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Abstract: A liquid proppant comprised of a phase-change liquid and a non-phase-change liquid was developed to
effectively support the full fracture length and network in ultra-deep reservoirs. The developed proppant is liquid under
the ground temperature, while it undergoes phase change under the high temperature in reservoirs and transforms into
solid particles after a while to support fractures. In addition, it could maintain high fracture conductivity under high
temperature and high closing pressures. The test results revealed that the liquid proppant could transform into solid
particles of different sizes under different mixing speeds. Before the phase change, it was a viscous fluid, with low
filtration loss and good compatibility. After the phase change, the subsurface self-generated proppant had a good
pressure-bearing capacity, and the particle size and phase change time could be controlled. Under the closing pressure
of 60 MPa, the combinations of proppants of different particle sizes could have an effective conductivity of 9.21 D-cm.
The development of the temperature-responsive subsurface self-generated proppant can provide a new efficient
stimulation method for oil and gas development in ultra-deep reservoirs.

Key words: ultra-deep reservoir; liquid proppant; phase change; temperature-responsive; performance evaluation;
conductivity

B VA 2 W P s A A i T R B G2 M A T, BRI e PR TR
I, A R IR e, R e S B E R, PRI RVE IR SR DI i SR I, IR IRIYE | 25 5 b 2, i T e

Y %5 B #3: 2022-01-13; 2B H #3: 2022-06-30
TEERMN: 2 (1989—) , 8, BEEFA, 2025 LTFTrEEdAY (F) BHIREL 20155 TRLHRF (LT) Bk
S5RARAIAEELMEFIE, TAF, ERAFHERE T LR KRR TE . E-mail: jichxbsj@sinopec.com

HETIR: PEA AL XTE ORLREBER GRS BERRARL” (%5 P20064-3) 8



http://dx.doi.org/10.11911/syztjs.2022078
http://dx.doi.org/10.11911/syztjs.2022078

.46 o % B 4k

2022457 A

Sris AR, S I i S P R A,

Sy it v 3 1 B, A AR I B R
T 200 7 T BT T RS . R IR & 7 T, [
TR T R B S B 5 IR I ) 2B
B, W A T — S B R R VR 28 22 A 7 28 i T
T, InoCVE R e A 2 | BRRR IR 2 | 57
PERIRR IR | B4 A BRI 2 | ML T SS R 1A 2R L 1
TR A 25 | i 5 o R AR 2 R I TR R Ak 2R Y,
6] SN T % 1 28 . WD L 105 RO 1) 45y TR g
O 4 1 7 0 R R, a0 L 7 TRT 9 A ) S I R
B TR O R K 1 R R A LR
A w2 T, HE R EEER Tk
BURE | | R , R TV U, &2
WA IRE M Z IR A RS E T T
] AN HEAT B IR 6 5 i J2 1 7 ol s i, — e B K
AL 2 B 1 1+ R G S 14 PR TR 1
ZHIEARIENED, BIE T LR ZHEHR
JE . AR ERIE™, KRR E R B2 Y%
A2 AR S R T A A i s 2T, O R i —
SERE ], ks

R R R T A TR R T
SAE S WK T ARG, (BB R e SR A
3T R . D R e S S e M L S e )
DRI, 45 4 B AR T — ol L 88 0 17 . Y A 2 P51
(AR SZHER ), HAE Mo T 4508 T RS, TE AR
R 2 5 5 B — i R I, B E— 5 T P % 2B AT
A T 7 Sy [ (RSB, BT S 43 K Ty 5%, 7 v R
PR R 0 S AR 1 S R ), S A
K R HERA RO B

1 RIS T A A s

WS EER R — P OR T RS ERRT
e AR T 7 Sy AR R A 2 P VAR S R R
1A 25 P RE 728 Y8R0 I AR 8 U 2E . AR S IS 4R
FEHISF 00 BU, Z2BE 50 SA-TO1 , T AE #I0 SA-TO3
HH B BT SA-T06, Horr, #5550 BU Nl L
PEFU I B 4Rl 3C I B IC SA-TO1 3 A3 ek BUEEE,
A [7] B ke 3] W 285 A 5 6 A9 1 5 2 BE 500 SA-TO3
e — TPl E AL A, BEAE T FF A TR 0 B ik BLAEE,
RAARG P AR T 5 il B BT SA-TO6 5 T BE BT SA-TO03
PRI, TR T 1 R AR R IR R, R A R AIC
R ARfE, A 1 PR

K FH WQF-520A 5 HL 25 0 7 AR X, 0 2

SN/
\ﬁ.\/.\/.\f

S0 &/
” o .~ 4
(Va2 VA%
A =

W IhRE gk
LIS SOV

El1 MHERAERERMTHOHEENE
Fig.1 Solidification mechanism of phase-change liquids
under temperature stimulation

VR SZ P53 500 FIAH A2 WY 21 A0 e 3, I IR o &
W, HE 16 K, LUAMEIE N E 2 Fros o X E AR
S SRR AR W B 20 A RS IR, A AL
T 22 B, WA SCHEFNAE 3 590 em | A A b A —
FElg, Ih—OH M4 ik shid, HAE 1153, 1095 il
1074 cm ' AbAG WL S0, I A T e e D AL v
C—O W M4a Ik shig, R T4 & AR,
FE 1452, 1 493F1 1 602 cm ' Ab A5 3 435 3R 45 4
C=C MFFHEMR I, 38 B 53 1 45 ¥ R A7 HE R 305 78
1727 cm ' Fl 1232 cm ' Ab B 5E AR AE 02 i i, 2
C=0 il C—O, KW 5> F4E P AE7ERR 5 76 1 620~
1680 cm ' A FRIE W Wi, BEHA 3 2k LRI E AR
B AN RN B e AR, R R ST S RSB ROT L Y
ES W

100

— AL
90 — FERSHER

FEILR, %

80

70 1 1 1 1 1 1 )
3750 3250 2750 2250 1750 1250 750 250
H/em™

B2 RiAIEFIMBTRLIINIEERTEE
Fig.2 Infrared spectra of liquid proppants and phase-
change liquids

2 WARSCEERI B s ik

AR SR 50 A 1 BE 2 A2 AR WS 7 L B
IR, 0 A AL WC T, A M T 5 MR A SO
FR R ORI IR 327 50 5 BE 4 B RANTR], AT A TR
PR ST, LA AN R] e T T



%50 % % 448

% ORF.RAANNT A AR IIEFNAR « 47 o

2.1 EAMRIE
211 AE%&

2 BT B BRSO Y, SRR L 4 R HE 4
X 35 1 YRR BE R 31 80 °C LLR, IRLIL L) 80 °C S H g
FHAS L, WO T 3 FP A AR AR &R 0 R AR iR
JEE . RH AR B )RR AR SRS o AR 1 Y
77 M FEIE BU 5 22 BK 50 SA-TO1 1 it &t ok
16:5, TIREHL.IT SA-TO3 i M #4 3H # o0 BU F158
I 85T SA-TO1 B Y 1.0%, % B 85T SA-T06 1
ek 0.1%; AHAR TR 2 AOTE )7« #5900 BU 5 32 Bk
AT SA-TO1 & 1N 16:8, TAEEAIT SA-TO3 (1)
HEEh 1.5%, B0 SA-T06 WA N 0.1%; A28
W3 B M S HLIT BU 532 BT SA-TO1 9 it
o 16:10, THHEHIC SA-TO3 I N 2.0%,
BB 50 SA-TO6 MY SN 4 0.1% . HHAZ W 1Y & BT
o FIRE, FERFEA A O A ZEER BRIT SA-TO1 If:
FEEREFE, BN A I HE 59T SA-TO3, i 41 3 B [ 45
il 76 A R € 3 R B, iR 10 min D) R LT 8 4
Vs i, A5 3 T BE LT A S B LT IR A TR, TR
PR BGE & 19 5B TC BU, BCATERE RS+, ¥ 22
HIFECAT A TR A O A ZHEPERS v, 4k2e i+ 15 min,
HIR A 4], BIAS S A A8 W o

R LE R LI AW 1 AEA A IR E 75~85 C
N A A AE B[R] R 60 min, AHAR T 2 7E A AR IR JE 80~
85 °C N AYAHAE B 8] A 30 min, AAEK 3 78 AHAS iR
80~90 °C T MAHAZ I [A] K 15 min, AHAEVR 1 F12 1)
RS B (B e 1, LT IO A S 4 390 1) JRE RS /N AN )
575 AHAR G 3 (AR AR B ) 5, HOE B0 AR S 570 1
ORI 5], WSO AR AR S

R H AH S W TE AR 08 4 R, B e T AR AR T
BIEC T SRR T BU 5 280K o0 SA-TO1 19 it & L
1 16:10, TRERIC SA-TO3 B ANt K 2.0%, 4 Bl
JG SA-TO6 [ in 12 A3 it )22 1 B St T4k 72 v i) il
JEARAU G AT S A PR
212 EHER

A AR AR W BT A ), H 20 T PR ) SA-TOS .
SR SA-TO04 Fifs e 77 SA-Y2 41k, EA 43 # Al
AT AR, RE AR CRAH A BOMT O BA A2 IR .k
AHAS W04 17 52 AE 1000 mL = FTBE I i A 26
87K 800 mL, B E T H IR A S, I E 90 C,
FRIU— 5 B B9 20 HLR) SA-TO4, st FE A m A,
PRFG Tk B2 1 5 98 4 2 43 HOR) 8 e R, TE R — 1Y
W, B A A B, (R R e, BERTE
S R I A R T 15 7 SA-TOS A& E 7 SA-Y2,
fr RS 2 23—, RIS 2N AEM AR . 8

b R R g, i 2 TG PR R SA-TOS By i
0.01%, FEAT PR AR it 20 AT, LA g A AH AR W b 4y
R SA-T04 Fifs e 7 SA-Y-2 By A& o

R 45 B EK 0. SA-T04 By & /N T 1.5% I,
AR S AR AROIR A ¥ 5005, 40 8O 9 AH 2R VRO
WA 5 B, TR 0 RH 5K I KT 1.5%
i, BIFBE AR . SA-Y-2 [N A 4.5% A,
A5 FH AR W 5 R R B A B O, DG B TR B D,
ToH] BB IS SA-Y-2 N K T 4.5% I, AHAE
VP AR T A A AR W, AH AR VRO BRI bR 7E 2R
T, BT RIS . Bk, 8 A A W RS 7k
1.50%SA-T04+0.01%SA-T05+4.50%SA-Y2,
22 FEFETEEREAN

R T VEA P R R S R A e R
W3 T R A2 W AE B U)K 43 )l 170, 255, 340,
425, 850 1 1275 s F 169 AR 748 AF ) 1 42K Stz 452 590 )
SRR, R ILE 3,

2000 420
—@— Pkt
== <A- == HAH
1600 -
=1
£ 1200} E
= =
& j==4
Roy 7.
;@ 800 g
400 F
1 1 0
0 425 850 1275

Lupvlf &S

B3 RESIERIAE LR R TR 8 &R
Fig.3 Phase change time and average particle size of
liquid proppants at different shear rates

MAEEL 3 BT DA HY + FH AR S [R] B 5 1) 2 % 48 K i
g, SE AR R] A 12~ 16 min; 55 V) 8 B
255~425s | I, YR S HAE 0 S R A 9 B 7 400~
800 pum, Hll 20/40 H 5 2k 2514 37 V)58 R, ki A2 ik —
AN, HARAS B[R] 45

3 W SCESRTEREP O
31 HATHTR A A

A 7R BT B VAR S 45 500 0, R A R A AH AR
AHAS W SLIR (0, F gk F7 57.80 mN/m, pH {H K 7,



. 48 o % bzl 4k

B 1.12 kg/L; AEAHAR IR TG (A, T 7K 1 66.50 mN/m,
pHE R 7, % B 1.10 kg/L, AHZAE BORIE AR S 1 2%
JE R, ZAHR A U 2 B B WO R B TR, R
B TE BN EIE U A 53 i MBS .
3.1 FhBakgk

K F G 50 MARS T E % 3 A2 X, #% 72 1 °C/min
A TR, L 170 s Y 55 U1 3 30 5 AR 75 v A
AHAS O RIS T MG, s R an &l 4 iR, th1El 4
R Hc FH S FI, AH AR VRORT A8 A AR VR 7 B IR
AN =111 3 (A | B i R @ N ) - i AR O PR
SAET, AR B T AR A AR W, H R T 4 )
41 30 19 mPa-s, 80 °C & & T 43 %14 10 fil 4 mPa-s,
B R RAR, 5 T T ma™,

40 -
..
30t .
[-» ... =
: L R
* 10 =535.92x 055
R=0.991 8
0 1 1 1 1 1 )
10 20 30 40 50 60 70
IREE/C
(a) MR
12
10 fe..
—~ " Y
2 8L e
B .
= 6 * o
l%( 4+ 2
e .
o 470000 50153 4x+12.884" e
I R*=0.997 6 L TR,
0 I I I I )
10 30 50 70 90 110
R/ C
(b) JERIAS

B4 HEERMIEBETRAERE THFE
Fig.4 Viscosity of phase-change liquids and non-phase-

change liquids under different temperatures
3.12 fhapikdt

K S 58 MARS i 4% 3 A2 A%, ¢ 72 39 U1 9 %

4 0.01~10 Hz, B5DIN 30 1 Pa, IR A2 9 A0
HAZEVBOR A WTE 20 A1 70 C TR T AR RERL L | FEH
B SR R, 25 WLIE 5. ANIEL S W LA
A e B U RGO, FERURL R — R T A RE A
i, RN RS 5 AR I BE IR T R A RE A
OGP0 240/, Ul B R 45 W PR R AR, R Bl T
B4 SR 5 AR REAL B M FE IR B B0 22 (2 T R, Ut
P IR  VELA Fi)  EL A  ea A

" # R 2022 % 7 A
4 -
—=— G fififigfi G
3 —e— G" FEIS I
< -
&
52
G -
- . -— —m
>t o , , , \ )
0 1 2 3 4 5 6 7 8 9 10
By Hz
(a) R 20°C
4 -
—=— G e
3 —e— G AR
<
&
52
<}
1+
— e = g
e ; —
0 1 2 3 4 5 6 7 8 9 10
BYYIR /Hz

(b) #HJE 70°C

El5 MHELBRMIFELRRESROFE TR
Fig.5 Viscoelasticity of mixture of phase-change liquids
and non-phase-change liquids

3.13 ERMEAE

AR SCHEFN DR R M Re D L RN T - 1)K
O FE R A Je R4 P INHAZE 80 °C, 1E 1] SK s br i
ERIK, M E 2O IR B B 2 2) B N AR,
Bl g I AAEAHAS W, 38 0k S0 0 W i TR 25
3.5 MPa, WX AHZS W A 08 2k =, 40 oilid sk 1, 4, 9,
16, 25 136 min i R 1T U8R &5 3) 1 1E [0 9K b 1
ERK, PRI E 5 0 198 38 020 Sk S ) Y
IERIRIG A R LK 10 R 1 ATLUFE A 2R WA
X T ARA AR WA 2y U %, 55 FU IR 5 W i ik 2k 32
SRy AR VA U R

F1 REZEFNERLEER
Table 1 Test results of filtration losses for liquid proppants

R HAER R (mm min'®)  R7HAIES B /mL
AHAZ IR 0.197 0.5
ARSI E AR AL T 0.296 1.4
e 0.444 22

3.14 BEARMERE

FWANET, AT TR S5 5 = K (8
) M2l (5 ) | R 2 CI R K ) R (£
) A BC AT o IR 4E SRR I . UK | T TR



% 50 % % 44

2 RAFREAMIT B AR AL R <49 .

K R TR 5 A S R B AT G, R S A R
R AR AR 3 i R RE TGS WL 5 5 3k XA S A5 4
AT — E B, S BB, AR AR TR A B [ R
AN 5 3 T, o (o MR SRV 25 e, R R R 1 5

R R PERE TG M, AT LUR T “ BB, ol 5
5

32 HEZEFEEFMEE

TR S PR AR AE 5 AR 3 0k, SR, 2
J90.21 WimK, F B Az B AS A3 i A R 0 TR T
PRS0 3 AR, IR AR B 298 0.67 kg/L, L JE 2
112 kg/L, 540 SR BB R SCHE AR L, [R] 5548 ]
it T HA R S AR
321 AREMERE

SR S0 56 8, W T YR AR S P 0 4 TR T 40
60 MPa T HTE & FIREIE 2, &l 6 ARl RLAR 34
RTEARRE S FRIIES . B 7 Rk S E#54E 60 MPa
JEJ1 T Gt AN R B B) 5 O MERURBE o AN [RDRL A28 {4
SCHERIAEAS AR )T i i 8 L 3% 2,

!! e

(a)20/40H ?&ﬁss‘zﬁffﬁ (60 MPa)

ok roilitin T alinieid
(b)40/70 H Wit 3245 (60 MPa)

(d)40/70H {1 4Hb (40 MPa)

6 FRINEXEFNEARENTHRS
Fig.6 Morphology of proppants with different particle
sizes under different pressures

M 6 FIlE 7 0l LLE i, 60 MPa JE 71 T, A
AR B AR S HE A — 8 A8 (H B A A Wi, 7 fin
FER iR 2 min HERUR BE RS BRAS, e OIRRE Z )5
JE B AEREAE 9 mm A2 A7, 5 R R LA e AD AR LE R A
KRR BIR R HAF . MR 2 ATAE L WK
SR R AR R /)N, [ AF SR R R R AR, KR
RE 7B 5 0280 7 0K, YRR S 4 R ) B e 3

12
E Lo—o—c
1@ 9 . g
ok
=
or
A
Z 3|
0 10 20 30 40 50

it ) /h

7 60 MPa [ I {ER A EIRT (8] 5 iR 4 ST YRR R
Fig.7 Accumulation thickness of liquid proppants under
60 MPa for different periods

R2 ARNEREZENERREN THBRER
Table 2 Fracture rates of liquid proppants with different
particle sizes under different pressures

J£73/MPa WS RiAR/H HERESR, %
6/20 9.41
20/40 3.77
52
40/70 1.74
70/140 0.35
6/20 10.42
20/40 4.36
69
40/70 2.38
70/140 1.20
6/20 12.36
20/40 5.57
86
40/70 3.95
70/140 2.80

K5 20/40 H AR SZHEFIE 69 MPa JE J1 T 1% i 5
1R 4% Fe A, KR ERE F7 R AT, FLaBE G T [ 14
W& A2 I8 88 J 7E 24 4 N E RN 5 200 4% U RE )
FEA .

322 FiARHH

SR AR SR, e TR DR AR A
SHERITE A E 7 10~70 MPa F ISR BE S, 45
ik 8 Frs .

M8 AT LA H: AR & R, Bk, fL
BV AT, U RE DB R BEE A R SR, WA
EER AR BB, SR AE I BRAL; WA RS
T, AR A A R T 4w 24 0 S A ),
20/40 H (80%)+ 40/70 H (20% ) 44 3 £ 71 ¢



© 50 % IS S - S N 2022 4% 7 A
350 e 1030 [ STk, 2021, 41(6): 52-59
300 - %8;18 E (80%) +40/70 H (20%) XIE Jun, GUO Guian, TANG Qingsong, et al. Key technologies for
=250} —e 4218;4;8 E 216\(1:?)) +40/70 H (40%) the efficient development of ultra-deep ancient dolomite karst gas
A 200 o reservoirs: a case study of the Sinian Dengying Formation gas reser-
_E voir in the Anyue Gas Field of the Sichuan Basin[J]. Natural Gas In-
ﬁ 1507 dustry, 2021, 41(6): 52-59.
5 1001 X (2] A5, 0, i, 5 ST KT I = TR T 2
50 b *___*\;};:\\\‘\ H [ 8R4, 2021, 44(3): 52-55
. m* , LI Xinyong, LI Chunyue, SHEN Xin, et al. Research of acid fractur-
0 10 20 31% N 114% /MPS;? 60 70 80 ing with multistage temporary plugging technology in Tahe Oilfield
horizontal wells[J]. Drilling & Production Technology, 2021, 44(3):
B8 FAEKEFERAZEFNEFNBAGENTHSREN 52-55.
Fig.8 Conductivity of liquid proppants with different (3] Wi, ARG, EVE S IR Hh 5 A R R A
particle sizes under different closing pressures AL WG 5 FF A, 2019, 9(6): 56-60.
60 MPa lﬂ/\rj] F E"]EF{HL 5jjl_§ﬂ 921 D-cm. GENG Yudi, ZHOU Linbo, WANG Yang, et al. High conductivity
acid fracturing technology in ultra-deep carbonate reservoir[J].
IE] HTJ‘ ’ 7K {)”‘ Hbjj {D]I fﬁ%ﬁ U‘ e T 60 MPa Reservoir Evaluation and Development, 2019, 9(6): 56—60.
P& TR 0T AN [RRLAR AR SCHR 50 1 S IR BE 1, 25 (4] B, 48R, e 2. P MR LB G R 2
e 10/30 BRI LB S GE S 4.21 Docm; HeAR 1. SIFIAK, 2020, 29(6): 50-54.
20/40 H {1—:& 'ﬁ: ji % };ﬂj EI/‘J Ej‘i ‘{)ﬁ ﬁﬁ jj j\] 7.64 D-cm; XU Guowei, ZOU Guoqing, ZHU Raoyun. Sand fracturing techno-
NS N N logy for Bozi ultra deep condensate gas reservoir in Kuqa Depres-
o, 0/ )Y 2| B4 Ny
i0/40 H (80%)+40/70 H (20/6)%Qbﬁjz£§“JEﬁE¥ff sion[J]. Well Testing, 2020, 29(6): 50-54
BE /1M 9.21 D-em; 20/40 H (60%)+40/70 H (40% ) [5] XU, X2, XLk, S B MK Ao R 2 A R T 5 2
TR SZ R I T T AE J1 4 6.63 D-em; 40/70 H 1A SZ Wt H AR HERE 5 7T 0], KR T L, 2020, 40(11): 76-88.
%“u E@E’Fbﬁ Abjjj\] 3.60 D-cm, LIU Hongtao, LIU Ju, LIU Huifeng, et al. Progress and develop-
ment direction of production test and reservoir stimulation technolo-
4 o A gies for ultra-deep oil and gas reservoirs in Tarim Basin[J]. Natural
=H = Gas Industry, 2020, 40(11): 76-88.
(6] 2etp, BB, 2k, . WRIRER 12 TR 13 R 1 FH 11 (A S
1) 5 3 A 1 S 2R 20 o0 A BE BT L T fE BA T M OB [J]. A REOR, 2020, 48(2): 93-97.
. 9 T v Sy 5 AN Na, LUO Pandeng, LI Yongshou, et al. Development of solid
gt RV i Tj‘ Desy
iﬁﬁb/ﬁ jt; ﬁﬂ:h 'ﬁ_:ik s *Hj {:& " St ’fj[: % %E Wl {ﬁ L% granular acid for the deep acid-fracturing of carbonate reservoirs[J].
H o WGR RRSE T, A 50 T AR A AR . M AR Petroleum Drilling Techniques, 2020, 48(2): 93-97.
WS ARRH AL W % B — 7 LR AT B O BE M N T (70 S, Fl, ORAS, . —Fhgi AR s B R R IO (1],
A SR, Y ERERE T RS, 5 BRI S 58I, 2019, 36(1): 109-114.
— \ . LIU Tongyi, WANG Meng, CHEN Guangjie, et al. Study on a new
B 3o A 5 A po
T j‘ﬁ % j\] IEHZI&%E*—\L temperature-controlled variable viscosity acid[J]. Drilling Fluid &
2) it B 8 MR A AR B S R A AR AR R Completion Fluid, 2019, 36(1): 109-114.
MG PERE IR R PERE, SHL)Z K R R RRWE (8] Wadm, Aeh, B BRI T IR A (. G
AT PE A BLE, R “ FRBSHC™ 5% S 370 55 HIRHR, 2015, 43(6): 7680 |
ﬂﬁ)%{m E?ﬁ*ﬁﬁﬂ, m U\ﬁ&'ﬁaﬂﬂ%{m S(ULIZ/ZE{}“%%IJ *H’E TAO Lei, LI Songyan, CHENG Shiqing. Foamed acid plug-remov-
al technique for horizontal wells in heavy oil reservoirs[J]. Petro-
EI(J $2 ﬂ[ﬂ ° leum Drilling Techniques, 2015, 43(6): 76-80.
3) IR N M 8 A B R 5 R ] [9] LIL, CAWIEZEL K E. Rheological properties of a new class of vis-
:J:f? ;i:E ais E:J‘ IEJ ﬁj‘ﬁgﬂ jj ,M»,r/-ll— ﬁ%ﬁﬁ} ﬁE ﬁjgf T%* HTJ %LTE coelastic surfactant[R]. SPE 121716, 2009.

N ) [10] KALGAONKAR R, BATAWEEL M, ALKHOWAILDI M, et al. A
jj F ﬁ:f—‘r& = E/J TE"F (}ﬁ £ jj ﬁ Eb 337% Bk /I\jk jj %% non-damaging gelled acid system based on surface modified nano-
BEWA SOCCHE, BT A 23 7 s PR AT 1 HOR particles[R]. SPE 204716, 2021.

FEB, [11] ABDRAZAKOV D, PANGA M K, DAEFFLER C, et al. New
single-phase retarded acid system boosts production after acid frac-

S £ X Wk turing in Kazakhstan[R]. SPE 189559, 2018.
References [12] 2590, 2508, 0%, S5 LI S I8 DR B s TR IR 0 24 A

(1] %, 350, R, 5 R ??%Fiz:‘?#”* SO
SCHERCAR : AP F b2 7SR LR ST R4 iﬂﬂ[ PN

_4

A0 T R R R TR S BB [0]. A i AR R, 2022, 50(2)
92-98.
LI Xinyong, LI Xiao, ZHAO Bing, et al. Key technologies for large-


http://dx.doi.org/10.3969/J.ISSN.1006-768X.2021.03.12
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2021.03.12
http://dx.doi.org/10.3969/j.issn.2095-1426.2019.06.010
http://dx.doi.org/10.3969/j.issn.2095-1426.2019.06.010
http://dx.doi.org/10.3787/j.issn.1000-0976.2020.11.009
http://dx.doi.org/10.3787/j.issn.1000-0976.2020.11.009
http://dx.doi.org/10.3787/j.issn.1000-0976.2020.11.009
http://dx.doi.org/10.11911/syztjs.2020017
http://dx.doi.org/10.11911/syztjs.2020017
http://dx.doi.org/10.3969/j.issn.1001-5620.2019.01.021
http://dx.doi.org/10.3969/j.issn.1001-5620.2019.01.021
http://dx.doi.org/10.3969/j.issn.1001-5620.2019.01.021
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.2021068
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2021.03.12
http://dx.doi.org/10.3969/J.ISSN.1006-768X.2021.03.12
http://dx.doi.org/10.3969/j.issn.2095-1426.2019.06.010
http://dx.doi.org/10.3969/j.issn.2095-1426.2019.06.010
http://dx.doi.org/10.3787/j.issn.1000-0976.2020.11.009
http://dx.doi.org/10.3787/j.issn.1000-0976.2020.11.009
http://dx.doi.org/10.3787/j.issn.1000-0976.2020.11.009
http://dx.doi.org/10.11911/syztjs.2020017
http://dx.doi.org/10.11911/syztjs.2020017
http://dx.doi.org/10.3969/j.issn.1001-5620.2019.01.021
http://dx.doi.org/10.3969/j.issn.1001-5620.2019.01.021
http://dx.doi.org/10.3969/j.issn.1001-5620.2019.01.021
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.201506014
http://dx.doi.org/10.11911/syztjs.2021068

%50 5 % 4 % ORF.REANIT § AR IR AR © 51
scale acid fracturing of ultra-deep fault-karst carbonate reservoirs [22] BGEE, sk, BXSTOR, 25 1 A WA b TR 24 8% PN IR A L
with ultra-high temperature for Well S in Shunbei Oilfield[J]. Petro- AL [J]. ISR 577 %, 2021, 11(1): 117-123.
leum Drilling Techniques, 2022, 50(2): 92-98. LUO Zhifeng, ZHANG Nanlin, ZHAO Liqiang, et al. Numerical

[13] Z553E, 2EA, BT, 2 A6 S 0 3T W2 R 5 B iR simulation of temperature field in self-generated solid chemical frac-
A 0. AiESEREEAR, 2020, 48(2): 82-87. turing[J]. Reservoir Evaluation and Development, 2021, 11(1):
LI Xinyong, LI Chunyue, ZHAO Bing, et al. Acidizing technology 117-123.
for deep penetration in main fault zone of Shunbei Oil and Gas [23] SK&EM, RE4, FEEER, 5. MR FERHAE X HLBRITSE (7).
Field[J]. Petroleum Drilling Techniques, 2020, 48(2): 82—-87. 1T, 2020, 49(1): 63-66.

[14] GROMAKOVSKII D, PALANIVEL M, LOPEZ A, et al. Efficient ZHANG Chunyu, WU Jiaquan, WANG Guizhu, et al. Study on the
CO, multistage acid stimulation in deep hot-gas reservoirs[R]. SPE drag reduction and mechanism of guanidine gum[J]. Applied Chem-
195097, 2019. ical Industry, 2020, 49(1): 63-66.

[15] ALJAWDER A, ENGINEER Y, ALHAMMADI B, et al. A study [24 ] %/NE, XVRIT, BEEFS. R W LR MIRR A VERERT ST [7]. B
on increasing the number of stages in the acid fracturing stimulation B, 2009, 26(8): 19-21.
technique in horizontal wells for a tight fractured carbonate reser- XU Xiaoming, LIU Baojiang, CHENG Xubang. Rheological prop-
voir in the Bahrain Field[R]. IPTC 22586, 2022. erty of carboxyl methyl starch[J]. Textile Auxiliaries, 2009, 26(8):

[16] ZER. )2 2GR RIGRMREL 2 MUK - H K S R A (37, 7 19-21.

Heih R, 2020, 27(6): 808-811. [25] ikad'k, BOohL, BRAE, 55, TUA R ZLBOARIE R R R i [J].
GONG Wei. Hydrajet acid fracturing technique of horizontal well in RETRS M, 2021, 43(10): 102-109.

deep fractured carbonate reservoir[J]. Fault-Block Oil & Gas Field, ZHANG Jinfa, GUAN Yingzhu, CHEN Ju, et al. Progress and de-
2020, 27(6): 808-811. velopment suggestion of shale gas fracturing technology[J]. China

(17 ] B8, T, THE, %5 KEHAS AN BRI R AL R M AR AT 5T Energy and Environmental Protection, 2021, 43(10): 102-109.
SN [3]. FeRl AR, 2022, 29(2): 141-148. [26] HHBRAE, TROUD, A, — RS v e Kk 2 6 24 & i i
MIAO Juan, HE Xusheng, WANG Dong, et al. Study and applica- BB [ LR (A SRR ), 2021, 49(5): 65-72.
tion of fine segmented deep acid fracturing technology for horizont- TIAN Yueru, ZHANG Shuangshuang, SONG Aili. Development
al wells[J]. Special Oil & Gas Reservoirs, 2022, 29(2): 141-148. and evaluation of a salt-tolerant instant seawater-based fracturing

[18 ] B{HIC, Rk, mar, 45, BElih ARk o ik 2 B b 1) FE 44 fluid system[J]. Journal of Jianghan University(Natural Science Edi-
AL 0] AIMESR T2, 2021, 43(2): 233-238. tion), 2021, 49(5): 65-72.

HE Jiayuan, CHENG Hong, XIANG Hong, et al. Optimizing the (27 ] BROAEA. WKV — AL R B4R 5T 5 00 [9]. A i e
displacement of temporary plugging and diversion fracturing of the A, 2022, 50(3): 112-118.

carbonate reservoirs in Tahe Oilfield[J]. Oil Drilling & Production WEI Juanming. Research and application of slick water and gel-li-
Technology, 2021, 43(2): 233-238. quid integrated fracturing fluids[J]. Petroleum Drilling Techniques,

[19] AL-ENEZI B, AL-MUFAREJ M, ASHQAR A, et al. First success- 2022, 50(3): 112-118.
ful openhole lateral multistage acid frac in a complex unconvention- (28] B4R, X X, #7522, % M0 T RAE WIS R 240 A vk 47 1A
al carbonate reservoir North Kuwait[R]. SPE 188170, 2017. ALY 55 B MR [J]. KG44k T, 2020, 37(2): 385-390.

[20] sk, Wik A S8 2 AR AR AR M i S 5250 5Y. (D] WEI Jun, LIU Tongyi, DAI Xiulan, et al. Preparation and perform-
AR PERE Al KA, 2019, ance evaluation of slurry thickener for supramolecular polymer
ZHANG Chengcheng. Experimental study on the distribution rule of clean fracturing fluid[J]. Fine Chemicals, 2020, 37(2): 385-390.
immiscible fluids in liquid self-propping fracturing technology[D]. [29 ] XU, FEACL. DU R 2R AL AR A B vt 8 (0. Aih

[21]

Chengdu: Southwest Petroleum University, 2019.

Wh—2%. — BTl A SRR SEIR ST [D]. WS P9 R A1
K2, 2017.

CHEN Yixin. Experimental study on a new type of self-propping
fracturing technology[D]. Chengdu: Southwest Petroleum Univer-
sity, 2017.

HRAKSAT, 200284 F1 1): 47-53.

LIU Tongbin, TANG Yongfan. The development of acidizing and
fracturing technology of Sichuan oil and gas field[J]. Chemical En-
gineering of Oil and Gas, 2002(supplement 1): 47-53.

[ %4 A ]


http://dx.doi.org/10.11911/syztjs.2021068
http://dx.doi.org/10.11911/syztjs.2021068
http://dx.doi.org/10.11911/syztjs.2020014
http://dx.doi.org/10.11911/syztjs.2020014
http://dx.doi.org/10.3969/j.issn.1006-6535.2022.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2022.02.021
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2021068
http://dx.doi.org/10.11911/syztjs.2021068
http://dx.doi.org/10.11911/syztjs.2020014
http://dx.doi.org/10.11911/syztjs.2020014
http://dx.doi.org/10.3969/j.issn.1006-6535.2022.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2022.02.021
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2021068
http://dx.doi.org/10.11911/syztjs.2021068
http://dx.doi.org/10.11911/syztjs.2020014
http://dx.doi.org/10.11911/syztjs.2020014
http://dx.doi.org/10.3969/j.issn.1006-6535.2022.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2022.02.021
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.3969/j.issn.1004-0439.2009.08.005
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2022063
http://dx.doi.org/10.11911/syztjs.2022063

	1 液体支撑剂地下自生成原理
	2 液体支撑剂配方优选
	2.1 配方优选
	2.1.1 相变液
	2.1.2 非相变液

	2.2 支撑剂相变时间及粒径优化

	3 液体支撑剂性能评价
	3.1 相变前液体支撑剂性能
	3.1.1 黏温性能
	3.1.2 黏弹性能
	3.1.3 滤失性能
	3.1.4 配伍性能

	3.2 液体支撑剂相变后的性能
	3.2.1 承压性能
	3.2.2 导流能力


	4 结　论

