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Efficiency and mechanism of oil displacement by a strain of Geobacillus
stearothermophilus™
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m An effective crude oil emulsion microbe SL-1 was isolated from ShengLi oilfield. The microbe was identified as
Geobacillus stearothermophilus by the molecular biology method. SL-1 could maintain normal growth and metabolism at 60 °C
reservoirs and produce a metabolite composed of polysaccharide, fatty acids and proteins. The oil displacement experiments were
carried out by using the culture liquid, metabolites and the bacteria respectively. The results showed that all of the displacement
fluids could improve the displacement efficiency, which was enhanced by 11.8 by the culture fluid, 4.5% and 3% by the other two
displacement fluids. The core pressure increased by 0.5 MPa for using culture medium and bacteria as displacement fluid, but
the pressure change in the process of the metabolites was not obvious. The improvement of displacement efficiency by metabolic
products was regarded to be through stripping of oil film. The determination of remaining oil in the core after flooding indicated
that the residual oil gradually increased from the entrance to the exit, showing the process of SL-1 and its metabolites keeping
driving out the crude oil in the core. The results indicated that SL-1 has potential applications in oil recovery.
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AR Py £ AR T 43 R MRS AE B 3Kl R (Microbial
enhanced oil recovery, MEOR ) I PN J5 3 A= 97 9K v+ R
( Activation of stratal microflora recovery, ASMR) #j#h". {4
AYIRME R R T2 MR BiER . T ESEREY
SR, S 3 R AR A T P R R A P R B AR R
T 3 O 0 0 7 A9 B B RR R PR RE RSN IR B, 4ad b
T 2 T A D 70 2 b 23 oy, S SR LAE b 2 b i A K AR R H
TR W IR Y 2 i e 4007

Wk H 1Y) Received: 2015-04-27 24 H ] Accepted: 2015-06-01

*[E KRBT R R TR (8633 %, 2013AA064401) ¥ 1)
Supported by the National High-tech R & D Program of China (863
Program, 2013A A064401)

** 5@ iHAE# Corresponding author (E-mail: greenskyl1123@163.com)

T X 30 A 4 A o O S T A B S A 2, LR AR
TR ol 2 A TR R 7 2 DA ORISR D, TR X b e S
PF T TR B SR U 2 AN [R5 B AL BR A BIF S B /D IR
I 5 155 4 ek T VBT R 3 A 0 R 1 T, X B 0 ) 14 v
TR R RR UEAT G 52 3, R A G LB, 5 7 D B4 S i
TR A K T £ T 8 1 D) BE BRI, [ sk % T ML S it
BOR L WA 7 Bl A R S 25 R 4.

1 GRS
1.1 EMskIR

T FPRE 5 S A 90 SR AY 1010 A 7= I, X BB X B
FRUEAT K IR, X He iR B Y5 [ 55-91 °C, 7= HK B4k 5 Ja [l



9 794-18 461 mg/L, HuTfi J5ih K FE16.8-4 143 mPa.s.

DT R ME— B U8, 53 ANES iN(NH,),HPO, 2.5 g/L. KNO,
1.5 g/LAE NI Be 7, P45 BR 8 JR 3 M A0S /L. I
1.5g/L, K,HPO, 0.5 o/L& i i) Jr 2%, Wi itk B — Bk #E 60 C &1
T REAE AL A T FL AL o3 BRI B AN, B4 S SL-1.
1.2 BHEE
1.2.1 HEEHADNAKGIE DNAMIREGTE K. (1) % iR
i 2 H A R BR SL-17E60 “C R 455524 h; (2) BRIl FEPE H,
4 °C, 10 000 r/minE.0>10 min, WERFIK, F& EER; (3) M
AxyPrepZl I 3 K 2 DNA 2 BUR 77 & R BUE /A DNA; (4) 3%
K 4 DNA$R BUS I JC B 25 B8 /KA, CA-20 CLRAF 4.
1.2.2 16S rRNAM PCR¥ 1 ¥ EHSL-1IDNA
WG, M E16S rRNAK FE H5%: P11
5~ AGAGTTTGATCATGGCTCAG-3’ ( X} 3 T-E. coli 8-27) Fl
P12: 5-TACGGTTACCTTGTTACGACTT-3’ ( Xt i FE. coli
1492-1510) §"1#416S rRNAZEH T3, 514 K& F A T2
WNFEVE . TR 25 94 CCTAEPES min; 94 CZZ P min, 55
°CiE 1 min, 72 ‘CIEf#1 min, 30MEFF; 72 CCHE(H10 min.
123 W F P82 ik g % i A TARA RN
. ¥ {EGenBankd FIBLASTN L 58, Jf: FIDNASTAR# {4
PEAT 30 5 b AR R 44T
1.3 =854

4B BE SL-169 35 3% W 75 10 000 r/min, 4 °CF 250520 min,
R, B A3 AR OB R UTIE LIS R
SR LA . K DUTE 0 A AR 8 T AR K
WA, FHZEIBAB A8 hy BUS T PRI R L, B 1 RO
A-T0 CUKFEVR24 h, Ba IR TR T8, a6
LURY A A AR Y (R ELAR ) - XA i A
g3 ik —25 43 5 2% SCHR[11-13].
1.4 BKihMHERETEM ik

ST 3k — 2L B 55 T 07 2 B ik SL- 14 i R ICR B ML B, 3
I3 EEABE UL ) 7 2 o S0l P BRI R ) 85 SR R RS AR
FEY) K AR T IR SE G, AR IR AR o — 2B S T i
PR P2 =R R AL,
1.5 IRHMSCIE ST

SIS A T 3EAD (1) J7 2 2R AT W BEAR LK i S 56, L
AN (1) AREPERED, WESLBSBR; (2) ME
AR K, W A O FLBMAR R FLBRE; (3) 4 AR
TERAK, THEA ORGSR (4) FH060 CEfb
FE10 dfF, —WOKBRIKER3 PV, 0 % BR e o i v vl o
FEH KR IR AR AL (5) L iR i e B B AR 185 7R
REFR I B O AR = 1 . B 3R 5 B0 B R AP R 3R A R
ORER 0SS (6) ZIRIKER4 PV, 0 IR s F b v i
FE KR SRR AR, T RCRICE L SRR AR (7)
S 25 R XA O NN RIS IR A S Rb BEAT IR L, FRXEA
YEWD BT & T A e AT 400, AR AR MR A0 B N R
THIAY R A 43
L6 FHORR & imiE WA E

S PR R T 1) G ) 58 9 43 S 016 8 I 5 1Y) T ik
BBy (1) B 5] v B B AR e i v, 290430
R, 2 wIbRAEZe; (2) XD AR B A S AT

214 S 1061

PRy, I BEAE B (3) 20T 21 23 25 40 il ik 2% JOR A
JKAH, B ATIMEERE IR s (4) DU 7 i A ORI OB B2 5 (5)
AR AR 23 i, 0 5 O AN [ S 2 D ) R A 55

=

H.

21 EHREESR

% Ftihttp:/www.ncbi.nlm.nih.gov, il 5> 4% 3 FIBLSATS
GenBank 1 /116S rRNA 731 47 [RIVRHE L 55, 45 5 45 S 4
JIT Ui 16 B AR R b 2 A R, HE— 25 H R R AR R TR IR
Jif b ZE AT B ( Geobacillus stearothermophilus) , GenBank%
K5 AY044052.
22 RigF=WomER

R SL-U ™= & —F AR Koy TR, s,
RZEFNEE BT, HorP iR 28 BE29.4%, IR 289 HE31.2%,
B S 15.5%, FIATRI23.9% K K50 &) T B4R
AL FEARN Y, 43T 2 2L WE . B A . R 0 TRl
MAAEARRRTIR, A IER R T 5 A IR . 75k i
i R S /\ B Jg i R £E B4 AL 35 15 P BE IR 4H Ak, H:
TIRPERERARL AR, HEAR . 225K AAR. B
. R AR, BN E R o Ew R, H &R,
[14-1512 B L 2T RR BE WS 7E 70-80 C A FA K, [R)B i
R =A 2 0. AR, IBIFRSEIGEEY R, XS =4
OR35S A o R A, SR 45 SR 5 S0 30 0 e A A 0 2 R
AEAE Xt 7.
2.3 YRR M LIS R RALE S
231 FORERE  RHIFMEEKSL- 1R IKMEERE, =11 13
PO R ZR IR S 06, 4 2 AR SL-1A B 72 L 15 97 )5
R = LA I 35 3R R I IR o R 3 lh A & T R R A
R4 B35 A=, W TS IR ME AR
SRS T BREWEENESTAS—MY k. B AY
A ILE1A-C.

RUNAOHEASE, R2WELIMBE LR, 3HAFW
DR Ay I R LA B = A T ORISR, % 3% Y B B O
SRR B, IR B T 11.8%, 17 FH AR I 7= 1 R0 8 A 9K el R sk
A3 R4.5% 3%, X TR I G AR W R % WO 1 3K 2
SRR TR B AR R R A B SO, AR B TR i
FE R R AR 25 A VR
232 BLEREBEEKEENTHER itk —2 R R AN
IR 0 A 7= A KR A5 SR AN TR B D AL, X B R o R R ) B KR
AR R 04T T o0, 245 B Y A R SR R B, FRLR B
Bk T, W PVRLG S KB REAK, s K TR T
1.8%, M2 A O S K—E Tk s, 2B R PR 2 35 75 b o 44
SZ 405, =S5 FEMEREG X BiRkEBid P
TEZ AL BTN A FLILES A7 77 A ZEAR AR T, SO0 1 B8 el AR B
B BIB T 1), AT KT B SRR [ AR i 7= 4 5
VAV R, 78 3 K B T Ak X6 Ty LAR A, DA TR B 22 FL A
RPN AT, B e AR g AR A K AR A RE
YR, TFUR BB f oK Th i, 302 0 N R 9 VA Bl O s

http://www.cibj.com/

Chin J Appl Environ Biol [ ]S54 1244k



1062 — R AR 0 M 2 ST B S P R LB 640

Ell ERSL-1HE5R (A) ( EFEMRRE Y (B) MBFENEGE (C).

C

Fig. 1 Culture medium (A), metabolites of the centrifuged culture (B) and thalli of the centrifuged culture (C) used in the displacement experiment.
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Fig. 2 Changes of water ratio in culture medium and blank with the
displacement fluid amount.
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Fig. 3 Changes of water ratio and pressure of culture medium with the
displacement amount.
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Fig. 4 Changes of surplus oil with the culture (A), the metabolites (B) and
the thalli (C) of culture medium displacement.
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