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Fig. 1 Schematic diagram of the experimental setup for in situ measurement of pH by potentiometric method (a) and spectroscopic

method (b)
118



S-S

Tk

Kt

ANFREET pH ARifESE sh S W M 3522, 455 2 %0
pH {EFREARTRIEE T pH (5B A LML R

(2) 1 Np REFEA L0 R G045 1%, fE R &
BT VTR, AN SE G B Al . B SR
B2 A S0 RS L2529 20 min, SRS FH RN S AR IR
RIS RS2 5 min, R B EEA LIRS

)N R G 2 [ W RS 5 BT AR I E, 8 shig
J1EF LA 30 v/min M TR Y, LAEEA = AT
PTG HE T 0 SRR A SN, ol S AR RS
FaREPP . DL 1 h NWARFEEMEEZ/NT 1 mV
A SRy FA0 530 2 7 A 2 3k 1) 37 iy (B Ik B AR AR S )
IR, R T A RS, # S min DAV BRTE
FEAT SR 1) 52, B A H 34 2 (B QA b o 1sf 1) 28
PESC R P AR B RRIA ) pH A

K 6% 205 BIAE 50, 75, 93°C FRLE IR 1
41 0.38 ~ 18 MPa [N 45/, Xf CO,-H,0. NEITE S
SRRFLEL B CO,-Np-H,0 Hll CO,-CHy-H,0 4 5
() pH (AT T, SO 2D IR

(1)3E$F pH JERHITE 3.0 ~ 4.6 . Zi(o i i (728
R A IR B TS AN SRR R, HERIEAE I K 430 nm
A7 W, BREETE PG 590 nm AL AT I . D
Hil e EE 0.2 mol/L Wi & — ANl — SN AE R
2o, IT PR EE 1 mol/L 11k i 1] 15 7 8 R 14 ViR
() pH A 2 2.0 2245 1E A B2 1 W, K pHAE 29N
8.0 MG TR AN A R AR A A T 7

(2) 1) J52 1 28 2 8B VAV, N A 28 s o e
J&, RIS 01E, ARG 0] RNV TR I A R B
R, P FLAs FEHE A S R G ELAE 24 20 min, 285 H
FL SR S5 225824 S min, B i 2 AN SL G

QB RGIMEZE BERE S, FFE 1712 s 2,
DIAT= A A AT B T sk 52 iz, i 52 7 Ak 3R
RURRFI A, SEg6ad FE A 10 min TR — KR
WOGEE, L 1 h PV TR RE T AR R AE R 51
AR ZR IR BT R AR AR, A 2R A i A L A,
5 min, B R 3 FB L X 107 AR 0 K Ak g '
FETHAAS BRI WY pH (E
1.3 XIWER

ARSI A A A5 T AT IS A D R A pH
(AT 2 o PR i 45T SHAO 455" Fl HAGHI 4512 (1
J7 %, 7E S0°C U e 4544 T AN TA] pH 22 v T
rhIR T W5 48 7 0 9 58 ST OGO an 18] 2 FUR,
TESEI 21 R (50, 75, 93°C) I bR & S50 pK’ Fil
es VILF 1, Hih 50%C Wb ES S

€\ €\

: BEEESM T A4 CO—RAR % 69 pH AL & Fo FM AL A
20F — pH=2.22
— pH=3.43
| —— pH=4.00
13 pH=5.03
% — pH=7.66
g 1.0

560 550 660
P /mm
K2 50°C TEEIR R —N—BEme — SN ZE ok P IR W HE
F B L IM=1T W

Fig.2 UV-vis spectra of bromophenol blue in disodium

0 . "
350 400 450 650 700

hydrogen phosphate-sodium dihydrogen phosphate
buffer at 50°C

1 FREABETERBIERERFEN pK e e, « e
Table 1 Measured pK’ and e, , e, ,

blue at different temperatures

e; of bromophenol

TR/ pK’ e e e
50 4.186 0.0161 2.984 0.0484
7500 4275 0.0053 3.126 0.0311
930" 4376 0.0051 3331 0.0387
K B AT BCS B IR B REG e ) e, e SPOEREL
1

HAGHI % STl {E AR, 75°C ., 93°C BIbRE S
BT SHAO 20 (1l S

A SZIGAE JF S F R AR BIFR pH & 592, 78
AR RUE T 260 F 5 CO-H.0 1R R | RIRISAA
b B CO,-No-H,0 LA K CO,-CH,-Hy0 1K R Ay pH
MEAES T4 2.

[ 3 5 1 A A7 pH I 3 7 P AE 50°C TR AR
f) CO,-H,0 Fil CO,-No-H,O 1l A & Y pH {H E4T
TXFEE, G RERAEMLE N 1 MPa) R, HL3AL AL
WA 23 /N T i s SCMEL, f5e K 25 R ILAE CO,-
No-H,0 R Z 1 E Sk 1 MPa I AH2Z 0.09 /> pH,
R E JI(CKTF 6 MPa) F, HL 3k S (B W K+
TR SENE, 76 COx-H,0 R R HE 1494 6.3 MPa
BEAHZET 0.05 4> pHo BT 5, B3R MG IE VL
FEAR R £ 4 A9 pH (ELAH 25 AR K, e KON it
0.1 4> pH, 0 2 FhJy i %0 T AL 4248 T il v I
B R4 F T A4l CO-H,0 Al 4l CO-H,0 Y pH
P

&l 4,5 XFH T IRAZEF T CO,-Ho0, CO,-N,-H,0
1 CO,-CH4-HoO H FMA Z AEAS [ B 16 0 9 55
W pHAE . 2l CO»-H,0 1R F i, [R45 He 77 T i B2 T

119



W P AR

2025 4E

a4 a4

F2 FEAMEETH/EAES CO-/KIBFIE R pH NEER

Table 2 Measured pH for pure/impure CO,-water saturated systems under in situ conditions

Tk % MJESIMPa  COMEMPa 35CpH | BUEJI/MPa  COYMFE/MPa  50CpH | BJEJH/MPa  COysfi/MPa  70°CpH
038 038 3.66 0.36 0.36 3.70 037 037 3.79
0.60 0.60 3.59 0.61 0.61 3.62 0.60 0.60 373
CO,-H,0 1.01 1.01 3.48 1.00 1.00 3.48 1.01 1.01 3.56
243 243 335 242 242 334 242 242 3.40
o 6.28 6.28 321 6.28 6.28 322 6.28 6.28 325
% 0.79 0.40 3.62 0.77 0.39 3.68 0.78 0.39 3.88
® 0N O 1.20 0.60 3.58 1.18 0.59 3.62 1.20 0.60 3.60
‘ 2.00 1.00 347 2.01 1.01 3.50 2.01 1.01 3.53
(e 479 2.40 337 4.80 2.40 339 4.80 2.40 345
12.01 6.01 3.24 12.00 6.00 327 12.00 6.00 336
Tk (= SJESIMPa CO4MEMPa 50CpH | BJEJI/MPa  COfE/MPa  75CpH | BJEJI/MPa  CO5pE/MPa  93°C pH
0.38 0.38 3.75 0.38 0.38 3.93 0.38 0.38 3.98
0.60 0.60 3.61 0.60 0.60 371 0.60 0.60 3.86
1.00 1.00 355 1.00 1.00 3.65 1.00 1.00 3.69
242 242 336 242 242 341 242 242 347
CO,-H,0 6.30 630 3.17 6.30 6.30 321 630 630 3.24
9.00 9.00 3.13 9.00 9 3.17 9 9 323
12.00 12.00 3.11 12 12 3.15 12 12 3.19
15.00 15.00 3.10 15 15 3.12 15 15 3.14
18.00 18.00 3.08 18 18 3.10 18 18 3.13
0.76 0.38 3.76 0.76 0.38 3.80 0.76 0.38 3.89
COMNALO 1.20 0.60 3.68 1.20 0.60 3.69 1.20 0.60 378
(1:1) 2.00 1.00 3.59 2.00 1.0 359 2.00 1.00 3.69
4.80 2.40 3.36 4.80 2.40 345 4.80 2.40 3.50
12.00 6.00 325 12.00 6.00 3.28 12.00 6.00 3.37
0.76 038 3.78 0.76 0.38 3.83 0.76 0.38 3.87
O CHA0 1.20 0.60 3.69 1.20 0.60 3.75 1.20 0.60 3.79
(1:1) 2.00 1.00 3.59 2.00 1.00 3.62 2.00 1.00 3.69
i 4.80 240 3.48 4.80 2.40 3.48 4.80 2.40 353
i 12.00 6.00 332 12.00 6.00 335 12.00 6.00 339
s 1.30 039 3.78 1.30 0.39 3.80 1.30 0.39 391
CONLHO 2.00 0.60 3.66 2.00 0.60 371 2.00 0.60 3.80
(3:7) 3.00 0.90 3.60 3 0.90 3.62 3 0.90 373
6.00 1.80 3.50 6 1.80 353 6 1.80 3.60
16.00 4.80 333 16 480 3.40 16 4.80 343
1.30 039 3.74 1.30 0.39 3.78 1.30 039 391
05 CHLH0 2.00 0.60 3.69 2.00 0.60 3.70 2.00 0.60 3.79
(3:7) 3.00 0.90 3.58 3 0.90 3.62 3 0.90 3.70
6.00 1.80 347 6 1.80 3.54 6 1.80 3.60
16.00 4.80 341 16 4.80 3.40 16 4.80 3.48
3.90 0.39 3.76 3.90 0.39 3.88 3.90 039 391
CO»-Ny-H,0 6.00 0.60 3.68 6 0.6 3.78 6.0 0.60 3.82
(1:9) 9.00 0.90 3.60 9 0.9 3.69 9 0.90 374
18.00 1.80 3.51 18 1.8 3.61 18 1.80 3.63
3.90 0.39 3.78 3.90 0.39 3.84 3.90 0.39 3.93
CO,-CH,-H,0 6.00 0.60 3.71 6 0.6 3.76 6.00 0.60 3.86
(1:9) 9.00 0.90 3.63 9 0.9 3.67 9 0.90 377
18.00 1.80 3.56 18 1.8 3.59 18 1.80 3.66

TE: SN R G R L N R 1L, R IR
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Fig. 3 Measured pH by two methods for pure and impure
CO,-water system at 50°C.

1R pH {ELGR, 32 T IR BRI BE 520 . 150°C
PLR ], CO, 727K H 4 1 A 132 B T B2 A4 T 1 T 9k
NEI TR Y pHL B K . TREEAH RIS, pH {ELRE
JE 7 0BG I REAR, I EL A FEARTE AR (6 MPa
DAL B 2%, TEm IR R A28 0 AnTEA S5
th, 50°C BYIEEE R, JE 1M 0.38 MPa JI % 6.3 MPa
B pH {E M 3.75 BEAR ZE 3.17, i 24K J1 ) 6.3 MPa
T2 18 MPa B {L AKX T 0.09 4~ pH, PENG 457

TRUCHE %" HAGHI %% £ 52 46 rp i 88 5] 1

TR R SR CO,-CHy-H,0 L’ﬁuﬁxfé EI"J pH H& T
CO,-N»-H,O I FIA A ) pH {8, 1 4E CO,-H,O Al
KRR pH (/. X F B Ny Al CHy WAFTE S 3
M) CO, FE/K H AR B, fil COL FEIK VS A P A8
AN, VR pH (B, HX R AE iR 2 B E
BE . HE 5 PR, Ny Fl CHy B HRE B0, K R 1Y
pH {EER, [FIREIXFh 22 AR m ) R

2 pH T A AY

2.1 1EEIEST

4li/AE 4l CO-H,0 A F 1) pH il A5 AU 3 11k
SOV, HATFEPIER o Rk R W Y
P22 0P Als, BRI R 3. SR S
55 SN BB COyy) o Ny FI CHygy) , WAHT

4.0 H 50°C ® 75°C A 93%C, CO,-H,0
2 ®50°C ®75°C A 93°C,CO,»N,-H,0 (1:1)
3.8 t ®50°C ® 75°C A 93°C,CO,-CN,-H,0 (1:1)
[ 7Y
3.6
=10
341 - ‘
]
32+
b. ik
30 . . . . . . . . .
0 2 4 6 8 10 12 14 16 18
CO, 47 F/MPa

B 4 JEA A Fai RSl CO-/KIR R T pH S2ili{E

Fig.4 Measured pH for pure and impure CO,-water system under in situ conditions
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In situ pH measurement and prediction modelling of the impure CO;-water
system under high-temperature and high-pressure conditions
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Abstract: The dissolution of CO,-containing gases into deep aquifers results in the formation of carbonic acid,
which lowers the pH value of the aquifer and may cause the dissolution or precipitation of minerals, thereby
affecting the safety and effectiveness of CO, geological utilization and storage. [Objective] pH is a key parameter
for characterizing the chemical properties of a solution. Experimental measurement and model prediction of the pH
values of pure and impure CO,-saturated systems can be used to evaluate the chemical changes under CO,
geological storage conditions. [Methods] In this study, the pH values of pure and impure CO,-water systems were
measured in situ using potentiometric and spectroscopic methods, under temperatures conditions ranging from
35 to 93°C and pressure condictions raging from 0.38 to 18 MPa. A component chemical equilibrium model
calibrated using solubility data, was developed to calculate and predict the pH values of pure and impure CO,-
water systems. [Results] The results show that that N, and CH, influence the CO,-saturated systems by reducing CO,
solubility in water and increasing the pH value, with CH4 having a greater effect than N,. The model can accurately
predict the pH values of pure CO,-water systems, with a maximum deviation within 0.05 pH units. In impure CO,-
water systems, deviations are mainly observed under the condition of 50°C and a CO,-to-impurity gas ratioof 1 : 9,
with deviations within 0.15 pH units. [Conclusion] The potentiometric and spectroscopic methods are applicable for
in situ pH measurements under high-temperature and high-pressure conditions, and the pH prediction model for
pure and impure CO,-water systems shows good accuracy. The findings provide theoretical support for
understanding the chemical changes induced by the injection of impure CO; into geological formations, which is of
great significance for enhancing the safety and effectiveness of carbon storage.

Key words: impure CO;,; CO,-saturated system; impure CO,-water system; in situ pH measurement; pH

prediction
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