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ABSTRACT

Although salt is satisfactory as a means of improving skid resistance many negative

and often costly side effects have been recognised over the years such as damage

to concrete structures, corrosion on vehicles and road side structures of steel and

damage to vegetation. The use of salt is therefore being questioned more and more
by road users, the general public and politicians. For this reason extensive research

has been conducted to find more efficient ways of using salt and also to find less
harmful alternative de-icers.

The spreading of prewetted salt or saline solutions are methods which have been

used for many years and they are now fairly known techniques. Water, NaCl or CaCl2

solutions can be used for prewetting the salt, where the two former are most

commonly used in Sweden. A few of the advantages of using prewetted salt instead

of dry salt are that the salt can be more evenly spread, less wastage through better

adherence of the salt, a faster and more durable effect etc.

In 1980 calcium magnesium acetate (CMA) was identified in the USA as a
promising alternative to salt. The most positive effect of CMA as compared to salt is
perhaps reduced corrosion whereas the melting effect is slightly poorer. Studies of

CMA have been carried out in Sweden since the beginning of the 19805. Due to the
high price of CMA, at least 20 times that of salt, laboratory and field tests have

recently been done with mixtures of CMA and salt. The expected reduction of
corrosion was however not as large as earlier results from laboratory studies, found

in literature, had suggested. Continued tests have therefore not been done.

A chemical closely related to CMA is potassium acetate (KAc). KAc was

developed mainly as an alternative to urea for runway de-icing. After being tested

both in laboratory and in field KAc has replaced urea on many airfields in Sweden.
Calcium chloride (CaCI2) is used to some extent in the USA and also in some

European countries. It is mainly used as a solution for prewetting of salt and at low

temperatures also instead of salt. In Sweden CaCl2 is only used as a dust abatement
product on gravel roads. Tests with CaCIZ-solutions for prewetting salt and/or as a
de-icing agent have however lately been discussed and a literature review has been

carried out. The hope was that CaCl2 would so much more effective than NaCl that
the outlet of chloride to the environment could be reduced. The conclusions drawn

from the literature review and some ice melting tests in laboratory are however that

the rapid ice melting effect of CaCl2 is lost when using a solution and that the de-icing
effect is about the same as for NaCl for temperatures above -10°C.

To reduce the risk of skidding at more exposed places, tests have also been

carried out for many years with rubberised pavements and asphalt concrete with salt

additives. Two salt additives have been tested, Verglimit and recently also Grikol.

Both consist mainly of CaClz. Tests with Grikol have been done in Stockholm during
two winters, 1995/96 and 1996/97. The conclusions from the earlier tests were that



these types of pavements do not have any significant skid-preventive effect, except

at some occasions With temperatures around 0°C and hoar-frost. On roads with

higher traffic density and a good standard of winter road maintenance the benefits to

be gained were considered rather doubtful. The results from the tests with Grikol
have, as this is written, not yet been evaluated.

1. INTRODUCTION

Road users and the business community demand a high standard of road safety and

good trafficability all the year around, including the winter months. Efficient anti icing
and de-icing is therefore one of the road administrations important tasks.
When traffic on our roads was low, sand was used in winter maintenance. The

sand was often mixed with sodium chloride (NaCI) to prevent it from freezing into

lumps. With increasing traffic density, NaCI began to be used for de-icing purposes
during the 19603.

Spreading of NaCl is still the most common method for anti-icing and de-icing

roads and streets carrying high volumes of traffic. NaCI has many advantages: it is a

very effective de-icing agent, it is easy to store, handle and spread, and it also has a

relatively low price. Over the years, however, as the use of NaCI has increased,

serious drawbacks have been observed. One extensive problem is corrosion on

vehicles and reinforcement in road constructions, such as bridges. NaCI is also

known to cause severe damage to older concrete constructions. This problem has,

however, been more or less eliminated for modern concrete qualities where air

entraining agents are added. Highway de-icing with NaCI may also cause raised salt

levels in soil, vegetation and ground water along rural roads. At certain conditions

this can lead to damages to vegetation and to pollution of ground water. During the

mid 1990s damage was observed on vegetation to an extent that had not been seen

earlier in Sweden (Bäckman & Folkesson, 1995)

Due to these negative effects the use of NaCI as a de-icing agent is being
questioned more and more by road users, the general public, and politicians. For

several years extensive research has been carried out in Sweden in order to reduce

the negative effects of NaCl. In 1985 the Ministry of Transport and Communications
commissioned the Swedish National Road Administration, the Swedish Association

of Local Authorities and the Swedish Road and Transport Research Institute (VTI) to

draw up a detailed research programme aimed at reducing the harmful effects of

NaCl in winter road maintenance. This research programme, called MINSALT, was

implemented during the period 1985-1991 (Öberg, Gustafson & Axe/son 1991). The

research programme was directed towards three different ways of minimising the

harmful effects of salt, namely:

A Extension of the regions where salt is not used

B New methods for snow and ice control

C New strategy for snow and ice control

Under point B new mechanical and chemical de icing methods and agents were

tested and evaluated. Some of the results from tests with alternative de icing
chemicals within the MINSALT programme will be reviewed below, but also earlier

and later studies will be referred to. The spreading of prewetted salt or a saline



solution are methods which have been used for many years and are now well known
techniques and will therefor only very briefly be commented here.

2. ALTERNATIVE DE-ICING METHODS

The spreading methods have during the past years progressed from earlier dry salt

to the spreading of prewetted salt or saline solutions. Special spreaders for

prewetted salt were developed and put into road maintenance service during the

19805. Several advantages are achieved by using prewetted salt instead of dry salt.

As a rule, 30 % by weight of saturated NACl solution is added to the dry salt. The

rate of dry salt is similarly reduced by 30% at the same time, which means that the

amount of salt spread onto the road is automatically reduced. The prewetted salt is

spread more uniformly with less wastage at the roadside and adheres better to the

road surface. The de-icing effect is faster and more durable and the method can be
used at lower temperatures.

In Sweden studies of solution spreading were begun in the late 19803. When de-

icing with saline solution a saturated salt solution containing about 20 - 25 % by
weight NaCl is used. The method is considered to be extremely effective as a
preventive measure and for dealing with hoar-frost and thin ice on the road. During

snowfall, on wetter roads or where thick ice has already formed the method is
unsuitable.

3. ALTERNATIVE DE-ICING CHEMICALS

Calcium Magnesium Acetate

Calcium Magnesium Acetate (CMA) is a de icing agent which was developed in the

USA around 1980 and was considered a very promising alternative to NaCl. Since
that time a large number of investigations of the properties of CMA as a de-icing

agent have been performed, both in the laboratory and in the field. In Sweden the

first laboratory tests with CMA were done in the beginning of the 1980s (Öberg,

Gustafson & Axelson 1991). The tests included melting capacity, freezing point

depression, corrosiveness and both freeze/thaw tests and tests of the chemical
effect on concrete.

CIVlA has a poorer melting effect than NaCl (see figure 1). CMA's freezing point

reduction, the lowest temperature at which melting can occur, varies depending on

the Ca/Mg ratio between about -10 OC and 28 OC. According to early freeze/thaw
tests by Stockholms Gatukontor the damage on concrete increases with increasing

concentration of CMA. At a concentration of 25 % the damage had reached the

same level as NACl s maximum (which occurs at 3 %).

To study the effect of de-icing agents, and ClVlA in particlar, on concrete under

more realistic and varying conditions, field experiments were carried out at VTl

during 1986 - 1990 (Gustafson, 1987). After the period of exposure the Swedish

Research and Testing Institute tested and analysed the concrete specimens with

respect to compressive strength, frost resistance, chloride content and acetate

content and also carried out a thin grinding analysis (Anda/en & Malmström, 1990).

The results of the test were summarised as follows: there is nothing in the analysis
performed to indicate that the de-icing with CMA would cause more damage to
cement concrete than that caused by NaCl .
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Figure 1 The melting effect of different de-icing agents determined in laboratory tests

at -2°C. Meltwater (g) versus time (minutes). (Gustafson, 1991)

The great disadvantage of CMA is its high price, more than 20 times as high as

that of NaCl. In the USA test have therefore been carried out on mixing CMA and

NaCl; these yielded very promising results, for instance in regard to the reduced

corrosive effect. In view of these results and the co-operation which exists between

the Swedish Road Administration and the Federal Highway Administration (FHWA),

USA, the Road Administration in 1993 commissioned VTI to start a research project
with the object of testing and evaluating a 20/80% by weight CMA/NaCl mixture as
de-icing agent. The evaluation comprised both field trials and laboratory tests (Ihs,
Gustafson & Persson, 1996). A literature review was also done. (Ihs & Gustafson,

1996)

Field trials were performed during winters 1993/94 and 1994/95 on a section of

European Route E4. The field trials included control observations and corrosion

tests. During the control observations, the de-icing effect was investigated in variable

weather and road conditions by means of friction measurements. Friction was

measured with a SAAB Friction Tester on both a test section on which CMA/NaCl
mixture had been spread and on a control section on which only NaCl had been

spread. The experience gained from these control observations is that the same de-

icing effect can be achieved with the CMA/NaCl mixture as with pure NaCl.
The corrosive effect was studied using test panels of steel plate which were set

out in the central reserve of the road along both the test and the control sections.



During the first winter there was a pronounced difference in loss of metal due to
corrosion (see figure 2). Loss of metal (rate of corrosion) was 25 % (southbound

carriageway) and 45 % (northbound carriageway) lower on the CMA/NaCl section

than on the NaCl section. A greater number of treatments and a greater quantity of
de-icing agent had however been applied to the NaCl section. Before the second

winter, the test and control sections were changed round. During this winter, more

treatment was carried out and a greater amount of de-icing agent spread on the

CMA/NaCl section. This was interpreted to mean that the local climate on the two

sections is different. Despite a greater number of treatments and a greater quantity

of de-icing agent in the CMA/NaCl section, loss of metal on this section was still
lower than on the control section, even though the difference was not as pronounced

as during the first winter (see figure 3).

The laboratory tests comprised ice melting capacity, corrosion and effect on
concrete. The ice melting capacity of the CMA/NaCl mixture was found to be largely
the same as that of NaCl. The corrosion caused by the CMA/NaCl mixture was found
to be 45 % lower than that due to pure NaCl in tests performed in a controlled

climate chamber by the Swedish Testing and Research Institute (SP) (see figures 2

and 3). Also the effect of CMA and different mixtures of CMA and NaCl on the frost
resistance of different qualities of concrete was studied by SP. The results showed

that the CMA/NaCl mixture caused less damage than pure NaCl. On modern bridge
concrete little scaling is caused even by NaCl.
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Figure 2 Corrosion tests With a 20/80% by weight CMA/NaCl mixture carried out

during Winter 93/94. The bars show the results of field exposure along the

southbound and the northbound carriageways, and exposure in the control/ed

climate room.
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Figure 3 Corrosion tests with a 20/80 % by weigh CMA/NaCl mixture carried out

during winter 93/94. The bars show the results of field exposure along the

southbound and the northbound carriageways, and exposure in the

controlled climate room.

The conclusion drawn from the results above was that, since the positive effects of

the CMA/NaCl mixture are rather limited and the price of the mixture is still 5 - 6

times as high as that of NaCl, it is doubtful whether it is economically advantageous

to use the CMA/NaCl mixture instead of NaCl. On the island of Gotland where the
use of salt has been banned for about 10 years CMA is however used for de-icing on

a particular road stretch Where traffic problems may occur due to slipperiness.

Calcium chloride

Calcium chloride (CaCIE) was used to a certain, though very limited, extent as a de-

icing agent until the early 19705, but has since then not been used at all for this

purpose. During summertime CaCl2 is however still being used for dustbinding on
gravel roads due to its hygroscopic property.

As a de-icing agent CaCI2 can be used for melting at lower temperatures than
NaCl. CaCl2 also has a faster melting activity compared to NaCl partly due to its

hygroscopicity making it easier to dissolve the salt and partly due to the heat that is

released when CaCl2 goes into solution (see figure 1). For NaCl to go into solution,

heat is needed and is taken from the pavement surface, initially retarding the melting

activity somewhat. This is however of little or no importance When prewetted salt or

salt solution is spread.

The use of CaCl2 has been limited due to several drawbacks. In Sweden the main
concern has been with the negative effect on concrete constructions. Tests of the

resistance of concrete to scaling when exposed to de-icing chemical solutions during

56 freeze/thaw cycles have shown that CaCI2 does not cause more damage than



NaCl. Other tests have however shown that CaCl2 also can damage concrete
through chemical action. Concrete samples have been rapidly destroyed when

stored in CaCl2 solutions under certain conditions (Peterson, 1991). The most critical

concentration and temperature seems to be 30 % and 5 °C, respectively.

Furthermore, the hygroscopicity of CaCl2 could mean that the pavement stays wet
for a longer period after spreading leading to among other things an increased

pavement wear. The price of CaCl2 is also about 4-5 times that of NaCl.
Recently VTI was commissioned by the Swedish National Road Administration to

investigate whether it is be possible to reduce the outlet of chloride to the
environment due to salting, by at least 20 %, by using CaCl2 solution for de-icing

instead of NaCI (prewetted or solution). A literature review on CaCl2 was done
(Persson & Ihs, 1997) and also some limited ice melting tests in laboratory.
Freeze/thaw tests on different concrete qualities and three different concentrations of

CaClZ, 3, 15 and 30%, are in progress at the Swedish Testing and Research

Institute. The tests are planned to be continued for 200 freeze/thaw cycles (FTC).
The results after 84 FTC are shown in the table below. The results obtained for the

15 % CaCl2 solution and concrete B are of particular interest but no explanation has
yetbeenfound.

Table 1 Results after 84 freeze/thaw cycles

Scaling (kg/m2)

 

Refrigerant Concrete A* Concrete B* Concrete C*

3% NaCl 25.31 0.04 0.03
3% CaCl2 4.90 0.03 0.02
15% CaCI2 1.45 0.52 0.02
30% CaClp 0.02 0.02 0.02
 

* A is an old type of concrete with bad freeze/thaw resistance that was common before the early
1960s. B is a modern concrete of good quality with air entraining agents added. C is a concrete of

extremely high quality.

In figure 4 the freezing point depression curves for CaCl2 and NaCl are shown

(from the CRC Handbook of Chemistry and Physics). Judging from these the ice

melting capacity for a CaCl2 solution is somewhat inferior to that of a NaCl solution
for temperatures above -100C. At lower temperatures the CaCl2 solution is better. In
Sweden de-icing is however normally not done at temperatures lower than -100C.
Furthermore, the benefits of the hygroscopicity of CaCl2 and the heat that is released

when CaCl2 goes into solution are lost when CaCl2 solution is used. CaCI2 solution is
therefor not regarded as a serious alternative to NACI.
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Figure 4 Freezing point curves for CaC/2 and NaCl (from the CRC Handbook of

Chemistry and Physics)

Urea

Urea is the proprietary name of carbamide, CO(NH2)2, a chemical compound which

among other things is used as a fertiliser in agriculture. Urea is also used for runway
de-icing since it is less corrosive to the aluminium components of aircraft than
chloride containing salts.

Urea is inferior to NaCl as a de-icer and is not used in Sweden for road de icing.
The results from ice melting tests with different de-icers are shown in figure 1 above.
In practice urea is effective only down to temperatures about -3 - -4°C. The price is

also considerably higher than that of NaCl. Another reason that it is not used is the

impact of urea on the environment.

The use of urea on air fields has also been questioned during later years due to

the environmental consequences. The most important environmental problem is

water pollution. Urea contains nitrogen which promotes algea growth and

eutrophication of surface waters.

Potassium acetate

A de-icing agent closely related to CMA is potassium acetate (KAc). KAc came on
the market during the winter 1987/88 under the proprietary name Clearway-1 and

was mainly developed as an alternative to urea for runway de-icing. Clearway-1 is a

50 % solution of KAc also containing 0.6 % corrosion inhibitor to meet the strict

regulations for use at airports. The freezing point of the solution is about - 40 °C.

On commission by the Civil Aviation Administration VTI has tested CIearway-1
both in the laboratory and in the field (Gustafson 1988 and Gustafson 1993). The

conclusions drawn from the field tests are that KAc has a rapid melting effect,

especially at temperatures around 0 °C and when there is a thin layer of ice or hoar-



frost, it works at the same and even lower temperatures than urea and that an

amount of 15 g/m2 often is sufficient at temperatures just below O °C.

The effect of urea and KAc on the durability of pavement has been studied at

Luleå Technical University (Isacsson, 1991) and at VTI (Gustafson & Höbeda, 1992).

Different methods were used in the two studies. The results from the former study
indicated that both urea and KAc can accelerate the stripping process in asphalt

concrete pavements. Further studies were however recommended since the results

were not unambiguous. In the latter study no difference could be proved when

comparing the effect of KAc on durability of asphalt concrete with that of urea and
distilled water.

In a recent smaller laboratory study at VTI some bitumen samples that were

stored in KAc (liquid) at different temperatures ( 20 - 60 OC) were destroyed

(Edwards, 1997). The reason for this has not yet been deduced. Further studies will
be carried out.

Other de-icers

Magnesium chloride, lVIgClZ, has been tested to a very small extent in Sweden and

then mainly for dust binding. The negative effects are the same as for CaClZ. MgCI2 is
however not as effective.

A large number of alternative de-icers, some including corrosion inhibitors such
as lignosulfonate, have been tested only in laboratory. The tests done are mainly

freezing point determination and ice melting rate and capacity. The de-icers tested

are for example various mixtures of NaCl with other de-icers, sodium formate,

carnallite (KMgCls), Ökotau (urea and clay), etc. None of the de-icers have however

been tested further since either the ice melting effect has been rather limited and/or

the price has been too high. In some cases there has also been some concern
regarding the environmental impact.

4. SKID RESISTANT PAVEMENTS

To reduce the problems associated with road sections prone to slipperiness, tests

have been done in Sweden with different types of skid resistant pavements. Two

types of pavements that have been tested are and asphalt concrete with a salt

additive. The most extensive tests of rubberised asphalt and of the salt additive

Verglimit were started in 1987. Verglimit consists mainly of CaCl2 but also contains
smaller amounts of other chemicals, including sodium hydroxide (NaOH). Test

stretches were prepared on a motorway in the south of Sweden and were compared

with ordinary asphalt concrete (Gustafson, 1987). The study included a technical

evaluation of the pavements composition, properties and quality and also an

intensive follow-up of the frictional properties in winter. It could not be shown that

these types of pavement have any marked skid-preventive effect. The results did

however vary widely in the test. It was found on some occasions, particularly at
temperatures around 0 °C and with hoar frost, that skid resistance was better on the

test stretches than on adjacent conventional pavements. The benefits to be gained

from using these types of pavement on roads with higher traffic density and a good

standard of winter road maintenance were however considered to be rather doubtful.

Recently another salt additive called Grikol, also consisting mainly of CaCIZ, has

been tested. The tests have been conducted during two winters, 1995/96 and



1996/97, by following up the winter maintenance. It was shown that on several

occasions when it was necessary to spread salt on a reference section with

conventional pavement no action was needed on the test section (Eliasson, 1997).
The evaluation of the results is however not yet completed.

The construction of the road and the materials used are in themselves important
factors affecting the temperature of the road surface and consequently the possibility

of it becoming slippery. To minimise the use of salt the aim should be to reduce the

proportion of pavement structures and materials which increase the likelihood of icy

conditions. The importance of the road structure in the formation of icy conditions

was studied in detail at a testing field with 42 different road constructions by the VTI

in the late 1970s (Gustafson, 1981). Later studies have also been carried out on
roads built with slag. The results showed that materials with low thermal conductivity

in comparison with conventional road-building materials such as sand and gravel

increase the risk of low temperatures when the layer is placed close to the road

surface. The road surface temperature could be as much as 2 - 3 °C lower in some
cases.
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