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Abstract: The oil-water interaction in water—flooding is scarcely studied and the existing conclusions are controversial ,
which is mainly reflected in a lack of a unified conclusions of potential determining ions on oil-water interaction. Experi-
ments on coreflooding and interfacial tension measurement were combined to study the oil-water interaction law and mecha-
nism in smart water—flooding. The results show that oil-water interaction plays an important role in smart water—flooding,
and adjusting the ion composition of the injected water can considerably influence recovery factors. Mg** and Ca® can effec-
tively improve coreflooding efficiency, of which Mg* performs better, and they both have optimal concentrations. SO,* has
no positive effect on enhencing recovery factors. According to interfacial tension measurement, the effects of ions in the so-
lution on the characteristics of the oil—water interface vary enormously in the intensity order of Mg* > Ca® > Na’. As the
concentrations of Na*, Ca®,and Mg®" increase , the oil-water interfacial tension goes down first and up then, and the interfa-
cial relaxation time first shortens and then lengthens. There are optimal concentrations that lead to the lowest interfacial ten-
sion and the shortest interfacial relaxation time. SO,” can effectively inhibit the influence of Na*, Mg**,and Ca® on the char-
acteristics of the oil-water interface, increase optimal ion concentrations corresponding to the lowest oil-water interfacial
tension, and extend the time for the oil-water interface system to reach equilibrium.
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Tablel  Physical parameters of cores for flooding

il HAR KB/ LB BiER WK
P cm cm 1% mD /%
1 2.502 10.08 16.02 68.53 31.88
2 2.497 10.10 15.74 64.60 33.20
3 2.508 10.00 15.45 67.68 34.52
4 2.494 10.00 15.67 68.91 32.91
5 2.500 9.92 15.59 67.50 33.65
6 2.499 9.98 15.89 66.75 33.24
7 2.495 9.96 15.92 66.59 32.58
8 2.501 10.05 15.99 65.44 31.99
9 2.505 10.01 16.00 68.04 33.00
10 2.503 10.00 15.80 65.60 34.02
11 2.500 10.09 15.51 68.51 31.63
12 2.490 10.05 15.74 67.47 32.87
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Table2  Solution composition in experiment

B 7 7 B W B /(mgel) Ko A

i Na* K* Ca* Cl~ SO0, HCO4~ (TDS)/(mg*1")
FW 13 390.23 483.00 888.00 1018.00 24 141.00 2012.00 176.00 42 108.23
FW-10 1339.02 48.30 88.80 101.80 2414.10 201.20 17.60 4210.82
FW-20 669.51 24.15 44.40 50.90 1207.05 100.60 8.80 2105.41
FW-30 446.34 16.10 29.60 33.93 804.70 67.07 5.87 1403.61
FW-20-2Mg* 591.06 24.15 44.40 101.80 1234.56 100.60 8.80 2105.41
FW-20-3Mg** 512.62 24.15 44.40 152.70 1262.08 100.60 8.80 2105.41
FW-20-4Mg** 434.17 24.15 44.40 203.60 1 289.59 100.60 8.80 2105.41
FW-20-2Ca** 621.14 24.15 88.80 50.90 1211.00 100.60 8.80 2105.41
FW-20-3Ca** 572.76 24.15 133.20 50.90 1214.96 100.60 8.80 2105.41
FW-20-4Ca** 524.39 24.15 177.60 50.90 1218.91 100.60 8.80 2105.41
FW-20-2S0,* 659.13 24.15 44.40 50.90 1277.08 201.20 8.80 2 105.39
FW-20-380,* 648.76 24.15 44.40 50.90 1026.55 301.80 8.80 2105.41
FW—2O—4SO42‘ 638.38 24.15 44.40 50.90 936.30 402.40 8.80 2105.41
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Fig.1 Schematic diagram of core flooding device
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Fig.2 Schematic diagram of interfacial tension
measurement device

BIE S REOTR AR

d,
s=d (2)

e




-96+ WO M o5 R Ik ® 202147 A
H:B(CL)Z 3 R BE I rp Mg ik BE 43 30 Ry 2 6% 3SR 448
b P AN [R) Mg R 38 7K 7 V00 i 2 R 11 SR R AR 1 (&
o, 3b) AT A K H S A O R IR A L,
5= Apgh? (4) AR A K R Mg e RE AT LA KRR B 1 5% T SR i
Y o MR KRB SR SR R 4 i Dl 44.17%,
L2 5) 44.09% F1 44.00% , % 1 A 7] Mg & B 19 7K 7% T

-
2 FRE RS

21 FADLRBXLWER

K7 b 3R & FR U2 K FNAS [ A6 A3
JZ K% B3R 1 SRR AR AL (] 3a) W AT T K AH B
Vi I SRR AT T2 0], AR B 7 8 4 v A KB 1k B T
PLSERR R R 5 o 3415 O M2 K 3R R iR
I3 W h 43.01%, 42.68% F1 42.80%, ¥ ¥ {5 249 Ky
42.83% , 5 A [l Rl BEAS AL A ML 27K (FW-10, FW -
20 F1 FW =30) , SR IS % $5c 28 43 03] B2 o #F 44.35% ,
44.70% F144.46% , Bl FW-10, FW-20 Fl FW-30 32 &5
TS R 1.34% ,2.02% F 1.66% . [l 1 A K
WA (R S T R AIG , SRR 388 n o S 384 5 s 2
FW =20 4 5 SR SRR B B B, R e B e A K 6t
R A AR

B Mg R AR R IR FeF R A KT

45
44 +
.
é 43
B
2+
41 1 1 1 1 1 1 1 J
0 1 2 3 4 5 6 7 8
HEKE/PV
a—W 1k i
48
47t
© 461
ﬁ 45} —=— FW-20
o —— FW-20-2Ca’
44 - —¥— FW-20-3Ca>"
— - ~ 2+
sl FW-20-4Ca
42 1 1 1 ]
0 1 2 3 4 5 6 7 8
HKE/PV
c—Ca’ W E

(FW-20-2Mg* , FW-20-3Mg* Fll FW -20-4Mg>) Ji5 ,
Fe Wt 243 ) B 52 TE 46.53% , 46.81% Fil 46.43%, B
FW-20-2Mg* , FW -20-3Mg* Hl FW -20-4Mg* 2 &5
TR K 2.36%,2.72% F12.43% . W% 0 AIK
HR Mg ¥ 1) AN T BE SR MAC 38 346 Jon £ S 44 0 i ek
/N FW=20-2Mg™ 2 i SR SRR B8R B WL, Ak 223 n
S T AR T Mg Ve 3 X SR MO 8 e A 07 T A
Mo

TR Ca R EABERRE  FTRMEAKT
fRBE PR FLr Cax VR 43R 245 34 44 . fR
AT Ca® ¥ B 7K 5 TR 252 3R 1 SR MR AR Ak (T 3e)
AL PR A K R Ca e B AT D45 KRR B 1) 5 i
RUCR b JZ KBRS 254 T RIS 4301 R 44.08%
44.12% F1 44.15% , % FE N [F) Ca™ ¥R BE 1Y 7K I W
(FW-20-2Ca* .FW-20-3Ca>Fll FW -20-4Ca* ) Rk
Ky K 46.25%, 46.63% il 46.40% , Bl FW —20-
2Ca* , FW-20-3Ca> Hl FW-20-4Ca™ & & R W R
WK 2.17%,2.51% 1 2.25%., FEE A KT Ca® ik

48 -
47+
° 46 -
5 —=—FW-20
o A —¥F— FW-20-2Mg"’
B4l o —e—FW-20-3Mg”
—<— FW-20-4Mg”"
43+
42 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 8
HKE/PV
b—Mg K
45.0 -
448 |
N
5 44.6
= —=— FW-20
g 44.4 —e— FW-20-250,"
—¥— FW-20-350,”
4421 —<— FW-20-480,”
440 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 8
HKE/PV
d—S0, ik i

3 REIZKEBIRE B RUL L

Fig.3 Variations in recovery factors of different solution flooding
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Fig.4 Interfacial tension and interfacial relaxation time of crude oil with different solutions
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