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Dissolution law of potassium feldspar under deep supercritical geothermal
conditions

GAO Shi-long, XU Tian-fu, YUAN Yi-long , ZHONG Cheng-hao and FENG Guan-hong

(Key Laboratory of Groundwater Resources and Environment of Ministry of Education, Jilin University, Changchun 130021, China)

Abstract: Supercritical geothermal resource is a kind of renewable and clean energy with great potential. Its forma-
tion and development process is accompanied by strong water-rock chemical reaction. By conducting dissolution ex-
periments of potassium feldspar in pure water at 300 ~500°C and 25~50 MPa, this study clarified the influence of
temperature and pressure changes on the solubility of potassium feldspar under sub-critical to supercritical geother-
mal conditions, and revealed the evolution mechanism of its dissolution behavior. The results show that: (D Both
temperature and pressure are important factors affecting the solubility of potassium feldspar under subcritical and su-
percritical geothermal conditions. 2 At 400°C, the solubility of potassium feldspar is positively correlated with the
pressure. When the pressure is 35 MPa, the solubility of potassium feldspar increases first, then decreases and
then increases with the increase of temperature, showing a fluctuation phenomenon. () The variation characteristics
of the solubility of potassium feldspar are related to the sharp changes in the properties of water (density, hydrogen
bond, dielectric constant) under sub-critical and supercritical geothermal conditions. The results contribute to a
better understanding of hydrogeochemical processes in supercritical geothermal systems.
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Fig. 1 The relationship between the phase state of pure water
and temperature and pressure (after Zhong Chenghao et al. ,

2024)
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Fig. 2 The HYSR-1I type supercritical high-temperature high-pressure water-rock reaction device (a) and structure diagram (b)
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Fig. 3 Mass loss of rock samples at different reaction time
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Table 1 Experimental data and standard deviation of
solubility of potassium feldspar under different temperature
and pressure conditions

TR K7 B/ (mg - kg™")

/G /MPa g 2 M3 FHME kR
300 35 312. 66 - - -

325 35 385.75 372.74 405.89 388.13

350 35 416.33  436.75 448.06 433.72

375 35 310.93 - - -

400 35 262. 63 - - - 14.17
425 35 213.61 - - -

450 35 165.90 - - -

475 35 165. 00 - - -

500 35 179.01 141.19 165.14 161.78

400 25 179.05 173.59 204.16 185.60

400 30 200. 32 - - -

400 35 262. 63 - - - 14. 67
400 40 333.85 - - -

400 45 350.55 374.16 388.91 371.21

400 50 376.08 385.20 411.01 390.76
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Fig. 4 The solubility of potassium feldspar varies with

temperature under constant pressure(35 MPa)
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Fig. 5 The solubility of potassium feldspar varies with

pressure under constant temperature (400°C )
3 e

3.1 $HKABRBITAHRIEHYE

O TR BE R 7 % K A T AR AT A A A AL
il , FEA R PR R S5 R BOR TR Y S 500 AR 4k
G A IR T A T R A B 1 AR A A AR K B
R0 S E AR A AR AR L 25
P AT 4 DRI 305 B R0 7 X6 A o A AT R 1
B, JE TR 57873 PR B ) Tl bR
K TAPWS-TF97” [ R )3 1155 K FK 28 S AE A [R) il
JERB T 2600 0% B2 (B SR, 2017) , i Hi R
JEE RIS 7 1 el 725 el 45 7K 114 288 8 A ST s 5 DRI s
X EA 2R AR A (B 6) |, 11 3 BOK /9 4 fL H E0R
A3 ) SRR RO LS, 2007) , HK % B 5
A FL R BSOR S0 B RE B (B A AE B B A D &R
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Bk TR B RN R 77 /Y bR AU SE ( Fernandez et al. |
1995, 1997) , 4 H 5 B0 BE 10 s 550Ch

(0e/dT), = (de/dT) ,~(0e/ dp),(dp/ IT) (Ge/dp)y  (4)
FEE TR BE T A0 H 800 5 1) D 280K
(de/dp) = (0e/dp) (dp/p) 1 (5)

X, e XA B, T o4 xHERE (K) 5 p NIE
J1(Pa); p AW (mol/L) . 7K 4 HL 3
B KA F L A R A o T AR A 1 T 1
FESH, o3 HIESE TR T T AT R
TEPR AT 5 fifp B2 B (AL DG N 2R 4968 1) T s 5%
4 350°C 35 MPa, /i HLH £ 16. 09 407 1 5%
PR, 7 G R R AR IE B 375°C, A BRI
12. 86, LI A HL 8 BT B AR AR 0K, X0 LG P 2 A %
372 AR AL AT L& B 350°C I ASRIE A 416. 33 mg/kg,

400°C

20F

7 H i

10+

1
40
[ 43/ MPa

O 1
20 30

AR (a) FE ST (b) Z5 0 F Atk 4 v 4

Fig. 7 Dielectric constant of pure water at different temperature (a) and pressure (b)

375°C AR 310. 93 mg/kg, 75 I FL S A B0 K A7 15
i BE AT — A P T R B B, R LA R
SN ER R A, X LE 4 F1E Ta,
TE 350°C 2Z 5§ A I A 5 5 i 7K B A W s bl
U P38 0 ) 7 Ak BT A AR AL, BRI T G 4y
MK A A fL 7 5028 A i R 8 R 0K A IR AT
Mo 35 MPa 555, IEE N 300°C F+15 2 500°C , 7K
I HL RO 22, 12 BRARE] 2. 06, — J5 T, i
IK 2 28 Iy DA r SRR 0 O AR I e AR S I K
FETC AR S B 1) 95 A BB 0 S 1] T ML A, I
AR I Bk X T ALK & W 0 3 i e 1 25 1 [ ( Quist
and Marshall, 1968; ‘B R4, 2002) , 3 ifij 52 i 4P
KAPETH% X 588K A 57 i A8 i 5

DX AZ BPPH] 55— T, 76N A DXORTER I AL 1K, Y
TRLEE T, 7K B A L BT e B8O ok i 5 1 H e
(A VE FH 8055 , 8 I 7K 8 W s o i 4 5 1 45 18
Wik, A S B R TR TR, B T
a5 VR F R R 2 A T B S s R
ZLJA ( Patrick and Golden, 1985)

XL S FIE 7h Bl LUk B, FE R I AL X R K
VA 5 0 v R BB TR B i AR Ak b+
AHL, 3R o 7 M I 5 X ) T 5 R K B 2%
JEEEEECH A R A BT Ak, R SR
(300~ 500°C ) F1H 1 (25 ~ 50 MPa) 35 [E 4, /1
AR XA HL R S N R AR A XA H RO
AN, 3 — &5 55 S 00 v LR B 0 A K A R AR
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PRI RE A . TRATR R I S AR B AT BV R 617

e s —20, 72X RSB, D) 2B ZAL T
T AR A B A A B R R

25 LA aT A K A 7R I B DXORD R I B IX
S RAT R A G5 R R A KR S
WHCLRIE - 2SR, 6T BRI B X i
AR A5 R 7K B A Fi B BORN U PR S A | E
SRR P ik e RV K A R B AN R
VoS At P A AR AR ST I AL DX A A AL, 1 S i 3 A
17N (Zhong et al. , 2024 ) , 52 I B 52 M) 52 B AE T+ =
Jo FFE S R R EIEASESE R,
3.2 SEKABRMBEASEBIG

X B A T I A DX R AT ol R T 6 L
JE SRR S o i e al - W EE— T
B AT 7 o R AR A PV A 3K DL G AL
WAL A AR SN — N AR AE 4 i i
BILT B Ay 7 o T A ) i s T S By
LIRS G 1 A DT TE ML) (Hovelmann et al.
2010; Hellmann et al. , 2012) ,iZ#LiH B A 8K A
FEMEA A T R T AR R R AR 2 R A
(Y BH B T FIHEZR TC 2R (KL AL Si, O 45) s a5 i (48—
W) A BB, B e R R A AR A
FEAA A kAR 2 R LOR A 5 4 B9 B 2SS BT ( Yuan
et al. , 2019) ., (AR 1) 0 BLE— @ B 9] T
PR e 2D A ST T AR 2 B A A
Ff TR A B TR SR I L 37 ) 22 R R 1 4
(Lasaga et al. , 1984) ,

B A A e i ARIRC AR TP R A 0 R AL R
N7 FE

KAISi,0,+8 H,0=K"+Al(OH),+3 H,Si0} (6)

JOWEH KT AL(OH), (H,Si0Y ix 3 Fi 4l /78
SRR I A B IR A Al 22 7 DA 4 S i i B 4 S
fiff P B A 4 S VA AR AR TN SE BRI AY, #E 300°C
ZH, K R A HL B 4 B IR A1—O A KA
AL(OH); A WK AT P, I 300C H 1,
Si L& W% & W & (Ronghua et al.
2000) . HRHE B A TE R IR R I R AL AE
300°C ZJ5 , B A R 1 LLJGE B — A Ak RE b 415
AR J2 25 5 TE i, 15 i K* AT ALCOH) , X LAY
b K AR A FL B30T SR 11 5 i) DA T 325 1
KA I A XA T AT

BN RV AT P 1 AR AL 22 4 0 I AR 52
S AH R, Al—Si 458 09 A 7 B R A [ (Lin and
Zhai, 2021) ,iXSE[R R AR S X E KA I AT M e

SO, AR SR RIS BT S8 R R R
ARIAT R RS2 A J5 e Stk — 2P AR 5T, Ml A
i PR A ELA B A 0 i o3 TR ( Fridleifsson
et al., 2017) , Folf S B2 RN 730 & Talik, A
SCHBHE TR A TEA K h RS AT, A RE
i s S A e I S A Th B AT .
Tt PR R IR IR GE K AT I S AR
DA AR AR T 5 MR i S b 30 R 458 R A 2
) Jry BIR 1, 5 A0 B 22 1) i 5 b A I A4 7K Ak
FRAE ISR A (B H)) 5l S PR R AR
(FZIEAF KA 2 73 pH H 55 ) 197K A 4627 J b
(Zhong et al. , 2024) , ¥ J&id ]l T H I R R 58
A E A7 SO R 2

4 7Eig

5 RE R ST TR (400°C) B AR IR E SR D
EUEAE K ZR G S M 25 MPa #4/n%)] 50 MPa I,
B A VAR 179. 05 mg/kg 3415 376. 08 mg/kg,
REINT 25 210%

W TR IEMF T (35 MPa) B A 75 1 5 B I T
s BT 5 R TR, R RIS B S, FRK
A7 RO ERA i B2 R BRAE 350°C , Oy 416. 33 mg/kg,

FRARIE T B s gL 58 AR i 5
DX B0 3 A P 2 78 DA B 2 - 4 5 A A 1 i 2 [
S 2 B A 7 AT I A DX R I 5 DX 1 5 Mt A8 4k
14,
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