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EXECUTIVE SUMMARY

INVESTIGATION OF DEICING CHEMICALS
AND THEIR INTERACTIONS WITH
PAVEMENT CONCRETES

Introduction

The increasing costs of deicing chemicals, environmental
concerns, and user demands for ice-free pavements all dictate
changes in the pavement maintenance strategies used by the
Departments of Transportation (DOTs) in the United States of
America. As an example, during the last several years, in addition
to traditional deicing operations the DOTs also introduced such
treatments as anti-icing of pavements and pre-wetting of salt and
sand before spreading them on the pavements.

The deicing process involves applying snow and ice control
materials directly on the top of already accumulated snow (or ice)
layers in order to destroy their bond with pavement surface and
thus facilitate easier removal of these materials from the roads.

The anti-icing treatment is defined as a snow and ice control
method in which deicing chemicals are applied to the bare
pavement surface hours before the expected precipitation to
prevent bonding of ice and snow.

The pre-wetting involves application of salt solutions directly on
the particles of dry salt (or sand) to increase their initial surface
moisture in order to improve their adherence to the pavement
and thus ensure reduction in bounce, scatter, and tracking of
these materials. The main economic advantages of using the
last two methods are reductions in application rates of the
snow and ice control chemicals, the decrease in the cost of
labor (or materials) during surface treatment operations, and
overall lower snow control costs. In addition, there are safety
factors which need to be considered, including better adhesion
of snow and ice control materials to the road surface and lower
accident rates.

For many years, sodium chloride (NaCl), commonly known
as rock salt, has been used as an ice and snow control deicing
agent with satisfying results. However, due to diminishing salt
effective-ness in temperatures below 21°F, other chemicals, such
as calcium chloride (CaCl,) and magnesium chloride (MgCly),
were introduced as alternative deicers. These two chemicals
have freezing points which are lower than the freezing point of
brine made with the rock salt, and thus are more effective at
lower temperatures. However, the effect of these alternative
chemicals on the long-term durability of concrete surfaces is still
not well known and subject to controversy.

The primary objective of this study was to investigate the effects
of deicing/anti-icing chemicals commonly used by the Indiana
Department of Transportation (INDOT) on the durability of
pavement concretes. The chemicals evaluated in this study
included: sodium chloride (NaCl), calcium chloride (CaCl,),
magnesium chloride (MgCl,), and Ice Ban®.

In order to find a solution to the previously stated problem, the
scope of the work included the following four tasks: literature
review, selection and testing of deicing chemicals, preparation and
testing of laboratory concrete specimens, and data analysis.

Findings

The present study investigated the effects of exposure of plain
and fly ash concretes to different deicing solutions while being
subjected to wetting/drying (W/D) and freezing/thawing (F/T)

regimes. The main observations from the study can be summar-
ized as follows:

Overall, the best performance (in terms of reducing the
negative impact on concrete) was associated with the use of
sodium chloride solutions, followed by the combined
solution of sodium chloride with magnesium chloride and
sodium chloride with calcium chloride.

2. PC specimens subjected to 28% CaCl, solution and W/D
regime developed very visible surface deterioration and 15%
reduction in relative dynamic modulus of elasticity (RDME)
after only 154 W/D cycles. By comparison, similar reduction
of RDME in specimens subjected to 25% MgCl, was
observed only after about 300 W/D cycles.

3.  The SEM-EDX analysis indicated formation of calcium
oxychlorides in specimens exposed to 28% CaCl, solution
under W/D regime. The changes in the matrix of specimens
exposed to 25% MgCl, solution involved formation of M-S-H
gel and MgCl, and Mg(OH), deposits.

4. The fly ash modified concretes displayed better performance
(in terms of lower mass loss and lower reduction in RDME)
than plain concretes during the reported test period in both
exposure regimes.

5. The only concrete property that was negatively impacted
(although rather mildly) was scaling resistance. Since the rate
of scaling can be strongly influenced by w/c values, air-void
system parameter, and the concentration of deicers, careful
control of these parameters should allow for safe usage of fly
ash in concrete subjected to deicers.

6.  Freeze/thaw exposure conditions typically resulted in more
severe distress than W/D regimes, even though the concen-
trations of deicers used for F/T tests were about 50% lower
than those used during W/D tests.

Implementation

This study provided INDOT with in-depth evaluation of the
effects of various deicers on the properties of both plain and fly
ash concretes of the composition suitable for usage as a pavement
material in the state of Indiana.

Considering the findings from this study, the following
implementation actions can be suggested:

1. Sodium chloride immersed specimens showed the best
performance under exposure conditions used in the study;
hence it is recommended that this deicer should be preferen-
tially used for winter maintenance operation unless the
expected temperatures are below 21°F. At the temperature
below this limit the effectiveness of this solution will be reduced.

2. The test results indicate that there may be a potential for
improving the low temperature effectiveness of NaCl deicer
without severely impacting the durability of concrete by pre-
treating it with carefully selected amounts of low concentra-
tion MgCl, or CaCl, solutions.

3. In cases when low temperatures dictate the use of deicers
with a lower freezing point than sodium chloride, the
application of MgCl, is likely to be less damaging (in terms
of reducing the rate of deterioration) than the application of
CaCl,.

4. INDOT should consider using the results of this study to
develop a best deicing practices manual which will help the
winter maintenance personnel to select the least detrimental
method of treatment for the purposes of snow and ice
removal.



Whenever practical, INDOT should encourage the use of fly
ash in all pavement concretes as mixtures containing this
material offered higher resistance to degradation processes
induced by the use of deicers than mixtures containing plain
portland cement.

The benefits of this research include:

® Assemblage of detailed information on the effects of various
deicing chemicals on several properties of pavement-type
mixtures. This information would be useful to INDOT winter
maintenance personnel in the process of selecting the most
suitable ice and snow removal applications.

® Generation of fundamental information regarding the
potential mechanism and the extent of deterioration result-
ing from the use of deicing chemicals.

® Increased level of awareness among INDOT’s pavement
engineers and winter maintenance personnel about how
deicers can potentially contribute to damage of concrete
pavements.

The implementation of findings from this study will help
INDOT to reduce the cost of pavement and bridge deck
repairs by improving snow and ice removal practices through
increased awareness of potentially detrimental effects of
certain deicers.
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1. INTRODUCTION

The increasing costs of deicing chemicals, environ-
mental concerns and user demands for ice-free pave-
ments all dictate changes in the pavement maintenance
strategies used by the Departments of Transportation
(DOTs) in the United States of America. As an
example, during the last several years, in addition to
traditional deicing operations the DOTs also intro-
duced such treatments as anti-icing of pavements and
pre-wetting of salt and sand before spreading them on
the pavements.

The deicing process involves applying snow and ice
control materials directly on the top of already
accumulated snow (or ice) layers in order to destroy
their bond with pavement surface and thus facilitate
easier removal of these materials from the roads. The
anti-icing treatment is defined as a snow and ice control
method in which deicing chemicals are applied to the
bare pavement surface hours before the expected
precipitation to prevent bonding of ice and snow. The
pre-wetting involves application of salt solutions
directly on the particles of dry salt (or sand) to increase
their initial surface moisture in order to ensure better
attachment of these materials to the pavement and thus
ensuring reduction in bounce, scatter and tracking of
the material. The main economic advantages of using
the last two methods (i.e., anti-icing and pre-wetting)
are reductions in application rates of the snow and ice
control chemicals, the decrease in the cost of labor (or
materials) during surface treatment operations, and
overall lower snow control costs. In addition, there are
safety factors which need to be considered, including

better adhesion of snow and ice control materials to the
road surface and lower accident rates.

For many years sodium chloride (NaCl), commonly
known as rock salt, has been used as an ice and snow
control deicing agent with satisfying results. However, due
to diminishing effectiveness of salt in temperatures below
21°F (—=6°C), other chemicals, such as calcium chloride
(CaCl,) and magnesium chloride (MgCl,) were intro-
duced as alternative deicers. These two chemicals have
freezing points (i.e., lowest temperature at which they can
melt ice in a laboratory (the eutectic point)) which are
lower than the freezing point of brine made with the rock
salt, so they are more effective at lower temperatures
(Figure 1.1 and Table 1.1). Although it could be expected
that lowering the freezing point may result in lengthening
of the wet exposure period the general effects of these
alternative chemicals on the long-term durability of
concrete surfaces is still not well known.

1.1 Research Objective and Scope

The primary objective of this study was to investigate
the effects of deicing/anti-icing chemicals commonly
used by the Indiana Department of Transportation
(INDOT) on the durability of pavement concretes. The
chemicals evaluated in this study included: sodium
chloride (NaCl), calcium chloride (CaCl,), magnesium
chloride (MgCl,), and the Ice Ban®.

The scope of the work described in this report
included the following four tasks: literature review,
selection and testing of deicing chemicals, preparation
and testing of laboratory concrete specimens and data
analysis.

Temperature ( F)
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-20

-30

Temperature ( C)

-40
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30

40 50
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Figure 1.1 Phase diagrams of deicer solutions.
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TABLE 1.1
Comparison of Different Deicers

Eutectic Concentration%

Lowest Practical Melting Temperature°F (°C)

Chemical Eutectic TemperatureF (°C)
sodium chloride (NaCl) —6 (—21)
calcium chloride (CaCl,) —60 (—51)
magnesium chloride (MgCl,) —28 (—33)

233 21 (—6)
29.8 25 (—32)
21.6 5(—15)

1.2 Structure of the Report

This report starts with an introduction presented
in Chapter 1, which is followed by comprehensive
literature review presented in Chapter 2. The experi-
mental program along with a description of the
materials and experimental methods used are presented
in Chapter 3. Chapter 4 contains results (and related
discussion) of all tests performed on concrete specimens
with and without addition of Class C fly ash. Chapter 5
contains the conclusions, while the recommendations
developed in the course of this research are listed in
Chapter 6.

2. LITERATURE REVIEW

2.1 Introduction

The focus of the literature review presented in this
report is on the comparison of the effects of different
deicing/anti-icing chemicals on concrete pavement
deterioration. Moreover, the properties of different
deicing/anti-icing materials, their application rates and
their snow/ice control effectiveness are also included.
Finally, laboratory testing techniques used by various
researches to study the effects of deicers on concrete are
also critically reviewed.

One of the oldest snow and ice control methods that
has been used on roads during the winter is the direct
application of sand to the pavement surface. Using this
technique, a higher friction can be obtained, even
though the actual melting of snow and ice does not take
place. This method is still one of the most popular
methods used on unpaved or lower volume roads and
in places where deicing chemicals can’t be applied (/-3).
However, the Indiana Department of Transportation
(INDOT) no longer uses sand as a traction control
agent because of the rapid dispersion of this material by
vehicles and problems with drains clogging (4).

Currently, the most widely used snow and ice control
agents include: rock salt -sodium chloride (NaCl),
calcium chloride (CaCl,) and magnesium chloride
(MgCly) (5-10). Among these, the most popular has
been rock salt (sodium chloride). The preference
towards using of sodium chloride as a deicer can be
explained by its relatively low cost and relatively high
effectiveness, especially at temperatures above 20°F.
Calcium and magnesium chlorides are more expensive
snow and ice control chemicals. However, both of these
deicers are effective at much lower temperatures (see
Table 1.1) than sodium chloride.

In recent years, as a response to the higher costs of
deicing chemicals and public pressure to maintain snow
and ice-free pavements, the use of preventive measures,
such as anti-icing and pre-wetting also become more
common (/7). The main economic advantages of using
these preventive measures include reductions in the
application rates of the deicing/anti-icing chemicals, a
decrease in labor intensive operations, and the overall
lower snow control costs. In addition, these types of
treatments improve adhesion of the deicing chemicals
to the road surface, resulting in faster rates of snow
melting and thereby lower accident rates (7,12).

The biggest difference between deicing and anti-icing
operation is in the time when these chemicals are
applied to the road surface. By definition, deicing
involves application of deicing chemicals directly on the
top of snow and/or ice which has accumulated on the
pavement in order to break the bond between these
accumulated layers and the surface of the pavement and
thus facilitate easier removal of the former. In
comparison, anti-icing is the method in which deicing
chemicals (either in the form of pre-wetted solids or in
the form of liquid brine) are applied hours before the
expected precipitation to prevent the accumulation of
ice and snow at the surface of the pavement
(4,6,7,13,14). The pre-wetting is a process in which
deicing/anti-icing chemicals are applied to dry solid
materials such as salt and sand before or during their
application to the pavement. Because the dry salt will
not melt the snow, pre-wetting jump-starts the melting
process by supplying moisture before the deicer is
applied to the pavement (4,11).

Using deicing and anti-icing chemicals on the roads
improves traffic safety under winter conditions and
results in lower congestion. At the same time, however,
the application of deicing chemicals has a destructive
effect not only on highway infrastructure, but also on
motor vehicles (corrosion) and roadside vegetation.
Thus, even though the benefits from using deicers
overweigh their damaging effects on concrete pave-
ments, it is very important to evaluate the economical
and safety impact of deicers/anti-icing on pavements
15).

2.2 Selection of Deicing and Anti-icing Materials and
Their Application Rate

When choosing materials for snow and ice treatment
several factors need to be considered. High mobility
and time constraints in the business, education,
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transportation and manufacturing sectors have always
been big issues. To address this problem, appropriate
application rates of snow and ice control chemicals
were developed, along with the strategies for their most
economical applications (2,13,16).

In order to describe the factors which should be
considered when selecting the deicing/anti-icing chemi-
cals, the term “dilution potential” needs to be defined.
According to Blackburn et al.,, (2) the “dilution
potential” is a term that relates precipitation dilution
potential, surface pavement temperature, degree of
snow/ice packing in the wheel path after plowing,
treatment cycle time and the amount of traffic, and
operational conditions to the choice of snow and ice
control material and application rate that will generally
produce a ‘successful’ result” (2).

According to Blackburn et al., (2) the “precipitation
dilution potential is the contribution to overall dilution
potential caused by the type and rate of precipitation of
a winter weather event in progress. The higher the
moisture content of the event per unit time, the higher
the precipitation dilution potential” (2). The pavement
surface temperature will also influence influences the
effectiveness of snow and ice control chemicals. In fact,
temperature is one of the most important factors
because (as already mentioned) efficiency of the deicers
decreases with the drop in the temperature. In addition
to the temperature, the surface condition of the
pavement (i.e., any accumulation of snow (or ice) and
ice that remains on the pavement after plowing also
needs to be considered. This accumulation (besides the
precipitation) will contribute to the dilution of the
applied chemicals. The most critical situation is created
by bonding of ice to the pavement. Such situation
requires the usage of higher load of chemicals to
achieve an unbonded condition. Finally, operational
conditions need to be taken into consideration. This
factor deals with treatment cycles, traffic volume and
speed. The rate of application and the amount of
materials to be removed affect the frequency of the
treatment. For longer cycles and in cases of critical
situations such as bonded ice, more chemicals are
needed.

2.3 Commonly Used Deicers/Anti-icers

Although there are many snow and ice control
chemicals available on the market; the most popular
ones (and most widely used by the State Highway
Agencies (SHA)) include sodium chloride, calcium
chloride and magnesium chloride (/8).

2.3.1 Characteristic of Deicingl Anti-icing Materials

For over 60 years, one of the most widely used
deicers has been sodium chloride (NaCl) (/9). This
snow and ice control material that can work as both a
deicer and as an anti-icer chemical is still one of the best
solutions for the road during the winter. Popularity of
rock salt is primary due to its high deicing efficiency

and low cost. The rock salt can be used as an anti-icing
agent to prevent the bonding of ice to the surface if it is
applied before heavy accumulation occurs. However, as
with any chloride-based deicer, the use of salt needs to
be carefully controlled in order to avoid potential side
effects (i.e., concrete scaling, corrosion of vehicles or
damage to soil and roadside vegetation). Moreover,
even though rock salt is a very effective deicer at
relatively mild temperatures, its effectiveness quickly
diminishes at temperature below about 21°F. As a
result, different types of deicing materials such as
magnesium chloride (MgCl,) and calcium chloride
(CaCly) have also been used by various State High-
way Agencies.

Calcium chloride and magnesium chloride melt ice
better at lower temperature, but they are more expensive.
For this reason, they are often mixed with rock salt to
obtain a more cost-effective deicing mixture (5).

2.3.2 Comparison of Effectiveness, Application Rate and
Cost of Different Snow and Ice Control Chemicals

There are different comparisons between the various
snow and ice control chemicals found in the literature.
One of these is a comparison of application rates.
Table 2.1 shows the appropriate application rate for
sodium chloride (NaCl) (/7).

It is easy to observe that application rates for solid,
pre-wetted solid and liquid sodium chloride vary with
different pavement temperature, adjusted dilution
potential, and assessment if ice is bonded (or not) to
the pavement. In general, it is not recommended to
apply liquid sodium chloride when ice is bonded to the
pavement. Additionally, the lower pavement tempera-
ture and the higher adjusted dilution potential the
higher amounts of chemicals are needed. More sodium
chloride should also be used in case of bonded ice.
However, when temperature drops below 20 °F
application of sodium chloride is not recommended.
In such cases, other chemicals shown in Table 2.2 will
be more useful (/7).

Table 2.2 provides normalized (with respect to
sodium chloride) application rate data for ca