC. DPyC. DMImC:k3E )&
F RPN, LSS IE L, I 2 A LT e dh SR K 1
SDBS. SDS. SLS. TX-100%% % [ i I 7 5 K i) 45
R R, R, AT RETE 55 D e AR 1 2H 70 FH LA FH 5 T
HA R, Bk s /K A gk o fnim K ik it
T2, X ERETE P AR BRIER Eh 7 T sk B s R SR T 7
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Abstract: Exploitation of the carbonate reservoir is considered to be one of the main strategies to increase the crude oil

output in China. In this article, we investigated the solid/liquid interface interaction on the carbonate reservoir rock

samples (from Middle East reservoir) as well as the simulated rock samples (calcite, dolomite). Specifically, the solid/

liquid interface interaction in the process of oil washing was systematically investigated in many different aspects

(chemical composition, specific surface area, surface charge, contact angle, surfactant adsorption capacity, etc.). While,

the corresponding oil washing efficiency of the related system was determined. The results demonstrated that the calcite

and dolomite samples were highly consistent with the Middle East carbonate reservoir rock samples in terms of

composition, structure and surface properties. Therefore, they could be used as the simulation samples for the study of

solid/liquid interaction in carbonate reservoir. Furthermore, our study revealed that the adsorption capacity of surfactant

on the surface of carbonate rocks was low. Meanwhile, the change of surface wettability was small and it exhibited no

obvious correlation with oil washing efficiency. These results indicated that the solid/liquid interface interaction was not

the key point of impacting the enhanced oil recovery in carbonate reservoirs.

Keywords: surfactant, solid/liquid interface, wettability, the Middle East carbonate reservoir, enhanced oil recovery
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