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Synthesis and Field Tests of High Temperature Resistant and
Salt Tolerant Acid Thickener TP—-17

ZHANG Junjiang' ,DU Linlin’ , YING Hailing' ,ZHANG Bin’

(1. Sinopec Northwest Oil field Company,Urumqi, Xinjiang, 830011, China; 2. Orient Baolin Tech-
nology Development (Beijing) Co. Ltd. , Beijing,100083, China)

Abstract: In order to meet the technical requirements of acid fracturing with long fractures and deep
penetration in the Tuoputai Block of the Tahe Oilfield,a high temperature resistant and salt tolerant acid
thickener TP-17 was developed to accommodate the high temperature geologic characteristics of Ordovician
Formation. With crylamide (AM) as the principle component, the high temperature resistant and salt toler-
ant monomer 2-methyl-2-acrylamido-sulfonic acid (AMPS) and self-made cationic monomer (X) and maleic
anhydrides (MA) as auxiliary components, the quadripolymer TP-17 formed by polymerization. Research
results showed that optimal conditions of polymerization was in terms of molar ratios of 5 ¢ 3 * 2,1. e. three
monomers AM, AMPS and X ,which have total mass fraction of 30. 0% ,with MA mass fraction of 15. 0%
and initiator mass fraction of 0. 4 %. The reaction temperature was at 80 °C , with concentration of the chela-
ting agent EDTA was 200 mg/L,the reaction time lasted for nine hours,the pH of reaction system was 7.
Lab and field test results indicated that TP-17 was an acid thicker with outstanding heat-resistant, salt-re-
sistant,anti-shearing,acid dissolution and compatibility performances. Desirable effects have been observed
in acid-fracturing operations of deep carbonate reservoirs. It is considered that the TP-17 is suitable for acid
fracturing in fracture-vuggy deep reservoir,with bright prospects of applications.
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Table 1 Impacts of initiator volumes on conversion rate and

intrinsic viscosity

g1 %5 Rtk %/

T hnE L % (mL+g 1) ®iLE. X
1 0.1 461. 32 53.5
2 0.2 625.18 79. 6
3 0.3 825.73 95.7
4 0.4 871. 34 96. 3
5 0.5 742.01 93.2
6 0.6 517. 21 91.4
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Table 2 Impacts of MA volumes on intrinsic viscosity of the

polymer
¥ MA Jintg, % FAHERE/ (mL - g D)
1 5.0 709. 15
2 10.0 798. 30
3 15.0 825.73
4 20.0 642. 52
5 25.0 435. 21
6 30.0 325.47
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Table 3 Impacts of AM,AMPS and X proportions on intrin-

sic viscosity

F5  a(AM) @ n(AMPS) @ n(X)  HEMZEE/ (mL gD

g§:1:1 490. 71
652. 34
714. 69
825.73
775.65
748.32
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Fig. 1 Impacts of total monomer mass fractions on con-

version rate and intrinsic viscosity
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Table 4 Thermal stability of thickened acid

TR/ C 1o/ (mPa * ) 1/ (mPa « ) ws %
140 68. 3 54.6 20. 1
160 68. 3 48. 1 29.6

HH 2 4 AT B AR W AE 140 F1 160 °C il BE
T 240 min J5 R EE T R4 518 20. 1% A
29. 6 %0, 15 W IR VR 52 v R I IS e gk A — i
i, (B FRALER 7E 160 °C @i F A # 240 min 5 )3
WEEFE A1k 48. 1 mPa « s, 1t B 1% B8 1k 1R (1 it 35 o

AE R 4F .
2.3 mEYItEgE

FEI G it T v, B Ak R R 32 3] K HE it 1 s 3 5
DA HE A 4% J5 A5 i 55 U4, 45 0 JL 3 AR
S H R R (G AR PR RE . 7 20. 0 oFhER
A 3.5%TP-17 Eﬂfﬁwﬁ{m&akﬁxyﬁa?ﬁmﬁ@ 160 °C,
BYPIHOR 170 s ' BT YIS ] 120, BEFE 20 min ] &
— AR TR ) UL 5 R 4 P .

80
70

60 \

20 30 60 20 100 120
W0 i)/ min

4 160 'C T L ER 3 VL B BB 5T I B 8] B Z 4K ph 2
Fig. 4 Changes of apparent viscosity of thickened acid with

FEMFL [ (mPa-s)

shearing time at 160 C



% 45 5% 6

FRAR TS, AR A 3 BRIR AAL A TP-17 894 R A I X 36 97

M 4 A LLE S 7E 160 °C 170 s ' &4 .7
PR 2% WL %66 J32 Wil B 1) sf J) 385 4O W R [ R B )
120 min J5 HRWE ZARFFTE 30 mPa « s UL I,
117 B3 187 A %) At R Y (BT Y1) 120 min J& A9 R WLEL
JE— M 7E 20 mPa « s 2547, Ul B3 H 40 55 1) B
B

2.4 ZZiEMERE

A3 SVEBCAS I AR T8 B8 4k 57 TP-17 F1 ZX-180 )
—E AR . 5 A TR A X He—[a] b 4 )2 Y
FOODTEE R R 54T RO, BEFE 30 min B D
BRI o FH U S AL AN b 1 1 TR0 o W00 75 ) 4% TR V1) I
BB S s R R RN Y A TR R A A B AT
XL S5 R ANE 5 iR,

—o—TP-17
—C— ZX-180
—o— ZEFIERA

0 30 60 9 120 150 180
e 1% i (6] / min

Bs5 TAHBREEMEREXL
Fig. 5 Comparison of retardation performances of the thick-

ened acid

&5 AT AL, A AR Ak R A R R T A B R
R 32 BH PP AR AL IR L I 30 min J5 A% R T i 43
AR 3. 7% A TP-17 BB AL R FIAE 1T & X
He H A7 Fr B9 ZX-180 MFEALERYE 2 i 30 min
S5 Y BT A3 By B 18, 3% I 15. 4%, A ORI
[E KT 120 min, Hrf, inA ZX-180 Y2 W 5 i
SYEUCE B E B = TN TP - 17 B R W, R
B TP-17 (8 AR 1Y) 2% 3 1 g B4, A T ik
FiR £ K 2 A TR s

2.5 PuEhEAE

WIREL A= R AR A N 5. =7 EF 2
Ca™" \Mg"" 55 m iy BH B . {38 1k 2 1Y) 266 B Fn 2% 3
PERE R RREAR . 2 N C i A8 A6 50 TP-17 JiT & 4 4K
3.5 A AL R, M L AE 160 °C R R EE R
48.1 mPa « s; 88 J5 A BBk B 15 80 000 mg/L
(3.5% NaCl+2.5% CaCl, +2. 0% MgCl,) i 15 4)
M JZ KSR AR 7R 160 CHlE i 90 min J5¥%

MR LR MBI 37. 6 mPa « s, fig
WM RK Z 5 REE T FE 10. 5 mPa « s fHILEE

BLSHIE e F5 Bk DL L TP-17 51 A 35
ALt BB B E b FLA A 100 i o T
L

2.6 BR{RERE

W H1 20, 0% ERBR A 2. 5% TP-17 It i 4 8 4k,
1% 5 95 e 3 FELHE R £ X Bk il ) R VS o )
P AL 5. BRIV C 7 R 20. 0% R R +2.5%
TP-17 B4 +2. 0% ZX-H1 EiaZms+1.0%
ZX-Z1 BhHER + 1. 0% ZX-T1 8 7T E R +
1.0% ZX-P1 WeFL50 . K e il 4 i) IR W 7E 5 TR T ik
B 15 d 5 UL PR A 77 AR DUVE AN 4, Ui W] TP-
17 52 BRWH IR A B 4F iy Bcfhrk .

3 Rl

2015—2016 4F, 35 In] yih 6 Hi 65 X B pg X X
455~ 7Y b 2 4 A R AT B AR 55 TP-17 19 74
R AT 10 R IF R IR IR X 5, iUAS T8
EFHRCR B 18. 7 X 10" t, H, ek
RUA T 38 B9 TP207X & 6 660. 00 m. 3 IE
6596.02m, MR Z Bl T8 &R — 1 5 4d
(6 515.00~6 660. 00 m }-B&) , #JZ W EE 150 °C, %5
PR R B 80l b KA T D B e K G R T TR
W T AN BRIR B b A% Xz 0t Be i A7 T A b k.
it TR FH T e 2R 90 VR e+ 5 1R g T T T 6.7l T T
2O 6), H IR RS BE R BC 7 O 20. 0% #h
f2+2.5%TP-17 B8 46 7 + 2. 0% & W 22 il 7] +
Lo BhHER +1. 0 0 8k B Fhae M+ 1. 0 Yo i 7L
R A i 280 m®

80 14
1 o =
i 1E 45 280 ' | s bt | FRMER ] o
60 F20m'
I —— Y 110 =
K A e \ — g
= 1 P 18 B
‘:‘1’0 T =
=~ : ] -
H 1Hit 6 =
0}/ 14 =
. 12
- £l S
0 i B o ey i .
13:45:03 14:25:03 15:05:03 15:45:03
4:05:03 14:45:03 15:25:03

s} 1)
6 TP207X F & JEHE T ih 2k
Fig. 6  Operation curve of acid-fracturing in the Well
TP207X



« 98 % ih 4k 7S H K 2017 11 A
IR G R % 60 min A $5. 0 mm JH ¥ 5 = %
S SUNETEN e S 8 Z g
FCWE, i @ WA R, K 12 ~ 14 MPa, 75 il
o ‘ . _ References
7 60~80 t/d, A==t E 480 d, Bt /= 1. 56 X
10't, WA M Bt e B Y FAR I, g4 s [1] WRJCH. S Ry B AL 22 [MO. JE B0 45 9 Tk i B4 2006 .

BAEUEAT T Blasingame £ #1A& 0. 45 UL IE 7
(B’ 7%.Q M=, m*/d; p NIE S, MPa; 1, BTG
RV 8] 5 Co S JE IR IR I R B A RO .

10° 1
oo PMIEND HigED
1o b s a o TR Bip 2
b IR BB
:3-“ 100
=
107 > f“‘"““_ P
et 47
10 . . . LT .
107! 100 10! 10° 107 10 10
lg—2 ZT 1 111
‘:_‘r H*RERERETE

7 TP207X 3 4 F=#{#E Blasingame B & & ST R
Fig. 7 Fitting analysis resultt of production data in the

Well TP207X with Blasingame curve

SHT AT R IR 24588 K 169. 00 m, 2448 K
iKE] 126,00 m, KA FUAE S 14.8 D » em, #
B A TP-17 By A iR HA R 4r i i il br b M 6e
ALY A AR R TR Tl 4% L RE 4 = 4% AR T, SR
e AR RN

4 45 ®©

1) LN AMAMPS Fil 5 i BH B F ik X o %
JEORE, A 15.0% MAL 0. 4% 5] %K 7 A5 & #e B
200 mg/L ) EDTA,80 °C FJ i 9 h Bl a] 5 %] 4
fE5) TP-17, Mo, Bk AM,AMPS #l X #9495
(2 LB EE N 5 ¢ 3 ¢ 3,3 R IR0 8 & 0 Bl
30%.

2) ENMRE L R UL LR TP-17 B A 4
T 1 L PR TS VD L R A A B AR AR

3) FEIEWT I HAE T 6 X H B R — (0] f5 41 iF
TT M5, A 7= B0 o e & 01, 38 4k 7 TP -
17 38 FH 7 o T 4% 1] 75 i 22 25 e 7 174 U A 1 e

148-165.
CHEN Dajun. Applied chemistry of oil and gas field[ M. Bei-
jing:Petroleum Industry Press,2006:148-165.

[2] WAL maTFAsE ML 4 J7. dbs . A2 Tl i fR 4, 2007
35-139.

PAN Zuren. Polymer chemistry[ M. 4th ed. Beijing: Chemical
Industry Press,2007:35-139.

[3] LIAO Yi,ZHENG Huaili, QIAN Li, et al. UV-initiated poly-
merization of hydrophobically associating cationic polyacrylam-
ide modified by a surface-active monomer:a comparative study
of synthesis, characterization, and sludge dewatering perform-
ance[ J]. Industrial & Engineering Chemistry Research, 2014,
53(27):11193-11203.

[4] SY/T 6214—2016 FALERHIBAMLHILS].

SY/T 6214—2016 Gelling agent for viscous acid[S].

(5] 3k, TriEs . XH 52 . 4. WHRW & PCAM-AMPS-St-AA) 3t
By AR A0 B4 5 S P RE D 1. i AR 2%, 2016,33(2)
215-219.

ZHANG Jian, YIN Hailiang, LIU Xinliang, et al. Synthesis and
properties of P ( AM-AMPS-St-AA) thickener for fracturing
fluids[J . Oilfield Chemistry,2016,33(2):215-219.

[6] ALLF, R, 250K, 5. HAT B R T A R 2% A ) FL- 1
ML ], BARAL T, 2015.35(1) : 118-121.

QUAN Hongping. WU Yang, LI Huan,et al. The development
of the adsorption of acid retarded admixtures FL-1[]]. Modern
Chemical Industry,2015,35(1) :118-121.

[7] HAN Lijuan, YE Zhongbin, CHEN Hong,et al. The interfacial
tension between cationic gemini surfactant solution and crude oil
[17]. Journal of Surfactants & Detergents,2009,12(3) :185-190.

[8] GAOYing,LIAN Shengjiang,SHI Yang,et al. A new acid frac-
turing fluid system for high temperature deep well carbonate
reservoir[ R]. SPE 181823,2016.

(9] #eaHe . BEIT Il FHE T & b DX B8 B 2% il i R 38 TR e B R iz )

[1]. RERSMIR S5 IF % ,2010,32(4) :68-71.
HUANG Yanfei. Application of depth acid pressure technology
in Ordovician reservoir in Tuofutai Area of Tahe Oilfield[ ]].
Natural Gas Exploration and Development,2010,32(4) :68-71.

(100 #ka% . sk, 25 /NRI, 45 S5 W BT 1 700 Xt ik 4 J2 1 s

(0. 3 b4 b 3 R L 2016, 37 (4) : 460-463.

LIN Xin, ZHANG Shicheng, LI Xiaogang, et al. Damage of
polymer acid viscosifier to reservoirs[ ] ]. Xinjiang Petroleum
Geology»2016,37(4) : 460-463.

(3 A%



