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Development of Solid Granular Acid for the Deep Acid-Fracturing

of Carbonate Reservoirs
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(Research Institute of Petroleum Engineering, Sinopec Northwest Oilfield Company, Urumgqi, Xinjiang, 830011, China)

Abstract: Due to acidizing problems present in high-temperature carbonate reservoirs from conventional acids,
such as rapid acid-rock reaction, short effective action distance and difficulty in achieving deep acidizing, a new type of
solid granular acid has been developed. The solid acid was prepared by taking sulfonic acid as the core material and
using organic sulfonic acid/ethyl cellulose composite as capsule materials, and it could be solidified and granulated by
adopting a spray drying process. The capsule material can be dissolved gradually and then an acid solution can be
released at a certain temperature, so as to increase the action distance of acid. Experimental evaluation showed that the
developed solid acid could release an acid solution gradually at a temperature range of 80 to 90 ‘C, the complete release
time at 120 ‘C was 25 min, and the effective acid concentration was up to 10.3%. Due to the low reaction rate, it can be
carried into the deep fractures by liquid media. Field testing of solid granular acid has been conducted in the well THX
of the Tahe Oilfield, and the daily oil production capacity was greatly improved. Studies indicated that the solid
granular acid could effectively communicate with distal reservoirs, and provide a new technical means for the efficient

development of carbonate reservoirs.
Key words: carbonate reservoir; deep acid fracturing; solid acid; retarded acidizing; field test

[P R T2 T 2 8 P VRO I RS, FRRR Y L, X HJZ A DL 3 28 A AR 5 09 e B A, {E % e

Fr 4l B M AE TR AL J5 PRIt R B — Fh R R BRI A A 20 DR FAR N 45 22, [R) I Al O R R

AR, AT LLSE P SEAE TR ER A 20k, 3R B A ROR
Pl 2 5% K B I E E/‘J[l]o BT TR IR 8 1 R 5% 5 Wi B HA: 2019-05-24; ¥ [E H#: 2020-01-13

b, 2004 4 B B0 AT BRI T Bk, e e e e e

’ — LmFEEALFEL, 202K FPEEHRFE (LFT) LFTa

FRAS A, T BN TR FE I 2 A TR AR RS R A % ot o o, 9w 9150 01, & %A i 9 AR 2L T A i 8 5

R HE 2 S T TR O, TR AR N R 7T g;;"“;;“; ;j‘;&p ”mi e

' I B %A% M CHALBEFSGHEZTF D
VAR 55 A SONE, AT 2 5 B 1T SR A T 280 i - 5 A7 (%5 :2017Z2X05005-005-009) Fo 316y B2 JE 4% 5 B & R 9 3% 4

W sED " W AR R, B AR R AL TE B EIBAFR” (%5 2016ZX05014-005-012) FE 4 7 85



http://dx.doi.org/10.11911/syztjs.2020017

° 94 . 2 Pzl 45

#x 53 K 2020 % 3 A

TR R TR 23 il TN B ok — 5 B B

X ] A% iF R R T A A B ), 2B R T
T 0, 2 D A OB RR L T R T I A BORL R A R
PR Jo 4 73 B R CHR BE L TR A B RL B ) o K i
RE 77 25 1E BE DN 1CIFAN, JF 76 B RT3l B THX JF BE A7
T B, 25 R W ] A OR R BE A AR KR
WAE R, 8" ROk B3

1 [EMAIBURE R ) A 1

L1 BB ER O i iR 1

Wil (A SURE P2 o o IO B 456 0 A AT 50 ) 9 et
AEJ1, Ho R iR S g EE iR . Wik . LM
BHA IR A O AR RE ), H i T2 —E i
JEE LS R R R, SEBRVE R TEAN R

JLANH IR B3 R AN 3% 1 Frs o ARG R 1
AOZE R, LR i B RR A O b o IR N BB,
AR IR T A B e, HOKI A S
ERTR | AR [R) A5 Y SRR M, X A B R e U el
REJT, 3 HAANE K | J0 SR A AR T PR/ 19

x1 JLAERBKREI C THESRBME

Table 1 Morphology and erosion rate of several common acids at

90 C
RS T B IR, %
10% 1% -GS 12.79
10% 2.1 TN 15.37
10%Hi 2 TN 20.74
10% B3R GILEN 48.86
10%h 2 WK 63.75

1.2 B Eh B B A1 1%

R A0 15 Y vty R R R A R 2 A R B 3
[ R TR 114 B A 2 SR S PR AE — IR B 2% 1 W] 58 20
il R RE L, R T ok R v o B R L AR R, A R
T ol Y 1 ) I o

PR 3y R R UL B A A A R SR
1% 24 S A 55 K 103.40 m, 454 50.00 m Ab IR Eh
85 C, % JE A AR IR B FE 75 22 20~30 min, 0%
18, R Lk £ T R BE 77 = T 80 °C A EEAS, AT LA7E 2
BENY 5 1 BoRE O VA TR, SR PR IAE RS . A
[Fi) 24 TR BE A V5 e Tk B2 B A ] 18 P41 485 SR T 5% 2
FIR

MR 2 AT O 45 SR R £ AE-1 A N [ R 1R

R 2 JLFhARE) BB M R AR IR FE R A AR (8]
Table 2 Comparison of the dissolution temperature and time of
several capsule materials

) VIR L/ C SEATVA A ] /min
TSR AN R 5
TR N
il 40 80
SR ST iR 30
AE-1 80~90 60

MR RL . AE-1 B A5 A PSR I ¥ 2 3
FHERNZFMEEZEY .
1.3 BRI &SRR

W LIRS AE-1 RAWIZE T T2, Hil gk T Bk
WORLER , FLAN R (1 0k, R AR Sk 30/60 HE, %
9 1.80~1.90 kg/L, A Fl T AR#E W . RAXRTEH
i T S OB O S F, T LA Uk O
il it 2R\ T AR B B R, BT ORI

2 [ARRURL IR M REDE

21 BHBRENH

[ A SR 2 1) A A T e B 5 EL S ik P o 4 7
Tl RE 7 % DI AH G, B JTT S 19 A TR iR B L Y
H e 3 R, Xt Bk T A 114 R ok o3 5 0 A
WURL R 7E /K h 58 4 BEUR 97 R0 H W, sk R
2 I A 3 5, AT A e T A0 [0 A 9007 1R R i Y
CEWARS

R L — 7 JOT o 1) A J0RE R A ZE AR K
BT R R B R ALY L, IR R 90 C, A
PiFE3he BHLO0.5 g BRI, A 20 mL ZE4 K, M
2 J B BRFE 28 ), FHEBE 0.1 mol/L 1Y) NaOH %5 % i
SE B A H B, I3 5 A 5 Bk A B
A BRI A 850 1% J5 0 AR (BT 59k HCD) I TF 5

X H:
c = Chaon X ‘(/)NSE‘OH X365 100% (D

s € Sy AR SR R A SR T 5 2 25 Cnaon M
NaOH ¥ V& &, mol/L; Vy,on A NaOH ¥ i 4 #6 14
M, Lo

AR [ S5 43 25 A o R 1) H o 3,
Ry R R V-S4 A AKOR o AR A AR, AR R, T A URE
TR 5 B 43 BUH 7.0%, 10%, 15% F1 20% i, HoA 2k
B A 4.5%, 6.9%, 10.3% F1 13.6%, A] LA




% 48 7&'& ﬁf; 2 #9 Z W ’? B BR 3 ik R IR L BR R R B AR L BR 49 AF ) e 95

B, B [ R ORI R 43 B K, A AR R
SRR R, #@%%ﬁ%ﬁaﬁﬁﬁlwwf
A AR FE YT R Eh R 2 A AT A # 10.3%.
22 BWEE

[ A UL 2 1) o T TR B8 5 0B % i e S o 3 3R 1Y)
RE S YA 56, B A7 Y AR S0k g v LA P RIE T
AR H IR T R AR B H R ERE

FRUL 2.0 g [ R ORL 2, A B A 100 mL 7818
K BEAR R, BT RIS, KR 20 °C TF
f TR, BT 5 °C, fE R 20 min, PR
HOWRE, S5 WE 1, WNE1TATLES, BEAE
80 °C J&, VAP I HHE BE A T R B, B [ A
LR EL A 55 1) T I B 0, A B T R T R PO 2 R
JCHT, T A RS TR S, B MR IR T
EA GBI H

0.20

0.15

H ¥ /(mol- L)
IS
=

0 + : ]
20 40 60 80 100
M/
1 BEABREBENHRESEENXR
Fig.1 Relationship between the temperature of granular
acid and the concentration of hydrogen ions

23 BHEE

T I iffy [ SR 2 8 IO B P i I, PR T
o T A FOURE R 114 R S R K, LA Ay (] A
RLTE A HIZ S5 B S0 B[R] SRR 4 . S T o 4 M A
LI A7 S B B0, SR F BT 2 5340 15.0% 1) [ 4 50K
PR (T 53 6 2 1) A 308 T & 43 50h 10.3% ), iE 4T
TR 85, 100 11 120 °C 4514 F B B0 B 36

T 85 °C T 1Y i VAR 3 3 13 3 SR FH K Vs Jn
R, TEAS [FI B (8] AT HORE, TH 58 R0 5T = 43 4K
T BE 100 1 120 °C 7T B PR R ik 2 1 6 SR FH e e
P EL R A SN B Ak A, o K R AR K % T A
BRI AR B R 2 A2 ik, 25 35 s IR AR
N 2 2.0 MPa, JE A 290 R B, 4T IR 28
R Z 18] S Bh i, s 2R IR K IR = R R 2 R,
B S IR 2R GeAE AN [ B[] S8 JRORE , 11534 2k
|-y Q7 N [ /5= N i i o 1 N S R N A e
B ot Ay B S A R ] 2 R o

10 -
5 8t / o
= Of &
=gl J
& ——85C
2t ~—100C
—— 120°C
0 10 20 30 40 50
FsJ 8] /min
2 EFFREBRAERE TRMERE S HSFE R
RE
Fig.2 Release rate curves of granular acid at different tem-
peratures
MNTET 2 AT LA M B R T, A OR: iR

) R T B AN s 85 °C TN A — AN E R
R AR, 40 min PYEEAR S8 2 BT 100 C &R
35 min P JEAR 5E BT 120 °C £&1FF 25 min N 3
AR SE A B AR UKL R 7E A TR IR R B R
T 0 T B 35 AR, T R Bk R R A Y TR R R R
R
24 BERMNIEZR

it R 5 2 38 1 o S I B T sk 3 28 49 0 3K 1
A R T2 14 1 A S 7 3 ™, S R P S T iy
e 198 & 2 Y o0, VTR BE 120 °C, JF 5 B BER
i 6 S5 1 R R 2 R UEA T E . R BN Tt
RN

J=KC" (2)

P T R RN R, mol/(em’-s); K A I R
%J(mme)mms)cﬁﬁf%ﬁmmF
mol/L; m S 2 W 950

K (2) B BB, 15

lgJ =1gK + mlgC €D

I FH iR 2 2 25 ] I A5 — 2 YRR TR ) e 3
ZAF T C AT H, SN o R 55K N 5
WRm E— 5T w g, ik, F 1gg fillgc
YEEITG— B L, R D kXt 1gg Fl 1gC #4714k
PEINE, m AR, 1gK IR, KIS K Flom {8, M
1 8 R R R TR A

120 °C T [ AR 50 i R G 5 P 11 sz o7 3 %6 (1] )]

SrAANE 3 5K 4 Frs . BHZE SRR, E ik
WU IR T 5 S g T R J=6.16%10 °C"°%, i Wt R 1
SRR J=3.17x10 > 2 %of L [ A R R 5
HETR R 75 L L R, ] DU M (A 800 R 14 S Jof
R K KAL T BEEERR, 2 s IOR LT



* 96 - % i 4b #x 53 R 2020 %3 A
—5.01 ¢
‘%
y=0.250 8x—5.2101
—5.03 R*=0.990 4
..
-5.05}
e
-5.07
~5.09 P
¢
-5.11 : ! : . a) TR b) FRIUR
0.4 0.5 0.6 0.7 0.8 ® (b) el
1gC

B3 120°C TEAHFHNERERKRE SRS R ERENXR
Fig.3 Relationship between the concentration of granular
acid and acid-rock reaction rate at 120 'C
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Fig.4 Relationship between the concentration of gelled
acid and reaction rate of acid-rock at 120 C
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Fig.5 Core surface morphology before and after eroding
by 10.0% mass fraction of gelled acid
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