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1 Introduction 

Icing is caused by supercooled water droplets in the atmosphere. In contact with 
surface they freeze and build up on them forming the ice. The amount and shape of 
formed ice depends on the temperature of the surface. If the surface temperature is 
below zero, all imprinting water droplets are frozen. If the surface temperature is 
above zero, none are frozen. For some atmospheric conditions and altitudes there is a 
wide aircraft speed range over which the energy balance gives a skin temperature 0°C. 
Over 40 000ft (12 400m) icing does not occur. Water droplets are frozen in form of ice 
crystals so that they will not adhere to the surface [1]. 

Icing is defined as an amorphous or crystallic deposit (or their combination) that 
adheres to the surface with the temperature below zero when exposed into the 
airstream containing supercooled water droplets. It occurs on the aircraft while parking 
as well as on the aircraft in-flight. There are several types of ice that adhere to the 
surfaces of an airplane [2]: 

• Rime ice 
o Droplets freeze immediately in contact with the surface and form a 

mix of tiny particles and air with rough surface. 
o Formation between 0°C and -40°C, most commonly from -10°C to 

-20°C.  
o Leading edges, change in aerodynamic qualities of an airfoil, no 

significant increase of weight.  

• Clear ice 
o Drops of freezing rain in contact with cold airframe spread out and 

freeze resulting in smooth surface of solid clear glaze ice.  
o Thick layer over the leading edges hardly removable, change of 

aerodynamic shape of airfoils, reduction of effectiveness, increase 
of weight. 

• Soft rime 
o Fragile crystal deposit. 
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o Formation on aircraft while parking (fog) or during the flight in 
high altitudes (clouds). 

o No harmful effect on safety of the flight. 

• Hoar frost 
o Moist air comes in contact with a surface at zero temperatures, 

water vapor changes directly into ice resulting in white crystalline 
coating that.  

o Formation during clear night, calm wind and high humidity. 
o On cockpit window complicates vision through it, degrades lift and 

disturbs the airflow over the wing, especially dangerous during 
take-off. 

o Can be easily brushed off.  
Other types of meteorological phenomenon, especially different kinds of 

precipitation can endanger the safety of aeronautical operations on the ground [1]: 

• Drizzle 
o Liquid precipitation (small drops with diameter < 0,5 mm.  
o Forms a coating of glaze on the ground and on exposed surfaces.  

• Freezing rain  
o Larger droplets freeze upon impact on the surface. 

• Sleet 
o Partially frozen rain.  
o Forms cold weather when rain falls through a layer of very cold air 

close to the ground. 

• Snow 
o Solid precipitation in form of ice crystals. Different forms 

depending on temperature and moisture content of cloud.  
o Wet snow occurs at temperatures above –1 °C and contains more 

moisture than dry snow. 

• Powder 
o Freshly fallen soft snow. Tiny flakes and crystals form the smooth 

and soft surface. Density to 350 kg. m-3. 

• Crust 
o Sun rays melt the top layer of powder and the cold air temperature 

makes it freeze again. 

• Slush 
o High content of water.  
o Above freezing point, snow crystals change into large grains of ice. 
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2 Icing hazards 

Ice in almost any form presents a hazard to flight and it must be removed before 
the flight. Some forms of ice that present aircraft operational problems are frost, wing 
leading edge ice, horizontal stabilizer ice, pitot tube ice, carburetor ice, propeller ice, 
engine intake ice and windshield ice. Ice formation on aircraft surfaces affects aircraft 
performance and aircraft characteristics. 

• Effects on aircraft performance 
o Roughening of aircraft surfaces affects the lift.  
o Change of aerodynamic qualities of an airfoil and aerodynamic 

shape of the surfaces. 
o Additional weight increases drag, reduces maximum lift coefficient 

and increases required power.  
o Large accretion on leading edges changes local contours and local 

pressure gradients.  
o Increases the roughness of the surface causes high surface friction 

and considerable reduction of boundary layer. [3] [4] 

• Effects on aerodynamic characteristics 
o Decreasing volume of flight speed results in increasing stall speed 

and decreasing of maximum speed in horizontal flight.  
o Increasing drag causes higher output of engine and has a negative 

influence on fuel consumption and other operational characteristics.  
o Airflow restriction in engine causes loss of performance and 

damage of compressor.  
o Accumulation of ice on engine fan blades increases the engine 

vibrations.  
o Engine air inlets can freeze causing engine performance to degrade. 
o Propellers become inefficient and out of balance; propeller blades 

leading edges decreases the effectiveness vibrations. 
o Flaps and ailerons can be uncontrollable. Control surfaces can 

freeze in one position or might have serious imbalance that causes 
destructive vibrations. 

o Icing on the tail can move the center of gravity of airplane. 
o Ice formed on pitot inlets, stall vanes and other sensors could 

endanger the safety of flight operations. 
o Ice on a windshield reduces forward visibility. [3] [4] 

Icing conditions occur not only in flight but also on the ground prior to flight.  
Aircraft while parking are often subjected to icing conditions. During the ground 



 

-16- 
II/2015 

operations it is essential to ensure the aircraft to be aerodynamically clean prior to 
take-off. 

3 Aircraft autonomous icing protection systems  

Aircraft protection systems are classed as either anti-icing (prevent ice from 
accumulating) or de-icing (remove ice after it accumulates). Anti-icing systems 
typically use heat (engine bleed air or electro-thermal) or chemicals to prevent ice 
buildup. The main difference between these principles is the amount of ice accretion 
they allow to form. De-icing is the intermittent application of fluid, heat or mechanical 
effort. It is used to remove ice which has already formed. This kind of prevention is 
used on surfaces where ice accumulates and could endanger the safety of aircraft 
operation. Anti-icing is the application of continuous heat or fluid. It is used when no 
amount of ice can be tolerated. These systems are used to prevent ice accumulation on 
those aircraft components on which ice formation can result in accidents. Each de-
icing or anti-icing system uses several methods to protect the aircraft [4] [5]: 

• Mechanical - mechanically pneumatically breaking up the ice, 

• Thermal - electrical heater elements to melt the ice: hot air heating, oil 
heating, 

• Liquid - alcohol spray to avoid ice accretion: freezing point depressant 
fluids (FPD). 

Tab. 1 Location of protection systems 

Location Anti-icing and de-icing methods of control 
Leading edge of the wing Thermal, mechanical 
Tail airfoil leading edge Thermal, mechanical 
Windshield, windows Thermal, chemical 
Engine air inlets Thermal 
Pitot tubes Thermal 
Flight controls Thermal, mechanical 
Propeller blade leading edges Thermal, chemical 
Water drains Thermal 

Source: [4] 

Ground de-icing involves the removal of frost, snow and ice that has formed on 
aircraft. Aircraft anti-icing refers to the prevention of ice accumulation of frost, snow 
or ice. Two types of de-icing are performed [5]: 

• Wet-weather de-icing, 

• Dry-weather de-icing. 
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Wet-weather de-icing is performed during storms that include precipitation such 
as snow, sleet, or freezing rain. Dry-weather de-icing is performed when changes in 
the ambient temperature cause frost or ice to form on aircraft but without precipitation. 

4 Analysis of aircraft ground de-icing and anti-icing at Bratislava airport 

M. R. Štefánik International Airport in Bratislava (Bratislava airport) is the 
largest and most important general aviation airport in Slovak republic. It is situated 9 
km from Bratislava and offers a 24 hours operation.  

According to the general aviation operation requirements climatic conditions at 
Bratislava airport are considered to be positive. Bratislava airport is situated in the 
warmest region of the country so that even in the coldest month January the daily 
minimum temperature in average is over -5°C. Precipitation in the winter are said to be 
moderate so that they does not have negative effect on the operation and safety at the 
airport during the winter season. 

Tab. 2 Review of important climatologic data 

Characteristics Result 
First frost (average date) October 27 
Last frost (average date)  April 14 
Frosty days (average number) 88,4 
Icy Days (average number) 30,0 
Average year temperature 9,6°C 
First day of snowfall (average date) November 14 
Last day of snowfall (average date) March 30 
Duration (average number of days)  29,1 
First snow cover (average date) December 12 
Last snow cover (average date) March 3 
Snow cover duration (average number of days) 36,4 

Source: [6] 

At Bratislava airport winter season starts on November 1, each year. Until this 
date all the necessary documents and personnel training dealing with winter 
maintenance and aircraft ground de-icing and anti- icing shall be provided. To provide 
an effective aircraft ground ice protection it is necessary to follow several international 
norms, recommendations and standards such as [7]: 

• Association of European Airliners (AEA) Recommendations for De-
icing/Anti- icing of Aircraft on the Ground - document contains detailed 
recommendations for application and material specifications of aircraft de-
icing/anti- icing fluids, 

• ISO 11 075 Aircraft de-icing/anti- icing methods with fluids, 

• ISO 11 076 Aircraft de-icing/anti- icing Newtonian fluids, ISO type I, 
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• ISO 11 077 Self- propelled de- icing/anti- icing vehicles, 

• ISO 11 078 Aircraft de-icing/anti- icing non-Newtonian fluids, ISO type 
II. 

5 Technical requirements 

De-icing and anti-icing technology and technical equipment at the airport 
depends on several factors such as topography, climate, location, capacity, density of 
movements, and other meteorological and operational characteristics. Considering this, 
different methods and technological processes are being applied. 

5.1 Anti-icing and de-icing fluids 
During snowstorms, freezing rain or cold weather conditions that causes frost to 

accumulate on aircraft surfaces de-icing it is necessary to ensure the safety of aircraft 
operations. Even a very little icing on critical aircraft surfaces can cause significant 
decreases in lift.  

Ground de-icing involves the removal of frost, snow and ice that has formed on 
aircraft. Aircraft anti-icing refers to the prevention of accumulation of frost, snow or 
ice. Snow, ice and frost removal from aircraft can be provided either by mechanical 
means (such as brooms, brushes, squeegees) or by using de-icing and anti- icing 
chemicals. 

Mechanical de-icing requires a qualified person to provide the cleaning of 
aircraft surfaces carefully without damaging it. Moreover, the safety of person during 
providing mechanical cleaning cannot be provided successfully. According to the 
regulations of Slovak Airport Authority mechanical ground de-icing is not provided by 
employers of Bratislava airport. Bratislava airport provides chemical ground de-icing 
and anti-icing of aircraft.  

Chemical ground de-icing and anti- icing is provided by spraying aircraft with 
de-icing/anti-icing fluids. Ground chemical anti-icing is done by spraying all of the 
surfaces with ethylene glycol before aircraft takes off. Spraying the surface with a de-
icing fluid just before flight will effectively remove all traces of frost. These fluids 
work by adhering to the surfaces to remove and to prevent snow and ice accumulation. 

Anti-icing and de-icing fluids (ADF) are composed of ethylene or propylene 
glycol. Concentration of glycol in ADF depends on the outside temperature and 
according to the weather conditions, but usually it is used with 50/50 concentration 
(50% of glycol to 50% of water per volume). De-icing and anti-icing fluids also 
contain additives such as corrosion inhibitors, flame-retardants, wetting agents and 
thickeners. These additives protect aircraft surfaces and allow the ADF to adhere to the 
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aircraft. This results in longer holdover times. Holdover time (HOT) is the time 
between application and takeoff. During this time ice or snow is prevented from 
adhering to the surfaces. Four types of de-icing/anti-icing fluids (ADF) have been 
developed for ice protection of aircraft [7]: 

• Type I. fluids contain glycol and less than 1% additives 
o most commonly used for de-icing, 
o relatively short holdover time- 15 min, 

o used predominately on small airports (holdover time factor is not so 
important). 

• Type II. Fluids are used for anti-icing protection 

o concentration of additives 2% or less (in addition to glycol), 
o longer holdover time. 

• Type III. Fluids are used for anti-icing protection, no longer used 
o higher concentration of additives, 
o designed for small aircraft, 
o not in use anymore. 

• Type IV. Fluids are used for anti-icing protection 
o higher concentration of additives, 
o long holdover time –from 30 to 80min, 
o designed for large aircraft. 

De-icing/anti- icing fluids vary by composition. Different contents (ingredients) 
provide the fluid with different viscosity values what results in different times of 
protection they offer, known as the holdover time. Holdover time is the time period 
during which applied fluid offers an anti-icing protection of the surface – the 
protection against further ice accretion. At Bratislava airport type I. and type II. fluids 
are used for aircraft ice protection. 

Type I Fluid 

Type I. is specified as a de-icing fluid. It is used to remove the frost, snow or ice 
deposits from the surface of an aircraft, but does not offer the protection against 
further accumulation of deposits on the cleaned surfaces. It does not contain thickeners 
to improve the adhesion to the surface. 
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Tab. 3 Type I. fluid specifications 

Glycol concentration 80% in total volume 
Additives less than 1% 

Holdover time relatively short (see tab 3.2) 
Viscosity low, depends on temperature 

Fluid characteristic Newtonian fluid 
Source: [7] 

Corrosion inhibitors are added to avoid the corrosion of contaminated surfaces. 
Wetting agents allow the fluid to form a thin liquid film over the surface. Type I. fluid 
is a typical deicer. It is used for the initial cleaning when a layer of snow, frost or ice is 
present on the surface prior to cleaning. Viscosity values are the lowest values at 
which the fluid can reasonably provide holdover times. Time of protection provided by 
Type I fluid is related to the heat input to aircraft surfaces. Type I fluid dilutes rapidly 
under precipitation conditions. Holdover times for type I fluid mixtures depend on 
weather and outside air temperature (OAT). [8] 

Tab. 4 Type I fluid holdover times depending on weather conditions 

OAT (°C) 
Holdover times under various weather conditions (hours: minutes) 

Frost 
Freezing 

fog 
Very light 

snow 
Light snow Moderate snow 

Freezing 
drizzle 

>-3 0:45 0:11-0:17 0:18-0:22 0:11-0:18 0:06-0:11 0:09-0:13 
-3 to -6 0:45 0:08-0:13 0:14-0:17 0:08-0:14 0:05-0:08 0:05-0:09 
-6 to -10 0:45 0:06-0:10 0:11-0:13 0:06-0:11 0:04-0:06 0:04-0:07 

-10> 0:45 0:05-0:09 0:07-0:08 0:04-0:07 0:02-0:04 - 
Source: [7] 

Holdover times start as soon as the anti-icing step begins. Time of protection will 
be shortened in adverse weather conditions. Precipitation, moisture of the air, high 
wind velocity will reduce the holdover time. Moreover holdover time can be reduced 
when aircraft skin temperature is lower than the outside air temperature (OAT). Type 
I fluid used for ground de-icing is not intended for protection during the flight. Under 
conditions of very light snow, light snow and moderate snow the fluid must be heated 
to a temperature of 60°C. The heat that the aircraft surface absorbs will keep the 
temperature of the fluid above its freezing point. The more heat the surface absorbs, 
the longer the surface temperature will remain above the freezing point of the fluid. 
Thus, the thermal characteristics of the aircraft’s surface affect the holdover times. [8] 

Before use Type I fluid is diluted to water to maintain the maximum efficiency. 
In 40% water/60% glycol concentration the mixture provides congealing temperature 
under -50°C. Type I fluid viscosity is lower than type II fluid viscosity. This allows the 
fluid to flow- off the surface much easily.  
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Type II Fluid 

Type II fluid is considered as an anti-icer. It can be used to remove frost deposits 
from the aircraft surfaces but also to provide protection against further accumulation of 
frost, snow or ice.  

Tab. 5 Type II fluid specifications 

Glycol concentration at least 50%  
Additives 2%  
Holdover time relatively long (see tab. 3.4) 
Viscosity depends on temperature, friction 
Fluid characteristic non-Newtonian fluid 

Source: [7] 

Type II fluid contains less glycol and more additives in compare with type 
I fluid. It contains wetting agents and it spills over the surface forming a protective 
layer. Type II fluids use concentrations of 100/0, 75/25, or 50/50 in the anti-icing 
application. The lower the temperature is, the higher concentration of glycol in the 
mixture is required. Lower concentration can ensure efficient protection as well as the 
higher concentration, but provides shorter holdover time. Type II fluid may be also 
used below -25 °C if freezing point of the fluid is at least 7 °C below the OAT. The 
holdover time of any anti-icing fluid is directly related to the amount of moisture it can 
absorb before freezing. [8] 

Tab. 6 Fluid II holdover times 

OAT (°C) 
Fluid/Water 

concentration 
% / % 

Holdover times under various conditions (hours: minutes) 

Frost Freezing fog 
Moderate 

Snow 
Freezing 
drizzle 

Light freezing 
rain 

above 0 
100/0 12:00 0.55-1:40 0:30-0:55 0:35-0:55 0:20-0:30 
75/25 6:00 0:45-1:15 0:20-0:40 0:25-0:45 0:15-0:25 
50/50 4:00 0:20-0:30 0:05-0:20 0:05-0:15 0:05-0:10 

0 to -3 
100/0 8:00 0:55-1:40 0:20-0:45 0:35-0:55 0:20-0:30 
75/25 5:00 0:45-1:15 0:15-0:35 0:25-0:45 0:15-0:25 
50/50 3:00 0:20-0:30 0:05-0:15 0:05-0:15 0:05-0:10 

-3 to -14 
100/0 8:00 0:45-1:25 0:20-0:40 0:25-0:50 0:15-0:30 
75/25 5:00 0:35-1:00 0:15-0:25 0:20-0:35 0:15-0:20 

-14 to -25 100/0 8:00 0:20-0:40 0:20 -0:35 - - 
below -25 100/0 - - - - - 

Source: [7] 

Under precipitation conditions, chemical additives improve the performance of 
the fluid as an anti- icer. Additives thicken and provide the viscosity of the fluid 
decreasing during the takeoff. This allows the fluid to flow off the critical wing 
surfaces. Maximum anti-icing effectiveness could be achieved from the application of 
unheated (cold) Type II fluids to deiced aircraft surfaces.  
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At Bratislava airport, following fluids are used: 

• Type I - Safewing MP I 1938 and  

• Type II - Safewing MP II 1951 

5.2 Storage 
De-icing/anti- icing fluids are stored under normal temperatures. Safewing Type 

I De-icing Fluids are not critical in regard of storage or heating. It can be exposed to 
temperatures even of 90°C without any degradation of quality. Safewing Type II De-
icing/anti- icing fluids are more sensitive to the temperature. If these fluids are 
exposed to high temperatures, overheating may occur. This must be avoided. High 
temperatures can reduce viscosity and can cause formation of deposits. Optimum 
temperatures are between 70°C to a maximum 90°C.  

Fluids must be stored only in [7]: 

• special stainless steel tanks, or 

• glass fiber reinforced plastic tanks, or 

• in steel tanks coated with epoxy resin 
To avoid the contamination of the fluid by rust that can form during storage in 

normal steel tanks. Regular inspection of storage tanks must be provided once a year 
to avoid the contamination. 

At Bratislava airport fluid is stored near the operating areas in four fiber glass 
plastic tanks of 1000 liters capacity each. Supplementary fluid is stored in tanks in 
industrial buildings in the extensive surroundings of the maneuvering areas. Additional 
(new) fluid is usually supplied by the distributing company within four days since 
ordered. 

5.3 De-icing/Anti-icing Fluid Quality Control 
The most important properties of aircraft de-icing/anti- icing fluids are the 

holdover time and the flow- off performance of the fluid during the take- off. 
Prolonged or repeated heating of fluids may result in loss of water, which can lead to 
performance degradation of the fluid. For Type I fluids, the water loss may cause 
undesirable aerodynamic effects at low temperatures. For Type II fluids, the thermal 
exposure or water loss may cause reduction in fluid viscosity. All this affect the 
holdover times and make them lower. To ensure these properties quality control is 
necessary. 

ADF quality control is provided by regular checks. It is recommended to provide 
checks of fluid quality prior to the start of the de-icing season, prior to daily usage, and 
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following system maintenance or after a fluid concentration change. Checks include 
visual inspection and measurements (pH measurements, refractive index 
measurements). For Type II fluids, viscosity checks should be performed. All 
measured values should be within the limits recommended by manufacturers.  

Other fluid degradations may result from chemical contamination or mechanical 
shearing caused by use of improper equipment or systems such as pumps, control 
valves, or application devices. Not only the quality of used fluids but also the right 
application and handling are necessary. [8] 

6 Technology 

Aircraft ground ice protection can be done as a one- step procedure or a two- step 
procedure. One- step procedure includes the removal of snow or ice deposits from the 
surface of aircraft known as a de-icing procedure. A single fluid is used to perform the 
de-icing and anti-icing steps. This procedure can be provided with a Type I fluid as 
well as with the Type II fluid. De-icing fluid is sprayed over the surface from the 
distance of approximately 1 meter under the pressure and under certain temperatures. 
Spraying starts on the top of the wing surface so that it flows down to the lower parts. 
Also the fuselage is sprayed from the top to the bottom. Engines and landing gear must 
be avoided from fluid contamination. Special care must be pursued to protect the 
rudder, elevator and to the wing surfaces. 

The temperature of type I fluid application is 82,5°C on the nozzle so that it 
reaches the aircraft surface at a temperature of 60°C. This temperature cannot be 
higher to avoid the damage of the surface, but on the other hand it must be high 
enough to melt the ice. In certain cases and weather conditions (even in -8°C) pure 
heated water can be used to melt the ice deposits on the surface. [7] [8] 

Tab. 7 Guidelines for the application of type I fluid mixtures 

OAT 
One-step procedure Two- step procedure 
De-icing/Anti- icing De-icing Anti-icing 

-3°C and 
above Freezing point of heated 

fluid mixture shall be at 
least 10 °C below OAT 

Water heated to 60°C or 
a heated mix of fluid and 

water Freezing point of fluid 
mixture shall be at least 10 

°C below OAT below 
-3°C 

Freezing point of heated 
fluid mixture shall not be 

more than 3 °C above OAT 
Source: [7] 

Mixture shall be applied heated to 60° C and under pressure. The two- step 
procedure includes de-icing followed by an anti- icing protection. First step provides 
the cleaning of the surface from deposits and the following anti-icing step includes the 
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protection of the surface against further ice accretion via application of anti-icing fluid. 
Anti- ice protection is done by type II and type IV fluids. The difference between these 
fluids results from viscosity values and the speed required to tear off the layer of fluid 
from the surface during the takeoff. That is why the type IV fluid is used 
predominately for the large and fast aircraft that can reach the tear off speed.  

For turboprop aircraft, a special type III anti-icing fluid was designed, with 
a lower tear off speed, but this fluid could be replaced with the type II without any 
difficulties, so that there is no need for special fluid. Anti-icing fluid is applied cold 
(not heated) so that it keeps viscosity at appropriate value. Heated type II fluid can be 
applied only for de-icing because reduced viscosity cannot provide required anti-ice 
protection. At Bratislava airport, type II anti- icing fluid is used. Frequency of flight is 
not very high so that there is no need for long holdover times. [7] [8] 

Tab. 8 Guidelines for the application of type II fluid mixtures 

OAT 
One-step procedure Two- step procedure 
De-icing/Anti- icing De-icing Anti-icing 

-3°C and 
above 

50/50 Heated Type II 
Heated water or heated mix 
of Type I or Type II with 

water 
50/50 Type II 

-14°C 
and 

above 
75/25 Heated Type II 

Heated mix of Type I, 
Type II and water with FP 
not more than 3°C above 

OAT 

75/25 Type II 

-25°C 
and 

above 
100/0 Heated Type II 

Heated mix of Type I, 
Type II and water with FP 
not more than 3°C above 

OAT 

100/0 Type II 

below -
25°C 

Type II fluid may be used below -25°C provided that the FP of the fluid is at least 7°C 
below OAT and those aerodynamic acceptance criteria are met. 

Source: [7] 

Maximum anti-icing effectiveness could be achieved from the application of 
unheated (cold) Type II fluids to deiced aircraft surfaces. Cold, unheated fluid 
produces thicker protective layer on aircraft surfaces, thus provides longer protection 
than a heated fluid that forms a thinner layer.  

Type I fluids are considered to be de-icing fluids and types II, III, and IV are 
considered anti-icing fluids, but all types are used in both de-icing and anti-icing 
mode. However, the performance of type I fluid as an anti-icer is inferior to the 
performance of other types. 

Application of the fluid over the large aircraft causes shortening of holdover 
time. Holdover time starts immediately the fluid is applied. To reduce the time of 
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application, aircraft can be sprayed from both sides at the same time using two deicers 
simultaneously.  

7 Focus on Ecology 

Apart from safety, environmental protection is an important aspect in chemical 
(fluid) de-icing. Fluids used for de-icing and anti-icing of aircraft are harmful to the 
environment. During airport de-icing operations de-icing/anti-icing fluids (ADF) 
discharge to the surface waters and onto vegetated ground where they may travel 
through the soil and enter ground water. Ethylene and propylene glycol have harmful 
effects on aquatic life due to their high biological oxygen demand. Shortage of oxygen 
kills fishes and may result in undesirable bacterial growth. Ethylene glycol has toxic 
effects on humans with the potential to cause health problems (neurological, 
cardiovascular, and gastrointestinal, in certain cases even death). Additionally, 
ethylene glycol is considered to be hazardous air pollutant. Corrosion inhibitors added 
to ADF can produce highly toxic byproducts. To reduce these negative effects 
manufacturers are demanded to reduce the toxicity of additives present in de-icing and 
anti-icing fluids and, when possible, use environmentally benign chemicals. [7] 

In case of Bratislava airport, the amount of fluids spent for aircraft de-icing/anti-
icing is still within the regulations. Fluids used during the de-icing/anti- icing 
operation mix with the other contaminants on the surface of the pavement such as 
snow ice or water so that it dilutes before it is collected by drainage. In the vicinity of 
Bratislava airport, any important source of water occurs so that it cannot be threaten by 
fluids used at the airport. With the predicted increase in operations, the number of 
requires for de-icing will increase as well, so that the separated standing position 
equipped with a drainage system to be suitable for aircraft de-icing and anti-icing 
operations is needed.  

The other way how to protect the environment is to use alternative de-icing and 
anti-icing methods and materials [8]: 

• „Blending to temperature“– using this technique operators can vary the 
concentration of glycol in de-icing fluid. Usually 50/50 concentration of 
glycol is used but this is designed for the worst-weather conditions. 
Reducing the glycol concentration in de-icing fluid decreases the amount 
of glycol in surfaces runoff and storm water collection systems. 

• Reduction of ADF usage which can be executed using other non-chemical 
methods to protect the aircraft or pavement surfaces. On aircraft, using 
mechanical de-icing technologies eliminate the need of de-icing fluids and 
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reduce the use of anti-icing fluids. Using a computerized spraying system 
to apply de-icing chemicals may reduce the use of de-icing fluids. Also ice 
detection systems are used to eliminate application of de-icing fluid. 

• Centralized de-icing pads restrict aircraft de-icing to a small area, 
minimizing the volume and allowing for the capture of de-icing waste. 
De-icing pad is designed to capture and route contaminated runoff to 
tanks. Fluids recovered from de-icing pads may be suitable for reuse. 

• Recycling and recovery of spent fluid- recycling of glycol from spent de-
icing and anti-icing fluid decreases the amount that reaches and potentially 
impairs surface and ground waters. The recycling process consists of 
several steps including filtration, reserve osmosis and distillation to 
recover glycol from spent de-icing fluid. Technology is available to 
recycle fluids containing at least 5% glycol. Glycol recycling reduces the 
amount and strength of wastewater, reducing wastewater disposal costs. 

At some modern airports, advanced de-icing methods are applied such as 
Infrared heating; air forced de-icing system or computerized spraying systems. 

8 Conclusion 

Over past few decades the subject of aircraft icing has gained more and more 
attention. Analysis of aircraft icing cover many aspects of icing, starting with the 
description how it appears under the variety of environmental and flight conditions to 
how it can be prevented by a number of de-icing and anti-icing systems currently in 
use. Through the use of icing analysis and prevention, it is expected that the number of 
accidents due to icing will decrease in the years to come. 
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Resume 

Aircraft during their operations are often subjected to icing conditions. 
Formation of ice depends on specific conditions defined by humidity of outside air and 
its temperature. Icing conditions can be expected anywhere the moisture is visible and 
the air temperature is very near or below freezing. As an aircraft flies into clouds with 
the outside temperature near freezing, the ice can be accumulated on the exposed 
surfaces of an airframe such as wings, propeller, windshield and also antennas, vents 
and intakes. Even a small amount of icing can have significant effect on the aircraft 
performance. In general, icing conditions can have harmful effects on the safety of air 
transport operations. To avoid these hazardous situations several de-icing and anti-
icing methods and systems have been developed for this purpose. In this paper existing 
methods of aircraft ground de-icing and anti-icing at Bratislava airport are analyzed 
with focus on technological and ecological aspects of used system. 
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