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Abstract 

The article presents the laboratory results of formation and breaking of water and organosilicon fluid emulsions, as 

well as formation and dissociation of nitrogen hydrates under PT conditions close to the conditions at the interface of 

a glacier and subglacial Lake Vostok using the Gas Hydrate Autoclaves GHA 350 complex. The studied organosilicon 

fluid was polydimethylsiloxane WACKER AK-10 (in the Russian classification according to GOST 13032-77, PMS-10) 

with a density of 0.9359 g/cm3 and a kinetic viscosity of 10 mm2/s. We found that a decrease in the emulsion 

temperature leads to an increase in the time of its breaking, the formation of microemulsions and multiple emulsions 

of the “oil – in water – in oil” type. This is especially evident at temperatures ≤10 °C. The average emulsion breaking 

time was 107 s. The minimum emulsion breaking time was observed at a minimum mixer rotation speed of 100 rpm 

and a maximum temperature of 60 °C, and the maximum emulsion breaking time was observed at a mixer  

rotation speed of 500 rpm and a temperature of –2.8 °C. We found that nitrogen hydrates were formed at a pressure of 

35.0±0.5 MPa and a temperature of ≤ –1 °C. 
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Introduction 

In 1996, Russian scientist A.P.Kapitsa [1] published the first official paper about the discovery 

of a huge lake below a thick Antarctic glacier in the Vostok Station area. In this regard, the scientific 

research shifted towards a comprehensive interdisciplinary and international study of subglacial 

lakes [2, 3]. To date, 675 subglacial lakes have been discovered in Antarctica [4], and only four ice 

drilling projects with subsequent penetration into the lakes have been implemented: Vostok [5, 6], 

Whillans [7, 8], Mercer [8, 9], and Filchner [10]. The largest of the discovered lakes, Lake  

Vostok [2, 11, 12], is of greatest interest to the Russian scientific community. Since 1990, experts 

from the Mining University and the Arctic and Antarctic Research Institute (AARI) with the tech-

nology and scientific support from French experts and the logistical support from American experts 

drilled the deep 5G borehole. 

The purpose of drilling a deep borehole was initially to collect a core sample through the entire 

glacier thickness, but the discovery of the subglacial lake added another goal – environmentally 

friendly opening of the lake with subsequent clean sampling of lake water [13, 14]. As a result of 

long-term drilling, on 5 February 2012, at a depth of 3769.3 m, Russian scientists reached the surface 

of the subglacial Lake Vostok, and on 25 January 2015, they opened it again [5, 6, 13]. However, 

they did not succeed to collect clean lake water samples. Currently, experts from the Mining University 
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are actively developing effective and environmentally friendly technologies for drilling the ice cover 

and studying subglacial environments [15-19]. 

Deep ice drilling requires various low-temperature fluids (drilling fluids – DF), which are 

poured into the well from the wellhead. DF provide compensation for lithostatic (overburden) 

pressure and are a cleaning agent. Without them, deep ice drilling is impossible, since ice is a 

plastic-brittle rock, in which plastic deformations are especially active at high pressures and mas-

sif temperatures close to melting. As a result, well diameter decreases, which leads to complica-

tions and accidents. 

Low-temperature fluids can be divided into four main groups (Fig.1): two-component petroleum 

base fluids with added weighting agent, alcohol compounds, ester compounds, and silicone oils [20, 21]. 

Most of these fluids are environmentally unsafe. For example, the most common DF – a mixture of hy-

drocarbons used in the 5G well, despite its advantages (cheapness, low viscosity, density adjustable over 

a wide range, inertness with respect to ice, hydrophobicity), is based on aviation fuel (TS-1, Jet A-1) being 

a highly toxic compound, and the fluorocarbon weighting agents used (freon HCFC-141b) have a 

negative impact on the Earth’s ozone layer [22]. 

Opening of subglacial reservoirs is based on the pressure undercompensation, which is the 

difference between the lithostatic pressure Pg (ice pressure) and the hydrostatic pressure Pgdf  

(DF pressure). The lithostatic pressure must be greater than the hydrostatic pressure. Compliance 

with this condition ensures that water rises from the lake into the well during opening, and  

its flow continues until the moment when the pressure balance “fluid in the well – lake” is  

reached [23-25]. 

At the moment of opening, the stream of lake water entering the well actively mixes with the 

DF, forming an emulsion. Moreover, the higher the value of the differential pressure, the higher the 

initial speed of the stream, and, accordingly, the speed and height of the lake water rise into the  

well [25]. The emulsion is a mixture of water and colder DF, which can contribute to faster freezing, 
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Fig.1. Classification of drilling fluids [20] 
 

1 – used in drilling; 2 – promising 
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in comparison with clean water, and to the contamination of the lake water in the well, which will not 

allow collecting clean samples [26-28]. 

Opening can also be complicated by hydrates formation, which hinders the movement of equip-

ment in the well and increases the risk of tool freezing. Formation waters containing gases of organic 

and inorganic origin, acting as hydrate formers, and come from the lake bottom surface. The growth 

of the hydrate phase occurs under certain PT conditions and the presence of hydrate-forming sub-

stances. This process is accelerated by high flow rates, mixing, crystallization centres, and free water. 

During the subglacial reservoir opening, active mixing occurs, which, given the large interface  

between lake water and cold DF, leads to solid hydrates formation [29-31]. 

Hydrate formation is caused by both the chemical interaction of water and DF, and the budget 

of atmospheric gases – oxygen and nitrogen, which enter the lake with melt water [32, 33]. For  

example, in 2012 and 2015, when the subglacial Lake Vostok was opened, a column of freon clath-

rates was formed, which separated the lake water and DF. The PT conditions at the “lake – glacier” 

interface are optimal for the formation of many types of hydrates. In [32] the volume and concentra-

tion of atmospheric gases entering the lake are indirectly estimated, but direct measurements were 

not made due to the lack of access to the subglacial space. 

This article discusses the use of promising environmentally friendly DF – silicone (organosili-

con) fluids (oils) [34]. Silicone fluids are transparent, colourless, odourless, practically insoluble in 

water and highly resistant to chemical and oxidative degradation [35]. They have a wide range of 

industrial, consumer, food, and pharmaceutical application both in pure form and as an ingredient in 

finished products. Silicone additives can often be found in cosmetics. Many suppliers use these sili-

cone fluids to make their own industrial mixtures and emulsions, but silicone fluids are produced by 

only a few companies in the world and are a commercial product. 

Silicone fluids are used in the food industry. For example, the food additive E900 is a liquid 

polydimethylsiloxane (PMS) and is an antifoam in the industrial production of food. The additive is 

used as a binding agent, stabilizer, texturizer, anti-caking and anti-clogging agent, which confirms its 

environmental safety [22, 36]. PMS is also used as an additive to drilling fluids when drilling pro-

duction wells for oil and gas [21]. The development and investment in the production of organosilicon 

fluids is steadily increasing every year, which can ultimately lead to a rational distribution of their 

production considering consumption, logistics, and energy supply of processes, especially in fast-

growing Asian regions, as well as the discovery of new areas of application (for example, in deep ice 

drilling in the Arctic and Antarctic [37, 38]). 

The advantages of PMS include environmental friendliness, non-toxicity, hydrophobicity, mis-

cibility, preservation of density and rheological properties in a wide range of temperatures. The disad-

vantages are high cost, low evaporation rate, high compressibility, and significant change in density 

depending on temperature.  

A new technological solution for PMS is its use as a DF in deep ice drilling [20]. Experts from 

Russia, China, the USA, and Europe conduct comprehensive studies on the interaction of PMS with 

ice slurry, choosing brand and manufacturer for specific drilling conditions based on density and 

rheological properties, conduct experimental drilling, study the effect on the hydraulic system and 

interaction with materials, etc. 

Currently, there are no implemented well drilling projects using PMS [21]. Therefore, ice drilling 

and opening of subglacial reservoirs using linear PMS remain poorly understood. Modelling and 

forecasting the subglacial reservoir opening while ensuring processing and environmental require-

ments needs a detailed consideration of formation and breaking of emulsions (water and PMS) and 

gas hydrates. The study target is the interaction between PMS and lake water during the subglacial 

reservoir opening, and the subject is the formation and breaking of emulsions and gas hydrates. The 
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purpose of the study is to determine the influence of fluid temperature, the intensity of their mixing, 

and the type of gas on the formation and breaking of emulsions and gas hydrates, considering the  

PT conditions at the glacier and the subglacial Lake Vostok interface. 

Research methods 
The organosilicon fluid WACKER AK-10 (PMS-10 in the Russian classification according  

to GOST 13032-77) from the German chemical company Wacker Chemie AG was used as the test 
fluid (Table 1). 

 
 Table 1 

 

Properties of organosilicon fluid WACKER AK-10 at T = 25 °C [9] 
 

Parameter Indicator Determination method 

Visibility Colourless, pure – 

Density, g/cm3 0.93 DIN 51757 

Boiling point, °C 180 ISO 2592 

Flash point (fluid), °C 365 EN 14522 

Pour point, °C –80 DIN 51794 

Surface tension, N/m 0.020 DIN 53914 

Kinetic viscosity, mm2/s 10 DIN 53019 

Dynamic viscosity, MPa·s 9.3  

Coefficient of thermal expansion 

at 0-150 °C, m2·10–4/(m2 · °C) 
10  

 

The studies were conducted using laboratory equipment of the Arctic Research Centre of the 

Mining University. At the initial stage, the density and rheological properties of the fluid under study 

were determined in laboratory conditions. The density of WACKER AK-10 was measured by two 

independent methods – by Mettler Toledo Density meter Easy D40 and an AON-1 hydrometer; tem-

perature – using a digital thermometer LT-300; viscosity – by a Fann 35SA viscometer. The formation 

and breaking of emulsions and gas hydrates were studied using the German Gas Hydrate Autoclaves 

GHA 350 system, which includes a GHA-350 autoclave, an overhead mixer, a Huber Ministat 240 

thermostat, gas boosters with a maximum pressure of 15 and 40 MPa, a model gas preparation system, 

three video cameras, and a computer. The gas hydrate autoclave system makes it possible to generate 

PT conditions close to the conditions at the point of opening of the subglacial Lake Vostok by  

borehole 5G (pressure 33.78±0.05 MPa, ice melting temperature at the glacier/lake interface  

–2.72±0.10 °C [8], volume of fluids in the autoclave – water 200 ml, PMS 125 (200) ml). Methylene 

blue dye concentrate was added to the water in advance for better visualization of the process. Nitro-

gen, helium, and their mixture in a 1:1 ratio were used as the gas to generate pressure. Lake water 

was obtained from a lake ice core from borehole 5G at Vostok Station. Laboratory studies were con-

ducted with video recording of the emulsion formation and breaking at a pressure P = 35.0±0.2 MPa 

with a change in the mixer rotation speed n from 100 to 700 rpm and emulsion temperature Te from 

–3.5 to 60 °C. The fluid mixing time was 60 s (selected experimentally in such a way that the emulsion 

did not change its dispersion upon further mixing). Experiments under the same PTe conditions were 

conducted 1-4 times. Upon completion of the experiments, all video recordings were processed  

visually. 

Discussion 

Results of density and rheology measurements of WACKER AK-10 at T = 25 °C: density 

0.9359 g/cm3, kinetic viscosity 10 mm2/s. Ten series (168 experiments, including seven experi-

ments with video recording 20-600 min long) of laboratory studies of formation and breaking of 

emulsions were conducted. 
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The intensity of mixing has a great influence on the dispersion of the emulsion. Mixing 

WACKER AK-10 and water at P = 35 MPa and rotation speed n < 200 rpm leads to the formation of 

polydisperse emulsions, and at rotation speed n ≥ 200-400 rpm (the range is determined by the change 

in Te) monodisperse emulsions are formed. Increasing the rotation speed of the mixer leads to a de-

crease in the size of the emulsion globules. Fig.2, a shows the emulsion at the moment of stopping 

the mixer, formed at Te = 0 °C, P = 35 MPa, and n = 100 rpm. It is polydisperse, since the globules 

have different sizes (0.2-6 mm). The emulsion in Fig.2, b formed at T = 0 °C, P = 35 MPa and  

n = 700 rpm is monodisperse, the size of its globules is 1-2 mm. 

Lowering the temperature of the mixed fluids T ≤ 10 °C leads to the formation of finely dispersed 

emulsions with globule sizes of 0.1-0.5 mm (Fig.2, c, d). Lowering the temperature of the fluids to 0 °C 

and below in rare cases leads to the formation of multiple emulsions of the O/W/O (oil – in water – in oil) 

a b 

c d 

e f 

0 5 mm 0 5 mm 

0 5 mm 0 5 mm 

0 5 mm 0 5 mm 

 Fig.2. Results of formation and breaking of emulsions and water: a – type of emulsion at the moment of 

stopping the mixer at T = 0 °C and n = 100 rpm; b – type of emulsion at the moment of stopping the mixer 

at T = 0 °C and n = 700 rpm; c – formation of finely dispersed emulsions during breaking at T = 0 °C and  

n = 600 rpm; d – formation of finely dispersed emulsions during breaking at T = –3.5 °C and n = 400 rpm;  

e – formation of an O/W/O emulsion at T = –2.8 °C and n = 100 rpm;  f – formation of an O/W/O emulsion 

at T = –3.5 °C and n = 150 rpm 
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type. Fig.2, e, f show emulsions in which the diameter of a large water globule is 6.75 mm with small 

organosilicon fluid globules inside with a diameter of 0.05-0.30 mm. Usually, the lifetime of such indi-

vidual globules does not exceed 5 min.  

Emulsion breaking is shown in Fig.3. After stopping the mixing, active merging of water globules 

and the formation of larger ones, exceeding the initial size by 2-7 times, is observed, while kinetic 

instability appears, leading to creaming of emulsions (floating of the dispersed phase particles under 

the influence of gravity; in this case, the dispersed phase is water) with subsequent coalescence. 

Merging (coalescence) of two globules with formation of a new, larger globule is shown in Fig.4. 

When a clear interface between the emulsion and water appears in the video, a finely dispersed emul-

sion is formed on it. The layer of globules gradually decreases and eventually larger features are 

formed – floccules and globules – a set of several macromolecules. Floccules are broken in the first 

minutes, and the existence time of individual globules can reach tens of hours. The individual globules 

that survive the longest are those that are at the contact between two fluids and a solid surface, which 

leads to their subsequent fusion. 

The laboratory results of the emulsion breaking time are presented in Table 2 and Fig.5. At a 

mixer rotation speed in the range of 150-300 rpm using nitrogen, the upper extrema of the emulsion 

breaking time are observed, which decrease to minimum values at n = 400 rpm. At n > 400 rpm,  

the dependence on the rotation speed decreases and becomes linear, this is especially evident at  

Te = 30-60 °C. A shift in the emulsion breaking time extrema is also observed depending on the mixer 

rotation speed, so at Te = 60 °C the extremum is reached at n = 300 rpm, and at Te = 10 °C the 

extremum is at n = 150 rpm. Figure 5 shows the dependences of the emulsion breaking time on the 

mixer rotation speed using helium. A linear, weakly ascending dependence is observed, and mathe-

matical models are developed for these data in order to determine the emulsion breaking time y de-

pending on the fluid temperature T and the mixer rotation speed x: 

a b 

c d 

 Fig.3. Breaking of the WACKER AK-10 and water emulsion at P = 35 MPa, T = 10 °C,  

n = 250 rpm: a – 10 s; b – 30 s; c – 60 s; d – 84 s (complete breaking of the emulsion) 
 

Video by link https://pmi.spmi.ru/pmi/article/download/16610/16637 

https://pmi.spmi.ru/pmi/article/download/16610/16637
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Т = 10 °С,  y = 0.2696x + 29.329; 

Т = 0 °С,  y = 0.2673x + 70.971; 

Т = –2.8 °С,  y = 0.3194x + 71.757; 

Т = –3.5 °С,  y = 0.1642x + 93.485. 

These models are of the greatest interest, since their PT conditions are close to that of at the 

interface of the subglacial Lake Vostok and the glacier. 
 

Table 2 
 

Laboratory results of breaking of the WACKER AK-10 (PMS-10) and water emulsion 
 

Item N 

Rotation 

speed n, 

rpm 

Gas used to generate pressure in the autoclave 

Nitrogen (N2) N2+He Helium (He) 

Volume of fluid in the autoclave 

125 ml DF + 200 ml water 200 ml DF + 200 ml water 

Average emulsion breaking time teb at different temperatures, s 

60 °С 50 °С 40 °С 30 °С 20 °С 10 °С 10 °С 0 °С –2,8 °С –3,5 °С 

1 100 0.0 0.0 28.0 31.0 32.0 90.5 59.3 82.5 106.0 – 

2 150 – 60.0 61.0 92.0 102.0 148.3 86.0 89.0 102.0 115.0 

3 200 92.0 85.7 117.0 112.0 72.0 107.8 79.0 118.0 128.5 125.0 

4 250 – 102.0 118.0 80.3 78.0 91.7 89.0 149.0 144.0 140.0 

5 300 108.5 57.0 57.0 66.5 70.5 96.0 93.5 151.5 157.0 140.0 

6 350 – – – 58.5 74.0 90.0 106.0 174.5 180.0 155.0 

7 400 41.5 37.0 38.0 53.5 74.5 80.0 143.0 209.0 235.0 165.0 

8 500 41.8 39.0 39.0 50.0 100.0 83.0 184.5 240.0 279.0 170.0 

9 600 – 43.0 42.0 54.0 97.0 93.3 210.0 225.0 270.0 182.0 

10 700 45.8 42.0 50.0 60.0 107.0 102.5 200.0 220.0 250.0 216.0 

0 5 mm 0 5 mm 

0 5 mm 

a b 

c 

 Fig.4. Coalescence of globules at T = 10 °C: 

a – two separate globules; 

b – fusion of globules; 

c – a single globule 
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Changing the gas type and increasing the WACKER AK-10 sample volume from 125 to 200 ml 

leads to an increase in the emulsion breaking time. In the rotation speed range of 100-250 rpm, the 

minimum emulsion breaking time is observed when using helium, in the range of 250-300 rpm, the 

emulsion breaking time for helium and nitrogen is the same, and above 300 rpm, emulsions with 

helium are broken twice as slowly as emulsions using nitrogen.  

A decrease in the temperature of fluids leads to an increase in the emulsion breaking time, this is 

especially evident at a temperature of Te ≤ 20 °C and below. For example, a change in temperature from 

30 to 10 °C with the same mixing speed n = 700 rpm increases the emulsion breaking time by two times. 

The study of formation and breaking (dissociation) of hydrates in a mixture of water, organosilicon 

fluid, and gas under conditions close to the surface conditions of the subglacial Lake Vostok was 

conducted using a gas hydrate autoclave system. Considering the procedure of opening subglacial 

reservoirs and the PT conditions for hydrate formation, the required temperature range is from  

–10 to +10 °C. Based on the laboratory results, nitrogen hydrates are formed at P = 35±0.5 MPa and 

T ≤ –1 °C. This means that if there is a sufficient volume of nitrogen in the ice, nitrogen hydrates can 

form even before opening. Hydrates are also formed in a mixture of nitrogen and helium in a 1:1 ratio 

at P = 35±0.5 MPa and T ≤ –2.8 °C. Considering the inertness of helium, the compounds formed are 

nitrogen hydrates. 

Addition of inert gas – helium – to nitrogen resulted in a shift in PT conditions for the formation 

of solid gas hydrates towards a temperature decrease. The use of helium to generate pressure in the 

autoclave and the presence of residual nitrogen in the fluids resulted in the formation of nitrogen 

hydrate at P = 35±0.5 MPa and T ≤ –5 °C (Fig.6, 7, a). In this case, the exact nitrogen content is 

difficult to determine. In some experiments, an increase in the mixer rotation speed resulted in its 

freezing in the autoclave, which caused the experiment termination. This occurred due to the instan-

taneous intensification of the formation of a large amount of hydrates due to the active mixing of 

water and organosilicon fluid. This phenomenon should be especially considered when developing 

ice drilling technologies and opening subglacial reservoirs. 

It is known that dissociation of gas hydrates is initiated by decreasing pressure or increasing 

temperature. After decreasing the pressure in the autoclave from 35 to 25 MPa, small gas bubbles of 

0.2-0.8 mm are released from the hydrates and accumulate in a closed space (Fig.7, b). The bubbles 
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Fig.5. Dependences of the WACKER AK-10 and water emulsion breaking time on the mixer rotation speed  

at T = –3.5-60.0 °C and P = 35 MPa 
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merge and form larger bubbles of 1-5 mm in size. Upon accumulation of a critical volume of gas  

(70-90 s after the start of the pressure change), the bubbles collapse and the gas escapes upward 

(Fig.7, c). The dissociation intensifies with the release of the first bubbles, and after 30-40 s, an in-

crease in their size from 0.2-0.8 to 0.8-5 mm is observed (Fig.7, d). They cover more than 70 % of 

the viewing window surface. The merging of small bubbles into larger ones and their release continues 

for 40-60 s, after which the size of the resulting bubbles decreases again to 0.2-0.8 mm, and individual 

mergers into bubbles to 5 mm are formed (Fig.7, e, f). 

The decrease in temperature in the autoclave T ≤ 0 °C and the formation of ice/hydrates on the 

inside of the viewing windows for video cameras leads to condensation on the outside. This interferes 

with visual observation of the processes, which must be considered in further studies. 

Summary 

A set of investigations was conducted aimed at studying the formation and breaking of emulsions 

and gas hydrates during the interaction of two liquids (water and organosilicon fluid) and pressure 

generation using helium and/or nitrogen, which was a kind of test survey, since laboratory studies of 

emulsions and gas hydrates under PT conditions close to the conditions at the interface of the glacier 

and subglacial Lake Vostok were not conducted. 

a b 

 

a b c 

d e f 

 

Fig.6. Formation and breaking of nitrogen hydrate: a – before dissociation;  

b – after dissociation of nitrogen hydrates at T = –5 °C and P = 25 MPa 

Fig.7. Dissociation of nitrogen hydrate at T = 0 °C and P = 25 MPa after the time:  

a – 0 min; b – 1 min; c – 2 min; d – 3 min; e – 4 min; f – 5 min 
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The influence of fluid temperature, mixing intensity, and gas type on the formation and breaking 

of emulsions from water and WACKER AK-10 was studied: 
• low thermodynamic and kinetic stability of the studied emulsion is observed; 
• the intensity of mixing largely influences the dispersion (with an increase in mixing intensity, 

the size of globules decreases) and the time of breaking of emulsions (experiments with nitrogen 
showed maximum points at a mixer rotation speed n = 150-300 rpm, with helium at a mixer rotation 
speed n = 600-700 rpm). 

Conclusion 

The approved laboratory research methodology using the Gas Hydrate Autoclaves GHA 350 is 

applicable for studying the formation and breaking of emulsions and gas hydrates. In laboratory con-

ditions, using modern verified equipment, the density and rheological properties of the studied orga-

nosilicon fluid WACKER AK-10 were measured at T = 25 °C: density 0.9359 g/cm3, kinetic viscosity 

10 mm2/s. 

It was found that a decrease in the emulsion temperature leads to an increase in the time of its 

breaking, the formation of microemulsions, which are characterized by a decrease in the interfacial 

tension between the aqueous and organic phases to ultra-low values, and multiple emulsions of the 

O/W/O type. This is especially evident at Te ≤ 10 °C. The average emulsion breaking time was  

107 s. The minimum emulsion breaking time is observed at a minimum mixer rotation speed n = 100 rpm 

and a maximum temperature Te = 60 °C, and the maximum emulsion breaking time is observed at a 

mixer rotation speed n = 500 rpm and a temperature Te = –2.8 °C. 

It was found that nitrogen hydrates are formed at a pressure P = 35±0.5 MPa and a temperature 

T ≤ –1 °C. Addition of an inert gas – helium – to nitrogen leads to a shift in the PT conditions for  

the formation of nitrogen hydrates – with a gas ratio of 1:1, nitrogen hydrates are formed at  

P = 35±0.5 MPa and T ≤ –2.8 °C. 

Research into the formation and breaking of emulsions and gas hydrates is relevant and signifi-

cant in developing the technology of environmentally safe and accident-free opening of subglacial 

reservoirs using organosilicon fluids.  

In further investigations, it is necessary to use other brands of organosilicon fluids, for example, 

PMS-1.5, PMS-2.0, PMS-2.5, PMS-3.0, PMS-1.5r, PMS-2.0r, PMS-2.5r, which are of greatest interest 

from the point of view of applicability in opening the subglacial Lake Vostok. 
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