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Research progress and prospects of self-suspending proppants
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Petroleum University, Chengdu, Sichuan 610500, China; 4. State Key Laboratory of Oil and Gas Reservoir Geology and
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Abstract: Self-suspending proppants are innovative materials designed to address the limitations of conventional proppants in hydraulic
fracturing, including rapid settling, uneven distribution, and poor fracture support. Through specialized design and preparation techniques,
self-suspending proppants maintain their suspension in low—viscosity fluids, thereby enhancing their uniform distribution and fracture
conductivity. Consequently, they significantly improve oil and gas well productivity while reducing reservoir damage. Based on the self-
suspension mechanisms, self-suspending proppants are classified into three types: gas—assisted, density—controlled, and surface—modified
self-suspending proppants. This review summarizes the preparation techniques for self—suspending proppants, including surface
modification techniques, low—density proppant preparation methods, and functional coating technologies. The field application performance
of self-suspending proppants is reviewed, and their prospects for green and efficient oil and gas exploitation are analyzed. Existing studies

demonstrate that self-suspending proppants significantly enhance fracturing performance. Field applications in various oil and gas reservoirs
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show that using self-suspending proppants increases daily or cumulative production by approximately 2 to 7 times. Moreover, the application
of self-suspending proppants in oil and gas development reduces the consumption of water and thickening agents, mitigates environmental
pollution, and aligns with the principles of a green and circular economy. Despite the challenges of production costs and technological
complexity, self-suspending proppants exhibit superior stimulation performance and significant production enhancement potential. Future
research and development should focus on several key aspects to promote the widespread application of self-suspending proppants: first,
improving material stability and environmental adaptability to ensure reliable performance under extreme conditions; second, reducing
production costs of self—suspending proppants by optimizing preparation processes and raw material utilization; third, conducting long—term
performance evaluation to ensure the sustained effectiveness of the proppants during extended field applications; and finally, developing
multifunctional self—suspending proppants with additional capabilities, such as corrosion resistance, enhanced fracture complexity, or
improved oil and gas flow behavior. Through continuous innovation and technological advancement, self~suspending proppants are expected
to play an increasingly important role in future oil and gas field development, contributing to both oil and gas production enhancement and
environmental protection.

Keywords: self-suspending proppant; self-suspension mechanism; chemical coating; low—density proppant; oil and gas production
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Fig. 1 Schematic diagram of mechanisms of gas—assisted self-suspending proppant fracturing technology
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Fig. 2 Schematic diagram of self-suspending mechanisms of

membrane—coated self-suspending proppants

CAO S5 b S0 AN R D HE T 1 B S
JK R AT IR ] AT R IR ], e B4 B0 B R T 10% I
FI 8P S A 2 min NS¢ 480, HLAE 200 min A 3EAT
DURE o A TP [ 0 7K 030 R S HIih F M X R A B 1



472 WA, 5 . B SRR D et e 5 e

2026 4F
Fle H2W

FH 25 R R0, B AR SR 2 0 MI3-X HI
M13-Y Y He S5t 1380 % Bk 2 8 ey, i Tk 8] 9 351 s 2> 1
53.4 min 1 88.2 min, HAZSH ™ &0 530 1 286 m’
1320 m*,

PANNERSSES BE SHllIVNIR SIS

21 ZEFUFREER

SR 7 e AL 3490 R T —
R LIS O PERE . ol £ BT HE A
TR ELBIERINOK 807 B LR 5.

211 AEFRE

S T A5 A o X S A AR 2 T HEA LA f Ak LA
KPR B A T — PR SR o T e il
FHAETRER T W TCHIL A A AR 232 o Y80 5 ) S 4579 R
FATHEA T RUBE AL BE 2809 10 5 SRR R %
[T 0E e ATTR AR A e PRSI g é Sl KR 1 Ay 52 S LS
feEbe T = SR b BB S A, i — A4
SCAEFA R SN o AR SO P RE G W B B 22 U I AR
FREF . L0 AR SCHERI AR 6 1555 R K
B A A, SR T SRR B . X — R
AN BRSNS B R B, AR T 1l KU
A o IZRRHIAZ O OB K SR SR N2 ML RS
JZ o o N AL R A LA R O T RS e
R RT3 A1) ) T S, 17 £ 2 9 S 7R W T 75
T 7R 04 B3 LA B TIR S0 o R S B 59 5 R R
TR LN HE TN Tt ) 25 28 7 45

UBTE STHERI A2 1 A A RV FCRE B AR i A
APERE R AT BB . i T AR B R R, T
SCHET 0 2 T A 5y 45 B 858 ) A 22 ) S5 5 A OB, T
SRR R K A AR, TR 5 35 1 2 23
s B> TR R EAE T . PRI, 5 BEIR AT 9T R 5
FERI I mAAR s v, ARG i 3 B T 5B A S5 T
IR HAR T TERE o

2,12 KEIREE

FAN 55U FpRL SO 3R R B R IR , 35 4
THT SCHEERIRYETERE ST, W Mo e ok SCHERI I A 8
SCHEFTE RIS BT RE 1 & B, 90 “CINf B 7
Y [ B TF SCHE T 70 s ik 60.24% , 1 1% 4t ki
SCHENAT 3.56%  [R) IFI% 70 SO 4% 57 i B4 B e ) i
KA, AT AR R AR JEE AR R 3, ELANSE Wi AR A
SRIRAL N , AT R AR 7 A A9 AR 1) 35 7

IR AN P LAAL B 7 Wi b S #5700 1) 3R 1, A1 b
YHEFBFEIRE M. GOLAE T Ik R & —FE N
I B2 TR (PEG-DA ) 7K B Ji¢ )23 3 5 3R 5 3] Si0, Bk 3=
17, I8 G 2T AN IS SE B0 B0 IE T /K BERS A I 7 . %
FI VR SCPE IR T K S0 Tl 3 /K e 2 1 B Bk, ke
EREAR T 29 33%, DUFEHUEE N 12.3 em/s % 10.9 em/s.
WCAMUATT & B, B 12 KBRS, A0k Y 2% 1 AR i T
2 16%, M & 2 )2 K EERL 5 , R IETEBEAIN T 29 35%, X
P& I K R 23 14 i B ot A 2 T R M AT (S R

FE AR BE I S AN BT, WA RS IR AL A R A 52
A AR RE A OCHE . K Ao 72 2 32 W 3 o (an e
Tate Ty ) FiAk 2 gl (AN B o) # il . FERO R
b BRI K R K BRI T A3 RIAE AR, JE
A AR K S R TRER AR o X LEAH
AR RIS MR K 534 HIGH 4R i 43— B A0 0 R i Tk
o AR 5 A AR Ak, v R b T S Y
WK BE T SIEIKAT A

22 REEEFHERA

I I P S S5 TR B AR Cn i B 5
ER REWAF) B SRR, STHEGR 1 B A AR L
FEAR o K AT S TR RE RS 7 5 AR X B A U A4 v 52
BURTE , RIVEE R AE AR L PR AR E AN s B 14 73

22.1 5 IUEARE B XA

R T SEBSEE RN FLBR Ak, P iR H TR
N Z . 207 B 5 AR R RIS
ISR ALEE , X B SR AT DUJE N, 25 R CO, %,
AT U2 B R P 2 B2 DT et HL PR g o SR e S O e i
AL SRR AT BRI RO i, X e JFR)
B A FE 1 400 °CRp B RS I AR s e A a3 i
ARAE B SR I CO, NHL 25 33 B/ (AR 0 B L it
HRERE NS, e 2 TE B R O B T FLBRESH . SR 2 AL
R FROR B SC IR (R B B 0 R ) e {1
FE 5 N S350 T B 7 A A0 UKL, 28 7T 5% ) 44 11 T D i
J1o KT RPN DR T WIREER A,
3 o) 7 B Uk ) FR T A — 2 AR A% A R B
ORI BT BE T, D AN BURE 4 42 A% . RICKARDS 460
FEZ LB R SR R LE T — 2R, AUREE T
TR ) 52 R TR S 4 8 T SR PR R L %
MEHESLBEE 50%, BB FE N 1.1 glem BOZ54F T, HS 00
fie J1 A LATE 55.2 MPa [ & & 71 B 465 7E 14.63 pm?-em.
PN gl =52 S OR P AR 2  Ay AR e i 2o A i 0 7
AR B obe i A2 B R SR . il Bt i 2 A S A



2026 4F
et H2l

WILAR A5 . H & SR I et R 5 R B 473

FILE 35 MPa Fl152 MPa [414 5 1 T BB RE 5504 7.3%
9.0%, B E 4w 1T S P BUIE e g ) AEBCE 1 .
FLBRZERI T AL SRR A% O il B3k
P 5 B FLBR B AN oA RN, DUR R S P
HLASPURRE ) o SR P S 50 38 5 LK Wt s i F LA
FLEREESH . BUERI AT L A A [l FL B b A4
SCEEFI PRS2 T T8 T SE 50 A FET ] . LIAO

LB Tl fLE FHHfLER

»!u}

a. LI

SEWER A BROC 5 B HOTAHSS & 197 1k (FDEM) SR A 41
ZALSIG RS T 0 AR TR SLAR LB AN LB
IR ST R EOE S 2 ERE R R (1 3) o W5
R AR SUE T L Rk AR, S BRLOB R
2l o BMALBRT AR 2 b S WA S HE R I B e stk 2, {H2Y
FLB RO T 10% )5, 58 AL T 2, X R 2
LSRRI BT BAT 8 3 2 5

LI
45| AL
ol LB
i \
33 ~ L
IR
z ¥ PR
iE 25 1
# :’/{ fh
20 N 1
7 ‘
15 /
10F / '.'v‘-.\;
N, N
: e
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
i /mm

b. (A8~ 277 i £k

B3 ANRIFLBR A O T A REAE T AR A% 2y il 2

Fig. 3 Fracture morphology and displacement—load curves under different pore distribution conditions'

i R AL, BF T REAS TR AR FL BRI 25 4
AR M SRR BT T 5 R R S R 0 A AL
AR o X SEAROUATL A 7 5 6 X LA e LS AN it T
SSC{ELASEAPURT LA 2o T 40 25 o B A A DAY 0 614 1L ) o
Ay, S PR SCEE TR T 2747 AR A RS

222 RAMFAKE B ILAFA

W 5 Y1 R 1) TR 3 98 ) R )2 AR o R TR K
J A Gt S P TP RE R e LA 2 75K, RA WS
FIRHARBEE 12 PR AT s i, A AR AR5 1Y
S, HUANG SEMLLHT B4 2 P g (MMA) AR R 57K
HR, Z 2RI (DVB)VE R ACHRT , 0% = I hk
Je (A=151) 4 R WS Jin 500 B o) il & 7 2 00 % B
1.075 gfem [ HBAR 2 3 S PEF) 12 3 FE 7 E 69 MPa JE /)
T BERRRAL R 6.3% XS R A WIS FITE A A
FEF1 R B S BT bR ) 17 A SR A, A e T, BRI
T AR S R S IR A W IS PRI RE A PR HE R

R T HE— SRR R A WA SR S 2 R RE IS
AT 2 I A TR A B i S 500 0 e o 32 A i
VT B VAS O A7 B AR e R O R RIS i 4 oK A
2. TASQUE ZE1Sh 2K 2 0% (Sty ) Bl —. MK (DVB)fE
R A i RN 22 BERR AN K AE (MWCNT) AR Ry TEHLIERL,
KB VF RA W T ok A T B B S PR 1P

41]

FIAAL B FEREIT T K, 138 MPa R iR AR N 1.7%, H.
KAITE 60 MPa 14 F I3 (AR TR R 30 by i e 28 1
IERE T, A BE AR A B (1 4) . CHEN 261758 i3
JR A BT A T 1L 2 T 3R COR 2 fi—co— H IE TN R
F R ) /B3 K (Poly (St—co-MMA ) /FA ) 5 A TR 1E Jy S 4%
o ZE A IER AR BEAUR 1.0~1.3 glem?, 5B
SR ) S0 5 H50CR 30 %), #E 52 MPa & 71 T Rl % 0y
0.92%, FRIH R AT J1 22 PERE 35 G 1F Sy A% S 1
FURE A H B AR R 24T . O R R AT,
TG Tl A A 7, AR B2 SR A B R i T — Ao
W

RA W) P FNE AT AN KSR TIF R P (4 R FH B T
FL R A 7, bR 1 el G sy TR 2 Rl BT <
TRURTT R W TR RL . SR, SB35  BAS AHGT
e, 3 PR T R A AL AR FH o A K B 9 g
HHETIFRANA AR B AW SN R R HAE
AN ) 2 7R e S A P o

3 B H
FE TR SCHE R IR S BT (4 TR 288 MR TR A

S R TS0 H R TR O E N AR
JETR B TV 170 2013 4F, 35 [ S h7 A 47 T2 7106



474 WA, 5 . B SRR D et e 5 e

2026 4F
ek oy

a. MY
NH,
o OH NH, 2
' Ho” Nom 2 NS Y \n
HO” Son OH 90 °C.,2h S~ NH, 2
OH ! — N g, NH:
Y Ho” Sow 0 o 2
HO” “oH N 0-8i NI, N LHNS Y Ny
0 HN NH,
JoHLIEk 7
e Sl e DGR O LSRR

HI
ORI FILDIRETR ) CHLETR TN SRR T S
52 A ek — IR

c. REHLIL
T - B b O S 305 TSk B B ASURE AT LU HR SRR A 1 AE  (ELRE A Rt A 535 A ARk 2
K4 b b S s 6 U FER e LR Z K

Fig. 4 Microscopic photos before and after testing of composite material, and schematic diagram of polymerization mechanisms
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Table 1 Field application of self-suspending proppants in China’s oil fields
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