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FAEFBR ISRV 525 . Bing 45 R FHAUK £F
A Z W T —Fh EAA S PR R A AR BT
(NS). Salem %" "Bl T 22 RUEE QK IR0 7B AL,
A X 5 AT 5T (XRD) 137 % S 4 B 1 B 6
5% (FE-SEM) 3R 1 o A 42 A AN IR o Tarek
SRR, FILHIK B 4 R A A A R SR
pEAe /NI R STTR YN

Zr Bk, H TR 5L A SR KSR Im I oY
FENE TR GO BT & Z5F R AR FEEA
REM A5 7 1T, A7 YR AR IR I 7] o gl R Bk 5 5
R B3GR ) 4% A AR B0 e R v 8 AR A A DL S
BRARAE o PR, AR SCRF R ARAIR A O R 3 3 o
FEACE O AT IR STy, T 0 K B 7 71 B L2 R
B4 XoF I 5 Tl FE i 2 2 B v SR ISR 1 5 e
A I AR i SO T R AV E AL 45
37T A, TR T 4 K BRI 7 v TR TR R A
R AE VLS

1 SEEGH Sy

1.1 #R5EE

FE T M A 3R B - B2 1 5 BHS, A3
BT 40% , FOUE T 2 B 5 9K BRI AR CN-1 (22
HI KO 5 43 B8R 2B, i, 4RO IBORL 2 B AR
/N 100 nm (4 AR , F S A RE OB FNAD VK
BEFNEE R &R SR AL, IS I T SR s K
, HLA B e ) Eb 3R T RN S K SR AR | T4 0GR
FE N AR F AR IS TR , AR 5 20%, K
WS ] o SEE K R A T SR AK, B
FBIE A 13 406 mg/L, = 2L F i e B (B3 mg/L )
7 :Ca®* 240 Mg> 103 .K'+Na 1817.CI" 7799 .SO,
144 .COy> 0 . HCO; 336, S50 il b RS vl AL —
B A& 2 5 5 e e TR A T A, 26 8 3.0 mPa - s
(70 'C) o BRI 7 0o kA1 FERD PR 2 I i
SRR GE A M U RS HAR R 2.5 em,
K N6 em, BiBFRK=10x10" um’, BRIH 525 F A0
I3 AR A S I AR BB IS 235 2K N a0
FCHS il AL B i )2 AR AR A0, Ty JL ]
Kb 98 K5k 4.5.4.5.30 cm, K,=50%10"
pum’, PR DL RS B2 2.5 em KA 6 cm,
BEFK=1.0x10° um®,

KWT-NO 844 K86 A, BT IR R A A
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PR ) 5 M1324 0 faf i v o 500 HIL , i UK F A i )
A B F] 5 TX-500C 2 Jie % A sk 4%, Jb i ep
PEHE KR A BRZA 1) ; OCA20 AT 2745 fish £
Y, 1% ¥ Dataphysics 23 7 ; BDS400 %3] & £F: ¥ 7
WA, R AR AR A F] . RS AR
g R, S S0k 16 ] o A0 BRER SL B0 e
PRI KGR 3R D IR TR R A
Hh B 25 2 A 2R, BT 28 TR 2R 40, e R4y
BT 70 CHEEAN, LRmAELSESCR(17], 1%
AL 1,

I BRI SRk A R

1.2 EWAHE

(DGR IR I Ak B ik

FHASE AL A 7K TE il 3 £k B2 43 531 R 500, 3000
mg/L ) CN-1 1T, SR F KWT-NO R 40 K 0
ASCIN 2 2 A BRI 9] B REAE 20 A

R AR AL A K BE i AS [R) 53 £ 43 20 BHS %
WA CN-1 ¥, FFHGH 73 CN-1 33, F M1324 1%
BB D HLEL 5000 r/min 5558535 3 h, T FBH
PR IUR A T, S PSR TR T (T ¥
W) R TX-500C Ji i A i 5K 711U 5% 34 R 5000
r/min JEE A 70 C I 4 AR I ) A T ] A A
15K 77, O

W25 O 7E BHS I CN-1 T 90K ORI W
FHET W IR 24 b, B 5 388 2 R T4, SR
OCA20 TR 2742 ik 1 I 4853 1) 0 0V
RSB A KRS O 2R 10 Al

K H BDS400 %Y 3] # A= )72 56 I f5e UEm 49 oK
B3 5 SRR A TR LRI IO

(2)BW S5

R ARBUL A THS A B RS E , BRI 0
BT (DR AR A K BE 618 W, SR )5
P HAFAS 2~3 h, HEBRIF IR, BRI OB R
R AR 0 QR RS 1A O AR
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TS A B O B R s BT s A [R] B[]
BEE D HE I, TS TSR U S W
(35 W 338 B A 8 Wl 8 v BN B ] PN B R A3 AR
fEAE (%/h) ) o

(3) 4K IR I 751 9K 5 S 6

R 50 B R S 06 26 8 E A7 K I R0 3K 9 S
5. HARSCEAE TR . OF 0T, i m s i
K, T OALBR IR @K IK 2 AR ,
SR DK R T THE SO K NE B R BT
70 “C R A ORI, TSR K & THRA O & i
R ;@FE70 CT , KERADIRERET, L 0.1 mL/min
AR TR ORI 57 25 75 7K 98 % 435 o 5 N 1 359 it
I7 U BRERIE, L 0.3 mL/min (5973 A B 2803 B )
Z K 98%It 4k

2 EHR5HE

2.1 GuKIRihFI AL R
2.1.1 2R IRK b A 64 5 42 o A
SR FHARSE UL A 7K TE i o 2 94K 52 93 531 2 500
3000 mg/L [} CN-1 3 W, 40 K 0k AL A% 43 A7 DL 1]
2. MNEI2FTLUE Y, i vk JE 2 500,3000 mg/L i
CN-1 I 4K UKL R A% 43 A1 #47E 10~100 nm,
AR HE R 26 nm, 49 K JURE A0 6 42 358 /N HL 43 AR
20

—®=500 mg/L
15t —#-3000 mg/L

W%

1 10 100 1000
Rt /mm

K2 GeRRoRAR oA
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FHAREHL T A K BE ] A9 A W] J5T £ 53500 BHS %
T CN-1 W LA B ON-1 IR ZR 250 B A9 2 4
AIURE I FE W (AT PR B v ) 55 St ) | At
A1 7K 7 P (D) MR EE SR R 1, IBGA Tl 94
AR W I TR 1) 1 12 SRy 500 43 S I CN-1 3
W AL A K 5 i R] ) St T 5K R 31.26

mN/m. MR 1ATLIE H BEZG Rk B3 i, CN-1 %
LRI E AR R I T AT ST 2 i B S U
VRS TR ] A ik ) LT NS BHS % -5 R
i) P 5K ) R SekE S T R H . U] CN-1 %)
A — 5 B ARk A sk I Re s, v AU B
FHARTEE VRN o 5 2295 W 52 50 F1 3K A2 S5 40 e 4 ot
BN 0.3%) CN-1 5
1 AFIREF S RHE R ERA

NIRRT RG] ) B S T sk 0/ (mNem™)

LISt E|
0.1% 02%  03%  05%  0.8%
BHSI# 0.03 0.02 0.02 0.05 0.08
CN-1¥ 1 20.10 18.07  16.02  11.17 6.95
R 18.12 1530 12.53 9.11 3.69

PORERAR 3218 3425 3292 3163  31.82

213 HEEE

AU E BHS T CN-1 VW 40K B0k 175 T A
EHF IR 24 hAGfE , ERRE (R ) R4
DL 2, T2 RTAR LN A K TE U 3 T A 22 ik £
37.644°, MFR2 VT LI, B2 BE 3G, 0
25 BHS V5 1015 0 J5 2 fk A 120 S0/ N , 2 IR A Rk
PERESER . BEZG R RN, A0 28 CN-1 IR
T VRO LIS 4 fih A R T B AIG, AR v T R R 42 fi
1, A SRR PEIR ST . O A K UL I TR T
Je , BB fl R LT AN AR 150 BH 40 K S0k 25 i 1
VAT A o RSt A A5 1 A Ay 2R TR P ) 5 R
RS 2 Ak R E 2 T T 700 VA B B I A 155 1O
NN O SE AR AN s, DAL 2 3
TR R B O 2 T 1 LT 06 T R, 3 7 IR 3
B o 0 AE ON-1 VAR 571 T0FN 40 K UKL W
V2165 4 fl A 1, 156 BH 2 R VR T AR AR G K IR
TR CN-1 42 = RISCR Y L

R2 BHUENKFEARE BTE 5 HIKiH
F iR E A O RER AR A

N [T Bt 3T Bl £/

LisTiiyl

0.1% 0.2% 0.3%
BHS % 30.584 28.832 26.632
CN-1 7 46.594 44.856 43.464

il 46.329 44.768 43.126

ELP S b araalid 36.250 35.180 37.060
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(c)CN-1 W R P HOIE &
3 L Ao A

M3 FTLLE Y, SEE KA L, BHS Fil CN-1
XM R A T 3 FLACPE A . SRR ZLIRE A
JZ= R WO WK, T 2 “W/O/W B i
/b, BHS LRI )2 “W/O” Y, ZLAH KT
BN, FIRZ2800“W/O/W” B LA R
TR — o GOKIRIMF CN-1 FLIRIE L JE BN
“W/O" S AR DV R FLACHE , N IR 2800 W/
O/W” Bl i K=t He BHS FLWE 1, FLALE fE 4%
2 o KISREET S5 DA kg 2R 1T M A0 YRR DT fi
J& RETE LR K AL T FL R , CN-1 F BHS [ 5L
ARG T28 O R, ZEZL AR R el i 2
DRI 53 BB/ ISR L /N 38 3 A L ™ A
() “ B RERLN 5 | S B & AT BE T BH S 38 m, wT LB
R R IR SCR
22 HAXKIRHFIE
221 RokFE

4 FB IR 70 98 W S0 25

W SR i ZLR

FR UL 3, By 5
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JE R 3000 mg/L. W3 FTLLE H, 7E 4T
W SR 3HI ) T, BHS Y01 1 SRR 85 57, LR CN-1
WEWORHE R M, TR LUK . 5 CN-1 3% WA
LB, 547 W08 R R LT A B5 i, R B 4ok
R XS R LI A 5. 5 CN-1 R
SRR LA, BHS W55 T i ] 1) Bt 1 o T %
1%, BT S A A TSR AN, BRIB BCRICRE K

R3AFIRHAEE R R E

IR SR % KM%
LI A K 67.82 5.40
BHS i 67.84 12.91
CN-1 68.05 9.41
R 67.93 9.65

222 FHAEHIE

B R T 2 30 3 R v R WSO RIS W R B 5
] 2R DL 4, I 40T LA H Bl i3 W R A] ) SE
o, SRR I B T 55 AR IS T N I i TR
Fao A MT &I, 1B W R, SR SR IE IR , 4
P W R 30 v BHS ¥ W 1938 W FE AL, A 3508
WA TS B IR SR A 5
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25 BT 9 KK I CN-1 BRAR AL 1 3 g ek
S W HE ) AN FL AL 2 WSO ARG D T T
I BHS, 156 HH £ 55 PE T AL AN J& ON-1 42 i Rl
FEAE LI,
2.3 GRRIRGHFIIRE KR
231 RAEKRES TR

SR FHAS [A) ZE BB 50 78 R SR AR 0 rh i AT
IR S, SRR LR A R W AR 4. R 4T LIF
H, SKIKAH LG, CN-1 - HORT BHS ISR R B 2
PE i, ON-1 IR SRS IR A 12.90% , BHS I h
11.2%, —F M2 1.7%.

R4 FEEBIRMFIER KRS O PR R KR

FRGE  WIME SRR % SRECRY% SRIBCRI I %
-1 BUEAK 68.82 30.80 —
1-2 BHS % 68.84 42.00 11.20
1-3 CN-1 68.95 43.70 12.90

T K=1.0x107 pm? JH I E A 0.1 mL/min | B2 73 R0 7 2 57
7K 98%.

SCE R R AR G ACRACRIBCR 51 A
AR ILE S, M S AT LA Y B ARFR 1
KA HRFEE LT (T 0B % R8I, 3K
FIE T RE T2, FINHIR] PN 5O T AR H B X LA
ST R VE SR P, RO A AR 2, 2R H g R
W), EOKR T SRR, 57K R BHS )
FHELHE , ON-1 R AR T B4, Je e X
HEAJE I RERTE 250 B A, 22 A0 fL
BN, BHS ¥ -5 B vl ) 23 2B 2L AR T RS gk
N, 3K 235 B T BH ) 3SR AR ) T e A
PRGN AEZL AP = PRI R RN KU S AR R
WEYIHAER T, BHS ¥ R SRR MR 5 T 7K SR
{H. 5 BHSW M LLEL, R4 ON-1 I AL b3
VEIMRBCR DR 2% ARG Uk i B 5 R 2 i L)
AN A ) KM BE T, 97 e R AR FR ) 8] 4
15, AR R IG I B R BHS VAR
232 ANEBHRT B O EE

(1) B 2K

K AN TR 28 R BRI 57 F J8 B 3 Ak 2 IR R 5 0
27K 98% , RIMCRLE LIRS, MFESATLIE H,
5K BRAH H A , ON-1 95 TR K 114 SR IO 1 g 6 R
H11.49% , BHS IR IR Z, 4 10.89% , #5471 . 4
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(a)
12+
£ 9f
=
HY
=6
3k PR ATK
—e— BHS#W
o . T CN-n‘ﬁ‘i&
0 1 2 3 4 5
HEARE/PV
100
(b)
80 |
© 60
& 40
20 R A K
—*— BHSIFH
0 R el . 81
0 1 2 3 4 5

TEARRPY

S
=
B
0 e EEEAK
—e— BHS#&
0 ) . —‘l— CN-1 {%}(@i
0 1 2 3 4 5

TEABBYPY

K5 AR (a) EKE () FERIK
() BEEAMI L

KITORLE W 53 504 5.27% .3.83%  HALEANK AL
HAY R SRR AL, 105 CN-1 7 B A& 5
BRI 25 B AR AR A
F5 ARERIRHFNFRERUFIE
HiL KRR

FEAT WA SR % SRICE% SRR %
2-1 LR ATK 66.10 30.23 —
22 BHS % 66.21 41.12 10.89
2-3 PR 66.13 35.50 527
2-4 YPRRIFRLA TR 65.89 34.06 3.83
2-5 CN-1 ¥ 65.78 41.72 11.49

K =10x10" um?®, FEATHEF A 0.3 mL/min,,
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HE22/MPa

(2) A7 B A AL B AR B 52 )

3 9 SR JH B TR S R K BIK 2 98% I -
A SR ) PR SO 7 A T A L, Al Bk
AR R AR WL 6.

R6 AEIENEHLTHIRBZE

R %
ES R 0% 3 751] TR %
7KK B4
2-2 BHS % 66.21 — 41.12
2-5 CN-17H# 65.78 — 41.72
2-6 BHS %k 66.80 31.03 33.28
2-7 CN-1HH 66.51 30.84 33.90

H:K=10x107 um?, FEAHE A 0.3 mL/min.,

M6 ] LIFE H, B AL 27 0K K 3K 2 & K
98% 5 HHAL A IR B R ISCR 1 o F b AT L, 3 AR AIL
AL A O SR AR A B R, AR

IR SRR e X S K SRS I K
SR R A RS B ACRACR IR S A
WRB R ME 6 rn. WNEI6RTLIEH, 5%
2-27FN T %R 2-57 (AL IR M L, “ 7 %6 2-67 Fl1
“7EE2-7" (KR 57K 98% 5 A2 3R ) 74k 24 3K By
Bl A I AR AR, B /KA /MR EE T B e 44t
T BARCRICRA XSRS . 5 R 2-T A,
“TER2-5" ARG, RSO AR AR, &
TR S B R . 5% 2-6"H L
B, CITER 227 AR T B SN BE AR LA R
MR T A . T O, 25 AKCR AR A BHS
TS ™ A= e LA VE < BB 5 R Ff
TN W BE 77 B S 3, AR ) S IR T
1o CN-1 B[R] Ao HL 28 £ i Yl R g R Ik S fAk
TR DAL, e AR WOCR R 5 5 58 2-2 A Lk
BT EE 2-6" JE K BR 3 98% i EAT AL 240K, H At
B 7K R AR B E i e A R A, R LAV E S RS

1.0 100 45
(b) (c)
0.8 [ 80 361
0.6 S 60 f S 27t
- My\‘ %é 18+
0.4 or 40 w
—=—22
02F 20 + 25 9
——26
0 . , L T2 0 ) ) L T2 0 . : L T2
0 0.4 0.8 12 1.6 20 0 0.4 0.8 12 1.6 20 0 0.4 0.8 12 16 20
TEAEBYPY EAEBUPY HFEAETPY
El6 ARIRIEARHLERE S EAE 1 (a) 5 7KR (b) FERIBCR (o) 573 ARFRR 5 £

R BN, " B, TR T THIE AN, B R e
PRRRRCR %

3 45

20 K T 31 7R CN-1 2 — i 3 X 4 9K ol 14 &%
CN- 1 A BN W5 It ) 5t T 5 ) 8 T 3.69
mN/m. 052 CN-1 3 IR 7 Y0 0 ) 12 i £
T, B A AR KPS . CN-1 -5 [ ] A]
AR AR A o

ST RO LE , 94 R B 57 CN-1 32 IR iR
AN R, U B G K IURLXHE R SOR LT A
SN o AARIURLAE Z2 AL A I i B 5 S B R BEL T
TEA 3 FIR TR ZE B0, 3 e AR FUZ AR I
7 CN-1 2 R YSCR A J2 2 LB
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[J]. TR, 2019, 41(9): 1103-1114.
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Effect and Mechanism of Nano Oil Displacement Agent on Enhancing Qil Recovery
LI Hongru', LU Xiangguo', WANG Xiaoyan®, YIN Qingguo’, LI Yu', CAO Bao’
(1. MOE Key Laboratory of Enhancing Oil and Gas R ecovery, Northeast Petroleum University, Daging, Heilongjiang 163318, P R of China; 2. Oil
production Technology Research Institute, Dagang Oilfield Branch Company, PetroChina, Dagang, Tianjin 300280, P R of China; 3. Petroleum
Engineering Research Institute, Dagang Oilfield Branch Company, PetroChina, Dagang, Tianjin 300280, P R of China; 4. Production Optimization,
China Qilfield Services Limited , Tianjin 300459, P R of China; 5. Hainan Branch, CNOOC China Limited , Haikou, Hainan 570311, P R of China)

Abstract: In order to efficiently develop low permeability and tight reservoirs in Dagang Oilfield, the physicochemical properties
of nano oil displacement agent CN-1 were studied through the measurement of particle size distribution, interfacial tension,
wettability, and emulsification. Static permeability and conventional displacement experiments were conducted for Dagang tight
oilfield, and the mechanism of action of CN-1 was analyzed. The results showed that CN-1 was a heterogeneous oil displacement
agent, composed of nano particles and carrier fluid, and the particle size distribution was 10—100 nm. The interfacial tension
between CN-1 oil displacement agent (or carrier fluid) and crude oil was higher than 3.69 mN/m, the oil-water contact angle was
increased and the hydrophilicity of rock surface was weakened after soaking the core into the CN-1 oil displacement agent or carrier
fluid. Compared with injected water, CN-1 oil displacement agent had a higher increase in imbibition recovery rate, indicating that
nano oil displacement agent could improve oil washing efficiency. Compared with CN-1 oil displacement agent, although the oil
washing efficiency of surfactant BHS solution was higher, and the "Jamin effect" caused by emulsification also had the effect of
expanding the swept volume, its injection pressure was significantly lower than that of CN-1 oil displacement agent, the effect of
expanding the swept volume was poor, and the enhanced oil recovery was low. The retention of nano particles in the pores of rocks
caused the increase of seepage resistance and injection pressure, which in turn caused the increase of liquid suction pressure
difference and liquid suction volume in the middle and low permeability parts (pores). Therefore, expanding the swept volume was
the main mechanism of CN-1 oil displacement agent to enhance oil recovery. The earlier the injection time of nano oil displacement
agent was, the greater the increase of oil recovery would be.

Keywords: nano oil displacement agent; particle size distribution; interfacial tension; retention capacity; recovery rate; physical

simulation; mechanism analysis
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