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Alkali-free three-component emulsification flooding system
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Oil and Gas Recovery of the Ministry of Education, Northeast Petroleum University, Heilongjiang Daqging 163318, China)

Abstract; Alkaline/surfactant/polymer (ASP) flooding is one of the important methods to further greatly improve oil recovery. Al-
though this technique has put into industrial application, it still has problems such as scaling in injection and production system and
high cost of production and maintenance. According to the strong alkali[ sodium hydroxide (NaOH) ], weak alkali[ sodium carbonate
(Na,CO;) ] and alkali-free strategic plan made for ASP flooding in Daqing oilfield, alkali-free three-component system was developed
by replacing sodium carbonate with sodium chloride. However, the emulsion performance of the system is weak, and oil recovery in-
crement is 2%-3% OOIP lower than that of the weak alkali ASP flooding system. To improve the emulsion performance and enhance
oil flooding effect, E-surfactant was compounded with petroleum sulfonate based on the alkali-free three-component system to devel-
op the alkali-free three-component emulsification flooding system of Daqing oilfield. The system is free of alcohol and additives, and
it can form Winsor type [l middle-phase micro-emulsion with Daqing crude oil when the surfactant mass fraction is low (0.3%).
Further study shows that the thickening property, interfacial activity, viscosity, interfacial tension stability and anti-adsorption prop-
erties of the above system are basically the same as those of the weak alkali ASP flooding system. The core flooding experiment re-
sults show that the system is characterized by strong injectability. low degree of chromatographic separation, and good emulsion per-
formance, which can improve oil recovery by 41. 12% higher than water flooding and 11. 25% higher than weak alkali ASP system.
According to the results of laboratory study, the cost for chemical agent per ton of oil in this system was initially estimated to de-
crease by 42. 9% compared with the weak alkali ASP flooding system. The alkali-free three-component system developed for Daqing
oilfield not only achieves the alkali-free goal of three-component flooding, but makes a leap from ultra-low interfacial tension com-
pound flooding to low-concentration middle-phase micro-emulsion flooding, which has reached the goal of largely improving oil recov-
ery and decreasing cost and increasing efficiency. In fact, the system has a broad application prospect and can also provide technical
reference for the efficient development of other old continental sandstone oilfields.
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Table 1 Ion content of experimental water

R BT a R/ (mg/L) 41)“{4:1/3‘22/
Cl- HCO;~ COs;2~  SO,2 Ca?* Mg2* Na* +K* (mg/L)

[A] 3 7K 943.8 2821.2  301.6 5.0 42.0 5.1 1851.5 5970. 6
B ZE K 2155.8 2063.5 0 287.5 23.1  52.6 2196.5  6779.0
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Table 2 Chemical composition of different three-component systems
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Table 3 Experimental scheme of core displacement of different

three-component systems
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Table 4 Experimental scheme of surfactant compounding ratio
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Fig.1 Interfacial tension activity of alkali-free three-component emulsification flooding system with different surfactant ratios
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Fig.3 Viscosity and concentration curves of different

three-component systems

2.2.2 HEMITH
FEEREERRIEEMAR KR e EES
AR =ZICE G RF R E L R K 4 iR,
TCHk = T FL ALK R FR )6 RGBS 30. 9 mPa-s,90d
FEMRZ 25. 6 mPa-s, 7 B2 IR B %2R 82. 8% ; Tobl —JC
R ZWIIEE N 30. 5mPass,90d FE{KZE 25. 2mPass, %

LR B RN 82, 6% s 55H — JCIR R URELE K 31. 9mPass,
90 d FE{E % 26. 3 mPass, 2l JER B RN 82. 4%, 3 Fh
RZR B 90 d 2 B O B R AR — B 7E 80% L |

35
~ 30 ‘\
&
A
S
i
® 25
—A— EWETIAR MR R
—— EW=TER
—o— BM=TTHhR
20 | | | | : :
1 3 7 15 30 60 90

B /E 7 d
4 FAEA=ZREGHERERER

Fig.4 Viscosity stability of different three-component systems
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Table 5 Comparison of oil sand interfacial tension before

and after adsorption of different three-component systems
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IR 3 4 Z TR 2k 3k 4] 51K
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W =CZR 0.70  2.38 3.57 7.75 5.51 15.50
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Table 6 Comparison of emulsifying capacity of different

three-component systems

k= 7 AU P2 50/ (r/min)

- 300 350 400 450 500 550
Joug = e FL 1L
9 7o <X NV

Teil =6k &R X X X X X X
B =JniR R X X X X X N/
T/ —45 C AT # 8 2 min i /K FURBRE E L R W 55
JB s X —45 CHAM T #E 2min 9/ KFLRMA A RE K

A r )z

3 MR R FUIR W TSI e ] 42 16 (P 7) i 45 2R
F ] FLAARBRR 2 T b s 2R AR O o i = oo 3L AL 3K
WARR S =Jok R =Jok R, 45G5%K 6 P
X LA A By R BE B PE A 245 2R 5 T = o0 7L AL 3 1 &
LA A R 2R B 5 FEARAILAR SN 1 7 FT R B AR E 1Y
FLARTR - PRI 76 90K 2o A S R A il 3 LR
WAL IAE

10
—h— EW=TAAEBER
—— BRW=ThER
8 —o— BW=thAR
6 -
7
=
4t
2 -
0

0 3 6 9 12 15 18 21 24 27 30
B8] / min
B7 AEZTESGHKRE TSIERHEHNELER
Fig.7 Comparison of TSI with time of different three-

component systems
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Fig.9 The oil and water phase behavior changes of alkali-free three-component emulsification flooding system in different salt concentrations
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Fig.11 Water cut and oil recovery vs. pore volume injection in

core flooding for different three-component systems
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Fig. 13 Relationship between concentration of produced chemicals
and IFT vs. injection volume in alkali-free three-

component emulsification flooding system
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