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1.1

Brevibacillus borstelensis

BS3096 Pseudomonas aeruginosa

LZ3-2 Pseudo-

monas aeruginosa PAO1

L-

2.5 cm 29.374 ×10 3

m2 19.62%

5 1 1.78 mPa s

40 1 L 0.9938

g Na2SO4 1.3029 g NaCl 0.9353 g MgCl2 6.3008 g

NaHCO3 9037 mg/L

1.009 g/cm3 pH 8.1

GI54DA

KLH-150FD

1290UPLC-

6550QTOF - Waters

H2050R

QBZY-1

SVT-20

CA200

1.2

1

BS3096

10 mL BS3096

200 mL ES 20 g +7 g L-

+ 0.5 g KCl + 6.8 g KH2PO4+0.2 g MgSO4+

0.07 g CuSO4+11 mg FeSO4+0.5 mg MnSO4+0.09 mg

ZnSO4 pH=7 37

72 96 h

LZ3-2

10 mL LZ3-2

200 mL 2 g + 1 g

K2HPO4+1 g KH2PO4+5 g NH4NO3 pH=6.8 7.2

37 72 96 h

10 1#

2# ES /0.5% 3# ES

/0.5% BS3096 4# ES /0.5%

BS3096 5# LB /0.5%

6# LB /0.5% BS3096 7# LB

/0.5% BS3096 8# /

0.5% 9# /0.5%

LZ3-2 10# /0.5%

LZ3-2
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2

6 mol/L BS3096

pH 2 4 12 h

- 2 1

BS3096

40

BS3096

-

BS3096

LZ3-2 PAO1

3

3 mL 3 mL

3 h

EI

4

Wilhelmy

3

5

40

6

24 h

48 h

0.1 mL/min

2 3 PV

Vo mL

40 120 h

40

1 h Amott 121

20 min

Amott Amott

40

Amott

0.01 mL t h

Vol mL Vo mL

ER % SR %/h

1 2

ER=Vol/Vo 1

SR=ER/t 2

7

40 48 h

2

2.1

BS3096 1

3294.56 cm 1 N H

2925 cm 1 2855 cm 1 CH3

1720.74 cm 1 O C=O

1644 cm 1 H2N C=

O 1534 1451 cm 1 C H

BS3096
21

BS3096 8

2 a 13.55 min

2 b 965.96 1078.48 8

965.96 979.99 993.95

14 Da BS3096

CH2 994.99

surfactin

1 BS3096
Fig.1 Infrared spectrum of BS3096
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1463.99 1506.48 1524.52 1702.25 4

fengycins

surfactin fengy-

cins BS3096

2.2

2.2.1

1 1 BS3096

ES BS3096

48.9%

BS3096 ES

LB

BS3096

6.1%

LZ3-2 22

PAO1 23 61.4%

56.7%

2.2.2

BS3096 ES

LZ3-2

LB

BS3096

53 mN/m

29.6 31.2 mN/m

32.7 34.6 mN/m

2.2.3

10 1#

0.8848 mN/m 4# ES

/0.5% BS3096

0.2055 mN/m 3# ES /0.5%

BS3096 4#

0.3119 mN/m

9#

/0.5% LZ3-2 10#

/0.5% LZ3-2

0.3846 0.3253 mN/m

53 h

Amott

2.2.4

116.4°

4#

42.8° 3# 55.1°

9# 10# 60°

3# 4# 9# 10#

2#

5# 6# 7# 8# /

/

3# 4# 9# 10#

2.3

3 0

2 BS3096 a 13.55 min
b

Fig. 2 Chromatography of BS3096 a and mass spectra at
a retention time of 13.55 min b
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9 h

9 43 h

72 h 72 h

4#

60%

10# 54.09%

5.49 8.85

3#

4#

20.5%/h 21.1%/h

2.3.1

4 4

12.76 30.53

2.3.2

10

ES /0.5%

BS3096 ES /0.5% BS3096

1 g +200 mL ES ES /

0.5%BS3096 1 g +200 mL

0.9% 3

5

0 9 h

+

5.6×108 cells/mL

57.14%

BS3096

24 7.5

+0.9% 3.5×

107 cells/mL BS3096

32.73%

3 40
Fig.3 The relationship between imbibition recovery and time

40

4
Fig. 4 The relationship between core imbibition recovery

and oil-water interfacial tension
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2.3.3

BS3096

ccmc 20 mg/L

LZ3-2 ccmc

35 mg/L PAO1

ccmc 25 mg/L 3

60.60% 6

56.26%

6.96%

50.37%

ccmc

2.3.4

0.02%

SDS

CTAB

-10 OP-10 ES /0.5%

BS3096

7 7

11.8 41.5

3

MEOR

BS3096

60%

7.5

5 40
Fig. 5 Effect of bacteria on spontaneous imbibition reco-

very 40

6
Fig.6 Spontaneous imbibition recovery of biosurfactants pro-

duced by different microbial metabolisms

7
Fig.7 Spontaneous imbibition recovery of different surfac-

tant system

+
+0.9%

/%

70

60

50

40

30

20

10

0
a 5 h b 48 h c 119 h

/h

120100806040200

SDS
CTAB

OP-10

/h

120100806040200

80

70

60

50

40

30

20

10

0

/%

/h

120100806040200

70

60

50

40

30

20

10

0

/%



2024

http //ythx.scu.edu.cn

11.8 41.5

halanaerobiales

Brevibacillus borstelensis

-

Bacillus velezensis -

-

-

-

- -

Bacillus subtilis

Pseudomonas atacamensis

-

-

Halomonas meridiana -

-
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-

Pseudomonas

- -

-
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Spontaneous imbibition is an important method for oil recovery in low permeability reservoirs. There are few reports on

the main oil recovery mechanism of microbial enhanced imbibition recovery. In this paper the patented strains of Brevibacillus
potsdamus BS3096 and Pseudomonas aeruginosa LZ3-2 isolated from the reservoir environment in the laboratory were used. Through

spontaneous imbibition experiments the selection of bacteria and medium the growth conditions of microorganisms the

metabolites of bacteria biosurfactants the effects of bacteria and other factors on microbial enhanced oil recovery were studied. The

experimental results showed that the imbibition fluid containing lipopeptide biosurfactant produced by BS3096 could reduce the

oil-water interfacial tension from 0.8848 to 0.2055 mN/m and the contact angle from 116.4° to 42.8° so that the wettability of the

rock changed from oil wet to water wet. The decrease of oil-water interfacial tension and the change of rock wettability had a

significant effect on the recovery of imbibition crude oil. The imbibition recovery of lipopeptide biosurfactant produced by BS3096

could reach up to 60%. The recovery rate of rhamnolipid produced by Pseudomonas aeruginosa PAO1 was 56.26%. The glycoprotein

bio-emulsifier produced by LZ3-2 had emulsifying effect on crude oil and the emulsification rate was 6.96 %. In the imbibition

experiment BS3096 bacteria accumulated in the core selectively blocked the large pore throat channel and diverted the

imbibition fluid to the small pores in the low permeability area to displace the crude oil which could increase the recovery rate by

7.5 percentage point. Under the same experimental conditions and surfactant concentration the order of spontaneous imbibition of

biosurfactants and chemical surfactants was biotype anion nonionic cation. The imbibition recovery of lipopeptide

biosurfactants was 11.8 44 percentage point higher than that of chemical surfactants. This study provides an efficient economical

and environmentally friendly method for improving oil recovery in low permeability reservoirs and provides theoretical support for

the application of microorganisms and their metabolites in the field.

low permeability reservoir microorganism enhanced oil recovery spontaneous imbibition biosurfactant oil recovery
mechanism


