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R RS, DT PR 1 2R P s T e TR 7 v U s 6 i 7
R RS WER TS R
IR R £ F 1 (—S O Na ) B AN 2- TN s I i -2- FH
FETNRRIR , 2 = R i VL R PR R 1 ik =2
—, R LR Yy 5 P N 35 1) 2 [i) 457 BE 07 10 1
o3 FHERTETRL, DTSRG W Tk B B (1 T
BRI R A W ER oy 7 25 R 5 A0 il
V0 T e 6 7K ik 1 T R B (R A 2 s 35 b g% e
(NVP) N, N-—H BN (DMAM) Fl 2- LY
e (MAC) ™, 24 5 55 W ok A it s s 32
PEREA R . TERGWHEK T Faitgrh gl A&
IRIRGERG AT HILACHR T, ASAAT LA ey JHL i 3k i
PERE , 0 AT LI s Hpr gy UIge ) = Rtk A Sl
TR VIR BRAR SR I FLICR Ak
TR (ORI TR ) TR e £ ik, e T
CO, 3K | R W51 5 7K 3K R 315 COL IR S5
WA 1 e il S R AR Y B e R B K I T R A
TR AN COBE AR A2 i RS AT A T

1 S5y

1.1 RS EE

PRI = R G AR B K LAY
153 % g (Span80) , 2 M 4li , K HE & A 24350 2
A 5 B i 2R 4R & W ik A 1R 1 (AES) , A1 3K i
70% , Tk, I sk R THRA A . REY
HPAM, AR 43 7B & 1900 J3 . [ 5 1 90% , K PR
BN Lo SEEE I A 38 LA i EEJE K I 7
19.54 mPa-s(90°C ) ; SLHG U Ay H A SR e 45 1
PR O R ZHE A T AR 0, HE R iR A0
JZ-1 9K 30.0 em ., F14% 2.5 cm, LB EE 27.62% , <)
BB RN 1700107 pm?, B )2 AE 2 A & A O
(FJ-1.FJ-2 FJ-3)£ 30 cm . %5 4.5 cm 5[ 2.3 em (15
BE)+22 emURB)R) 164, B ENSIBER
J 1700x 10 °um?, fI6 38 2 B9 B 3B F ok 190x10°
um?’, FLBRRE 23.5% A4, JELAG S AR AN EE 64% 7517
SEgS FH K AU Z K, AR 2.69%10° mg/L, 45
BEBS T i 2.024%10" mg/L, CaCL/K %!, pH {1 6.0;
CO., 4l 99.9%.

ZNCL-GS #E Ge g Jy i P 4% , A6 50 #2845l
I %85 85 FR /A ) 5 Zetasizer Nano ZS H i 56k &
%, e 7R SCA AR AT BR A 7] 5 Netzsch STA409PC

RUPRER A4S, F L s St A 2 il 2 A PR ] 5 SUB010
RIS R A Es, HAR H P AR AR . 456 Ax-
iostar plus 27 B , fEE 28 Fl A BRAF

1.2 EWH*E

1.2.1 REDHFKFE R

WP BERE  AES 7T 100 mL A 25 B F/K TP EC
il K AR L 88 J5 K FL AL 7 Span80 . 51 & 7 i S Ak 2K
H GV T S A B BGIAR s 2EBE P A5 1 T R
AR A KA Z Hp, HEFFELAL 20 min; KIETHE E
70°C , £ 300 r/min % N SN 3 ho S0 45 oA B
JIE =97 4000 r/min 7% T 2500 15 min, 285
ToK SBT3 U, L2 T4, IR alivd ek AR
REWHER.

122 R&HHEE @M RAMEHH

W 2l 0 R A W k™ S TR A 2 A
FhEZS 5, 1 SUS010 ¥ 375 & B 414 H B M 5 3
HYHERIN R ETES

£ 10°C/min #Y F+ i 3 R T , il i Netzsch
STA409PC AT 7343 43531 5 55 W sk AR I
S R AE ST IR AT R, ARG 22 /R A A
O3 MTEE SR A T B R B R TR I B P T IR o
1.2.3  BAMsk e K g o #hAg 2 el X

W FRVRSSADL b 22 7K B 1 9 5 v R 1000 mg/L
RE YRR EIF B iR S N HE % B K5
T LIS CHTE TR P, 0] B — 2 i) (B B I D27
B B TUER T30
1.2.4 BAHsk Kb o 5 Horm] 4%,

FHA 0Bk 2.69% 10° mg/L 4R 48 1 2 7K 43 51
PPRAR M 25.40.10.81.2.89 pum 1) 3 Fh 8 S Wy iHak e
TR A 1000 mg/L (1952 1 8, iCE 7E 90°C 1Y
fEIRAE T 24 h, WSR-S WIHOKR 3 UG 0
1.2.5 B4 o B8 o bE ) 3%,

AR EE Sy 2.69% 10° mg/L (AR 3L b 22 7K ¢
B A W ok T A B JEE Ol 1000 mg/L AR VT IR
SR G AR AT BE, A Image Tool FRA4XF
ERRAR AT AT 500 , IR A X (DR R
R

K=(D,—D)/Dx100% (1)
For  K—REWHERIEIKE, % ; D—R & Wieki
K R ERAR , wm; D3RG W) TR 04 S b P34k

4
2, um,
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1.2.6 REDHBRIENIHE LT

FI A BE SR 30 em (1) 22 0 e A 4SS AU I e S 65
T o S DA TR (4 5000 s e B0 A R T AR AR DT R
A WER I TEABE Sy g . BRI A RN
T (U0 A 90°C B RAR b 445 12 h, FREX
FrO T E R O A R s () A Dl s
TR0 AR ADL M 2 /K, FRECA O IR, T3S O I L
B AR BRI FLBRBE 5 (3) 200 B 22 M 55 0 Je
PEAE 90°C By FE IRAR L 0.32 mL/min A 1A HR G
KB Z R R4, 10 SRR IR R JIAP, KRG A
0.65 PV AYHR B 4 1000 mg/L iAok , e 4L
JKBR 2 R AR il sk PR R T SR A (2) 15
[ ZNEPIEY g

F, = APJ/AP, (2)

Horp, F—34 B0 1 250 AP— )5 8K IR P&
71, kPa; AP, —/KHKF-F3 ) kPa.
127 b5k

O S5 HLAR S IR AN T« (1)K425 00 BUFE 90°C
(1A PE TR R 48 12 h, BRECA O B ZERTI 0
1 RSE s ()% 5 A B2 A oK FREBUCA O
(MR TR, THEA O P FLBR AR FURIFLBR B 5 (3) B0
HCAE 90°C ) fE JLAR AR A, &4k 24 h, i sk K
PRI B R AL ; (4)7E 20 MPa iy Rl & T,
121 0.32 mL/min 9K 3K BK 28 57K 5 98% , SR )
Fie FRS 06 Jy R AT IR, SL g B P g SR R T
KRR AR TR ICR KRR

(2)3.0%

(d)0.5%

PR 3SR F M : DA 0.3 PV IR
AR (1000 mg/L)+E 22K 3K % 4K % 100% ;@
HA 0.3 PV AR A WHER (1000 mg/L)+CO, 9% A
HTH ; BCOBR Z= A H o

2 R 5iHS

2.1 BEYREKIRIE

7 [ T2 KA BLLE 1010 7 4 B 1 (3.0% )
AES (0.4%) .51 & 7 (0.1%) i i 44, AN
Span80 il &t T & B R A W TERRL AR o A DL IR 1,
Hirr Span80 i & LA i AK AR BT i 40 B0 T, /2 R
] Span80 il f T A 1 2R & W ik i) SEM R W TP
i BB VR 2 AP, FLICR A A L R SR
PRUERIBRIA, B Span80 HNl et (3 i, fosk (1 °F- 1
BB W/ . 24 Span80 I H1 0.2% 4 % 3.0%

—8—0.2% Dy=57.05 um

20 ——0.5% D«=30.68 um
—A—1.0% Dy=25.40 um
16k —v—2.0% D5=10.81 pm

—#-3.0% D5=2.89 pm

RFE 280 %

0.1 1 10 100 1000

()0.2%
2 AS[E Span80 filE: R A ALY R A W1k ity SEM OULIE SR
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i, SR 9 2482 1 57.05 pm B8 3] 2.89 pm, iX
S KR RRAR 2 P Y AES 2% I P 9 HLB B %5
151, B %5 Span80 Hli: (3 K, 14 R (1) HLB {EZ Hi %
1%, R T 1 2258 /IN K A Tl SR LR L 3R
AR RS EEAE UF 5 73 4h , AES 5 Span80 &2 it )5 Fl
50T Z [l BA ARG 0 B RIVE L, A A izl
TR E Pk U/ NFLTE 22 (B B R L B
Span80 fINHE A3 K, RA W HOR AR AR B HTAE /N
22 REVREKHRESH

& 3 AkiAe R 10.81 pm AY RS PIHER S5 B
Pk e A6 VAR T A T 45 5 . IR 3 T,
HPAM Y AT i i 130°C, 1 4 1 A 5 A W ik it it
ALK 370°C , A W ek B Tt 3 1k R I Wk i T SR TN
WL . Ao, BEWHERI L EA =P Hr B 50
~300°C .300~410°C . 410~ 530°C . A Wik
BB BEi 2 ol 8.85% , 1% TR N RA W
Bk % 10T 1Y) Ik e T RE L AT 19 20 . DA HPAM [ #4
BT E A 0, HPAM 7E 50 ~ 300 °C By B 12 E 4846
0 21.34% R AP iER 19 i i 45 2k 322 AE 300
~410°C, BT 215 73.45%, Mt 0 A R A
ik 5 HPAM HYFAE 3 T4 3l 7, T & U R &
YR A TR RO K, T 1 FH - e T T R,

25

100 ~ —6.85%
sob (a)BEWHeEk 120
~73.45%

60F - 115
40t 110

TG/%

20 7%

5
O 1o
370°C "
-20+ 1 s
—40

100 200 300 400 500 600 700
TREE/C

DSC/(mW-mg™)

100 24

‘5_‘"“\\\\\‘,,—21349@
80r  (b)HPAM 120

60t 116
< 40 112
5 ]
[l

100 200 300 400 500 600
TREE/C

DSC/(mW-mg™)

K3 S RE YRR S HPAM B T4 R

23 BRAVMEEKRAEESE

P 4 ARiAE 0 10.81 pm AY SR A W1 ERTEAS D 3
JZ K E AN R RS BSOS S . B 4 0] 0
B REYHERIFEEE T 90°CH IR T 90 di,
A S 14 A B IR AA D B TR AT L (EATS
A BRI B | VA H B0 R e e B A
fe Ak, BRLUL AT 0L, i B 1) 3R 5 W ik LA 0 1Y)
e AR T

K4 REVRERAERAIZ K P e
AN RIS A B O 2

24 BEYREBRSEERE

RGP ok R 3K ) Je e A R R A W R AE
K EA R aeEse . it B eg 1k
14 25.40.10.81.,2.89 pm [ A Y ERTED 1L
4 2.69x10° mg/L #4EL L Z /K o B 3 EbERE , R AW
TRERAEE 4 1000 mg/L. 256 &, 3 A [APRIAE )
RAEYIERAER LI N 2.69% 10° mg/L ({40 2
KPS ARk, FOCE 24 heRk HBK &
LU . A YMEREA RAFHSEKERE, BXOEH N
RAEYIMERR S & WD Be R A s
2.5 BEUREKEEMKIEE

16N A IR B2 (60,70 .80 ,90°C) T, kifeH
10.81 pm RSP HORTEB U Z /K TP e 24 h 5
IR IR UL 5, 76 90°C R, RBiA2 ol 10.81 um YR &
PITERAEAS [ Ak B2 7K v 24 h S R K 2R D
K16, FHIENS FE 6 AT, RGPk i i ik 5 bifi 1
TRE BT T, B AR A N . 7E
90°C B 1L i M 2.69 < 10° mg/L #i JZ 7K, B Az
10.81 pum (RS PITER I IZIK N 12.85%, iX 14 B
ZRA VMR S SR A T A B
P, BERS AR UE SR TE T A AR H R B3 b 2 5
2.6 REVREKEGENEEIENE

TEAME RSB PEXT T R G W ik e 75 0 8 i
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pm (1 B A WIHORTE 1700% 107 pum? () 0 FP A BT

HITE AR M
F1 BOLAENESRLRFERREN R
AU A i B /em BRARBH T 75X
2.5 265.7
7.5 97.2
12.5 47.4
17.5 30.3
22.5 34
27.5 5.2
27 ZMEANTIRERIRITEE

TKIKA+COLHK (FI-1 5450 ) K IRk I E1)+7K
OK (FJ-2 %550 ) FI7K SR+ G BRI 5+ CO, 3K (FJ-3 45
Pl ) B IR I R SRR | KRR T A R B
AT AL WL K] 8. 7K BR-+CO, 3K A 7K BR+ {3 BR 17

14
13 B ]
bl /
ol / '
7@‘ 10
.}é -
B 9r
sl
7L
6L . . . . . .
60 65 70 75 80 85 90
R/ C
K5 ORENREE T RAWHMERTERHIMZ
KR B R B
18
17F
\
16-\
N n
w151
N
B 14 e
13+ R Riaan
120 ol,5 lI.O 1|.5 2I.O 2|.5 3.0
WAL/ (10° mg-L™")
El6 AW KRG WRER K R

(90°C)
WA AR AR B, BB N 1700x107
um’ AR 0 JZ-1 (25 O FLME S A UL 7. Hh A
TRIAL, XZE OB 1R TR 1) 2 2R AL R
6.3~ 16 um AYMLIA . I FH 2 0 e 5 S 5 PPAf R A
71081 um (1R G Y ERTE B 1% %8 1700% 107
um? {0 JZ-1 H B AR N3k | S a 25 S5 0l
F 1. MR AT B B O A Sl A B
FRATRE 1 B2 BORWI /N o B A0 A 156 22.5 em Ak
(5% A5 BH 1 280N B FR B R B R F 1,
3.4, XRWBREWHMERIEB EZ 1700%10° pm’ 1)
Al iE B R A ORI T B B kiR 10.81

FHCO, IR 1 7= R Bl ARFAZ AL ULIE 9.

80 80

70 | 170

60 r 160
%?_ 50 50 e
E 40t 140 &
HX b
t; 301 130 %
:}ﬁ\} 20+ 120 &

10 + 10

(0 2 S S s e B = = = =z = = i)
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E7 FoREO IZ-1 BFLIME A
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R h /J(K
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ﬁ H H TE
; 14
f | weiel UOOO G -
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£ 40} oo T i <
& | | \ 1o &
T . k
20 g LC L g -
05[ e LESBE Lo ..1 .-
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100 e —— L 1.4 R
TR 112 7
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e e {08 S
X o a Sl A.‘\. 40.6 =
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v o4
\ o
20r iwiLy s ﬁ + Jo2 =
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100 = e 0.8
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ﬁﬁ 60k ‘J' JKER E
~ i . 0.4 5y
il g N
K aol L Fox =
R
2008 02
& £l
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0 - 0
0 1 2
HEAR/PV
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I8 AFEE AT AT R EhAS 2k
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M8 (a) AT LUE Hh , SE W iR 31 5 27K 3K
(e TR BB (1.28 MPa/m ) 2 I35 i 7K B s
JIRRIE (0.11 MPa/m) B9 11.63 1%, H.& 7K 3 M 100%
FE330%. 2R WIFE & il = BRI IO T TS
O A WD TRCBER BB XS 0 v R I A A T
BB BRI KV E R . W ALE 8 (b) Fi A
8(c)W AT LA th , RE MBI H G CO KA A2
JE 16 R 0.2 MPa/m, Fb B #z CO IR B-F-Fa R 14
J (0.07 MPa/m) & 0.13 MPa/m, VL < 1 A & 2
(0.467 PV) HL H#% CO, IR K 0.25 PV(ILE 9) , iX
FHPRIAR R 10.81 pm R G W HERREXT B B RN
190x107/1700x 107 pum’ {4 P JZFE I T A O T A R
P . NE 8 ()b v LU Y, LAZK SR+ 3k o8 1)+
CO IR A 2030 CO ], S ACR 2R TR, R
WeR 2R BT, CO5M5 5 S /KSR 3 &) T, SRk
RS I BT R, LUOKSR+ COIKHEA
T FEA COM, Bk R8T R 2 KRN
T RMR S T (E 8(b)) o KIRAHEE 2 K
a3 KSR e B, R A W ER A S | a6 i e
PR AWK E S, 522 AN COE AMRE 2
BB 2 i JFm SR s BT DL LSRR HE R B K
FRAR, SRR 2R EF . BEA AR CO,BLIE )
2%, CO Mt K B FEMB BRI A S BE &
B2 BIHK B CO,—d 3R Y, Ir DL 7 AR IGE T
Fh RS T FERE RS W RERE RN
FEAT COIRET , 2D B B R 2R TEA
(1) COL TR 15118 )25 Hh /K BRI B )8 18 44 282 88 i, Toik
PR IR A AEARIS 5 38 5 v 9 e B AR, A
I3 R COIKIMM L. T &B 2K BERHE T
5 COL W BLHE 4%k, 78 CO IR Er il i h & 1
L O e I W E 22/ AL Vs B S T

160
—a—(CO,
140} €O
~ = BEkiEECo,  p !
= 120t I i
E 1 l /i
= 100} i ‘T] I I
E sl R AT 1 N R
o W NAYY TR LA e
T O AR N VAR
¥ e
RSN
L | oS
20 PN
0 sil. | L L . 1
0 02 04 06 08 10 12 14
TFAR/PV

K9 AREEEATT AR P UREETE ARV

FEI R AR B KR ORI AR, S CO,
S IR , FrKCR 2R R SR T

3FPAFEIEA T KT ARICE L 2, B 10 773
FIARTRNE AT iR 5 AR R B E
PR AR ISR H T ) 4R e SOR i %, g
RAETF IR M 0 MR B S AR R Z L
S48 I AR T A AR I AR B B T R A T 2
fHo MF20LIE L FEKICRIBCR AT A E LT,
KK J5 B A ek A R+ CO, B 2 R R I R
22.65% , Lt /K BK JF B CO, 3R B 7 A 7 XY
(8.66% )15 13.99% , FL /KUK J5 R A W0 iwcek+ /K SR i 1
AN R (12.08% ) 55 10.57% .. B4 Wik i 1)+
CO BRI ATy gt v 2 w358 160% , & L 2% CO, 3K
(R 44, R TRk IR (4 3.44% , R A W R T
FIHCO. IR 11 A7 U 4 R i B & T
T CO IR NGk H+ K 3R AY . 3X B LR A Wik
BRIAFI+CO, 9K 1) 7 A Jr 2N IR B BB A K CO,
ORI SRR, B = R A COLe 8 1 /K 3 B
) CO. SR NI S W BRI AN RE 7o KR A
TR A T8 FN CO, “BIR” AP 3, v T e R 1 X5 v
8 2 KA AT R A YRR +CO Z A 3R
PERRICE,

2 3MAREAFAHREE

KBRS HR R

i N o4 S22 o
HEAT %/ oy SRR %
JKIK+CO, K 51.89 8.66 60.55
JKIR+ERE T+ CO0K 48.97 22.65 71.62
TR+ ORI 3+ 7K 3K 48.52 12.08 60.60
180
[ —a— fERIEFI+CO,
160 By
140 —A— fEk I K
120} I
N |
=100 '
‘E“ﬂ' [}
:EE[ 80 |
60l \\
40 | .
|
20} N RN -
0 . LA, . m
0 02 04 06 08 10 12 14
HEAH/PV

P10 KRG 3 FA [l S ik 5 XA e 4

i i FL R A 7 1 RIS T R A )
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TR LA 5 %) T ek i 66 1, i vT 3k 370°C , 760
HBRE R 2.69%10° mg/L RLALL )22 K 2 HcE R 4,
90°C T HifE R 10.81 pm A9 R & Wik 24 h )5 2K
FH12.85% , HiZREWERTE 90°C T K AR
FEPE R

TERS IR B ER IR BT OB 10.81 pm YR A

WOERAEB %R 1700x 10 um’ YA O A BREAYEA
PERBEIEVE . SRR G WHER+CO. 1 A Jr A hE
% S5 K P A R “ R R C O, “BIR R LA
e ek 5 R R X B L R B KA BT R B
THER+CO, KA IR i TR R
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Construction and Performance Evaluation of Low Interfacial Tension Anionic Gemini Surfactant
Viscoelastic Fluid
HU Ruizhi', TANG Shanfa'*, JIN Lijun', MUSA Mpelwa', FENG Shuyun', JIANG Zhaowen'
(1. College of Petroleum Engineering, Yangtze University, Wuhan, Hubei 430100, P R of China; 2. Hubei Cooperative Innovation Center of
Unconventional Oil and Gas, Yangtze University, Wuhan, Hubei 430100, P R of China)

Abstract: In order to effectively improve the oil recovery of low permeability and ultra-low permeability reservoirs in China, the
idea of constructing a low interfacial tension anionic Gemini surfactant viscoelastic fluid was proposed, so as to meet the
requirements of oil displacement agent to improve sweep efficiency and oil washing efficiency, good injectivity and no
chromatographic separation. Based on the research of the influence of the molecular structure of anionic gemini surfactant on its
solution viscosity, viscoelasticity and interfacial activity, a GCET viscoelastic fluid was constructed, and its main properties and
adaptability to the reservoir environment was evaluated. The results showed that the rheology and interfacial activity of carboxylate
gemini surfactant solutions was better than that of sulfonate gemini surfactant solutions; the carboxylate gemini surfactant solution
with a large number of carbons in the hydrophobic chain (m=18) and a moderate number of spacers (s=3) had better rheological
properties; the carboxylate Gemini surfactant solution with a larger number of carbons in the hydrophobic chain (m=18) and a
smaller number of carbons in the spacer group (s=2) had a higher interface activity. Based on this, the GCTE fluid optimized for
molecular structure design and construction had good viscosity behavior, viscoelasticity, interfacial activity, and adaptability to
reservoir temperature and mineralization. Under simulated mineralization (12000 mg/L), the viscosity of 0.5% GCTE viscoelastic
fluid was 12.68 mPa-s; the solution had good viscoelasticity, being of 0.366 <1, relaxation time being of 11.302 s; the steady state
oil-water interfacial tension reached up to 2.93 x 10° mN/m. The GCTE viscoelastic fluid have a good application prospect in
improving oil recovery in unconventional reservoirs.

Keywords: anionic Gemini surfactant ; viscoelastic fluid ; viscosity; viscoelasticity; oil-water interfacial tension
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Adaptability of Polymer Microsphere-CO,Composite Flooding in High Temperature and High Salinity
Reservoirs
ZOU Jirui'?, YUE Xiang’an'?, SHAO Minglu'"*, WANG Ligi’
(1. State Key Laboratory of Petroleum Resources and Prospecting , China University of Petroleum (Beijing) , Beijing 102249, P R of China; 2. College of
Petroleum Engineering, China University of Petroleum (Beijing) , Beijing 102249, P R of China; 3. College of Earth Sciences, University of Aberdeen
King’s College ,UK AB24 3FX)

Abstract: It is difficult to profile the high temperature and high salinity heterogeneous reservoirs, and the ineffective water
circulation in the high water-cut period is serious. In this paper, the temperature-resistant and salt-resistant poly
(divinylbenzene-acrylamide) microspheres with particle diameter of 2.89—57.05 pm were prepared by emulsion polymerization
with divinylbenzene and acrylamide as monomers by controlling the dosage of sorbitan monooleate span80. The surface
morphology, thermal stability, dispersibility and expansibility in water and long-term thermal stability of the polymer microspheres
were investigated, and the injection plugging and displacement experiments were carried out. The results showed that the
temperature resistance of poly (divinylbenzene-acrylamide) microspheres was up to 370°C, and it had good dispersion performance
in 2.69 x 10° mg/L mineralized water. The expansion rate of polymer microspheres with particle size of 10.81 um was 12.85% after
24 hours at 90°C, and it had long-term thermal stability. In high temperature and high salt environment, the polymer microsphere
with the particle size of 10.81 pm had good injectivity and sealing property in the core with the permeability of 1700 x 107 um’;
After water flooding, the injection mode of “microsphere profile control + CO, flooding” could play the role in microsphere profile
control and CO, flooding more efficiently, and the oil displacement effect was better than that of “direct CO, flooding” and
“microsphere profile control + water flooding”, which could enhance oil recovery by 22.65% in high water cut period. Therefore, it
is necessary to carry out “microsphere profile control + CO, flooding” operations to enhance oil recovery during high water cut
period in high-temperature and high-salt heterogeneous reservoirs.

Keywords: recovery factor; high temperature and high salinity; profile control; polymer microspheres; carbon dioxide
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