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i R 44 (NaNOs) B iR & — 21 (K.HPO,) | B iR
TA(KHPO.) BER = 4 (Na,HPO, ) IR — 5
£ (NaH.PO.) | JC7K i R B (MgSO.) | Jo 7K AL 55
(CaCl,) . 4H R £l (Na,.MoO,) . i ik £ ( (NH,),SO.) .
PRk M R AR & AR (NaCl) (B ie . = & b
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B A A BRA D 5 520, FPoRAE R CRED A RA
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R OE TR CFR, A Frali, R KU fk 25 5 B
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ICHUAE TR A FR 2N ) s BRI FH 0 SR Bk b 2 i L
), K-1.K-2 F1 K-3 53154 70255843 ,6497 Da
f) =3 FH L B SR Ik , K-4 N IAVE Rk, K-1—K-3 |
TR WA IR A R R K4 dBn R )
AR R R A BR A FIEAL . LB HE7 50
B /L, S TRD) < JBRER F R 10 B REPZ ) 5 \NaCl
10(BEHY 15), pHAE Ky 7.05 H s 5 540 ik - H-h
30.0, NaNO; 8.0, K,HPO, 1.0, NaH,PO, 1.0, MgSO.
0.2.CaCl,0.1 .Na,MoO, 0.1, pH {8 Ky 7.0; [ Wi 1% 35
e p% . BEBE 30.0. Na,HPO, 1.5, KH,PO, 3.4,
(NH,).S0, 4.0 MgS0.,0.07 F#EER} 0.05,pHAE M 7.0,
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TR ) 5 12-MC 2l R B 0L, 35
[ Beckman 2\ v 5 & I , i A AR 2B D RHE A IR
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1.2.1  #EA Uk 64 4] &

(1) RS RLZURB B o K B R X e i i
KA WCR AR J5 S BV B iz ik R . Al
FH = E A PEPLZE 10 000 r/min FHEHE 20 min, T 15 2
M e FLAR M . 2 2R IR I AT % FLRM & 7K Ry
19.84% , Fi B2 4 08 SRS AN W/O BUFLIRME

(2) PSR LRV A B 1 o AR T I 5
B K S SR T O e A TR LRI, BVAE 60 mL
15 40 mL 28 /K TR -G A 1.67 g Span 80,
£ 10 000 r/min F 454 1 min, AT ALFL A @R
2Ry (VDB %508 o W/O BUZLIRIE™ .
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h J5 5445 2 LB [R5 F B b ) 4 4% 5% 48 ho (2)7E
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T AR B 72 T 5 S5 V%, T 37 *C 1150 r/min
FIFE IR R 95 5 d SR 15 8 e85 3R, VB N A i 3L
FIREAACAE i o (B) AR YE AR | E FR e SR
P 7%, SR FEE A B 2 RV A 7 A W e 2L 3] ¥ 47
PEo 120 min BB =70%, W6 % 25 70
XFW/O BRI H A Bl i FLaE 1, E AT —2F
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EYIELRN TR RP . A TR LR KR
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200 r/min Y £5 R H 15 % 24 h #4550 70 (2) 7R3
A 100 mL & P 5 56 OREpl s 72 L al Hm i R 58
IR A 2 mL A1, T 37 °C .150 r/min (47
PR35 24 ho )RR 5 LR BER SR 3L 00 & Ik
T2 A 100 mL 3 KL FR TSR 7, F 37 'C 150
t/min [ TR FR 7 do (4) %4 & B FE 8000 t/min
FE L 10 min, FIEKZ0.45 pm JE R E , A
R R Ay R (s R IR e 20 D BYIR
BUTAEEL, T 5535 2 8L, 5000 r/min 50> 20 min,
BT EREROR E T 40 Clefk 28 LU bR IR A%
W, AT A e 2L o AS R BR P 2 7= A i 2L 700 40
45 A XJ-1—XJ-10,

124 FR@RAeGmE K JER5 ML T

(1) Z W E bR ifE GB/T 22237—2008( % Ifii I
PR T8 5K 1 A0 ), R L 2 1 I e 2 1 5k
F1oQQ)E AN FEE = EE e PEAG I 7= 4 v ]
REAEAERY B IEIR LAY o B 10 mg AL RE S s i T2
SR AR, FERE AR L SR B TS 0.1%Ef =
PR WIENE , 110 “CHI4A 10 min, &4 BR 5 =1y
BEAFS . Q)R HAHIR - AR Bk
R AT BEAEAE IR IS AT o B 10 mg SEALFE 5 i i
T Ak e e BT IS AR
Bl BRI (VAR A2 g SHRR BT 25 mL #
4li7K b3 7 B 1 mol/L HCL; 5 C: 6 % HCIO;
5] :25 mL ¥ A .30 mL % B F1 15 mL iAW C
RAA]) PP IR , T 105 CHin# 20 min, 75
AR =Y rh B R By (e TE. FIH
i 2 - AL ) 32 A 00 7 ) vh Rl REAFFE WA 700 4% 5
mg ZEALFE ST 2 mL 2 mol/L B FR¥A W 1, 115 °C
TR fifk 24 Ty B IR A J %) 7 4 61 B2 247 100 mg/mL
A VA L, FERE AR b SR BT 5 A T R AT AR
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I XT-4 DLH I R U5 & AT 2 i e RR R Th
B0 B R W R T W ISR
P, R B R S d R R . AT R R B
P T U A B R VR BRI R 2R W 120 min /)
T KR AT M 15.5% . 78.0% 11 81.3%,, i FH I 25110
ARy A e L0 ) i LB T 2 R R R R A B
FUOLACE ™9, S =Y 2 Ol BN G R
P R, XA s L R R X4 T, BVE
=Y s o FLAE ) i 2R &R

Fie FRORAS B I T () G %of X -4 17 734
PR BEFR , 3B DL LB B F2 56 0 & B 855 75 3645 0
23R L 24 R K 1) ODeoo (1 600 nm K T 1Y
WG RE R ) FE 0.4~0.6 Z [A], IAH XJ-4 4b FAE K HE
BRI BT R . N R BERE R WS, R 24 h X
FE£20 mL, M ODgo FIZEMHITK J] . AIULEZE] 0~3 d
1Y) ODgoo 11 0 3718 25 1,4~7 d ) ODgoo FEAS A K 42
W UL 5 0~3 d R T TK 1 4ER7AE 65 mN/m 2247,
4~7 d BYFRTTK B 2 30 mN/m A4 . il 53
BURNZiARAS 20 A Y LA SR I XT-4-2, kL
WL F/R . 7860 CHIINZY & 400 mg/L #) &1
T, XT-4-2 IR T XT-4 A9 AR5 TR0 XT-4 Bk
PR XT-4-2 ZEBAlK A BN A5 B0 i 7k
REFAR . YRGB HCN 0.2% R
T8 FP B K R T A L X R R (e A K i
HOMAES R KR T, RUIHCEY ) & e
Yy B e 4l DL A 5 KR S B T R B K
G XT-4 123 FR R MK 3 0m T BR A LW
W BXSEH T S5ERE LA, 23R &
AHA LR AR R . 0.2% XJ-4-2 11
JBACRA T XI-4 W &IE IR ABRTE LISz h), %
RS NS I 0 AT ML | P Sl LA B 390 v DAA 38
[ &

F1 DRARRHSERERHBEEMHIZHER

NG R[] (min) B985 K S/mL s e s
sRaT Y - S IRk

mL 30 60 120 %

XJ-4 &5 5 5.0 10.5 115 83.7
XI-4BRE LE® S 45 9.0 10.5 78.1
0.2% XJ-4-2 5 5.0 10.5 11.0 81.8

1% XJ-4-2 1 4.0 8.5 10.0 87.4

0 IURERT ]S4 2019 4F 8 1, JELIMWI U 75 7K %k 21.88% , 17K
ST

Xy S 17 e TR S T i vk AT A AN A Y
FLE R BEFLRE S, O B AL S 5 A Y K
PEZ AN R . — B BB R R 5L 3=
1A 5K 77 F% 28 40 mN/m DL F B B AR 2w A i
WS WIR (25 C)HWIET , XI-4 e 50 B
B EIE W .0.2% XT-4-2 5 1% XJ-4-2 s B 1Y 22 180
3K 15059 4 31.30.28.23.2 mN/m, XJ-4 415 55k
F i i )5 BRI VRO, 32 B XU-4 iRk FL
TR I B TR VW . 1% XJ-4-2
F14) 22 1T 5K AT A TR A BILIR | Tt 56 e L5 B R0 7
ERFERS R LB, X 5A LR 0 mEK
FIEAR A R 1 FL 8 B 300w LA R0 B LA
0.2% XJ-4-2 (R MK ) 5 H A5 0 5 R W EIG
TAET

FEXT XT-4-2 AT R 1 BES AR 0T 0 2 1 S0 56
W, XJ-4-2 5 0.1 %Ef —F R & E B AR, 5
B TR o - ey S TR A YRR T - A0 B 85 A = e )
N K-S 3R R AR AR R R N . kT
DL T A= ke L3R B U XT-4-2 S — o e 251k
“W.

308 o B L S 6 R T 5K B, T DL R B
XJ-4-2 %of B AR X R ) 25 i SR H T LA 5 e B
FLRCR e — RIS A b A BB AR 2 L5
A R R HANME
22 EYEHIFSHEHAF NS B ILR

Shy AR S B A A AR e e LA R, B K
A= P L) XJ-4-2 5 424 2L 0 52 O LR
SEANE 2 PR . BURERS RIS 2020 4F- 5 A, R i)

AR K Z N 19.84% . K-1 B (i T Asf i) J3t 7K et
o K1 5HALBFLA L RS2 8.9 .10 415, H
K ZAREE K-1 Bl FH AT TR, K-3 Sl ffi

N . [mxJ-4-2
L * 120 min iK% EEK4
250 K-3

120 min i 7K%/%
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BB K AR, SR RS, 8. 104
S B LRI T K3 19 9 20 1), T 42 B ) oh
5 K319 7 A BIEFLE 5 TCK-3 19 9 45 iy 24 1B
BUIN. WAEEBCEC T THHERR K-1 FTK-3, ZEPEK-2 il
K-4 5 XJ-4-2 51,

XJ-4-2 5 K-2 K4 5 Bl S5 45 B 3 iR o
K4 FEBC 5 LA R T I K AR A
XJ-4-2 5 K-4 A FL 5 v b HE BRI, TR AR K %63
BT 80%. H T XJU-4-2 b 32 B2 40 16 IR 85 v R
fife , HOSAS B, Bk AR o 5. 25 1
XJ-4-2 K-2 K-4 A EARFE R 3010 1, Bui &2 Bkl
#1120 min FIREKF T 95.6% , TH7K AL TR L 55 .

EEEK4 120 minBK%E/%
DK-2 3
AX1-4-2 195
200}
=~ 90 =
o 150F %
(=) ~N
E 85 %
= 100} g
g =
=S 80 &
=
=50
175
0

I3 BAR DX B T 2R Hh R O LS I s

23 EEHIAFHITEMK

X} e A T 7 A2 BB FL A i L T AT AR
b o A e S T A L3R 19 e A o 2 s R A A L
TR, 23 AE 40~60 CH BEHHRIE I 73250 . R A
47 UL, 7850 'CH 60 C B ECHEFLAIINZ &R 200
mg/L Z1F T BB FL R LI 60 C B SN2y
o 100 mg/L 25 78 T 1k 2L 2% 45 901 4 93.74%

100 - 1100

= N
¥ 80) {80 38
= <
5 = = 35
N N
H 20 120 i
2 )
= —e— 40 C

—— 50 C

—v— 60 C

0 1 1 1 1
50 100 150 200 0

Jnzyi/(mg-L™)
Fl4 IR R 2CR R B Bkl T 240
(ldou P S
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94.56%F1192.41% , ¥ TR lh T. 25, Bl 60 °C (fh2
W FLA 2554 200 mg/L 8%, 120 min (1) i K %
(91.45%) o Zi6 % BA LM T B FLR LKA
% SR AR FLIRLEE M I 35 AR B30, 16 50 C |
Izt 200 mg/LAERARAL G MiEFL T2,

JFHZE A 00 22 9 R 5 KR 436 B I A UK
H S B AL T S B BRIMAICR S Ak 22
FLRIB SR T A TR L S5 SRR 2 R . Hi#2
AL A6 T2 L300 A9 45 30 2 08 4 F s T
2o 5T ZME, MR T 200 52 Bl ik L )
AEFRIS , AKAE S I ARG 31.6%, /K RIRH 3.40%,
T 22 BR AR 5 18.8%, T H 5 KR AL 78.2% , 7E £
MEREFLACR AT T LI A% 10 C

K2 ERFLFIECTT AL B BN FLRR i R X EE

e

moatm PV g VKRS IR gk
(mg-L™) ’ ’ /%

W%?Eﬂ] 50 156 94.56 89.6 1.84
@f(éﬁ;” 60 228 91.45 75.4 8.43

T A PR AT KRE B il 326 mg/L P & KRNy 19.84%,
FLAF(E] 2 h
3 45
XJ-4-2 K-2 K-4 6B R 3010 1 A RAE ik 3L
FITEE FLIR B 50 °C L fin 22 200 mg/L 1 2544 T B
AR AR AR AR B i LR RN
BN HME . BT At s, Rl bt
K 2 h 5 A K 838, F6 4 S S oK AN K S
TR
SRR
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Development and Evaluation of Cryogenic Microbial Demulsification Using in Shale Qil Production

Fracturing Fluid
GONG Zhaobo', HU Chuxiao®, YAN Zhong', WU Yuhan’, GUO Jinzhou', LI Qingin’, XIA Wenjie’, LI Guogiang’, MA Ting’
(1. Experimental Detection Research Institute of Xinjiang Oilfield Company, PetroChina, Karamay, Xinjiang 834000, P R of China; 2. College of Life
Sciences, Nankai University, Tianjin 300071, P R of China; 3. Xinjiang Keli New Technology Development Company, Lid, Karamay, Xinjiang
834000, P R of China)

Abstract: In order to meet the demand for demulsification and cost of oilfield chemicals in Xinjiang oilfields and reduce the
environmental pollution, this article based on the environmental safety and the complex situation of shale oil fracturing produced
fluids in Madong block of Xinjiang. Ten kinds of biodemulsifiers synthesized by microbial fermentation were screened and the
evaluated by the bottle test method. The demulsification of the fermentation broth and the purified extract was compared.
Meantime, the compound demulsification effect of biological demulsifier and conventional chemical demulsifier was studied, and
then the process of demulsification was optimized. The results showed that the biodemulsifier XJ-4-2 synthesized by XJ-4 bacteria
had good compatibility with the extracted fluid from Madong block. The dehydration rate was more than 80%. Under the condition
of 60 C and 120 min demulsification time, the dehydration rate of the compound system containing biological demulsifier XJ-4-2
and chemical polyether demulsifier reached near 95%. Under the condition of 50 ‘C, 200 mg/L dosage and 2 h thermochemical
sedimentation, the water content of remaining crude oil and oil content of sewage were decreased. The biological demulsifier had
high dehydration rate and low oil content in sewage at low temperature, which improved the problem of rapid low-temperature
dehydration of shale oil fracturing produced fluids in Madong block.

Keywords: shale oil; biological demulsifier; demulsification; dehydration rate
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