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HH A T AR ARG B F N8O AN -, B H e
T AL Ve KA BB AT FR AN ]

il =X A I AR B R e R A A IR A
PHSJ-3F %Y pH {3, | ifg BR 8 46 7K 52k A7 BR 2 W 5

Mars60 EUiER: i A% , 78 Haake 23 H ; CRS-500-35
TR e vl v T e [ 5543, & [ Temeo A o
1.2 KEWHE

(1) PRI 2 I A

DA 4% 2 18] 70 mL 9 3R £ BERR AR o A
1.3%ZZ 1h 51 L 0.7% B HEFI A1 1.0% 8k B FFa e 1), I
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3500 r/min A9 %% T RFLEHEFE 20 min B 2 E R EA
—EEEE

AFH 2 8 1.5% E FLAL 7 span83 5 0.3% B
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1 1.5 1.0 0.5 75
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() 322 R 22 B LA R i, Ay 3 PRI 2R 9 52 il A
ZER/IN o Y BELARF I BE h , F  0Fe e
AR 2% | T B LA RIAT FT O B 5 KK A S &
T AR B i sl e LA R 3 . i AR A 3 g 2L Ak ) T
DATEZK v A= 3 25 04 g 107 1Rl i i A, (255
L B SR I 52 I B AR R VR e 1, NS 2 2 R 9 .3
A7, BT RS PR s R R AR AR A
1.0%3 2 2.0% AR FA20E PERG 3R, 3O R i F
BT AT LR UEAE 2 i B o B v 5 8 A il 1
JE T /b B AR AR JC Ik e S A i . FLAE

®2 EXIWHER
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% % % /C

1 101.5%)  1(1.0%)  1(0.5%) 1(75) 8
2 2(1.6%) 1(1.0%)  2(0.4%) 2(80) 14
3 3(1.7%)  1(1.0%)  3(0.3%) 3(85) 47
4 101.5%)  2(1.5%)  2(0.4%) 3(85) 13
5 2(1.6%)  2(1.5%)  3(0.3%) 1(75) 69
6 3(1.7%)  2(1.5%)  1(0.5%) 2(80) 11
7 1(1.5%)  3(2.0%)  3(0.3%) 2(80) 76
8 2(1.6%)  3(2.0%)  1(0.5%) 3(85) 10
9 3(1.7%)  3(2.0%)  2(0.4%) 1(75) 13
K 97.0 69.0 29.0 90.0
K 93.0 93.0 40.0 101.0
K, 71.0 99.0 192.0 70.0
R 8.7 10.0 54.3 10.3
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6~9 h g A M ny H st 8T 130 T T, 12 h 52k
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BT, SOOI B, TR AR I RS S8
IR AR 2 T0 A S H 2 F Rl AT
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NaOH i ilfit/mL

B2 AFREEE T PGAZEHE)™ i H M (a)

130 “C I J R B A 1 2K (b)

23 EiRERH S IRETYIMERE

f£130.150 C T, PGA ZZ i [ix . 1 iR 5% i ig Fl
22 SR 2% LR 1) 6% 5 Tl 5 1) B 1) ) A2 Ak 51 3 e
JNo TE130.150 “CF, 3 Az sl R i) 2 B 1 2 B
) 2 B2 ) T R fa 3, (HL7E 150°C BT P R A L
PGA ZE3R R W IR 25 B v T HA PR FR 22 3R 11, 3X
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— 140 LR IRARNFE S s AL T2 A AR 1
o ~roazmin 10 SRR 20 5 P X B L o R PG 28 o R 1) 1
sof ) T oo W R O TR T 3 90 S
el 0 2 Ay i 454447 T — 2 1) ) R 48 YR 24
Sl {oo = I IV PGA 28 S AT 4 0 1 28 3 7 (48.19% ) 3
® | a0 2 PR BRI (18.02% ) I 2 MR B R I1) 2.7
7 o FEN 2.1 4%, TR R A A, B0 J2 o T - MRk
O —a———i0 AT FL I SR I 52 4 80 1 5 M R L 2 U
i min SR I LT TR IN 2 0 25 4 M B L 7
. - VIR I R SR R 4 (LR —
ol ST e immam {0 ST I EL A 5 4 A1 119 NHLHE, 5 H' 2818/ B HF
E T4 BLBAE R ST 5 I SR I A Y SR ek S 0
7 "l M HF IR L . HORZ AR 5 PGA B h 29t
Eoor Y BIUERR , (F PGA KA 1 B WEI = T 2 SRR )
I VAN T4 1T BLECHRRTE , B PGA 2B AR B R e &

20f ARG HRR = -
0 3 130 CRIARERE TEE R AYA R

, \ 0
80 100 120

0 20 40

60
5 [E] /min
K3 130°C(a)F1150°C (b) T 3 PR (T iR Hh £k

BN SUE VAR LT B R A, RS, L IX 4371
G LLI/NIT T UG KA | O 22 SR PN i TR A
JER/IN, PGA 1 AR 58 AR, 1 2 W D 22 T
IR PGA G [R5 M AL IR I 254, AELH = AR T
TERRAIE T HEREATRE , YA 28 B H
P FEEROWRE TR REN, | T2AR%EHE
T 1) PR T TR 18— [0 R 2 P9 S, SR vy
TR HRIAZR . 7E 130 'CF 594 120 min B,
PGA ZZ IR |+ R 5% 3 2 A1 22 SRR 28 33 R (1) 2 WL 28
FE 435124 31.22.20.51 F1118.6 mPa-s; 150 'C R4
20 min B, 3 92 SR 11 2R LA 2 4301 A 28.4.19.9
F116 mPa-s. MK A ELA KRR AT AR MESY/T
6214—2016{ Bk FH R4k 77 ) A1 SY/T 5886—2012
(IR REPEH 7 18) b Ir L (22 SR 28 AR
T 18 mPa-s), PGA ZZ R 7F 130,150 C T My & &
Y00 S v T bR ot B R Al o e 2 o
1, I T R RS ET UM RE
24 BIRERFHSEERMR AR

1] 250 mL ) PGA ZZifi 12 . 75 141 4R TR . 2 &
GE IR A R R A 10 g 19 75 um 50 By
KL TE 130 “CF S 45 min &, A O b i ik
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[T WO WIR% ZZH /Y,
HCI 8.11 81.1
+ R R 7.53 75.3 18.02
L AR EIR 6.27 62.7 22.69
PGA ZZ#k[iR 4.14 414 48.19

2.5 BERNMHNZESN

R v B AR R 2R 1B I, PR ARl HE A
ANAR HE A R TE RN 9 HAE ) R 28 N H,
IR B4 T S 52 IO 3 24 ORI S I B80T 3 5 4 24
A5

J=Kc" (4)
_ (CO - CI)V
J= S (5)

P R A R 3R mol/(em?-s) 3 K— [ %
AL, (mol/L) ™/ (em?+s) 5 c—t 5 2 iR W 1 &, mol/
L5 m— N 208K co— ROV TR MR, mol/Ls co—
BN I R M BE , mol/L; S— A FE TR AR, em®; V— %
W PRIARARL, L s e— S Vi ], s

1£130.150 'C R, A[a] H¥e B 1Y PGA 22 14 iR |
- 12 % SRR PN 22 SR 2% IR E 1 7 IR 2 U L 1) 80 )
2EOHT W 4 RN 4, TR 130 ‘CFHE 150 CHY 3
Tt 2 SR TR 5 250 14 B 7 R S 3504 JOr 8 i . (L DA T
AN BT FER] LI, 7E 130 “CHY PGA 223
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F4 130 ‘CHF150 CHEAE I iz SLIG#1E

e R I
TR e e/ [mol-(cm*-s)™] DA YK
R .

(mol-L™) 130 C/150 C
95 1.7418 x 10/1.9553 x 10
—4 —4
e 00 13410XI0YLE8I X107 oo
R 85  1.0921x 10°1.3835x 10+ J9-1601x10% ¢
80  82518x10°/1.1805 x 10
9.5 1.3957x 10°/1.5446 x 10~
_4 4
%%:LM 9.0 1.0214 x 107%/1.0911 x 10 J:5.6507><1079 c461||
T g5 g7074x107/8.8978 x 107 J717726x107 ¢
80 62322x 10973372 % 10°
95 12063x10%/1.3158 x 10*
-5 -4
pga 90 9.078 % 10°/11601 X 10° g o1 ooy
THRE g5 69258 107/8.1804 x 10 J41832X107 T

8.0 4.5662 % 10°/5.4774 x 107

TR 5 20 118 52 O 8K 3 B b = R 0 ol R 114 ALK G
ARG, 2 SR % R R 1 AR — S B
150 “CH} PGA G [R5 77 0o 11 S5 I 38 5 i B8 i
EATS L A W b 2 Sl R e AR — N 2, UE P PGA
GOE IR B R g bERE . ETHRIIN R A sh 3
ST, PGA 2% 3R 75 2 10 AR 0 AL BE sl 1N
TR SRR T PGA 28 3 R 14 S N 8 m KT
H AP RN OE R 10, U B AR A TR RE , RV vk B o
TR S0 R, 25 75 1 PGA SR R = TR MK 5
PIAH PGA Ffi , A5 G SC e
2.6 A EEETET NSO F B E ih{E R

90 ‘C I, N80 i 1F PGA Z53# R . + PR 2% 14 ik
22 AR 5% 3R 1 v (%) - 349 i ok R 4 331 Oy 3.453
6.603.5.179 g/(m’+h) . IR M54 A VEH R
ZR R N HLIR DL SRR ) = I b, BN A 5 £
e S ANARE i) ARG S ks o (T N )
ST . Z2AMERIRIK R D& A VLR,
IS0 R RO A B R L R A AR
T B AR (0 RN 5 9 R 2R E AT
THEZRY . AR, 0 7 PGA 283
PR AR 28 PP SR I, 2 T H BT R AR AL, IR
URRTAEOR it N ek O 3 1 2 < A e 4 7 )
5.0 g/(m*-h),

B RSO, RN T R T R O BERR R R 1 A S M RE TN 399
-3.7
-3.8}F
-39t
5 ~40r
-41t
5 _
42} 9 = HREHIR
o ZAMZEHEIR
-43t A PGA 2
—4.4 ° L 1 . L 1
0.86 0.88 0.90 0.92 0.94 0.96

K4 130 C(a).150 C(b)TF lgJ 5 lge A2k

3 45iE

LA PGA R NAH Sl AME , I AR S5
FIHLA 7S Jin 7] 1 2 HAT T AL PR Z5 44 1 PGA 23R
TE90 CHI R EE 76 h AWEFL, 130 CHE 3 hal =/
7.91 mol/L [ H', R4k )z N i 2 22 1] A= % 9 mol/L LA
A H; 130 CHEETY) 120 min 5 26 WA R 31.22
mPa-s, 150 ‘CH 4 28.4 mPa-s, STl ARt

130 ‘CHf PGA 22 B R %] U ) i 25 52 L3R 1
SR )R 3+ R 2 S TR PN 22 SRR 2 S R 1Y) 2.7 A5 A1
2.14% . PGA LB IR0 14 8N 45 RN % 5 [R] v
1) 2 AR R TR AR LU ] B AR — a2, 5 1
2% IR AH LE AT BRAR P B 9 . PGA 2% 3 i X
N8O 54 F ) #5838y 3.453 g/(m™h) . PGA
R TR B 2 M BE R, X4 A B ok 55, H A
LR E U IR TR PG T AER B
A R RES R SR .
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Preparation and Evaluation of High Temperature Resistant PGA Retarded Acid
GE Yizhuo"*, ZHAO Wenna’, ZHANG Cong*, SUN Zengzeng'*, XU Chenyu'*, CHEN Minggui'*
(1. College of Petroleum Engineering, Yangize University, Wuhan, Hubei 430100, P R of China 2. Hubei Provincial Key Laboratory of Oil and Gas
Drilling and Production Engineering, Wuhan, Hubei 430100, P R of China; 3. CNPC Engineering Technology Research Company, Tianjin 300451, P
R of China; 4. Beijing Project Management Branch, China Petroleum Engineering Company Ltd., Beijing 100000, P R of China)

Abstract: The conventional acid fluid stimulation system has inferior high-temperature stability, fast acid rock reaction rate and
problematic demulsification. To solve the mentioned problems, a high temperature resistant PGA retarded acid was prepared using
polyglycolic acid fluid as the inner phase acid fluid and diesel oil as the outer phase, and adding appropriate surfactants and other
additives. The properties of the system, including the stability, shear resistance, acid production capacity, dissolution, were
evaluated. The results showed that the optimized PGA retarded acid could remain emulsified state for 76 h at the temperature of
90 ‘C. The system could produce 7.91 mol/L H" within 3 h at the temperature of 130 C, and more than 9 mol/L H" at continuous
reaction. The final apparent viscosity of the system under sheared for 120 min was 31.22 mPa's and 28.4 mPa-s at the temperature of
130 C and 150 C, respectively, which conformed to the requirements of the national standard. The static retarded rate of the
system to the core was 2.7 times and 2.1 times higher than that of the same concentration of the mud acid and the multiple hydrogen
acid system, respectively. In acid-rock reaction experiments, the system could reduce the acid reaction rate by one or two orders of
magnitude compared with the multiple hydrogen acid and mud acid system. the static corrosion rate of the system to N80 steel slice
was only 3.453 g/(m*h), which was lower than the standard value. PDA retarded acid exhibited well slow-release performance and
weak corrosion, moreover, the degradation products was harmless, which met the requirements of filed processes and had good
prospects for sustainable development.

Keywords: PGA; gelling acid; emulsified acid; retarded acid; degradable
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