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Background. Reservoir-tailored conformance control for the stimulation of heterogeneous reservoirs is one major
challenge in EOR, especially to reach high temperatures, for instance, in Iranian fields (>150 °C), as conventional surfactant-
stabilized foams are not stable that hot due to thermal decomposition and highlighted accelerated drainage. High Permeability
Channels: Preferential flow through high-permeability pathways may decrease the displacement efficiency with respect to
waterflooding/displacement by 30-50 % because a sizable amount of available oil is bypassed. This work focuses on nanoparticle-
stabilized foams that remain mechanically stable at temperatures up to 200 °C, overcoming key limitations of conventional foam
technology in deep, hot reservoirs.

The purpose of the research of the project was to optimize and test silica nanoparticles in foam stabilized by nanosilica particles
to aim for high-temperature conformance control. The individual goals consisted of the following tasks: (1) To investigate the
thermal stability of different nanoparticle groups at 25-200 °C, (2) Obtain rheological data in conditions mimicking those found in
a reservoir, (3) Characterize particle mobility reduction and foam propagation in carbonate porous media under high temperature
and salinity conditions, and finally, (4) Quantify incremental oil production using coreflood experiments at 150-180 °C.

Methods. Lab studies employed silica and alumina nanoparticles (size 15-30 nm, with a concentration of 0.5-1.0 wt%)
dispersed into synthetic brine (35,000 ppm TDS) containing alpha olefin sulfonate surfactant. Stability of foam was determined by tests
conducted in a high-temperature, high-pressure (HTHP) cell at six temperature set points. Rheological behaviour was studied using
high temperature concentric cylinder geometry on Anton Paar MCR 302 rheometer. Six Berea Core flood experiments were performed
(12"x2", 180-650 mD permeability) at 150 °C and 180 °C, after systematic waterflood-foam injection-postflush sequences. Reductions
in mobility factors and oil recovery were estimated based on differential pressure readings and post-relevant production data.

Results. Nanoparticle-stabilized foams exhibited outstanding thermal stability with half-lives of 38-54 min at 180°C vs.
2-9 min for control foams (5-6-fold improvements). The optimum formulation for sensory properties was 0.5-1.0 wt% silica
nanoparticles and provided a compromise between performance and cost. Flow tests showed shear-thinning behavior (flow
behavior index n=0.62-0.68) and apparent viscosities in the range of 28-43 cP at 180 °C; oil-core flood experiments showed mobility
reduction factors of 58-73 that greatly surpassed field application thresholds (MRF > 20). Average incremental oil recovery reached
19.5 % for nanoparticle foams, while control foams yielded only 3.8-5.2 %. TEM analysis proved that the nanoparticles were still
adsorbed at the gas-liquid interface after high-temperature treatment, in agreement with the mechanical stabilization model.

Conclusions. This study demonstrates that nanoparticle-stabilized foams provide superior thermal stability and
conformance control performance at temperatures exceeding 180°C, where conventional foams fail. The technology delivers mobility
reduction factors of 58-73 and incremental oil recovery of 17-23 % OOIP, representing economically significant improvements.
Irreversible nanoparticle adsorption provides mechanical interface stabilization resistant to thermal degradation, fundamentally
differing from molecular surfactant systems. Results indicate strong potential for field application in deep, high-temperature reservoirs
(>150°C), potentially unlocking billions of barrels of resources currently inaccessible to conventional EOR technologies. Future work
should focus on field-scale pilot testing, economic optimization, and integration with other EOR methods.

Keywords: enhanced oil recovery, nanoparticle-stabilized foam, conformance control, high-temperature reservoirs,
thermal stability, mobility reduction, core flooding, interfacial phenomena.

Background

Enhanced oil recovery through conformance control
addresses reservoir heterogeneity, where injected fluids
preferentially flow through high-permeability zones, reducing
sweep efficiency by 30-50 % and leaving substantial oil
bypassed (Lake et al., 2014; Sheng, 2011). Foam-based
methods exploit the unique multiphase flow properties of
foam in porous media, generating apparent viscosities 100—
1000 times greater than aqueous phases alone and
substantially reducing gas mobility (Farajzadeh et al., 2012;
Rossen, 1996). This mobility reduction is particularly
pronounced in high-permeability zones, creating natural
selectivity for conformance control.

Unfortunately, traditional surfactant-stabilized foams have
severe temperature limitations for higher temperatures typical
of deep formations (>150 °C). The thermal degradation of
surfactants is achieved by hydrolysis and oxidation, which
results in a loss in the interfacial activity (Vikingstad, Aarra, &
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Skauge, 2005). Greater heat input enhances the draining of
liquid from foam lamellae, with a resultant faster thinning of films
and coalescence of bubbles (Schramm, & Wassmuth, 1994).
At high temperature, the dynamic surfactant adsorption-
desorption equilibrium becomes more unfavorable due to the
blocking effect of CO2 on active sites. Experimental observation
has also shown that foams lose considerable stability, with
foam half lives dropping from hours at room temperature to
merely minutes above 150 °C (Hirasaki, & Lawson, 1985).
Nanotechnology offers transformative stabilization
approaches through solid nanoparticle adsorption at gas-
liquid interfaces. For particles with radii of 10-50 nm and
contact angles near 90°, detachment energies can exceed
10“-108 kT, making adsorption effectively irreversible
(Binks, 2002; Hunter et al., 2008). Nanoparticles self-
assemble into close-packed layers creating dense armored
structures that sterically inhibit bubble coalescence.
Crucially, solid inorganic particles (silica, alumina) remain
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chemically stable at temperatures exceeding 300°C, far
beyond reservoir conditions.

Recent research demonstrated successful foam
stabilization using surface-modified silica nanoparticles at
0.5-2.0 wt% concentrations (Singh, & Mohanty, 2015;
Worthen et al., 2013). Studies combining nanoparticles with
surfactants revealed synergistic effects where particles
provide long-term mechanical stabilization while surfactants
facilitate foam generation and particle dispersion (Yekeen et
al., 2018). However, comprehensive evaluation under
representative reservoir conditions — particularly foam
propagation through consolidated porous media, rheological
characterization, and quantitative oil recovery assessment —
remains limited.

This research addresses these gaps through systematic
laboratory characterization of nanoparticle-stabilized foams
specifically for high-temperature conformance control. The
study encompasses formulation optimization, thermal
stability assessment (25-200 °C), rheological property
determination, and core flood experiments to evaluate foam
propagation, mobility reduction, and oil recovery at 150—
180 °C. The objective is establishing whether nanoparticle-
stabilized foams can provide effective conformance control
at temperatures where conventional technologies fail.

Methods

Silica 37 and alumina particles (SiNPs, Sigma-Aldrich,
purity of 99.5 %, average particle size: 12-20 nm; Al2O3NPs,
Alfa Aesar, 99.9 % purity, average particle size: 15-25 nm)
were characterized by dynamic light scattering (DLS)
(Malvern Zetasizer) and transmission electron microscopy
(TEM) (JEOL JEM-2100). The silica surface was modified
through silanization reactions with octyltriethoxysilane. BET
surface area was 180-245m?g and Zeta potential
characterized the type of surface charge: silica -38.7 to -
51.6 mV, alumina +35.2 mV. An example of such a surfactant
(AOS C14-16, Stepan) used is at 0.5 wt %. Synthetic brine
(35,000 ppm TDS) was composed of NaCl, CaCl,, MgCl, and
Na,SO,. The nanoparticle slurries were prepared by high-

shear mixing (IKA T25, 12,000 rpm, 15 min) and probed
sonication (QSonica Q700, 40 % amplitude, 10 min). Berea
sandstone cores (Cleveland Quarries, 12"x2") having
permeability ranging from 180-650 mD have been cleaned by
Soxhlet extraction and vacuum-dried.

Experimental Apparatus. HTHP foam stability cells
were produced in-house by converting large volume
Hastelloy C-276 (500 mL, 5,000 psi and 250 °C) with
sapphire windows for visual observation. The temperature
was regulated electrically (PID controller + 2 °C). The foam
was created by co-injecting nitrogen and the nanoparticle-
surfactant suspension through a porous medium foam
generator (glass bead pack, 200-300 pm) at controlled flow
rates via HPLC pumps (Teledyne ISCO 500D) and a mass
flow controller (Brooks 5850E).

High-temperature  rheological experiments  were
performed using an Anton Paar MCR 302 rheometer with
concentric cylinder geometry (26.66/28.92 mm bob/cup
diameter, 1.13 mm gap) equipped for heating to 200 °C and
performing flow characterizations via controlled shear stress
in the temperature range, employing a heated oil bath with
10.1°C precision for control of temperature. Foams were
transferred to the rheometer within 60 s of their formation.

Core flood equipment comprised a HPLC high/Core
holder with hydraulic radial confinement (3,000 psi, 200 °C),
a multi-zone heating mantle, three sequentially operated
positive displacement pumps (ISCO 500D) for fluid injection,
a mass flow controller gas injection system, and a back-
pressure regulator assembly (Equilibar; operating back
pressure: 500 psi), eight differential pressure transducers
constructed along the length of the core sample (Val idyne
DP15), and a data acquisition system (National Instruments
CompactDAQ) logging every second.

Fig. 1 Schematic diagram of the foam stability
measurement apparatus, with key components and flow
paths outlined.
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Fig. 1. Schematic diagram of high-temperature foam stability testing apparatus including foam generation system,
HTHP cell with viewing windows, temperature control, and data acquisition
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Experimental Procedures. Foam stability test: 1) Pre-
heat HTHP cell to test temperature (range 25-200 °C).
2) Generate foam at 80 % quality until the cell is full, then
stop injection and record continuous photographic data of
foam volume vs. time (2-minute interval for the first few
minutes and then at longer intervals, e.g., 5 minutes). Half-
life and decay rates are based on volume-time curves.
Measurements were made in triplicate at each condition.

Rheological examination: Flow curves are registered in
5 minutes from a shear rate of 0.1 to 100s™ using
logarithmic ramps. The foam was produced prior to each
measurement. Temperatures ranged from 25 to 180 °C, and
power-law fitting (1 = Ky") and the Herschel-Bulkley model
(T =710 + Kyn) were used for flow behavior index and yield
stress calculation.

Core flood procedure: (1) Core inserted into holder,
heated to test temperature (150 or 180 °C), overburden
pressure (2,500 psi) applied, and equilibrated for 4 h.
(2) Waterflood to 98 % water cut (residual oil saturation at a
linear rate of 1.0 mL/min). (3) Co-injection of foam, quality
80 %, total rate 0.5 mL/min for 3-4 pore volumes.
(4) 0.5 mL/min post-foam waterflood with 1 pore volume of

interstitial fluid. The pressure difference, production rate,
and fluid composition were recorded continuously. Oil
recovery, in terms of Original Oil In Place (OOIP), is
measured as a percentage. The factor by which mobility was
reduced is determined on the basis of Darcy data.

Results

Nanoparticle Characterization. Six formulations
(Table 1) were studied with particles of different types (silica,
alumina, modified silica), sizes (15-30 nm), and content levels
(0.5—-1.0 wt%). DLS data corroborated target size distributions
and had polydispersity indices of 0.21-0.34. The BET surface
areas of the solids lie in the range of 180 m?g (alumina) to
245 m?g (fine silica), and hence the available interfacial area
is considerable. The silica formulations had high negative zeta
potentials (- 38.7 to — 51.6 mV), suggesting the presence of
electrostatic stabilization, while alumina had a positive charge
(+ 35.2 mV). To obtain a highly hydrophobic silica, surface-
modified SiO2 (NP-5) was used with improved hydrophobicity
through silanization and a large specific surface area
(230 m*g) as well as a strong negative zeta potential
(-51.6 mV), which are favorable for interfacial adsorption.

Table 1

Nanoparticle characterization showing particle properties and surface chemistry relevant to foam stabilization

Formulation Nanoparticle Type Average Size (nm) | Surface Area (m?g) | Concentration (wt%) | Zeta Potential (mV)
NP-1 Silica 15 245 0.5 -42.3

NP-2 Silica 30 180 1.0 -38.7

NP-3 Alumina 20 195 0.75 35.2

NP-4 Silica-Alumina 25 210 0.5 -28.4

NP-5 Surface-modified Silica 18 230 0.5 -51.6
Control nan - - 0.0 -

Thermal Stability Performance. Considerable difference
was observed for foam stability testing at 25-200 °C between
nanoparticle and control systems (Table 2, Fig. 2-3). All
formulations produced stable foams at room temperature,
with a half-life greater than 40 min. Nanoparticle formulations
exhibited a 25-48 % increased stabilization time (52—65 min)
compared to control (44 min). However, with the increase of
temperature to 80 °C, divergence occurred: nanoparticle
foams maintained 75-90 % of their stability at ambient
conditions, whereas control foam deteriorated by ~36 %.

At 150 °C (the temperature common in deep reservoirs),
control foam had only a 5.3-minute half-life and thus was not
practical for use. Nanoparticle foams had half-lives of 38-51
minutes, for a gain of 7—10 fold. Drainage rates indicated
higher efficiency: 0.28-0.45 mL/min for NP stabilized versus
1.47 mL/min for control. At 180 °C, the most severe
temperature normally used for this application experiment
(dopant effect), NP-2 (1.0 wt% silica) reached a survival time
of 54 minutes —almost nineteen times the control foam's
survival time of 2.9 minutes. The duration of loaded NP-5,
which was lower (0.5 wt%), reached 50 min, and this is
indicative of the advantage of using a photoresist in terms of
optimized hydrophobicity. At 200 °C, even nanoparticle

systems exhibited measurable functionality (15-22 min),
while control failed completely (1.4 min). The best of these
formulations was found to be 0.5-1.0 weight percent silica,
providing good performance and cost.

Rheological Properties. All the NPFs showed strong
shear-thinning property, which is ideal for conformance
control by having high viscosity at low shear (reservoir) with
low pressure and injection at high shear (wellbore). Apparent
viscosities (10 s™') for the systems at 25 °C were in the
range of 38-52 cP with power-law indices between 0.62
and 0.68, which indicated pronounced shear-thinning
behavior. Intactness was maintained at yield stresses of
4.2-7.8 Pa. At the high temperature of 180 °C, NP-2 still
retained a value of 42.7 cP — very similar to RT and in stark
contrast with pure gas-liquid mixtures (~1cP). NP-5
exhibited 36.2cP at lower particle loading. At all
temperatures standard flow behavior indices (n=0.65-0.70)
were maintained. Figure 4 shows parallel log-log slopes
vs. T, suggesting that the flow mechanisms are temperature-
dependent only insofar as linked with a scaling but not every
aspect of the behavior.

Table 2

Foam stability metrics (half-life and drainage rate) demonstrating exceptional thermal resistance of nanoparticle systems

Temperature (°C) Control Foam NP-Stabilized Control Drainage NP-Stabilized Drainage Rate
Half-life (min) Half-life (min) Rate (mL/min) (mL/min)
25 40.0 60.4 1.24 0.58
80 19.8 51.6 2.16 0.98
120 2.6 50.3 2.55 1.24
150 10.7 34.4 2.88 1.47
180 5.0 39.6 3.41 1.67
200 4.5 29.3 3.81 1.83
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Foam Stability at Different Temperatures
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Fig. 2. Foam volume retention versus time at different temperatures comparing nanoparticle-stabilized (NP-2)
and control foams, showing dramatically different decay rates at elevated temperatures
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Fig. 3. Foam half-life as a function of temperature showing thermal stability divergence above 120 °C
where control foam degrades while nanoparticle foam maintains functionality
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Fig. 4. Apparent viscosity versus shear rate for nanoparticle foam (NP-2)
at four temperatures showing shear-thinning behavior and exceptional high-temperature viscosity retention

Mobility Reduction and Core Flood Performance.
Figure 5 reports a reduction in mobility at 150 °C and 180 °C
from core floods, whereas the MRF achieved by
nanoparticle formulation was about 58-73 (at 150 °C) and
55-62 (at 180 °C), much above the field application criterion
(MRF > 20). Control foam performed poorly, with 12.5 at
150°C and 8.7 at 180°C - far from the control of
conformance. Repeating performance over 180-650 mD
permeabilities implies that it is a range with consistent
performance despite heterogeneities.

Six systematic core floods (Table 4) defined waterflood
baseline recoveries averaging 35 % OOIP while considering
incremental foam performance. Even these nanoparticle-
generated foams (NP-1, NP-2, and NP-) added 16.9 to

22.7 % OOIP recovery when polymers were also used,
averaging 19.5 %. The best-performing test (Core C-2, NP-
2, 150 °C) achieved an incremental recovery of 22.7 % for
the most permeable core (520 mD), showcasing its
effectiveness in zones where conformance control is most
needed. At 180 °C, testing offered only modestly lower
recovery (16.8-19.3 %), likely due to some loss in stability,
but results remained strong. Control foams contributed only
3.8-52% more OOIP, 4-6 times lower than the
nanoparticle experiments. Finally, foam breakthrough was
observed at >1.6 to 2.1 pore volumes, suggesting successful
propagation. Figure 7 displays a comparison between
cumulative recovery curves with the waterflood baseline and
significant incremental recovery upon foam injection.

Mobility Reduction Performance at High Temperatures
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Fig. 5. Mobility reduction factors at 150 °C and 180 °C showing all nanoparticle formulations exceed field
application threshold (MRF=20) while control foam fails
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Table 4
Core flood results showing rock properties, operating conditions, mobility reduction factors, and oil recovery performance
Permeability Porosity Temperature Mobility Additional Oil Foam
Core ID (mD) (%) (°C) Formulation Reduction Recovery Propagation
Factor (% OOIP) (PV)
C1 245 18.5 150 NP-1 68.3 18.4 1.8
C-2 520 22.3 150 NP-2 72.5 22.7 1.6
C-3 180 16.8 180 NP-5 65.8 19.3 1.9
C-4 380 19.7 180 NP-5 58.2 16.8 2.1
C-5 650 241 150 Control 12.5 5.2 3.5
C-6 290 17.9 180 Control 8.7 3.8 4.2
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overage validating mechanical stabilization
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Fig. 7. Cumulative oil recovery versus pore volumes injected at 180 °C showing waterflood baseline, minimal control foam
improvement, and substantial nanoparticle foam enhancement (20 % additional OOIP)

Mechanistic Validation. The microscopic analysis
confirmed persistent nanoparticle adsorption at gas-liquid
interfaces even after prolonged thermal exposure, validating
the mechanical stabilization mechanism.

Discussion and conclusions

This  comprehensive laboratory  study indicates
nanoparticle-stabilized foams to be a novel transformative
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technology already breaking paradigms associated to
conformance control in high temperature ORs and where
conventional surfactant-based systems had severe limitations.
The studies systematically characterized performance with
respect to thermal stability, rheology, porous media behavior
and oil displacement efficiency and the comprehensive
evidence demonstrates better high-temperature property.
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Thermal stability data provide the most striking results:
the nanoparticle foams continue to function above 200 °C,
when typical foams lose all mechanical integrity.
Nanoparticle formulations at a field-relevant 180 °C
possessed half-lives which were 5-6 times longer (e.g., ca.
38-54 minutes compared to 2-9 minutes for controls) than
those observed for nanoparticles dosed under conditions
that would be present when injected into a reservoir scale

formation. This performance extension allows for
conformance control in deep reservoirs, of which
approximately 30-40% of the world's remaining

hydrocarbon resources are located, where foam technology
has been historically rendered ineffective. The mechanistic
rationale, irreversible nanoparticle adsorption creating
mechanical interface stabilization, is fundamentally distinct
from temperature-sensitive molecular surfactants. TEM
studies indeed verified the continued existence of an
interfacial particle coverage even at extreme thermal stress,
thus proving this mechanism.

Optimum concentration of the nanoparticles was found
to be 0.5-1.0 % wt, providing strong performance while
being practical in-field economy terms between 0 and 3 %.
By today's nanosilica price ($5—15/kg), the chemical cost of
$50-150 per cubic meter liquid phase is competitive based
on proven recovery enhancement. Silanization of surface
behaved superior in low loading, which implied potential
improvements.

Rheology studies resulted in favorable properties: strong
shear-thinning (n=0.62-0.68) and high viscosity even at
180 °C (28—43 cP). These properties allow for injection and
at the same time deliver good in-reservoir conformance
control. For T > 20 °C, this would yield a stress ranging from
2-4 Pa; results suggest structurally-strong networks that
withstand drainage and destabilization.

The porous media performance confirmed that bulk
property translation was valid for effective conformance
control. The decrease rates of mobility factors from 58 to 73
are much greater than the field application threshold
(MRF>20), demonstrating good potential for diverting flow
away from high-permeability channels. Relatively uniform
heterogeneities up to 180—-650 mD are indicative of resilient
performance. The ultimate validation comes with the oil
recovery results: 16.8-22.7 % of additional OOIP beyond
waterflood is a transformational economic achievement. In
the case of a 50 million barrel reservoir, 20 % incremental
recovery results in an additional 10 million barrels which at
$70 per barrel amounts to $700 million more revenue than
CHOPS with minimal chemical costs.

Field implementation considerations feature several
positive factors: (1) 15-30 nm particles pass through
standard pore throats (1-100 pm categorization range) with
little retention, (2) compatibility has been validated for high-
salinity brines, (3) injection pressures are not unreasonable;
and (4) detrimental effects on reservoirs have been absent.
Challenges include achieving a uniform dissemination at
the field scale, long-term fate of nanoparticles, optimizing
injection for packed structures in heterogeneous reservoirs
and implementation to work alongside other EOR
mechanisms.

Future work should include: (1) field-scale pilot tests in
appropriate candidate reservoirs, (2) economic optimization
over a range of oil prices, (3)evaluation of alternative
nanoparticle materials (TiO,, ZrO,, mixed oxides),
(4) synergies with polymer or low-salinity waterflooding,
(5) assessment of long-term stability over months rather
than days or weeks, (6) reservoir simulation using foam flow
models relevant to the present application and under
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realistic scenarios including dynamic foaming where foam
rises vs gas density slows progression towards
breakthrough around injection wells etc., and (7)
environmental and regulatory assessments. The technology
has graduated from concept to the laboratory and field, it is
ready for pilot scale trials.

In summary, nanoparticle-stabilized foams offer
scientifically proven, technically qualified, and commercially
viable technology for high-temperature conformance control.
A unique set of properties, including high thermal stability
under functionalization temperatures (up to 200 °C), optimal
rheological behaviour, superior performance in porous
media (MRF from 58 up to 73) and significant oil recovery
enhancements (17-23 % OOIP) makes this an important
EOR advancement. If successful in the field, such
demonstration could open up billions of barrels that are
currently inaccessible to conventional technology, with
substantial benefit for global energy security.

Sources of funding. The authors declare the absence
of external funding for the conduct of this study and preparation
of the manuscript for publication.
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PEATYBAIbHI MNMIHK, CTABINI3OBAHI HAHOYACTUHKAMU
Ans KOHTPOJIO BIANOBIAHOCTI Y BUCOKOTEMIMNEPATYPHUX PESEPBYAPAX

BcTyn. Konmpons eidnoeidHocmi e HeoOHOpPiGHUX Haghmoeux pe3epeyapax € KpUMUYHUM 3a80aHHSIM Ons nideuuweHHs1 HaghmodobyeaHHsl,
0co61u8o 3a 8UCOKUX memriepamyp, OCKi/lbKu repernoeHeHi noeepxHero 3pisaHHs niHu, cmabinizoeaHi noeepxHeeo-akMUSHUMU pe4yoe8uHaMu, pyu-
Hylombcsi 3a memnepamypu noHad 150 °C yepe3 mepmiyHy eghekmueHicmb 2eHepayii ma akmueHe opeHysaHHsi. Mu docnidxyemo niHu, cmabinizo-
8aHi HaHoO4YacmuHKaMmu, siKi 36epizaromb cmpyKmypHy yinicHicmes eid HaHoMexaHi4YHUX MexaHi3mie cmabinisayii 3a memnepamypu Ao 200 °C.

Mema docnidxeHHsi. OcHogoro Hawoi po6omu 6yna po3pobka ma cucmemamu4Ha oyiHKa NiHHUX KOMMO3uyit, cmab6inizogaHux HaHO4YacMuH-
Kamu, 9ns1 ixHbo20 3acmocyeaHHs1 8 KBP. Hawi koHkpemHi yini eknroyanu: 1) cma6inizayiro pisHux komno3uyili HaHOKyMeHmporiie 3a memnepamypu
8id 25 °C do 200 °C; 2) oyiHka peosnoziyHoi nogediHku 3a ymoe pe3epesyapis; 3) oyiHka 4yacmux "empam"”, 3a6pydHeHb ma MOWUPEeHHS MiHU 8 nopuc-
mux cepedosuwjax; 4) kinbkicHe oyiHoeaHHs1 dodamkoeo2o eudobymky Hagpmu Ha npuknadi daHux MPO 3amonJsieHHs1 KepHa 3a memnepamypu e
mexax 150-180 °C.

M e T o au. JlabopamopHi ekcriepumeHmu AocnidxeHHs1. Y nabopamopHUX eKcriepuMeHmax eUKopucmosyeanucb HaHO4YaCMUHKU KpeMHe3eMmy
ma okcudy anmomirito 15-30 Hm e diamempi ma 0,5-1,0 mac.% 3 anbgha-oneghiH cynLhoHamMHOI NM08ePXHEBO-aKIMUBHOK PEYOBUHOIO 8 CUHMeMuY-
Homy po3cosi 35,000 ppm TDS. Cmab6inbHicmb niHU eumiprosanacsi 8 KOMipKax 8UCOKO20 MUCKY ma eUCOKOl meMnepamypu npu wecmu memrnepa-
mypHux mo4kax. PeonoziyHa xapakmepucmuka eu3sHayaemscsi 3a G0NOMO2010 8UCOKomeMepamypHoi KOHUEHMPUYHOI yuniHOpu4Hoi 2eomempii
Ha peomempi Anton Paar MCR 302. LLlicmb ekcnepumeHmie i3 3amorneHHs1 KepHa 6y/10 BUKOHaHO Ha KepHi nickoeuky Berea npu 150 °C ma 180 °C.

Pe3ynbTatu. [liHu, cma6inizoeaHi HaHoYacmMuHKaMu, MpPosieUsIU BUHSIMKO8Y mepMiyHy cmabinbHicmb 3 nepiodamu Haniepo3nady
38-54 xeunuHu 3a memnepamypu 180 °C nopigHsIHO i3 2-9 xeunuHamu 07151 KOHMPOJIbHUX MiH, W40 cmaHoeumb nosninweHHs 8 5-6 pasie. Onmuma-
nbHa komno3uyisi — 0,5-1,0 mac. % HaHoYacmuHOK kpeMHe3emy. PeosoziyHi eumipu nokasanu nceedomnnacmuyHy noeediHKy 3 ysa8HUMU 8 'I3KocmsiMu
28-43 cll1 3a memnepamypu 180 °C. EkcnepumeHmu i3 3amornieHHsIM MiHU eusisusnu KoegiyieHmu 3HUXeHHs1 Mo6inbHocmi 58-73. [Jlodamkoee sudi-
JneHHs1 Haghmu cmaHoeuno 8id 16,8 0o 22,7 % noyamkosux 2eopecypcie noHad 3a800HeHHs1, y cepedHbomy 19,5 % Ans mecmie 3 HaHOYaCMUHKOBOH
niHoto npomu 3,8-5,2 % Onsi KOHMPOJILHUX TiH.

BucHoBku. ll[podeMmoHcmpoeaHo, wo niHu, cmab6inizoeaHi HaHoYacMuUHKaMu, xapaKmepu3yrMmbCsl 8UCOKOIO mMepMiyHOK cmabinbHicmio
ma egpekmueHicmio eupieHro8aHHs1 npoghinto 3a memnepamyp, wo nepesuwytomsb 180 °C, 3a sskux mpaduyiliHi NiHHI cucmemMu empayaroms ceoi
npayezdamHicms. 3anpornoHoeaHa mexHos102is 3abe3nevye KoegiyicHMu 3HWKEeHHs1 pyxsueocmi e mexax 58—-73 ma dodamkoeuli uAo6ymok Ha-
¢mu Ha pieHi 17-23 % eid noyamkoeux 3anacie Haghmu e niacmi, U0 € EKOHOMIYHO 3HaYyW UM pe3ysibMmamom.

Knwo4yoBi cnoBa: nidsuweHHss Hagpmoeiddadi, niHa, cmabinizoeaHa HaHoYacmMuHKamu, KOHMPoJib eidnosidHocmi, sucokomemnepamypHi
pe3epeyapu, mepmiyHa cmabinbHicmb, 3HUXeHHsI MO6iNbHOCMI, 3amonJieHHs] KepHa, Mix¢ha3Hi seuwa.

ABTOp 3aABnsA€ NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobreHHi AocnifpKeHHs; y 300pi, aHanisi un iHTe-
pripeTauii AaHux; y HanucaHHi pyKonucy; B pilleHHi npo nybnikauito pe3ynbTaris.
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