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Abstract: A new source of unconventional energy in Poland can
be gas that is trapped in shale formations. During exploration
of shale gas, large quantities of water used in hydraulic fracturing
process, which return to the surface, are contaminated. There
are many methods for removing trace amounts of hydrocarbons
like physical methods (filtration) or chemical (acidification) but
they may be ineffective. Desirable method is to check online re-
turning hydraulic fracturing fluid to quickly react and separate
layer of organic matter. After separating the aqueous phase from
the hydrocarbon phase, the water may contain low levels of or-
ganic matter and need a sensitive method for on-line monitoring.
One useful technique is to use a quartz microbalance. Group of
solvents which show promising properties of film formation are
ionic liquids due to their unique physical and chemical properties.

1. Introduction

The energy crisis and rising prices of conventional energy sources have caused an ur-
gent need to use technology to increase the world’s energy reserves. Increasing the
amount of available resources can be achieved by discovery of new deposits, by in-
creasing efficiency of extraction or by development of technologies allowing the use
previously unprofitable materials. Hence, the mining sector development of shale gas
in Poland raised high hopes (Ahmadunn 2009).

Shale is a fine-grained sedimentary rock with low permeability. Since few years
there were attempts to extract natural gas from shale deposits, but the process was
inefficient. In the past decades, the combination of horizontal drilling and hydraulic
fracturing gave access to large amounts of gas from shale, which was previously uneco-
nomic in the production. Possibility of economic recovery of shale gas was a surprise
to the industry, even though scientists have known for many years about the large
amount of gas contained in shales around the world.
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2. Hydraulic fracturing process

The gas is extracted from shale rock using a process called hydraulic fracturing. This
process creates a network of cracks in underground formations, allowing the flow
of gas. Hydraulic fracturing increases the efficiency of the well by pumping special
fluid which is usually mixture of water with chemicals and sand under very high
pressure to produce, maintain or enlarge cracks in the rock.

Returning fluid, so called produced water is collected and treated on site and
pumped back into the hole or transported to the sewage treatment plant. Each well
has a container for additives and water used to fracture. In addition to the additives
used in the recycled water technology, water brings other compounds from the forma-
tion of the earth, usually salts. These fluids contain salts of sodium, calcium, barium,
strontium and iron, heavy metals and other components. Some drilling companies
use almost 100% of flowback water by mixing it with clean water and re-inject it
into the hole (James 2010). Properly carried out modern hydraulic fracturing is a
safe process, although it is known that large amounts of water are necessary to carry
it out. The mixture used in hydraulic fracturing is water, sand and additives as shown
in Fig. 1.

Fig. 1. Composition of the water used for hydraulic fracturing (James 2010).

Table 1 describes the purpose of each of the additives used in the mixture and its
toxicological data. Produced water management is one of the most important issues
and problems in development of oil and gas fields. Fluid re-injection is not sufficient
to manage the increasing amount of used water.

Production of crude oil, natural gas and conventional gas generates contaminated
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Tab. 1. List of chemical additives used in hydraulic fracturing fluid

Type of additive Chemical
composition Function Toxicological

data

Brine carrier fluid KCl

Helps dissolve
minerals and
initiate the

formation of cracks
in the rock

Harmless even if
ingested in high
concentrations

pH adjustment agent
Sodium or
potassium
carbonate

Maintains
appropriate pH of

the fluid

Hazardous. Skin,
eye and respiratory

tract irritation

Gelled Fluid

Linear gel polymer
(Guar gum
derivatives,

hydroxyethyl
cellulose)

Keeps the viscosity
of the fluid at

elevated
temperatures

Flammable vapours.
Can cause eye, skin

and respiratory
tract irritation

Crosslinker (Borate
salts, MEA)

Combustible,
harmful if

swallowed. Cause
skin disorders and

eye ailments.

Breaker fluid

Acids, Oxidizers,
Enzymes,

(Ammoinium
persulfate,
Ammonium
sulphate)

Delays the
decomposition of

the gel

Harmful if
swallowed.

Respiratory tract,
eye and skin
irritation.

Foaming agent Diethanoloamine,
Isopropanol

Reducing the
surface tension of
liquid facilitates
recovery after

fracturing

Highly flammable.
Cause skin

disorders, eye
ailments

Bacteria Growth
inhibitor

Microbiocide
(2-bromo-3-

nitrilopropionamide) Removes bacteria
from water, which

metabolites are
corrosive

May cause skin
irritation,

permanent eye
damage, skin

disorders, nausea

Biocide
(2-bromo-2nitrol i

3-propanedol)

Hazardous. Harmful
if swallowed,

irritant.

Dilluted acid(15%) Hydrochloric acid,
Formic acid

Helps dissolve
minerals and
initiate the

formation of cracks
in the rock

Severe burns, tissue
damage. Chronic ef-
fects/Carcinogenicity.

Genetic changes

Acid corrosion inhibitor N,n-dimethyl
formamide

Protects piping hole
from corrosion

Chronic effect on
liver, kidney, heart,

central nervous
system

Fluid additives

Friction Reducers
(Mineral oil,

Polyacryloamide)

Reduces friction
between the water

and piping

Carcinogenic,
corrosive, affect the
liver, kidney, heart,

nervous system

Fluid-loss Additives
(silica talc, clay)

Prevents cracks
from collapsing

-

Iron control (citric
acid)

Eye irritating
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water with hydrocarbons, which are usually separated from the gas, but due to
the composition of these streams, they must be disposed of in not harmful man-
ner to a human health and the environment in the future. In the gas industry in
the USA, over 60% of process water is re-injected into a specially designed, under-
ground space, which is geologically isolated from the potential underground sources
of drinking water. This process is specifically designed not to contaminate the aquifer
geological formations that may become in the future a source of drinking water.

Since the use of water in the hydraulic fracturing process is not cheap, the most
economical methods of produced water’s purification are being sought, to either use it
multiple times or upon completion of gas production, give it back to the environment.
Economic and technical feasibility of such water purification are obviously dependent
on its initial composition, the processes that will occur in the ground and water quality
to be extracted from the well. The pH of the water level should remain neutral, unless
strong acids or bases are explicitly added to it (Arthur 2004).

3. The use of ionic liquids in water purification technology

Oil and gas production is usually associated with pumping large amounts of water
which is later received, together with pollutants such as hydrocarbons. It is desirable
to have an on-line collection of contaminated water samples so the problem of separa-
tion of the organic fraction can be immediately diagnosed. Hydrocarbon phase form
the aqueous phase usually contains low concentration of organic compounds there-
fore it is required to use sensitive detection method on-line. One such technique uses
quartz microbalance (QCM - Quartz Crystal Microbalance), due to the sensitivity of
the small mass changes at the level of ppm. Quartz oscillator is covered with a thin
film layer in which the analyte can be dissolved. The frequency shift corresponds to a
change in mass of the substance adsorbed by the film.

Solvents, which promise good film-forming properties are ionic liquids, due to their
unique physical and chemical properties. Because they have low vapor pressure they
are more environmentally friendly than other organic solvents. Their chemical and
physical properties such as solubility and hydrophobicity, are determined by the choice
of anions and cations, which allow them to adapt to the particular application. Ionic
liquids have a high viscosity, which is an advantage because they can form a stable
film on a quartz microbalance. Although their synthesis is expensive, ionic liquids
can be recovered and reused in the process. In addition to use in the remediation
of water, ionic liquids can also be used in the extraction of hydrocarbons from oil
shale.

Experiments conducted by McFarlane and others (DePaoli 2004, McFarlane 2005)
were designed to verify the effectiveness of nine different ionic liquids at removing
organic compounds from the aqueous phase in the variable temperature, salinity and
pH. Selected organic compounds represented different classes that are soluble in water,
and contribute to contamination process water. The impact on the removal of organic
compounds by the addition of diluent to the phase containing the ionic liquid was
studied. The diluent can affect the reduction in viscosity, resulting in dispersion and
fast exchange of mass between two non-miscible phases.

Determination of the solubility of organic compounds in selected ionic liquids is
the first step to the development of on-line sensor contaminants in water technol-
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ogy (McFarlane 2005). Ionic liquids used in this study were:

• 1-butyl-3-methylimidazolium bistrifluoromethanesulfonylimide - [BMIM][Tf2N],
• 1-hexyl-3-methylimidazolium bistrifluoromethanesulfonylimide - [HMIM][Tf2N],
• 1-octyl-3-methylimidazolium bistrifluoromethanesulfonylimide - [OMIM][Tf2N],
• 1-butyl-3- methylimidazolium hexafluorophosphate - [BMIM][PF6],
• trihexyltetradecylphosphonium bistrifluoromethanesulfonylimide - [P666,14][Tf2N],
• 1-butyl-1-methylpyrrolidinium bistrifluoromethanesulfonylimide - [BMPm][Tf2N],
• trihexyltetradecylphosphonium dodecylbenzenesulfonate - [P666,14][LABS],
• tributyltetradecylphosphonium dodecylbenzenesulfonate - [P444,14][LABS],
• trihexyltetradecylphosphonium methanesulfonate - [P666,14][OMS].

The distribution coefficients of model organic contaminants between water and
ionic liquids were measured. The organic contaminants studied to date were hexanoic
acid, 1-nonanol, toluene, acetic acid, and cyclohexanone.

4. Results and discussion

The measurements found, that distribution coefficients, defined as concentration in
the ionic liquid divided by concentration in the aqueous phase after equilibration,
ranged from negligible to several hundred. Moreover, the best distribution results were
observed with OMIM Tf2N. Solubilities of certain organics in IL were found to be high
(2 orders of magnitude higher than contacted aqueous phase). Also, BMIM Tf2N has
favorable chemical and physical characteristics for organic uptake. Hydrocarbons that
are the largest environmental concern in produced water which are mostly alcohols
and aromatics, have highest affinity for the IL.

However, the practical application of ionic liquids for the detection and removal
of selected water-soluble organic compounds from process water, seems to be limited
by small, but significant, solubility of ionic liquids in the aqueous phase and diffi-
culties in the regeneration of the solvent. Therefore, further research on the choice
of ionic liquids, which dissolve the selected pollutants, and which are harmless and
least soluble in water, is recommended. Moreover, in order to use them as a solvent in
liquid-liquid extraction, they should be hydrophobic and stable in the presence of air
and water. Ionic liquid must be thermally stable and have adequate physical prop-
erties i.e., fluidity, viscosity and low vapor pressure, which is a characteristic feature
of these compounds and desirable under the conditions of the environment. Ionic
liquid must have stronger affinity for the organic compound which is found in the
water than to the water.

Losses of ionic liquids should be also considered from the economic point of view,
not only because of negative effects to the environment, since they are much more
expensive than conventional solvents. The losses also limit the lifetime of the sensor
and contribute to its continuing need for replacement. The advantage of ionic liquids
is to use them in closed systems, where their recycling can be strictly controlled.

5. Conclusion

Results of experiments showed that ionic liquids can be very effective in selectively
removing various contaminants from process water, but may not be sensitive to certain



Special Issue: Biotech Conference 23

organic compounds. Although this process causes some difficulties, it is still useful
for purification of water and removal of selected and relevant impurities. Chemical
selectivity is one of many determinants of the use of ionic liquids in environmental
applications.
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