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Resear ch progress on hydrophobic associative polymer
fracturing thickeners

YU Bin, PAN Yi, YANG Shuangchun, WANG Bo
( College of Petroleum Engineering, Liaoning Petrochemical University, Fushun 113001, Liaoning, China )

Abstract: Hydrophobic associative polymer fracturing thickeners have become one of the important chemicals
for the development of unconventiona oil and gas reservoirs due to their rich raw materia sources, controllable
costs, environmental friendliness, unique amphiphilic structures, as well as better temperature, salt, and shear
resistance than natura product thickeners and ordinary synthetic polymer thickeners. In this review, the synthesis
methods of hydrophobic associative polymer fracturing thickeners were described, followed by introduction on
the thickening mechanism and the influencing factors. The performance characteristics, action mechanism, and
application methods for integrated fracturing and oil (gas) displacement of hydrophobic associative polymer
fracturing thickeners based on the structural classification of different hydrophobic monomers (long-chain akyl
type, quaternary ammonium salt type, alkyl polyether type, twin tail type, double subgtituted type, and composite
type) were reviewed. Finally, the development directions of hydrophobic associative polymer fracturing
thickeners was discussed, and it was pointed out that fine optimization, recombination, and collaborative
congtruction should be carried out to optimize system performance from a new dimension, promoting the
development of this research field towards collaborative innovation and integrated construction.

Key words: hydrophobic associative polymers; fracturing thickeners; thickening mechanisms; structural
classification; integrated fracturing and oil (gas) displacement
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2E G X BERL K FE A IR SY , TR e Eh A g
KB ) e S B N LA — K, AN B A S
BEGUKGSERN S, RIERIRRBERS, 5
M, e R K EE BT K & S EUA MPERR L, i,
BiKEEBEAR Gy K o A T BRI RE B 1 46 ih AR R A R
REMER, FRBTKAE BV BB R il — g i
o BEE I RITRA , HRARA A A A AR
A TR A I T L | D s LA | s T R4 2 )
Tl ER R K AR

B X A D I e R AT %) 2 e R R i K AR
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o7 T P 5 A P e R R AR b R SR o
RS I B S A K, R EESSHEH LA
Wik 5 i AU 2 PR 0 3R G Wik B A AL AR, T
AR R S R ok o ot — 4R THOY . it
YANG 210248 T i e iR PR B = HAR AP SR
BRI e Ses | A A MRS R i s A Rk B — 2R
PR B B 200 F R e KA R AR R s i AT R G
W SRR AR AR 5 o5 R m v YR ) o7 R S B 5] oF
FERILL AM . NaAA . NVP Fil N-(3-H1 EEPT 4% ke 75
HE)-NN-ZH EE-N-+ Z e R Ak (MAP-12DMA )
R ERHE BRI U ST AL R Y i T oI T R 2 4 B
NV P Jfift— 25l T B 00 e ok Ak, RISt 1 i A
TR R, AR R TR AE S 4 T3] 160 °C, iF
— i A BT R 0 W S 5 = B A IR A 4
fiti )5, AR FR BT R BE ) REfE A E 200 °C,

AN, AMPS HpRt BEAS 5 25 AU i /K PR
REMGBHERE RPN Rl A £ 5 42
T, S AVEH SR, N2 s 3R i P LA R
BTIEsK S AR AYIRIN M SCBAE IS, 18
WA R A SR AE 1119, 25 O £E S0 oY
BB FE AR 2 T AL 2518 .

I W 2RI B A 5 5 5K ) B, ] DI
ERALT KGRI TEMRERE, SR
PLAM | H LR 20 T e oS be kb d
AMPS FlI 4- TR Jis I 5 S J R TR 0 R B4, SR TR
MFLR R A& T UC i RY (AAMS1), H
R, A-TR T I B AR TR A ) R SR AR S A R
Fy, REfEIEsRAE BENIPE, 1 H AL S K E
W 2B, 7EXEDIRESARRINEE T, £ 150 °C.
170 s FHIY) 120 min, %L 0.6%11 AAMS-1
IR FE A AR5 7E 50 mPars A b . B i%2k
TR 8 AR 500 0L Bk AR S R e b, T AR
A RN 210 m®, fnfd 85 m®, UG T R4y
FERCR . S S OOl R ] ) Dh RE BRI £ T
B B TR TR BT DI RE RO 3G AR 77 2 A1) SSS
HINREBAAR, K S AM f2 N N-Z B R B R4
WA LS (DMAAC-18) Hfk, @i /KiEmR H h
FEALRGL & T = oc R Y. SSS BT B iR
SRR UL R SO TR PERE, T2 &5 o i 2K
IG5y TR B R M ZS NI, oE— 2R Ak T LTt
IRPERE ., 7E 140 °CHI 170 s REY) 3500 s /5, i
AT EL 0.5% 1 4 B 7 VR IR R 2RO AR R A
92 mPa:s,

PRIIBESRARIL, AT 5] A B 5 & 450 10 i 5
UG K AR, MA S5 A 1- 246 3E-3- - N ke Bk
MR ER (VIM-16 ) N HiK B, I-454 AM Fil AMPS
#il & T =03t Y (PAAV ), T IRRPRIE T Eh AU

K ARSI F LK, mEAA PR, T
PEIERE B, M QBRI ERES X PAAV RE W11 38
1, T RGER I , IXBERE LS R 3, #F 120 °C 170
TBYY) 100 min J5, HFWEEE A RETE 180 mPa-s
VI L, HBEE A %6 <5 mPa:s.

L EFE, TR RS A R YRR
T BB A L AR 1) 7 P M E DA 45 R T i BAACRD
LW B S, SEELAL S Y 408 B B
33 KREEBBRMARKGSESYEHIETEF

N T E K EE S A KA SRR, AT L
FIASE R R ALK R, T RALIEHEB P
AHEE TR 5K 0TI UEsE, A BRI F%E
KR, B, e L K S R PR R
KR

WANG ZE17ID) AA | e i 3R 480 2 045 Tk P9 0 R i
IR, SRAKEW A SR A AN & T Zon R
Yo WHIC KRB, Bl fi 3 R M Tk T3 A7 TR IR
R OIRFE BRI £, A, R OIRSEBECH 10
R KA. SR, BEERA YT bt
RA CNEEEN IR R AR LB s K, 4GRS
R (17 @) Aot Y At B2 Ko by N =0 AN O
feita#, XIERN, sk RS s, SHE
o3 INFR I AT R 46 A, T BOK 3 7 B2 080N

WERPILL AM . AA Jo /i LB 48 2 07 ik
PR TR TR N SR, SRADKIE IR A MR A LSS T
=it RY (PAMSn, n MR LKHIEBE), 5T
K, 7E 30~140 °CHyE At fid, PAMS-3 %
PAMS-15 %2 IR B 8\ 23.51%42 Tt % 53.63%.
KRR R, FERREKERS, ERSYHR LI
S BB K, BAWE S TAEK i [
LRV g W E WL | FK ARG ML SIAHZE S
FERA YIRS TS, 25 8 =2 W45 250 5m
B, SERESITERAOER ), BEERT
MR vERE . FE— WP KB, R ARGk AT
A Maxwell #7018 S 7 IS SLBOR 3 K AR B T 2R
B FRIZRE, NIk, TERAR G B B LR R
F, LERIR G B B LA s Sy 3210
34 FEHRKGEREEWERIGHEF

BRI K B G Je 35 K SR A 4% AT PR, T L
51 AZE J R K BLA LB T K 45 7R O MAO
0P AM . NaAA . AMPS FIZ5 2 R /K Bk N,
N-ZIE T e NI W O JRRE, SRADES I AR A
Bkl g T oc Y ( DIPHAM ), R &M, K&
I L2 A TR R T 490 mo/L, HUEEAR & H T
25 B R K PR B4 TSR 4 A e U2 ARk
ik 500 mg/L 1 DIPHAM 7K ¥ i A [6] &
NaCl, H: SEM ENE 4 firw, Fi# NaCl i ik
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FREI, RR T RIRESH, 24 NaCl it ik gk
8x10" mg/L ff, RN AR BT X REHE N,
5 B R K AR A s K PR, 7R TR T2 il
Mt B, AR BE AR — 8 41 4 G Pl 2 R
H, L, RARMFRMEE BT —B LT
Fi . (HREE NaCl i s i B ik — B3k, FoRgh i
PUogUIERR R W A 2, KRB BRI,

FEMCIER b, AR AR S i R SR R
Mk (MADPS) ¥#: AMPS, 4 7 ooty
(HASPAM ), W5 &8, HimA 466 Bk R
400 mg/L, 4rFml4EAae i, T P EEE
R HL 28 S R i i Bt T, P, 24 NaCl i & vk
iK% 2.0x10° mg/L Bf, 1R FR A9RGB (R ARV 1R 2k
FER 125%, 25 @i drh Mg o il iz 2ot
PR Z W AT N B A D AT S0, B AARRUR
B, HXPE ORI E RN 14.56%.

a—4x10*mg/L; b—8x 10* mg/L

K 4 ORI NaCl i B T DIPHAM K% ( e
“} 500 mg/L ) ) SEM [t
Fig. 4 SEM images of DiPHAM agueous solutions (mass

concentration 500 mg/L) with different NaCl mass
concentrations' ™

35 WERERKGEEESYERIEHEF

B T 2R A S K AR, BRSO B i — 2
TF, TERURAR R BA A 5 A ELAT R TR 4P A B 3
e DR FIVE R R ik ik & B . MA ZEPH AM
Fl DMC JEpffk, FLA 7 R 2R R A RUR AL 7R B 7K
Bk (PMB-16), #l% T =Jc3EY (PADM ),
5 AP AT ACHR . AR 72 PADM 43
TR B S o e R K iR, Z R RES R AR
B, R E T S5 A MU K R4 B8 S 2 1
FMr 4 B 0Bk X R SAR R AT 120 °C, 7E
90 °C, 170 s* F a7 30 minJ5, HFEWAEE6E
REIWIRIER 93.9%, I H AR B4 bt
BE RIS AT 1k

L AM FTAA SR KK, S AR
TP B BB RS K SR (AJ-16) SR U i 7K
AR, AMPS SHIjfE IR, #l4 T UG RY
(GAF-TE), fFFE&BL, R w k7K e il e 2404k &R

REME I/ X I b 2 Hh SR AV ok, TR R KA
W5, GAF-TE RBMSTEERZN . MRIER . 0+
(B EE B SE | 4 A VE TR BUR A B K IX, ok $2
B . 5IAH WG SR BRI S , 7F 120 °C,
170 s F B4 60 min J5 , JFi it 434 1.8% Y S Bk 54
KR F MBS 121.45 mPa-s, 7655859 M 5 )
PEATE RS, 33 dELHER, (A D a gk,
REfS A SO g2, REFHLZE R A X R e o
36 ERMRKGEEEWERIGHEF
3.6.1  Fdg b A KA b K R R K SRR

FAN ZEIPI20 AM SR 27K B dk, AMPS Sy DB 5
i, BAMHA /et T H 3 N R AL A\
Jot i P BE DN M R TG PR R /K B, 46 T DU DC R R
Y (HPAOS )., WF7E kR, & & Hikialfeig =& PlH
BN, i HPAOS FEAH[FEh B+ 5 it T A T35 38
RAE Y HA T = FE AR . 78 180 °C,
170 s B747] 80 min J&, SR 4L 0.7%(% HPAOS
IR AL T BE 18 21 87.0 mPa:s.
3.6.2 F4H BN AFEA FHKEIK

WANG 27810 AM Fil AA R K ik, AMPS
R RE AR, A e iR AV K Bk ( NDA-
12) o g B R £ 0 Tk TR IS TR TR 5 7K B ( MAA-
EOxCis ), KA KB A LG & T Hon L RY
(HSRP ). WF5% & Bt , HSRP EL4& &k i i A7 fE( 14 5 ),
OB, —Jrm, BEERAIMA, $hE TR
WA FONEE TS B S far, R 46 R A WA 1)
PERCR 2T KA IR, SR TR
T, 5—)5m, HSRP WL F&. E486
TR Bl B IA) B A I 3 0 22 5 DA R Vs T M R 1, g
it — LRGSR ENRE; HH, 48 TS
RACHHE B AW — & BB T B /KR B
[E) P I

Adding salt

i -~~~ Polymer backbone
i~ Longhydrophobic chains \

~  Short hydrophobic chains | | » é‘/ f
() Shell e Saltion ./.1\,,\

Core

5 HSRP [ 41545 1y 25 4p
Fig.5 Change of HSRP self-assembly structure!”
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MR “Boe” S5 FEREICHR, Bk, &R
FE ko i T HAA I A B ok RE A Ak AR P RE

J T E KA BY 1 B A B K S S R A A R )
titk, WFFE N GLIRIE N “SERZHEE” R “HR45 A Zh
JE (AR )" BIAF T, MAOZBDL T
BIHARRPIBTTERE, LhE g S 1E A RRR A Y
T HFBR, £ AM . AA F1 AMPS 3 Fift B fit) Bl
b, BEGIAT WL T 5L oS ket
FAkEE (NPA-16) Fil+ e 3R 4 O 0 ik H L T 4
MG ( MAA-EO,3C,; ) IR /K B4, 3 it fiss oh 2R
G T HCERY (HALMP), #F5E kK,
HALMP BEHZ7E 5.3 min NI T /K, HARX 77
HAUH 1.5x10°%, #Rifi, i34 0.3%H) HALMP i
WAE 511 s VI R, WAL 5 E 126.3 mPa:s,
FE A GK R T AR R R A W S5
R, IR YRR

R 7 45 B L SR g 2% e 5 AR 2 0 Tk T 0 R TR
(ECY ) S5+ /\kedk —H LGN LA LEE . AM K
AR, BOKBERREGRNT&ET =T RED
(HLMY ). ECY & A IUE St b s K ek, BEnT LA
TE—E R EIRPTEL B FROER R bR #, T LAAEER
B REH T 5 e R Mg K Bk B T BB 1
P RBKIX, N2 48 5 7 R N B B Y
KAEERME A GUK AR R 2SS, PR
T AT R i Eh M RE . fER R b NaCl T CaCl,
) B 43543 1) < SO 1%, REAS FE 30 1 Eh e HH Y
et
3.6.3 EREA kA R A A 5K SRR

SHI ZEBUL AM . AA | ZEEEi KK (DHM )
T AMPS S JEUEL, SR KR A il 48 T oot
RY (ASD), FEFERE I, 51 AR 1 IR EER P o5
Bk (NPS) il & T HotdtRY) (ASDM ), 45R3#E
B, NPS B3I ALl ASDM ¥ i i) 6] He ASD /b
66.7%. JFitt /% 0.5%I%) ASDM 5k 75 £h Ji 2 vk Jif
K F] 1x10° mg/L A () e WA e ASD 2 55 100.6%,
k%] 175.9 mPa-s, 7£ 120 °C, 170 s F 854 120 min,
JFHE 80 0.5%1) ASDM ¥ i ) 22 WL 2k BE 45 vl 1
ASD 27} 46.6%. miitnl W, iEid & A5 A NPS
SRS W E R THA R ERE . R, B A HIKER
A 0] i 6% [ s 52 B B 7K 4 A R 4 80 2 26 1 D3 ) R
H1, fi ASDM %5 [a] W 4% 45 6 A 15 51 &0
3.6.4 FERAF R FAKER

ZHANG 5B 2 LT ik — 4809 5+
TR A R 2-FR FE TR R ) R Uk
FeE A N 7S D-AEO-MAQOZ1 #1 D-MAOZ2
AR R ALS K R, JRE5E AM L AA Fll AMPS i
£ T HoeH Y (PDMAL), W5k, FE R

M F+, PDMAL e AR AR I T o X2,
PDMAZL 435 8] B A ] 22 B8 U i /K B B ™= 2 T By
[P FRACHR , DA =2 T 5 2 4 118 550 7K 25 48 LA B o
T ZE R R R, IR EE B T i — Ak T Hi K BE
BHMHEAEN. BSREZAZERAGKEGGRAY
TR E, ZHANG 283t A [R] 45 K ) R A W kAT
THRAW, RBAERER TR, KRR
IR S, XOEHK, RESRE T E RN,
AR TLCIE R Y PDMAL 431 R &4 1 N Eh 454
(B AW 51 AT R , 4 T4 B AR AR B ET &, n I 4
AEREE, 20 T PR .
3.6.5 HAtLH AR FHAKEIREAL

HAh B2 ARG K AR A, W B e K
g e 10 g K B ATB BRORRG  BE /K BR R g K B
ACIBS) I R NG o i Ak /2 e R i K e A (8O & L
H, IS A 6~8 MMEAM T, B HItE S
1,4- WA R EE BT AR S5 4, A5 AN Rk, Y
2 S 5 K I AT DA Al 7K 3 A g R A
WAERMES S, HIL, &6 R8BI —E
TR B RTEME Bk B, iR BRI g K s fAk
B4 DA 5 R D AT DA Sk 2 B TSR B W o R TR | T
PERE. PU 21 AM Fl NaAA R3E/kik, &4
LA B- ARG DI Rg ALK B4k (FB-CD) Fil N-K
FEHPERE (NPML ), il 45 T 1oty (HMPAM ),
Z ¥ HMPAM 51 NN N"-+ ki 5k = 20 =ik
F TR . TR EN AN AR 5 G 25 10 8l Lk 2 1hg
TR (VES) ZBECA TR (NAF ), BF5ERM,
NAF AR R U2 i HMPAM 5§
VES W4, X—RIVEHKE A EREEED
Kot K % B 55 0% IR e o 1 2 2 A Y S R AR T 5
M. mH, NAF KRS EA DS iR . ey
PERE, RSB T 8 Sk i ToER .
37 BKGEEREWEREH (KR ) —EFigHEF

BEBE DT IRA , BRI (<) —ik
ARk, XM, ERME T NG, &
BT R B T R HE, T ULET, AR R R
A RENE AL B W TG EY T, I8 S IEHY R A &
B AFLBR A, G FL B P BE SR I A R
KRR FE, DL K A sk S R R, A Al
RETTS B R AV IRIMAE 1, 2E T A i AR
R MREE B W AGE 2 FLBR TS PE 9 ek “Beo”
KRG GREW T, HTHREWEEWE
PR, SHMEMBING, e e 8 K EM) 7=
TG PE BT, AT S 80 S AR vl i — IR fk, 1%H
RABKERR R “SEME =+ E B FHARPY, Wi,
BBl S8 1 B AR A T35 WK AU B B R0 RO &, X AER
B AR A AR F B ARG e A R
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R TSI AR IS A B R LA AR B W AR T
PR B AR, 76 2P W H o B, el
Ve A B B B AL RS YR B, S, e R
£ AA. AM F1 AMPS LR 3EEAE I, [FIRFSIAT
NN-ZH R e a N S kg ( DDAC) #i
Bk 5 K SR ( SGA-n, n=5. 10. 15. 40) Fiff
BAEBUKEMR, R A RIERAESE T oo R
¥ (MHAP-n, n=5, 10, 15, 40), WK 6 fix,
X MHAP-15 (FsE &8, i TREW EHEMA L
s SR B B EK A, SR A PR R B B+

a

w Gel bre@g
'

I\ LRI B 1 2= Bk L G K BE BE P T S Y A ke
HMR e BAHUKYE, EARRT, BB PR B
ZI IR ER S R, PR G Bk EE B E] d 2
TR 4 A A . AR, 7 JH AR 0 i 4 A 771
AR (APS) Ja, &AM A %, B 1E
FEAE A I EERRWTEBCR , BOKSE &R G K
SFHEWTRE, TR R AT 2R ARL A T A 7R 254 B4
JEESR o S I A R I R R A B e A BT A,
% 2 He By 1 SR WIS W LU e R i i i, AT
AEAS K T B AT A5 2000 MRS

New micelles

XHx

\/\ Carbon backbone

N— Sulfonate

® " Cj;long hydrophobic chain and oxyethylene groups
“\_  C,, long hydrophobic chain

6 MHAP-15 A PRk MLk n 2>
Fig. 6 Schematic diagram of hydration degradation diagram of MHAP-15 polymer!?”

W T ol i [ it ) O S BB W UK s =22 b
I T LA 3 i A5 A2 1 H 0 TR A ), ol HAE X
JEZEWH AT HEBR 1 [ B 2 T RO . Bl . e AT
KRR G Y AT RS R rh, B KZ T
BB A A LB, B AN R BE R SR
S S, RUKBEE, XA RIBCR 3R 2k
HWAHIE T WANG 257D AA Fild 3 B 48 2 Js ik
PR TR M BAA, SRK IR E R A k&1
TR B R R S, T LUK B AR
o K ARE B SR K B0V, B R HAR 5 KRR K
IKE PR RACER

HZRESRE

i 7K 4 SR ) s S RS A D O e AR AL
R EZA A 2 —, HEPRARA 2 HG T
R I , ABAT A DA LATT WA 5 T 4k 20T JEE R A BT

(1) N T HETHK 4 A 55 1 s 240 R 750 g

4

AE, &N H £ )™ w7 AR HECER T , BFSE N LI
THRBEZH0E . BUKBRLZIRERIR, o1
IR SRR BE S T B BOR B E R T2 158
A o (EAHE RIS, HATHE A BOER 1k &
AR ML, AR I RSB K 45 5 R A Y
Ir T OREICHI SR o BB IS A S, SO A TR
SLARTNN 22 73 B TR R HEA T 403 00 2 P 2R PR B
2, R R E S BN Bk 45 R a0
T, AR SRR AR A R gl 25 S R 4 ) B
MARFEAS [F) FETC ) 4 B 226 he 0, S ATAS dn s
P E 2 K U R R ST, LSO AT B4 4 FEE DG A MR 2R P

(2) FHT, He SRR A I8 375 R 3 AN
A, WEFE N SBURIX , A7 1 e R (<)
— A" BT, OGS BRI
A RFBETE . PR SEOLEF , ST R AT il
WA R TAEN A, BRI T 22 X2 BRI IR
FRERISS AN, TR T 58 it — 4B ey Tk
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