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PERIFE RAD 1 0.85 mm i f5 2% B, 1 R 121 119
TESEE.

BRI SR AL 8 4.8 ¢ KHPO,-3H.0. 1 g
(NH.).SO..1.5 g KH,PO,.0.2 g MgSO,-7H.0,0.5 g
Na;CH;O; - 2H,0., 0.1 g ¥ £} %3 1 0.002 g CaCl, -
2H,0 & — il A B 4l 7K vh E A7 3l o€ 45 51 1000
mL, ] 2 mol/L /Y HCI 5%, NaOH ¥ ¥ 5 15 pH K 7.0
~ 7.2, CE SRS . BUE SRR SR 100 mL, &
HAMA 0.2 g JFh (S AR 81.58% 5 )& 7.86%
IR 7.26% Wi 75 7 1.06%, AT % 97.76% ) , ¥4 15 5%
FEE T 121°C7F 5 K 25 min.

LB 35775 6 10 g & R .10 g NaClFI 5 g Ji%
FHE R INA 1000 mL B B4l K HE T, il % LB
Brgehk.

DNP-9272A BUE R L 246 , 5 MM AR A R
/N ) LDZX-30KBS 57 20k J) 28 VK i A%, 1 ifg
I 22 BRI A 5 OTL-460 2T A3 G iAY , Ak 5t
T FHIM AR B ARG PR H] 5 TYW-200A #43% [ 5K
T3 AL, A 4 A A 3 A PR | 5 SPX-150
GH g /K 3 S48 , AL BHE AU A PR A F]

1.2 EWHZE
12,1 BB ARGTHLES 58

14 2.0 g AL IS ()& B B AR A 100 mL 59 7%
2 o/L JF iy 73 Rl s L b, 7E 150 r/min . 30°C
PR IR AR % B FE AR B 95 24 h, R B S — Sl
FElFE ARG AR R T d, A 4 (]
WA AR L R AT IR G R 2 ~4 d A,
PP 75 FEAE W] S 1) SR — TRV A T e DR A
122 ARANKFBREERS>TEHFER

FRAE SCHR [13-14 JH2 AL J7 16 X5 8 ORAF 1T ik
A7 A BRAE AL FIE B 3 A %0 o 6 Sl Ak i 240 1 i
17 16S rDNA I 2R A Bigsk W43, 87 FIRIEA
[v) o Ja8 A A B FR S o ) 5 19 Sk SRR X TR
PR HEAT 16S rRNA FEF 9§14, i@ H 51 9ok s
27F : 5'-AGAGTTTGATCCTGGCTCAG-3'; 1492 R:
5-TACCTTGTTACGACTT-3',

B WK Z K« Template (JE[K 20 DNA 20 ~
50 ng/uL) 0.5 pL, 10 x Buffer (with Mg>* ) 2.5 uL,
dNTP (4% 2.5 mM) 1 pL, fif 0.2 pL, F (10 uM)0.5
uL,R(10 uM)0.5 pL, ALZE H,O 2 25 pl, S
R F&1£30.2 uL, PCRY B R : TAR P 94°C 4

min; 30 cycle 94°C 45 sec, 55°C45 sec, 72°C 1 min;
T2°CHEAf 10 min, 4438 =Py k4 il ¥ IF4E NCBI
HEAT LEXT 30T, PR R G R B .
1.2.3 Bk A KRBT

i) 12 323048 A BN S mL Y LB AR RS 77
B 76 121°CF K 30 min, {f FHEERD IR R0 07 6 1
A1 R A TR (600 nm P A< A IR FE (I OD6oi=0.5)
FEAR SR, A TE TR 5 55 R4 E 35°C (180 1/
min 25 F FH55%, A5 6 hBURE 1k, AT WL oo
P FE WAL, HFoR S ODeoo {5 A FH BRI RS 5%
FEVRGT TR AR LA AT R R A 0 i A AR, i F
Rigr 5L JF7E 6 h 22 S A 7L AL, BOR B R
FHAM R A B O Do, 2 ARG A
N 5 AN ]S 1) T R R4
1.2.4 R Bemiagm <

£ 100 mL Y JE i35 SR B R i A 0.2 g s, K
PR ARSI A 3% R 4B AL B R (0Dg0=0.6) , FF-
W 2 FATRERNZS 0 R 7E 37°C L 180 r/min AYTH
R R TR 55 5% 7 d e, A8 DU S A
BT 4 1 S5 o 20 A D00k S0 2 8 4% 1 A
bRy S N L1 DR DR €7 g S W@ B g =815
fif %

v=1—c1/c;x100% (1)

oA p— R I B AR R 5 o —JC G BRAE 5 o TR 1)
SRR, mg/L; oo~ FE S P RO BRI
i, mg/L,
1.2.5 FHEEMERREELBROHT

FH CH.CL 5 U B B A 7 d )5 i DRI 15 37 3
fdi FH JE 7K Na,SO. Bk 25 25 BOR 5% 427K 43 Js 47
GC-MS43#7. GC-MS 4125 1F - faiik 41 4 DB-5MS
E 404 4 30 mx0.25 mmx0.25 pm; 7FFE O
250°C, S N B4 He <, i 1 mL/min; 7£ 80°C
AR 5 min, 285 LA 6°C/min FHE 3 Z T} 2 180°C,
{4 2 min, L) 10°C/min (% 7R 3R TF 2 300C,
PR4F 10 min; 739 Lo 1011
1.2.6 B BT R b B R AT

W 1R, R H A-3.D-5.C-2 3% 3 bk 5 g
PRRRIEAT IE 3SR 50, 55 37 3 b Ry Bl 2 /L, 7
TR 35°C FRPRHE 4 180 r/min AR R 7 d.
1 1F 22 056 A SPSS FE AR [RS8 2 BT, IR 9E 2 A TR
XS R B A e ) s ), 4% B de AR I LA
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®1 EXTREZATER No (8 MEGAT7 54X} A-3 .D-5 . C-2 [ LK 7571
A HZB HZC AT RS R B EE, 25K 1R
e D-SHiES%  C2fli% A3 % 22 BEHRMERRKRR
: 0.5 05 0.5 53 B (AN B FF 1R D-5 TG EFF B C-2 i 2R
) 0 0 0 TR A-3 BB VD H IR JE D-3 47 2 S i TR D-1 7
; )5 )5 )5 LB HiFR I A K IZ NP 2 s . 73 B 5 R ik
AERARBLAEA 225, Hirp A3 C-2 A KRBl
L PR AR B0, A-3.C-2 I D-5 43 3 7E 25 .30
2 SRSE 30 h AR BIFER . A-3.C2.D-5LA1:1:1/
21 BHMHNBEELE BOME R A BIR A B EAF LB SR B M A K th £k

Bk 2 2R MR Rk alifb)E B s wILE 2. IRATHEE SIS AN KR, R K
BRXT S B f VE R A B LIS MR S A R i IR & /K, 78 LB 5535 3 71 45 h B ODeo fHLIA
D-5.C-2.A-3.D-3.D-1, HA: B A AR AR Ean e 2 iy 2] 1.94, 78 5 1% 37 36 h s 80k 31 4.3% 10" ~/mLs

R SBEMESSEEEUERE

Wb B W W R9E WY RN B TR WM WM DU popm o mm v
B3 4H 0 BE Bk OBE  JHE RE 5B Sk W MU R S sk S

A8 %

ps 8 R g wee ww - owm - o+ -+ - - -
ca 8 UE g owe ww - BB -+ - - - - -
Ay HARCER i mge W - BER -« -+ -+ s
D3 HEDWE ik mme R - B - o« <R+ - - s
o CEERCLE e meme e s om0 o+ o+ - - - -

MaE AR
VE 7 BRSO 5 =7 B S bz

100 Acinetobacter junii OTU-a6 KJ147060.1
100 D-5
86 Acinetobacter modestus CS1 MK208519.1
99 I: Acinetobacter baumannii LJ17 KM408612.1
100 94 Acinetobacter baylyi CI15 AB862153.1

Acinetobacter calcoaceticus IHB B 13637 KP762558.1
Uncultured bacterium clone BJ201205-58 KX507482.1

100 A-3
i‘E Pseudomonas aeruginosa PE10 MF943159.1

Pseudomonas nitroreducens HPG45 JQ291600.1

99 100 Pseudomonas putida sk-13 HQ164549.1
E Pseudomonas stutzeri N3-3 JX094167.1
72 i

100

Pseudomonas xanthomarina 15 KF923425.1
— Burkholderia fungorum KN-23 AB091193.1
89 L Noviherbaspirillum aurantiacum SUEMI08 NR 118040.1
Bordetella pseudohinzii J1 MK072959.1

|_(: Achromobacter sp. EP17 AM398226.1

Pusnllmonas noertemannii BN9 NR 043129.1
Alcallgenes aquatilis C 15 KT808884.1
Alcaligenes endophyticus AER10 KR967368.1

Bl 1 Bk 16S tDNA BTG % F W
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Cornforth D M4 "5 R U], YR G WA K MZ N
S HUBEK B, B AR 2 (DK AN AR AR LA . IR e mT
PKF A-3.C-2 . D-53X 3 BRAN B J TR & 11 WAt A i
159 . D-3.D-1 A K EEAL, X T RE S th T
FRIEA B ATE AN 1A B sk AR T
WFSEINA , 4 DA 76 AN [R]85 55 5 v A B fig 0 R ZE K
RS A, A BB IR S M s kB SR
KACHE, BARBE G . B A D-5.C-2.A-3,
D-3.D-1 45 5 PP #R A A-3 .C-2 . D-5 DL 1:1: 1 [14%
TR A AU TR TR A TR B e R 2 3 rh 4 A K il
LUNE 3 PR IRA WEREEAER FRIE PR LB
R R A KR, D-5 A3 R BUAR B K A
POC2M LT D3 A-1AE KRR, a0
5, A-3.C-2.D-5 3% 3 B4 o8 & 700 57 55 143k
FERA SR, 76 B vp ¥ 2 80 AR 5 1) AR Wi
M, AT LRI B TS YL r B B ).

5

10 > | b3
L /s A D-
| e
/
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N
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B3 BERRAE R SRR v i A K il 2

2.3 YHEXREB A BEERR
41T D-5.C-2 . A-3 . D-1 FINE A B RE E X h iy

ODgw

R RN E 4 R . R 48] 0L, D-5 F1 A-3 %R
PR 6 it 38R 4 IR B 60% A, C-2 XoF T3 1) g e o6
355 39.36%. D-3 1 TRt rh 2K b ok
(19 Dy SR AR WA AN T K R ML 7 g TR A o
TC AT SN0 S 5 B A 3, e Hh K rp T He
Ja K LT 00 43 il RERZ AN H B4
WA — S i S SR SR = A T R AR Y
TRA BT B XA 9 A A R e iy, T RE R A =2
TE) B4y BB ) P e 1 ok Bk v AL A o | 3o
TREDRT EIh R AR BRSO R —
HEgE . A 3T IR G RAEAH R B SR T
14 A K B PR AR I ot S e BB e A
TH B FI R S 5

70F B
T B ||

60 ; 1

. 501

é

$ 40 l

& T

¥ 30 T

=

I 20T
i

D1 D5 c2 A3 E
M S

4 BB T dJ X B e
24 FRIEH GC-MSH#

TR (ODw0=0.6) AR A T E 7E 2 ¢/L A1 %
(R ICHLER R F 3 ep KR 7 d i, 2E ORI A3l A E AT
GC-MS 73 #r, a5 5l 5 s . I S ol %0, A-3.,
D-5 FIRA T E 1T LA s R0 i A A S 25 40 B9 Cs
C17.Cis.Cro.Cor (Co 551225, HAT I B8 1 A1 IR
fi#HE 71 5 1M1 D-1.,C-2 FEfFAT I /3 BE T T AR A
2.5 BRRBI LAY BE 0 F0 3R T E T F X B Ak B 1R A
pal:sbAl

Ui 2 777 2 T 1 R PR AR P T R AR 2 AN ] B v
3 U TG PSR RO TR] , B — Ty AN R vt
FE TRAR T IR IS PRI BE 1> 28 3 I F-H
LAk S 0 R TR AR AR i i 5 VR R T 9K T R 4
B W SFPRAREERP R T L, AE20CTF &t 2 d
AOTE IR 3, A A-3 . D-5 48 T R/INAS ] 4385 1
FUILIE , B & B i R sk i 22 A K TR
P ISV A % 35 AN BEAR i b 2 2 Ak A ol 4 1
TEPER . oAt 3 Fh R AR AR 7 A B 2LAL e, &
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350000 - = 3500007 50007

300000 o 300000 300000f <

250000y 250000} 250000(

I ) ¢ 2 21

2 200000 i £4200000f £4200000]
A| C44
#150000f . w1 500000 # 150000 = o

100000y ‘ M 100000f 100000] w

500001 Ny 50000} S0000F ok

0 10 20 30 40 50 0070 20 30 a0 S0 10 20 30 40 50
{552 1 /6] /min {483 BsF ] /min 1R B ] /min
350000 350000
350000 e
A3 300000f L RAWE

300000 - 300000

250000 250000 250000f
1200000 (200000 (200000
# 150000 150000} # 150000}
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50000 50000 50000}

0 L L L L L 0 g k ; L 0 L L L L L
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

B4 i R] /min
5
PRV R T 9K 7 JEAR I 28 UG R 2 3R TR 9K T,
W BRI XT3 73 5 i ) B3I
IR 4 mL TR 10 g/L A9
TGP 7] Tween 80, WA S 7 d Je BB G BT B R
g4 R, GRRW, M3 TR IR S
P55 Tween 80 i , 5 KRN BRI [ B R AR 2045 T 42
e, Horf C-2 X S R - e L 3531 70.84%
R3 EBEHRSIDREEEFIAEES

bk Jﬂl%ﬂ‘{iﬁ”ﬂ%} 2@@3{%?}/
Ff#/em (mN-m™)
A-3 2.85 37.63
D-3 0 60.28
D-5 1.55 36.06
D-1 0 61.04
C-2 0 61.26

25 U R A 2T IK J1 N 62.40 mN/m.,
R4 BEKRESE TweensS0 BYER T X Hih A PEfE R

LS W fve=/%
A3 78.32
D-3 49.65
D-5 76.06
D-1 46.59
c-2 70.84

{4 B4 A5t 18] /min
25 TRAR A ST 5 ) A 2H 0 B9 GC-MS 2 HF

B R[] /min

26 BUEEEENER

N T T e A it D it e 45 44300 TR ) 2R A0
SAFAEEST AR 2 TR 23 A E R MR, 24 B Bk =22 ]
AR o Bl A7 AR VR IR DG R I TR A TR R BB R 5 e
KA RERRAER o TR0 TR A TR0 L () 5 3
B, 23— 0 s A R Y RS 3e . D-5.C-2 il
A-3FEAN[A] FL R A TR A TRV T T %) R i 36 L 3
5, SPSS KA RS 25 R T LK 6. &S

%5 HHKERELKESRESH

WS D-SHE C2MiE A3NE Rkt 5%
1 1 1 1 60.68
2 1 2 2 61.83
3 1 3 3 63.49
4 2 1 2 65.43
5 2 2 3 64.37
6 2 1 1 62.60
7 3 1 3 72.63
8 3 2 1 67.64
9 3 3 2 65.18
Kl 1.860 1.987 1.909

k2 1.924 1.938 1.924
k3 2.054 1.912 2.005
R 0.043 0.024 0.032
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AN IR B AETE D-5 . C-2 Fl A-3 22 [) ) e 3
LU 5125 B XA Tm B RO e . 4563k 6 3
AR TR] 000 A B8 245 SR 1) Sig . (0.05<D-5<A-3<C-2, !
0.05<0.129<0.354<0.502) K& , 3 B BN LI B AR
PIAS= A 2B PR I (IR A R R RE A S e At D
TH, Ul I 5 DRRE T A v 1) [ A 38 B — e PR A, O
H D-5 5% A1 11T Y ) 1) R A 28R 5 e e K, LU
A-3.C-2, TS LI, 7 e A IR 35°C
pH 7.5 ¥ K F5 3 180 r/min & i 6 mL) T, &%
PR LO A 0 TR G TRVRE A i il a5 7 5 v ) vt 7
R Rk 5 74.18%
6 SPSSEMREIBIN ML LE RO

DA WA

T
5 A
FEIERER 92,764 6 15461  3.198 0.257 0.906

it ¥k F Sig. AW Eta )

#EE 37882.134 1 37882.1347835.060 0.000  1.000

D-5 65.552 2 32776 6779  0.129 0.871
Cc2 9.604 2 4802 0993 0502 0.498
A-3 17.608 2 8.804  1.821 0354 0.646
7= 9.670 2 4.835

Bit 37984.568 9

IR

it

a.R* =0.906 (JH# R°=0.622)

102.434 8

2.7 Tween80 INE Xt B kP& R BE 71U RN

it DA BRI, A Tween80 AJ LB ik 42
T TR R X L 7l R A 1 0 o D 9% A R T T b A
SR FLAEVE ] & A SRS A B 5T
P, 388 OGT ST P A A, AL A o 2 7 2R T 9 2 5
SXCE R R EAE R AR R B
F14) 2 T 958 A 70 R 2K 3] S e AR B emee i, i 7K
AL E P A s 2 2 e Tt . At b
IRVE I T A AR 12 19 Tween80 JE i % 552 211
I K T, Z5 R ULIE 6, 22l Tween80 7E Jii il B 77
FEHE eme (BN 30 mg/L , I 1% 332 3L 10 3 i ok )
THRE . N T 24 i 5 T R R ST 1 R i
BOR, %58 T AN[A] Tween 80 il 42 e Bl A& X J 7
PR 8 ik 28 2 L LR 7, 2B SR EE b Tween 80 il
14 30 mg/L(1 eme) N, KA 7 d i TR-A S Tt
P8 AR AR T AR TSI Tween 80 1Y, 24 Tween 80 Jill

18 4 150 mg/L(5 eme) B}, B 7 d J5 1A B REXT R
T A AR ROR B T AR TS I Tween 80 1Y, P A R ik 3]
T 87.12%, REAR G- o FH T A5 YL nyie = .

70

651

601

FMK S/ (mN-m™)

oo-0—_
b 4

0 50 100 150 200 250 300
Tween80 ¥ J%/(mg-L™)
K16 Tween80 7EIFRFHEH [ cme (HIM E

100

80r

60r

/%

401

20F

0

Al /d
7 Tween80 Jil iz X B HERE A AR 52 1

3 4hig

AR 2 30 3 20 3 FH 0I5 e 398 i v 1)
JEC 3 A8 At B S B AT 8 D-5 G 0T 18 C-2 4
PO R TR A-3 XTI R R 232 5301 R 61.46% .39.36%
A162.42% , Horp, D=5 A-3 AT [ O v R 7418
5 B E B L, C2 A is TR, SRR A-3
D-5 F7 54T AH 280, 2 2 T M AR R Ak
R E . KX 3 PRI T E R, B RS IR G A
FE LB 35 972 311 45 h B ODeoo (ELIA 2] 1.94, 76 57 3
FRHPEHGEE] 4.3x10° ~/mL, HH R ECR A
o FEIREE N 35°C (pH Ny 7.5 F8 IR % 0 180 1/
min . & B E AN L D-5:C-2: A-3 1 5:1:5 fild
A 6% 2% 1 G P Tween80 & & 4 150 mg/L B+, 112
BT B SRR AT IR 2 87.12% , REAR - 1 T4
MG RRIBEE .
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Development and Performance Evaluation of Super Heavy Oil

Viscosity Reducer with Heat Resistance and Salt Tolerance
REN Yaqing, WU Benfang
(School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, P R of China)

Abstract: In view of the high viscosity and poor fluidity of super heavy oil and high salinity of formation water, emulsified
viscosity reducer was prepared by surfactant, alkali and organic phosphoric acid and its formula was optimized. The effects of
salinity and temperature on the viscosity-reducing properties of viscosity reducer were studied and the mechanism of viscosity
reduction was analyzed. The results showed that the optimal formula of emulsifying viscosity reducer for super heavy oil was
obtained as follows: 1.1:0.45:1.15 the mass ratio of compound surfactant consisting of sulfonate anionic surfactant YBH and
alcohol ether carboxylate anionic-nonionic surfactant YFBH with a mass ratio of 1: 1, alkali and salt resistant additive NYZJ-1.
When the dosage of compound agent and additives was 0.81% in the emulsion, emulsification temperature was 80°C , the mass
ratio of oil to water was 7:3 and the salinity was 95 g/L, the viscosity of super heavy oil reduced from 316.5 Pa-s to 0.0831 Pa-s at
50°C, the viscosity reduction rate was up to 99.97% and the water separating proportion was only 5.93% after standing in 4 hours at
50°C. Temperature had little effect on the viscosity-reducing property of viscosity reducer and the viscosity reduction rate of super
heavy oil emulsion remained unchanged after 2 hours treatment at 200°C . The synergetic effect among the components of the
compound emulsifier enhanced the viscosity-reducing property of the system and the stability of emulsion. The emulsified viscosity
reducer had good viscosity-reducing effect and could withstand temperature and salt, which was suitable for the oil reservoir with
high temperature and high salt.

Keywords: super heavy oil; viscosity reducer; emulsification; viscosity reduction; salt tolerance; heat resistance
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Analysis of Compounding and Degradation of Petroleum Degrading Bacteria
LI Xiaokang', YU Tao', LI Hong', DU Mingming', QU Chengtun"*
(1. Shaanxi Key Laboratory of Environmental Pollution Control Technology and Reservoir Protection in Oil and Gas Fields, Xi’ an, Shaanxi 710065, P
R of Chinas; 2. State Key Laboratory of Petroleum and Petrochemical Pollutant Control and Treatment , PetroChina, Beijing 102206, P R of China)

Abstract: In order to efficiently repair the crude oil-contaminated soil near the Dingbian oil field in northern Shaanxi, five strains
of crude oil-degrading bacteria were selected from the local oil-contaminated soil, the isolated degrading-bacteria were analyzed
through physiological and biochemical experiments and 16S rDNA sequence method. The orthogonal experiment method was used
to explore and establish an efficient mixed bacteria repair system and analyze the degradation products of the strains. The surfactant
Tween80 was used to stimulate the microorganisms to further improve the degradation efficiency of petroleum. The research showed
that the strains were D-1 Cellulomonas, D-3 Serratia marcescens, C-2 Achromobacter, D-5 Acinetobacter, and A-3 Pseudomonas
aeruginosa. By measuring the growth status of strains in LB medium and petroleum medium, analyzing the residual components of
strains degrading petroleum, D-5, C-2, A-3 were screened out for compounding, and it was found that the effect of each strain on
oil degradation was D-5> A-3> C-2 and the optimal dosage ratio of strain compounding of D-5 to C-2 to A-3 was 5:1:5. It was
found that under the degradation conditions of temperature 35°C, pH 7.5, shaker speed 180 r/min, bacterial solution dosage 6% ,
and Tween80 content 5 c¢me, the degradation effect of the mixed bacteria on crude oil could reach up to 87.12% , effectively
promoting the efficient repair of the crude oil-contaminated soil.

Keywords: petroleum degrading bacteria; identification; compounding; surfactant; degradation rate
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