5537 55 2 1
20204F6 A 25 H

mow 7
Oilfield Chemistry

Vol.37 No.2
25 Jun,2020

X ERE:1000-4092(2020)02-250-04

RO B TS RS T R R S

RRAL" 2, BRI,

RIRAS "2 A

)_EI.Z

(1. E A I PO E AR B T SR B, BT 75442 710018 ;2. {53 il IR TIT & 58 TRESCE60 3, By 1642 710018;
3. PR AL T AR A BR S RIS, B PS P5 42 710018)

HWE ARERLFRIRPEBTRLE R, 38R TG HRREE 25 P8, AL TR R fe s £ R

AR A A L RAK T BEA 5] LA A % 0R T R R A LA H AL

AT EF A 0 ) F A, OF

FER R GLEEM LR SR AT T I R, SR A, A3 MR LB, F A, A A T TRIE, 1R
IRBE T A3 A AR K AR 6 AL, JE 18~ 28°CF , 2 #4 A ag BRI AR £ 4 18.6 ~ 18.9 HA, R E I &, Wi m
Fy e B R 2 A 0 RTINS I K AR RRAL B AR, R ATE S R AL A Hoa . R B AL R R A
1352% ~ 1358% , %% & 4 i /1 A 1.20~ 1.56 MPa, 3135 7 40 kTG & 48 A 44T, R4 B A1 ¥ m , 0 R B 338 K,
o B KA St 3 5 ) R A BB AT R R | AL A 69 ROR B, RN T e 1:2.92, Rt
3k 3768 t, A 2K E T AR A TR A HAE A R L P, K62 14

KRR A BHEN ; )2 RE s FE PR L ZE W H
FE 425 TE358".3 T ERERIRAD: A

RIKMEBEHZRBERI, RIRMRELT .
T R3], AR Dol 5 8 2 3t S R SRR 1) A M)l
I 5 I T AU AR R SR A T I H
I IE , —J7 T A KRB TCAEAE R , 1R il Al
ARRMEIE N, 53— T3 T E A K i 24 s A ot S 250
T PR DL /KBS 2K, 7 B IR AR ™ o 4R
oK, A PR P FH 52 R A5 M AU ] | B A A e
ORFAEE A T R T i, (E R A A
I TS MK S5 e U AR E M 22 | 5 i, LR
Z RN 5 R B WAL 22 S ) Sy sk b
A TR, SR 2 5 55 J B AR A o L SR B AR 3
70 2o B P I 5 24 700 A+ v i B2 S i AL
R RELEELIE R 5 05 K B AR R o B B (A2
AT PR LR SN B 2R B 5808 B T
SR A s Bt e 248 TS K R e R ) e 1 2R 45 4
aa iy sk SN VBTN EE =S L e TE IA T TP 1DR2

* RS HE:2019-04-18;f&E HHA:2019-05-01,

DOI:10.19346/j.cnki.1000-4092.2020.02.012

AT P I I R P SR B SR RE I 4R
T o ARSCEBMIITE T e i B S S B R 1
SFIERE, FFA AR PRGN WK MR 1

1 SEE

1.1 #RENEE

BRSO R BRAA R R SR AR (R I i — ¢
fist) B RS2 i A A R G SR e, T
v 2, B VG A Ak T A BR S Rl 5 SRS HREE A ok, T
v, V8 2 AR T A AT BRZS W) 5 4 PR 22 ZE 3
MoK, B AR 93032 mg/L, 2520 1 (B mg/L)
J:K+Na" 11832 ,Ca’ 22289 Mg 122 . Ba* 497 .CI
58258 .HCO: 34,

JS-800 "R il i KA , DR FHBE AL 5 25 il 15 A7
PR s SH375 A IGAEFETH(A BY) |, AR R (b at)
BHEA B 7 5 Instron 3365 J7 GEA BRI HL, AL 52

ELMB : FEAH R LT a0 M s i s HOCHE T2 B0R” (3 H 45 20172X05013-005)
YEE R : 5 IT.(1984-), T, TR, pREBEE T 2= 3 S JF & T AR LAl Al -1 (2009) , SR RIBCRA A ST K, il L -
710018 BREPEEPEL T A RX DG ISP, E-mail:wutianjiang_cq@petrochina.com.cn,



B 37K E 28

251

A A MR AT Kt
12 EWHE

(1) ZEEBHE R 5

TEN 225, L 30% ~ 35%397 50 & A sqk
F150% ~ 55% A RERP L 5 B0 Ry 2500, A 1% ~
5% 77 52 i AT A1 0.1% ~ 0.5%75 | % 7 3 S AL 2K
1, 7E R TR 2 85 C A N 751 K sc ik (B
G L A EIBERAR T o B RT3 ot
BL, 20t TRV B Btk T S AR B, A5 31 Uk bk it 24
BEFIAT 2R B B FURL A — R AE 2 ~ 4
mm, F 22 WHERCR . PO R 1.018 ~ 1.055 g/
em’, HARYEHbZ /K0 AL BE AT I8, AT A B 77 0 1k
FER VUG b A8 T IR0t T80 .

(2) ZABEBHE RN T2 ERE Y

ORBICAERE . B B 3E AR K 35 mm
BE 15 mm {5 6.4 mm [ 5 1A, 2 REHR G A 21
IR EER Y W B IE AR 7351 7 18 ~ 28°C 4%
PR E IR R S W, 2 ECAE I S IS A
B, B0 Ak 52 05 22 38 2 AR oS B B iR AT 1B
IEN QU ASTERE . K 4 15 5 14 AR 1A ik
B 20 mm . JE 3 mm A FEAE AR, B AR
ASEATHR Z 1], 38 4 752 95 I T3 O34 4 1 )
—NAR KR fE AR RIFEREA . QIEAFRE ST,
W LB B A AR i B 10 mm ., FE 5 mm 5
10 mm A4, FH T Re A RIS ML EA T Sl
A RT BT 4 S50, I X P DRI SR e 1 3 R T
AN —Ri AR FR ML, S AT SLAE BRI TR AR g
J3M . SEBGREE A E R 20°C

2 ZR51THE

2.1 BEHEFINFER
2.1.1 BRRALE

T8 X S 3 70 A A s IS R AL 1 5% g AL TR
1. ATLAG 75 18 ~28°C 44T , B EE 5 HB FC A i
1E18.6 ~18.9 HA Z[H], -3 18.7 HA . Fifi5 il )&
Behn, BB PR R AE AR /N (HASFR g B AR /DN, B R
0.03 HA/C . IR FRIE X 33 0] A S0 G2 0 S i) 5
55, FHIEFAORE BN, R, AR T AR
E, HLREAR Y b 2 2448 R K AR AR 1 & 44 1 3 N
REEVEH

19.0

ARG EE/HA
S =)} oo

._.
o
o

_.
*
o

20 2 24 26 2 30
Rz C
BT B0 A AR DGR B2 BE TR A2 1k

—_
o0

212 Fmphhspx

[ 2 %R 1 Hz, 7 20 ~ 70°C 55140 T £ 3550019
A BTYIN S — AR R VLK 2. Bl 5T ) 7 3
K, AR AN G, 3 BARR IE A R . AR AR
ST, 3 IEA S E R REA T AR . 7E 20
~ 40°C I, B YR 7 28k A vh X 07 i) 1 A8 4 e
NS HE 50~ 70 CH BTN 2k B ek 1 F% 7 A8 3 i
Ko EBARIREZMT , B3E7 B LAk As e .
Wit I B T v, M AR TR e A S SRR AR Y JF R R
JE RS o e MR 2 3 B 3 500 N AL 52 R A AR
AT ARFE YRR N, BRI 7 S48 1S ) [] Bsf iy A2 3
KA s

5000
4000
<
& 3000
=
= —-20C
20001 —-40°C
—+—50C
——60°C
1 3
000 -=-70C
O 1 1 1 L L
0 1 2 3 4 5 6

2 ORIRIELEE T 4500 0 225 5 Y00 — i X6 &

[ 5 4124 1 Hz, 761 7143 3114 3000 ,4000 Pa
PIZRAE T, A S5 7 1) i B AR i G R AR 1 G
Wi T ) AR AL DL IR 3 B IR T BHE L 6
BT . TEIREE/NT 40°CH, G'RE IR /N, A 20°C
F] 40°C HY R A 100 Pa, KT 40°C LUG G'R# MK
N, I 40°CF] 70°C BB IE A 600 ~ 900 Pa. Hf
R0 G B I BE T = AR B S AT S B R



252 WomofL

2020

(AR (LR AER R A P 88 4 4/ D, S 249 98
TR 10°C KR A G AR AL IR 24 20 Pa, R )
43 14 3000, 4000 Pa fY K 25 AR Ak A A TR]
R Xt 3 7] G AR, L T R 5 ) ek
B REEXT GRS /N FEBHEE I B R TR
PE, iR 3 SRR

3000

3000 Pa
2000 1
4000 Pa
GV

1000

G',G"/Pa

3000 Pa
% al

20 30 40 50 60 70 80
TR/ C
B3 FEANIE N T BE A R A
PUREAR I Bl I8 B2 1 A8 4k

213 HAaAp b R g

FHARAEAE R A s 0 2 A6 185 S A bl A B e
KRV PEMN SR BT hL A i E 28 bR . S hr i
TR B 2 N7 7 I 2 2 W, S6F 07 118 fF 4 23 Ay T 284
R HE 20°CTF B R A9 e bz A BE g DL 1A
4, BEFE N I3 A B EIE N, — 3 ARG
PE o BB — U i B 2L 38l 1358% , X g i
IV 7324 1.56 MPa; 55 — Y (B R 1352% , X i
LA 7158 1.20 MPa., $ 5 2 3 R S el o
PEARTE B Bt , 18 B R 25 2 05 A S8R I 7 A
FWrpd S5 R AR

2.0

EAARveriLy

R /) /MPa
s

0.51 552 Y i

0 3.00 6(I)0 9'00 1'200 1500
PR 2/%
B4 BHEFIVR R RN B AR 2k
TEASCTT , Z45% 553850 101 52 B ¥ Je Sk 114
G 15 N AR 2 DL 5. S48 BHE I T AC B

B R, s 45 1o 72 147 LI 3 48 DR T R o TSR M ot
I UKL A e 48 1% 7% KT 0.56 Ji JF IR BB , 1 )
[ o T SREGEBTIE TN ) 55 AR SRR R, 76 0 138
R e P URE— B 2 AR T BRI
FE7INASS 7t WAL 8 T

1.0
—— RAEEE

08F  —= TSCIREE KL
0.6T

04r

JE45 IV 71/MPa

021

of :
0 0.2 0.4 0.6 0.8 1.0
JE 44

KI5 BEEGR A0 A 1 — i A2 il 2k

214 S EKEERARKE

FETE R 45 CHIZRAE TS, 23 3R FH F KoK i €
T FH b 23 7K IR 0 B 2 7 T A0 0 1 Hz, 1
RN G, a5 R IR 6. BfiE =R IR, B
KK 2 AR M EE R ¢ N, E1~60d
W, GIRFFTE 2] 1645 Pa, IR 7K IR 10 35 AT IH 2 X
Ao 7E 60~ 120 d A1 B G'H BR/INIE T F%, 120 d LA
J& CURFFRRE . HUZ /KRR S GBI KT A ok
KR, b HJZOK IR MR A Gl 1645 Pa &
1355 Pa, [l 17.6%.  HRIKEIEFEM G'H 1645 Pa
[% 25 1426 Pa, [0 13.3%. )2 /K8 1k B X 45 347
FERRPE A ENR N, BT LR K L

2000

1800 F

1600 F
£ Fkk
S 1400 +

HJZK
1200 F
1000 1 1 1 1
0 50 100 150 200 250

Ak stia)/d
El6 4k BE XA FIAE RERT 52

2.2 iz
27 I FH T 25 0% DX e R TR 1300 my, b )Z i



%3752 M SERAT., AL, RPN . 250

TR RAE IR )2 VR RE VIO S ] 253

B 45°C, T HFLBRE 13.7% , P BE % 2.29% 107
um’, A E I R R RIS S TR . X R
KT KA 30 4F, 258 57K 70%, KRR 20%, 7K
OROR Y5 28 i, 5 7K TR, e dE R R K
T R A USSR, R AR TG TT R B2 95 7% 0.3
~ 1 mm Z [i], 7 B 500 W ) 48 s LA 2240 44 1A
fiE, Fe R AL G0 1 2 375 5 (500 ~ 2600) x 107 pm’
PRIt , I J R A AR S R R SR B ) 2 H
FRo 20164F, E25 iM% X FFJR T 29 I EIE AR ot
PR BHE BN . BTt 2RI R RAE 3
~ 5 mm, 7EASF0.2%~ 0.4%, Jiti THEHE2.5~3 m¥/
h, BARGE 600 ~ 1000 m?, i T i 2 HoKE 0.05%3F
PRI WS 22 B FR A A RN
Tk Fc 5 A LA I 6 L BV T B R LA B A 48
A EH -

29 LR R E 3K E 77 /1 9.0 MPa T+
10.8 MPa, F} R & 1.8 MPa, 3¢ B 55550 % s 24 4%
KRALEHAT 7T ARBE . 3 H IR S KR
T I 7 235 SR BT, W RE 2 p AR 9.85 m Il 2
10.96 m, 7K JEEFERE N 1.11 m. 3 5 2ok bE 77 4t
W s MR FLIA , T A S HEAS B,y 2 oK
AR PRI EY WK TS B B R . RS )
¥ 20-081 H1)Z 5 111 6.14 MPa | T} % 7.53 MPa,
JE SR KO3 15.2%. FEWIFE B3 3 i i sk
K RALE e, M0 18] 3t 2 6 T (R 3K 42 5, )
) JZ S8 BT K B A 0 S s o 29 HE T
SFREH 98 11, WAk 46 11, WALE 46.9% , Eitih
3768 t, HETHARCR I i, A= L 1:2.92, 85035 4%
RA4f

3 45

SR BHIE ) WO RERE RN W EAT A R Tt
THEEE , AR MR S R S A AR T 4 1
Wi EEAE R . IR ERE T 20k B S £ i 11
ASAR/IN VLR RS , BT S IR e 7

A HEIRER S, B B BB/ o R X B B R AR AR
TSR W DL T AR o 3, RS .
B IS W7 SR 2R 1352% ~ 1358% , o 1 7 {1 7
F101.20~1.56 MPa. JRZA LY J13E N, AR 2 ¥ 1
Ko EHIERBURICAS G S 8hs e 0 i3 Kot & rp
W — L 0 T A S PR A . b )2 K IR R
SR bl B R N o BT R A 2 SR I A
T DX B I R R4, SBT3 3768 t.

S E 3k

(1] ®5%, IR, A Rbk, 45 22 R ORI i i il & HLEELT .
fihzEdR, 2017, 38(7): 821-829.
[2] Hifgle, i, skoe, 45 K pPSm B KR A R LC /T
B KRR B 238 3R dbat: b Dol e
#, 2018: 3-7.
[3] YOU Qing, TANG Yongchun, DAI Caili, et al. A study on the
morphology of a dispersed particle gel used as a profile control
agent for improved oil recovery [J 1. J Chem, 2014: 1-9.
[4] RWIL, T3, X5, 45 —Fhad AT i s SR s 22 1k
WRIL. AmiR 5 97 % , 2007, 34(2): 231-233.
[5] XEF, SEHFW], D@, 55 &Kl R % 1 HAR
WF5E[J]. E AL, 2006, 23(3): 248-251.
(6] RIVL, BEASHL, BEHt, 45 Zetkie MR KAk AL
e[ AR, 2008, 29(1): 79-83.
[7] e, X Ew, 22mh, 55 R e 2L B is
FEMAFFE[T ). EIhESR T2, 2007, 29(4) : 80-82.
[8] VLJEIGL, HE RGN, PRFHBI I ) 77 SR-3 76 F 74-4 H- 337 i
[, VUSRS TR, 2009(8) : 39-42.
[9] WRAEME, pEntr2, SELE). FRICAEEETHRI Ty i 2 1 25 R A
WE BEEELT ] AL, 2013, 6(3): 90-91.
[10]  Jsi =L 5. HBEG (A B ) AR R 7 (08 25 I A A 1 o 4 T
L] SIS E A, 2016, 43(2): 69-71.

[11] G2, X E#, fEFM, % MR 10 7 SR-3 1Y
JiEErERe ()] E Ak, 2008, 25(1): 67-70.

[12] RS, BIRR, 245t Bt + 146 T 7R T i 7
[J]. A T, 1997, 20(2): 112-114.

[13]  Zaf, DR HMT B8 T AR 2 M e iAo [0 ). ot
PEIK, 2009, 19(6): 38-42.

[14]  WEM, S RBRLH A0 L 20 W 2L S 2w K R
BT ], A et 4Tk, 2011, 34(1): 61-63.

(FH%5304 T, to be continued on p.304)



304 W oH {2 2020 4

nano-card to the emulsion composed of crude oil and 0.01% stabilizer cetyl trimethylammonium bromide (CTAB). The ultimate
dewatering rates of the emulsions slowed down, which decreased from 75.71%—78.57% to 65.71%—72.86%. The stability of
emulsion increased and the turbiscan stability index (TSI) value decreased from 4.73—5.64 to 2.71—3.84. The strength of the
emulsion film increased and the rheological characteristic of the system changed from viscosity to apparent elasticity. The
backscattering spectra of the Pickering emulsions with smart black nano-card could be divided into three regions, such as emulsion
demulsification zone, transition zone and emulsion coalescence zone. Smart black nano-card could change the
hydrophilic-lipophilic balance of stabilizer, transform W/O emulsion into O/W emulsion and form emulsion with droplet size of
0.1—5 pm, resulting in greatly viscosity reduction of crude oil. Smart black nano-card had hydrophilic-lipophilic amphiphilic
property, which could arrange on the liquid film through self-adsorption, increase the strength of liquid film and improve the
stability of emulsion.

Keywords: two-dimensional (2-D) smart black nano-card; Pickering emulsion; stability; Fuyu oilfield
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Mechanical Properties and Application of Fracture Plugging Agent with High Strength and Flexibility
WU Tianjiang'*, ZHAO Yanhong®, SONG Zhaojie'*, CHENG Chen"’
(1. Oil and Gas Technology Research Institute, Changqing Oilfield Branch Company, PetroChina, Xi’ an, Shaanxi 710018, P R of China; 2. National
Engineering Laboratory of Low Permeability Oil and Gas Field Exploration and Development, Xi’ an, Shaanxi 710018, P R of China; 3. Research
Institute of Xi’ an Changqing Chemical Group Company, Ltd, Xi’an, Shaanxi 710018, P R of China)

Abstract: In order to improve the poor stability and breakage of pre-crosslinking gel particles and the effect of gradual deterioration
after multi-round profile control, a granular fracture plugging agent with high strength and soft elasticity was prepared by using
aromatic monomer and special comonomer as main agent and benzoyl peroxide as initiator. The mechanical property of the plugging
agent was studied and it was applied in Changqing fractured reservoir. The results showed that the hardness of plugging agent was
small and the flexibility was good, which was good for pump injection. The change of shore hardness of plugging agent at low
temperature was small. The value of shore hardness was 18.6—18.9 HA at 18—28°C. The strain increment of plugging agent
increased and the storage modulus decreased with the increase of temperature. Temperature had little effect on the loss modulus of
plugging agent. The elongation at break of plugging agent was 1352%—1358% , and the corresponding tensile stress was 1.20—
1.56 MPa. The compressive deformation ability of plugging agent was good. When the compressive stress increased, the strain
increased gradually. The salinity of formation water had little effect on the flexibility of plugging agent. The plugging agent had
good effect in the field application of Ansai oilfield with the input-output ratio of 1:2.92 and cumulative oil increment of 3768 t. It
had effectively improved the problem of using pre-crosslinking gel particle profile control agent.

Keywords: fracture plugging agent; mechanical property; flexibility; Ansai oilfield
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