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KBapir — oivH U3 caMBIX paclpoCTpaHEHHBIX MUHEPAJIOB B 3MHOM KOPE, COCTOSIINN B OCHOBHOM M3
KpeMHe3eMa. B CBEpXKPUTHUYECKHX TeOTepMallbHBIX CHCTEMax pacTBOpEHHE/OCaxIeHHEe KpeMHe3eMa TECHO
CBSI3aHO ¢ 00pa30BaHMEM XPYIKO/TUIACTHYHBIX IEPEXOJHBIX 30H M HEMPOHHIAEMBIX BOAOYIOPOB, YTO
CYILECTBEHHO BJIMSET HA IUPKYJSIHIO TeOTEPMAIbHBIX (IIIOMIOB B TeOTepManbHON cucteme. Kpome Toro,
pacTBOpeHHE/0CaKA€HHE KpEeMHe3eMa CO31aeT MH)KEHEpHbIe MpoOJIeMbl U YyCTOWYHMBOIO HMPOU3BOJCTBA
SHEPTUU B CBEPXKPUTHUECKUX TeOTEPMalbHBIX CHUCTeMaX, Kak, HalpuMep, TMpeKpanieHue paboThl
ncimanackoi ckBaxuael IDDP-1 u3-3a 3akynopku kpemMHe3eMoM. UTOOBI KOTMYECTBEHHO 0XapaKTepPU30BaTh
3TH TEOXUMHYECKHE NPOIECCh, HEOOXOAMMO CHaydajla MpPOBECTH 3KCHEPHMEHTANIBHBIC HCCIIETOBAHM
TEPMOJMHAMUYECKUX M KHHETUYECKHUX XapaKTEpPUCTHK paCTBOPEHUs KBapla B CBEPXKPUTHUYECKUX
reoTepMalIbHBIX yCIOBHSX.

KaroueBbie cqoBa: PacTBopeHue KBapIia; CBEPXKPUTHYECKHE T'€OTE€pPMajbHBIE PECYPCHI;
TUAPOTEPMAIIBHBIE MPOLIECCHI; TOBEAECHUE PETPOrPATHON paCTBOPUMOCTH; TEPMOJUHAMUYECKHE JaHHbIE
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Quartz is one of the most widely distributed minerals in the Earth's crust, mainly composed of silica.
In supercritical geothermal systems, the dissolution/precipitation of silica is closely related to the formation
of brittle plastic transition zones and impermeable cover layers, which significantly affects the circulation of
geothermal fluids in the geothermal system. In addition, the dissolution/precipitation of silica poses
engineering challenges for sustainable energy production in supercritical geothermal systems, such as the
abandonment of Iceland's IDDP-1 well due to silica blockage. To quantitatively characterize these
geochemical processes, it is necessary to first conduct experimental research on the thermodynamic and
kinetic characteristics of quartz dissolution under supercritical geothermal conditions.

Keywords: Quartz dissolution; supercritical geothermal resources; hydrothermal processes;
retrograde solubility behavior; thermodynamic data

In order to simulate the high-temperature and high-pressure environment in supercritical
geothermal systems, we independently developed a high-temperature and high-pressure
experimental system that can monitor resistance in situ, as shown in fig. 1. Compared to commonly
used reaction vessels, this experimental system has better heating, temperature control, and
insulation performance. Through the connection of electrodes, resistance testers, and display
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terminals, it can provide intuitive judgment of the equilibrium state of water rock reactions inside
the reaction vessel. In addition, in order to improve the accuracy of experimental testing, we
independently designed an in-situ separation sampling analysis method, as shown in fig. 2. This
sampling and analysis method can minimize the problem of mineral precipitation during the
sampling and analysis process. Based on the above experimental system and sampling analysis
methods, static reaction thermodynamic experiments and batch reaction kinetics experiments of
quartz and pure water were carried out under subcritical (300-374 °C) to supercritical (374-500 °C)
temperature range and high pressure (25-50 MPa) conditions to obtain the solubility and reaction
rate constants of quartz in pure water under different temperature and pressure conditions.
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Figure 1 — (a) Experiment system and (b) schematic of the reactor for the quartz dissolution experiment
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Figure 2 — Experimental procedures: (a) the reactor with pure water and quartz; (b) long time record of
temperature, pressure, and resistance; (c) in-situ sampling method; (d) sample analysis

The experimental results indicate that using real-time monitoring of solution resistance and
in-situ separation sampling analysis methods can accurately and reliably estimate the solubility of
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quartz near the supercritical point and under low density conditions Under subcritical and
supercritical conditions, the solubility and reaction rate constant of quartz in pure water are
significantly affected by temperature and pressure, while under isothermal conditions, there is a
positive correlation with pressure (fig. 3). In addition, the solubility and reaction rate constants of
quartz exhibit retrograde behavior under transcritical conditions (fig. 3), which may be related to the
drastic changes in water density, dielectric constant, ion product, and hydrogen bonding under
transcritical conditions. The above results indicate that the influence of pressure on the
thermodynamic and kinetic behavior of quartz dissolution is seriously underestimated. Under
supercritical geothermal conditions or in areas with abnormally high compressibility of fluids, the
decrease in pressure may become the main factor in the deposition of hydrothermal minerals. By
combining the results of this experiment with high-quality data in the literature, thermodynamic and
kinetic density models for quartz dissolution were established, which can be used to estimate the
solubility and dissolution rate constants of silica in aqueous fluids under normal temperature and
pressure to supercritical conditions (fig. 4).
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Figure 3 — Temperature dependent curves of (a) solubility and (b) reaction rate constant of quartz under
different pressure conditions
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Figure 4 — Quartz solubility(a) and reaction rate (b) constant calculated based on density model
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