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Abstract

Calcium magnesium acetate (CMA) is an alternative deicing agent that was developed in the USA

around 1980. On commusion by the Swedish National Road Administration a review of the literature on

CMA has been done. A small selection of the numerous studies that have been conducted since 1980 is

presented in this report. In the majority of the field studies it is observed that CMA is slower acting than

sodium chloride (NaCl). A longer lasting effect of CMA compared to NaCl has, however, been observed

in some studies. CMA is furthermore described as an anti-icing, rather than a de-icing agent. Several

studies also show that CMA is less corrosive than NaCl and that CMA causes less freeze/thaw damage to

concrete than NaCl. Earlier studies have shown that CMA is less harmful to the environment than NaCl.

Oxygen is, however, consumed when acetate is decomposed. The decomposition rate is strongly

temperature dependent and at low temperatures the prerequisite increases for nondecomposed CMA to be

transported to shallow lakes and groundwaters and there reduce the oxygen level. The results from a

Finnish study show that the infiltration of nondecomposed CMA into deeper ground layers is so

significant that massive deicing with CMA should not take place close to groundwater areas.

 
ISSN: Language: No. of pages:

0347-6049 English 29   
 

 



VTI meddelande 789A



Foreword

In cooperation with the National Swedish Road Administration, the National

Swedish Road and Transport Research Institute (VTI) has for many years been

engaged on research and development projects to test and evaluate salting

methods and alternative deicing agents. Over the period 1985-1990 the

MINSALT programme was carried out in which a number of alternatives to NaCl

as deicing agent were studied. One agent which was investigated in greater detail

was CMA, calcium magnesium acetate. Its ice melting capacity, corrosive effect

and effect on cement concrete were subjected to particular study, and the results

showed that the agent has favourable properties but is very expensive.

In 1993, the Road Administration commussioned VTI to start a research project

with the object of testing and evaluating a mixture of CMA and salt (NaCl) as

deicing agent. Evaluation comprised both laboratory tests and field trials. Field

trials were made during two winters, 1993/94 and 1994/95, using a 20/80% by

weight CMA/NaCl mixture. The results of these investigations are set out in

Bulletin No 788. As a complement to this investigation, a study of the literature

concerning CMA and its effects was also made. This report describes the results

of this study.

The project manager during 1993-1994 was Kent Gustafson and during 1995

1996 Anita Ihs. The author of this report is Anita Ihs, assisted by Kent Gustafson.

Anita Carlsson has edited the manuscript of the report. The contact person at

the Road Administration was Lennart Axelson.

The project has been commussioned and financed by the Road Administration.

The report has been translated by L J Gruber, BSc(Eng) CEng MICE

MIStructE

Linkoping, July 1996

Kent Gustafson
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Calcium Magnesium Acetate (CMA)

- an alternative deicing agent

A review of the literature

by Anita Ihs and Kent Gustafson

Swedish National Road and Transport Research Institute

581 95 Linkoping

Summary

Calcium magnesium acetate (CMA) is a deicing agent which was developed in the

USA around 1980 and was considered a very promising alternative to sodium

chloride (NaCl). Since that time a large number of investigations of the properties

of CMA as deicing agent have been performed, both in the laboratory and in the

field.

By commission of the Swedish Road Administration, a review of the literature

on CMA has ben carried out. This bulletin presents a brief selection of the

investigations which have been made, mainly in the USA but also in Europe, up to

1995. The presentation is divided into the following areas:

e deicing properties

e corrosion

e concrete

e environment

e economy

Deicing properties were studied both in the laboratory and in the field. The

results show fairly unanimously that CMA is considerably slower acting than

NaCl. In some investigations, on the other hand, CMA was noted to have a better

long term effect than NaCl. Higher spreading rates of CMA were often also

required to achieve the same effect as NaCl.

Corrosion studies show that CMA causes less damage than NaCl to materials

in vehicles and to reinforcing steel in concrete.

In freeze/thaw tests performed to study how CMA affects the frost resistance of

concrete, CMA was found to cause less scaling than NaCl. There are however

results which suggest that CMA might attack concrete chemically and might in the

long run cause as much damage as NaCl.

In several investigations it was found that CMA is considerably less harmful to

the environment than NaCl. In some regions in the USA with a sensitive

environment, CMA is used where spreading of NaCl is not permitted. A serious

objection has however been raised against CMA in regard to its environmental

effect. When the acetate in CMA is decomposed, oxygen is consumed. The rate of

decomposition is highly temperature dependent, and at low temperatures there is a

greater possibility that non-decomposed acetate will find its way into shallow

lakes and groundwater reservoirs and reduce the oxygen content in these. The

results of a Finnish study show that infiltration of non-decomposed CMA into

deeper soil strata is so significant that extensive deicing treatment with CMA

should not be carried out in the vicinity of groundwater catchment areas.
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Perhaps the foremost drawback of CMA is its extremely high price, more than

20 times that of NaCl. The main reason for this high price is that the acetic acid

used in producing CMA is very expensive. The total costs of CMA and NaCl,

including indirect costs such as damage to vehicles, road structures (bridges,

multistorey garages etc) and the environment, have been calculated. These

calculations show that it is not economically advantageous at present to change to

CMA as deicing agent. It was assumed very likely that CMA will also in future be

used on sections of road where the use of NaCl is not permitted for various

reasons. Newly constructed bridges whose service life may be shortened by the

use of NaCl may be mentioned as one example of this.
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1 Introduction

Spreading of sodium chloride (NaCl) is the most common method at present for

deicing roads and streets carrying high volumes of traffic. NaCl has many

advantages: it is a very effective deicing 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 NaCl has increased, serious drawbacks have been found. One very extensive

problem is corrosion on vehicles and reinforcement in road structures such as

bridges, and damage to concrete, which NaCl causes. Damage to vegetation and

elevated salt concentrations in soil and groundwater near highly trafficked roads

have also been noted. These negative effects cost road management authorities

and the general public large amounts of money.

In view of the many negative effects of NaCl, research is conducted all the time

in order to find chemical deicing agents that can replace NaCl. A comprehensive

investigation initiated by the Federal Highway Administration in the USA was

made in 1979 by Dunn and Schenk (1). The aim was to find an alternative deicing

agent which was as effective as NaCl but was not corrosive to bridge structures or

had other negative effects on road structures, which had a minimum impact on the

environment and which could be made cheaply from raw materials available in the

US. As a result of this investigation, two candidates were selected as of particular

interest for further studies: methanol and calcium magnesium acetate (CMA).

However, owing to its volatility, flammability and inferior long term effect,

methanol was judged not to be a realistic alternative. This first investigation has

since been followed by a large number of investigations, both in the laboratory

and in the field, to evaluate the properties of CMA as deicing agent.

In cooperation with the National Swedish Road Administration, the National

Swedish Road and Transport Research Institute (VTT) has for many years been

engaged on research and development projects to test and evaluate salting

methods and alternative deicing agents. One agent which has been investigated in

greater detail is CMA, calcium magnesium acetate. The drawback of CMA is that

it is extremely expensive, more than 20 times as expensive as NaCl. In the USA,

tests have therefore been made on mixing CMA and NaCl; these have yielded very

promising results, inter alia in reducing the corrosive effects of NaCl.

In 1993, VTI was commissioned by the Road Administration to evaluate a

mixture of 20% by weight CMA and 80% by weight NaCl as deicing agent. The

investigation comprised both laboratory tests and field trials. The laboratory tests

included ice melting capacity, corrosion of steel plates and the effect on the frost

resistance of concrete. Field trials included observations of deicing treatment, as

well as friction measurements and corrosion tests. The friction measurements were

made with a SAAB Friction Tester. This investigation is described in VTI Bulletin

No 788 (2).

The commussion also included a review of the literature in order to establish the

present state of knowledge regarding CMA. A selection of the field and laboratory

investigations performed mainly in the US but also in Europe is briefly presented

below.
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2 Deicing properties

Laboratory tests

In order to ascertain the deicing properties of CMA, a large number of laboratory

tests and field trials have been made, mainly in the USA but also in Europe.

An investigation was made in 1986 by R. Schenk to find the optimum

composition of calcium and magnesium acetate in CMA for deicing (3). The

investigation included studies of the effect on concrete, freezing point

determination and melting tests. The lowest eutectic temperature, 1.¢e. the lowest

theoretical temperature at which snow/ice can be melted, was obtained for the

molar ratio 3 Ca/Z Mg. The eutectic temperatures of the components calcium

acetate and magnesium acetate are ca -15°C and -30°C respectively. The

optimum pH value of CMA was also determined; this is between pH 7 and pH 9.

Later investigations in the field showed however that the ice melting capacity

of CMA with a Ca/Mg ratio of 3/7 is inferior to that of CMA with a Ca/Mg ratio

of 5/5 (4). This ratio is therefore recommended as the optimum for deicing

purposes. It was however pointed out that the difference between the two ratios

was fairly moderate, and that ratios which are slightly different from that

recommended will probably also exhibit an acceptable ice melting capacity.

Comparative investigations of the capacities of CMA and NaC to melt and

penetrate ice were made by e.g. McElroy et al (5). Two CMA products, RAD

Services CMA (CMA-1) and Chevron ICE-B-GONT¥ (CMA-2) were studied in

this investigation. The theoretical ratio between the weights of CMA and NaCl

needed for comparable melting performance is ca 1.7:1. This ratio is based on the

requirement (for an ideal solution) that the concentrations of ions from NaCl and

CMA should be the same in order that the freezing points should be depressed by

the same amount. Both CMA products were found to have an ice melting capacity

worse than that of salt, CMA-1 slightly better than theoretically expected, and

CMA-2 considerably worse than expected. What the results mainly showed was

that both products had limited application at low temperatures in comparison with

salt. The lowest temperatures for melting were ca -10°C for CMA-2,

-12°C for CMA-1 and -15°C for salt. The CMA products were also considerably

inferior to salt in regard to their capacity to penetrate ice. Salt had some

penetration capacity at temperatures as low as -15°C, while the CMA products

had acceptable penetration only at temperatures above ca -5°C.

A study by Trost et al attempted to establish the chemical mechanism for

deicing and also evaluated different chemical deicing agents on the basis of this

mechanism (6). The rate at which adhesion between ice and the road surface is

disrupted was measured as a function of temperature, type of road surface and rate

of application. As in other investigations, CMA was found to have a slightly

worse ice melting capacity than NaCl.

Tests on CMA were also made in Sweden during the 80s, particularly by VTI

(7). For a start, small quantities of CMA were made in the laboratory, but when

the agent was later commercially available as Clearway CMA and ICE-B-GON,

these products were investigated. Studies were made of the ice melting properties

of CMA. Depression of the freezing point by CMA, the lowest temperature at

which ice can be melted, varies between -10°C and -28°C depending on

composition and the Ca/Mg ratio (as compared with -21°C for NaCl). The

greatest and most optimum freezing point depression, as seen above, is achieved
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with a Ca/Mg ratio of ca 3/7 - 2/8. The two products were stated to have precisely

this composition. The ice melting capacity of CMA does not vary so much

depending on the Ca/Mg ratio, but is dependent more on the shape and size of the

particles and on density. Ice melting capacity was tested on ice blocks at different

temperatures. The results of a melting test at -2°C are plotted in Figure 2:1. It is

seen that the ice melting capacity of CMA is inferior to that of CaCl, and NaCl

but is better than that of urea. It may be noted in particular that CMA has very

poor ice melting capacity in the initial phase while NaCl and especially CaCl,

have a very rapid ice melting effect. The same relation between the agents was

found at lower temperatures, but the inferior ice melting capacity of CMA was

even more pronounced.
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Figure 2:1. Ice melting effect of different deicing agents in laboratory tests on

ice blocks at -2°C. Quantity applied 20 g/114 ecm(7).
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Field trials

Several American states used CMA in field trials to evaluate its properties as

deicing agent. The first field trials were made in winters 1983/84 and 1984/85 in

Michigan and Washington (8, 9). The experiences gained in these trials were that

CMA and salt were about equally effective as deicing agent, but CMA had a

somewhat slower effect than salt. There were some problems due to caking of

CMA when damp. In Washington it was found that if CMA was spread on the

road before an expected snowfall, the quantity of CMA that had to be spread

during the snowfall was lower than otherwise. Spreading of salt before a fall of

snow did not however reduce the need for salt while it was snowing. It was in

addition found that CMA did not cause as much corrosion on the spreader

vehicles as salt.

As early as 1984, the Swedish Road Administration also conducted an initial

field trial with CMA. Ca 50 tonnes of CMA in powder form were spread that

winter. The effect of CMA was however poor, and it was concluded that the

product had not been fully developed (10).

In Canada several field trials were made using CMA. In winter 1987/88 field

trials were made on behalf of the city of Ottawa, Ontario (11). The three deicing

agents used in this investigation were CMA, sodium formate (NaFo) and NaCl. In

the evaluation, a friction vehicle made friction measurements on streets carrying

both low and high volumes of traffic. It was found that both CMA and NaFo

worked as deicing agents but that both acted much more slowly than NaCl. In

addition, 1.6 times as much CMA as NaCl was needed to achieve the same effect.

A cost analysis was also made, and it was decided that the material costs were too

high for the use of CMA to be recommended.

Field trials were also conducted by Ontario Ministry of Transportation, Canada,

in four winters (12-13). In 1986/87 and 1987/88 CMA was used on a section of

road near Beamsville. This area is characterised by temperatures which are seldom

below -5°C, relatively light snowfall and very intensive traffic. Under these

conditions CMA was comparable with salt in achieving snow-free friction

conditions on the road, even though a higher rate of spread of CMA was required.

CMA was also noted to have a certain residual effect from one snowfall to the

next. During these trials, 1.2-1.4 as much CMA as salt was spread overall. In

winters 1989/90 and 1990/91 CMA was used on a section of road near Owen

Sound. This area is characterised by heavy snowfall, low temperatures and low

traffic densities. The road standard achieved using salt was attained for only 50%

of the time with CMA. It was found that CMA was more sensitive than salt to

temperature, humidity, the time of treatment and traffic volume. By wetting CMA

with a CMA solution, its effectiveness could be improved, especially during dry

cold periods or blustery conditions.

In Alberta CMA was used during two winter seasons, 1987-89, on a bridge,

Peace River Bridge (14). Owing to corrosion of steel structures caused by NaCl,

maintenance costs were very high. The bridge is also situated in an area with

severe climate where snowstorms may occur at temperatures as low as 40°C. The

conclusions drawn after the trials during two winters were that CMA was only

effective down to -10°C and there was a tendency for ice to refreeze if

temperature dropped rapidly. CMA also appeared to attract damp, which meant

that the road surface remained wet longer than with salt. During constant snowfall,

snow adhered to the wet surface, accumulated and was hard packed by traffic to
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such an extent that it could not be removed by ploughing. Since CMA did not

work effectively below -10°C and under certain circumstances aggravated the

situation on roads, use of CMA was not recommended.

In Sierra Nevada in the US there are serious problems due to conifers dying in

the vicinity of roads treated with salt (15). Since in other investigations CMA was

found to be more favourable to roadside vegetation, in winter 1989/90 trials were

started on spreading CMA instead of NaCl on roads around Lake Tahoe. CMA

was found to work as deicing agent but its deicing mechanism was different from

that ofsalt. Salt goes into solution with water and forms a salt lake, while CMA

appears to react with water. Salt applied to ice melts the ice directly underneath

and sinks through the ice until the road surface is reached. The salt lake formed

during melting spreads below the ice and disrupts adhesion between the ice and

the carriageway. The first stage was the same for CMA, but the last stage could

not be observed. When salt is spread on snow covered roads, the result is often

slush, while CMA produced a fluffy snow which resembled oatmeal. This snow

could produce good roadholding but was difficult to remove by ploughing.

Largely the same service level could however be obtained with CMA as with salt.

Certain problems connected with handling CMA such as a strong smell of vinegar

and dusting were also commented on. These problems have also been referred to

in other investigations.

A FHWA/SHRP project called Anti-lIlcing Technology in which several States

participated was started in the US in 1993 (16). The object of this project was to

test and evaluate different methods of preventing slippery conditions. CMA was

used in some of these investigations. In Minnesota both a CMA/salt mixture and

liquid CMA was spread. The mixture consisted of 20/80% by weight of

CMA/NaCl and was to be wetted with liquid CMA, but owing to problems with

the equipment the mixture had to be spread dry. On one occasion when the

mixture was used, it was found that CMA, by attracting all moisture, prevented

the salt from going into solution and the mixture therefore had no effect on road

conditions. It was necessary to change to pure salt. On this occasion the

temperature was low. When the mixture was first spread it may have been as low

as -20°C, while on the second occasion it was probably between -5 and -10°C.

When liquid CMA was spread, there were difficulties due to blockage of the filter

on the liquid spreader vehicle by crystals and other insoluble particles in the CMA

solution. Liquid CMA was also noted to have a very poor effect if there was snow

on the road. This also applied if spreading was combined with ploughing. It must

however be pointed out that CMA, both as a mixture and as a liquid, was spread

on only a few occasions. In Oregon liquid CMA was used with satisfactory results.

The winter when the investigation was made was however mild. Liquid CMA was

also used in Washington State. When it was spread on bridges, on one occasion it

was noted to have a long term effect of up to 24 hours. Normally, deicing agent

would have been spread 3-4 times during this period. This was explained by the

better adhesion of the solution to the road surface.

In Norway trials were made in winter 1994/95 on spreading pure CMA,

CMA/salt mixture and CMA/sand mixture (17). The CMA/NaCl mixture

consisted of 20% by weight CMA and 80% by weight NaCl. No essential

difference in deicing effect was noted between this mixture and pure salt. It was

however observed that the CMA grains took a longer time than salt to go into

solution. Nor was it possible to decide if the mixture produced a better long term

VTI meddelande 789A 13



effect. It was however noted that the carriageway did not become as wet after

spreading the CMA/NaCmixture as after spreading pure salt. During the melting

tests made in the laboratory at VTI, it was noted that CMA grains attract moisture.

This could be an explanation for the carriageway being drier when the CMA/NaCl

mixture was used. The Norwegian investigation also included melting tests in the

laboratory. The results obtained indicated that CMA has the effect of delaying

and/or reducing the melting effect of salt. This is also an effect of the CMA grains

attracting moisture. As regards the CMA/sand mixture, a good effect was obtained

on hoar frost and on a wet carriageway that froze. Owing to the paucity of the

material, however, it was not possible to decide whether the effect was better or

worse than for a salt/sand mixture. In snowy weather, the CMA/sand mixture did

badly. Pure CMA worked well on hoar frost and on a wet carriageway that froze,

but it was necessary to double the rate of spread to achieve satisfactory results in

snowy weather. With pure CMA it was also noted that the carriageway did not

become as wet as with salt.

The evaluation of a 20/80% by weight CMA/NaC) mixture that VTI carried out

during the period 1993-95 comprised both laboratory tests and field trials (2). In

the field trials friction measurements were performed with a SAAB Friction Tester

on several occasions during snow storms. The results of these showed that in most

situations the CMA/NaC) mixture worked as well as pure NaCl. The laboratory

tests included melting tests which showed that the ice melting capacity of the

CMA/NaCl mixture was comparable to that of pure NaCl (see Figure 2:2 below).

On the other hand, the 1ce melting capacity of pure CMA was considerably worse.

It was noted in particular that CMA had a much slower effect in the initial phase

than pure NaCl.
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Figure 2:2 Melting tests at -6°C. 10 g ofeach deicing agent was spread on ice
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Summary

To sum up, CMA is described in the investigations as an acceptable deicing agent

even though it is not fully as effective as salt. At temperatures below -5°C the

effectiveness of CMA is considerably inferior. It was found in several

investigations that it takes longer for CMA than for salt to start melting snow and

ice, and that a greater quantity of CMA than salt is required to achieve the same

effect. CMA further appears to act more as an anti-icing agent which is spread for

purposes of prevention and prevents adhesion between the road surface and

snow rather than as an agent which melts snow/ice. The effect that is achieved

with CMA is dependent to a much higher degree on temperature, humidity, the

time of treatment and traffic volume than is the case for NaCl.

The conclusion of the investigations that have been performed is that CMA

should be spread at an early stage of a snowfall and in quite large quantities in

order that the best effect may be achieved. In some investigations, CMA was

noted to have a better long term effect than salt, and treatment could therefore be

applied less frequently and with smaller quantities of CMA. CMA was also

observed to have a certain residual effect between two snowfall events. This

applies to both CMA spread in the dry and to liquid CMA which began to be

produced in recent years; the explanation advanced is that CMA has better

adhesion to the surface than NaCl. When a CMA/NaCl mixture is used, CMA

may have a negative effect on the deicing effect of salt, owing to the fact that the

CMA grains attract moisture and prevent salt from going into solution.
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3 Corrosion

One of the more serious problems with NaCl as deicing agent is the extensive

corrosion that it causes. Corrosion of vehicles and the repair of damaged road

structures such as concrete bridges costs a lot of money. In the latter case, one of

the causes of damage is that chloride ions penetrate through concrete and corrode

the reinforcement. Since corroded iron normally expands, up to several times its

original volume, such high pressure is ultimately created that the concrete cracks.

Thefirst laboratory tests on CMA were made by Dunn and Schenk (1980) and

indicated that CMA was less corrosive than NaCl to steel and other metals

normally used in bridges and along roads (1). Since these first tests, several

investigations have been performed to verify these results.

A comprehensive investigation of the effect of CMA on roads and motor

vehicles was made by Slick (1987) on behalf of FHWA (18). This investigation

compared the effects of CMA and NaCl on a large number of road and vehicle and

electrochemical measurements were performed. With regard to metals used in

related materials. Several standard experiments such as dipping and spraying tests

motor vehicles such as body plate, aluminium alloys and stainless steel, it was

found that solutions of NaCl generally caused more serious corrosion than

solutions of CMA.

In a study by Locke et al an investigation was made of corrosion of metals

(different types of steel and aluminium) used in bridge structures which had been

exposed to solutions of CMA, NaCl, CaCl, and tapwater (19). In addition to

determination of the rates of corrosion, electrochemical tests were also made.

Reinforcing steel embedded in concrete or surrounded by simulated pore solutions

contaminated by CMA and NaC) were also included in the investigation. The

results of weight loss tests showed that the rate of corrosion of steel in CMA

solutions was 2-5 times lower than in NaCl solutions. The rate of corrosion of

steel in tapwater was the same or a little higher than in CMA solutions. The rate of

corrosion of aluminium exposed to CMA solutions was approximately 1/10 of that

of aluminium exposed to NaC) solutions. CMA was considerably less corrosive

than salt to reinforcing steel in concrete. If, however, the reinforced concrete had

previously been contaminated by salt, measurements of potential indicated that the

rate of corrosion could even increase on exposure to CMA solutions. This might

cause difficulties on bridges when a change is made from salt to CMA as deicing

agent. Locke et al therefore recommended that this should be further studied.

An investigation by McCrum studied the corrosivity of solutions of NaCl,

CMA and CMA/NaCl mixtures of weight ratios 1.75 (<64% by weight CMA/36%

by weight NaCl), 0.46 (~32/68), 0.11 (=10/90) and 0.03 (=3/97) and an NaCl

concentration of 3.5% (20). Different types of metal used in bridge structures were

investigated. It was found as in other similar investigations that CMA solutions

were considerably less corrosive than NaCl solutions. For almost all metals in the

tests, the corrosion losses in CMA solutions were only 1/4-1/15 of those in NaCl

solutions. It was however stated that at that time it was not economically

justifiable to replace NaCl by pure CMA. It was estimated that the effective price

of CMA was ca 50 times as much as that of NaCl. The price of CMA when this

investigation was performed was ca 27 times that of NaCl, and it was considered

in Michigan that ca 1.8 times as much CMA as NaCl would be needed to produce

the same deicing effect. In order to find a cheaper alternative, the corrosivity of
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CMA/NaCl mixtures was therefore investigated. The results showed that rates of

corrosion very near those for pure CMA were also obtained for CMA/NaCl

mixtures, at least down to a weight ratio of 0.46 and in some cases lower still. No

study was however made of the effect of CMA on steel in concrete.

A corrosion study in which the effect of CMA on steel in concrete was

investigated was made in 1988 by Chollar and Virmani (21). Concrete slabs

containing reinforcing steel were exposed to solutions of CMA and salt over long

periods. The results indicated that CMA did not cause any significant corrosion in

steel in concrete. The study was however limited in scope and did not include the

effect of CMA on concrete contaminated by salt.

Two methods of investigating corrosion due to different deicing agents have

been developed at the Minnesota Department of Transportation (22). One is a

dipping test and the other a spray test. In both cases a 3% solution of the deicing

agent to be studied is used. Over the period 1990-92 both these methods were

used to investigate corrosion due to salt to which various corrosion inhibitors had

been added. Different CMA/salt mixtures were also included in the investigation.

The results showed that corrosion was considerably reduced when CMA was

mixed into NaCl. The results of two spray tests with different types of deicing

agents are plotted in Figures 3:1 and 3:2.

Mild Steel Coupon - Spray Test 1991-2
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Figure 3:1. Loss ofmetalfrom auto body coupons sprayed with 3% solutions of

different deicing agents. Resultsfrom B. W. Bohimann (22).
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Auto Body Coupon - Spray Test 1990-1
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Figure 3:2. Loss ofmetalfrom mild steel coupons sprayed with 3% solutions of

different deicing agents. Resultsfrom B. W. Bohlimann (22).

Investigations regarding the effect of CMA on reinforcing steel in concrete

were also made in Europe (23, 24). In two separate investigations, one by British

Petroleum (BP) and the other on behalf of the Danish Road Directorate, it was

found that corrosion of reinforcing steel in concrete caused by salt solutions can

be made to proceed at a lower rate and may even be completely stopped if use of

salt is discontinued and the concrete is exposed to CMA solutions. In the Danish

study it was found that a 50% CMA/53O0% NaCl solution also had the effect of

arresting corrosion of reinforcing steel in concrete.

The investigations of CMA made by VTI during the 80s also included a

number of corrosion studies (7). Corrosion tests in accordance with Swedish

Standard SS 18 60 39 showed that CMA was considerably less harmful than e.g.

NaCl and CaCl, in regard to corrosion attack on car body plate. The results of a

test in which steel plates had been coated with a mixture of synthetic road dirt and

deicing agent and stored at room temperature and high humidity for 100 days are

plotted in Figure 3:3.
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Figure 3:3. Corrosion tests in accordance with SS 18 60 39. Weight loss in

mg/cm"from steel plates exposed to deicing agentfor 100 days (7).

The evaluations by both the Norwegian Road Directorate (17) and VTI (2) of a

20/80% by weight CMA/NaCl mixture included corrosion tests on test plates of

steel in both the laboratory and in the field. In both evaluations the tests were

made by the Swedish Testing and Research Institute. The laboratory tests,

performed in a controlled climate room specially constructed to simulate the road

environment, showed that the CMA/NaC) mixture gave rise to a rate of corrosion

ca 45% lower than that for pure NaCl. In corrosion trials in the field, however,

there was a considerably smaller reduction in the rate of corrosion due to the

CMA/NaCl mixture.

Summary

To sum up the results of the investigations, all these unambiguously indicate that

CMA is considerably less corrosive than NaCl to metals used in vehicles and as

reinforcement in concrete. Admixture of CMA into NaCl also reduces the rate of

corrosion.
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4 Concrete

Apart from the damage to concrete bridges when they are exposed to deicing

agents, caused by corrosion and expansion of the reinforcing steel and consequent

cracking of concrete, concrete itself is also attacked by the deicing agent. Two

types of tests can be performed to study the effect on concrete. One is freeze/thaw

tests and the other investigation of the chemical effect by immersing concrete

slabs in a solution for an extended period.

In freeze/thaw tests, F. Pianca et al compared scaling caused by solutions of

NaCl and CMA (25). 15 concrete grades were used in the investigation and

solutions of concentrations 3% (NaCl) and 2, 4 and 6% (CMA) were used. In the

best concrete grades there was very little scaling due to either NaCl or CMA. On

concrete grades of lower quality, however, CMA caused considerably less damage

than NaCl.

Nadezhdin et al (26) studied the effect of different deicing chemicals on

concrete by freeze/thaw tests. The chemicals used in these tests were NaCl, urea,

CaCl, and CMA. In this investigation also, CMA gave rise to considerably less

scaling of concrete than the other chemicals, and the rate of scaling also appeared

to decrease in time. _

A number of investigations regarding the effect of CMA on concrete were

made in Sweden by VTI, University of Lund Institute of Technology, and the

Material Testing Section of Stockholm Municipal Services Department (27-30).

The Swedish Testing and Research Institute also performed a large number of

analyses on cement concrete cubes which had been exposed to CMA and other

deicing agents in a test at VTI (31).

The Material Testing Section of Stockholm Municipal Services Department

carried out a freeze/thaw test in accordance with SS 13 72 36 using the following

solutions: pure water, 3-25% by weight CMA, 3% NaCl, 3% CaCl, and 3%

MgCl, (27). Both concrete from the 1930s, of poor frost resistance, and good air

entrained concrete of acceptable frost resistance, were used as test concrete.

The results are summarised as follows:

1930s concrete without air entrainment

In 3% NaCl the concrete fails after 14 days, and in 3% CMA after 34 days.

Good concrete

e CMA. The degree of damage increases linearly with increasing concentration.

Saturated (25%) CMA solution produces the same damage as 3% NaCl. In a

3% solution, however, CMA produces only about 1/8 of damage due to NaCl.

e CaCl,,. 3% solution produces ca 2/3 of NaCl damage. Previous tests show

however that CaCl, attacks concrete chemically and causes extensive damage.

e MgCl,,. 3% solution produces only 1/10 of NaCl damage in freeze/thaw tests.

However, for MgCl, also there is evidence of purely chemical degradation

without freezing.

The results are plotted in Figure 4:1. For NaCl, CaCl, and MgCl, where tests

had been made with 3% solutions, the trends for other concentrations have been

plotted according to Reference (32). According to these tests, the chlorides have a

pronounced peak at 3-4% in the freeze/thaw test. After a dip at slightly higher

20 VTI meddelande 789A



concentrations, the degree of damage due to CaCl, and MgCl, again increases at

high concentrations. This rise suggests that these chlorides have a chemical effect

on concrete. In the case of NaCl, however, damage evidently decreases as

concentration increases, and is very small for a saturated solution. According to

the freeze/thaw tests, the damage caused by CMA increases linearly with

concentration to the same level as the maximum of NaCl. This might imply that

the deleterious effect of CMA on concrete, when its concentration increases due to

evaporation, may be of the same order as that due to NaCl.

Scaling

56 cycles

kg/m*

A

1,0;

 

 t 7 e
3 5 10 15 20 25

 

Salt concentration

Figure 4:1. Freeze/thaw tests on concrete with different deicing agents. Tests

with 3% solutions ofNaCl, CaCl, and MgC1,, and 3-25% solutions

of CMA. Weight loss after 56 cycles (7). Trends for NaCl, CaCl,

and MgCl, according to Verbeck, G J and Klieger, P, 1957 (32).
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Hardened portland cement concrete normally contains calcium hydroxide and

its other mineral components are in equilibrium with this. The pore solution in

concrete has a pH value of 12.5 or higher. In the presence of a magnesium salt

solution, this high pH value will precipitate magnesium hydroxide and a

corresponding quantity of calcium hydroxide will be dissolved as a calcium salt.

In this way the concrete gradually loses mass and strength. In order to find

whether CMA attacks concrete in the same way as inorganic magnesium salts, in

1985-86 University of Lund Institute of Technology carried out an investigation

into the chemical action of saturated CMA solutions on concrete (28). Saturated

solutions of NaCl, calcium acetate, calcium chloride and water were also included

for purposes of comparison. Concrete specimens were completely immersed in

baths of these solutions for more than a year. The investigation was performed at

two temperatures, +5°C and +20°C. At the higher temperature the CMA solution

was found to have very great effect on concrete, both in the form of purely

dissolving concrete and as scaling owing to expansion of the concrete. The effect

was considerably less pronounced at the lower temperature. However, since the

composition of the CMA used in this investigation was different from that

marketed at present in USA and Europe, it is uncertain how relevant these results

are. The investigation was later repeated using CMA supplied by BP Chemicals

(this product is called Clearway CMA and is identical with the Chevron

ICE-B-GON) (29). The Mg/Ca ratio in this product was 1.10 as against 0.80 in the

previous investigation. Owing to this change in the Mg/Ca ratio, expansion of the

concrete specimens decreased in the concentrated solution and dissolution of

cement mortar also decreased at +5°C.

Over the period 1986-1990 a field trial was performed at VTI in which the

effect of CMA on concrete was studied (30). Cubes of three different concrete

grades were set out on a non-traffic bearing surface near the Institute and were

sprayed with deicing agent on days when the air temperature was between -10°C

and +5°C. The deicing agents used in the investigation were CMA, NaCl, CaCl,

and MgCl,,. At the end of the exposure the specimens were analysed by the

Swedish Testing and Research Institute (SP) (31). The results showed that damage

due to CMA was less than that due to NaCl and the other chlorides.

In 1995 the Swedish Testing and Research Institute performed freeze/thaw tests

on some concrete grades using different CMA/NaCl mixtures (33). This

investigation was part of the VTI evaluation of a 20/80% by weight CMA/NaCl

mixture (2). The results showed that damage to an older type of concrete which

was expected to have poor frost resistance was markedly reduced when CMA was

added to NaCl. Scaling in modern bridge concrete which contains an air entraining

admixture was very small even due to NaCl.

To sum up, the investigations indicate that CMA causes considerably less

damage to concrete than NaCl, at least as regards mechanical action. For NaC) and

other deicing agents which contain chlorides, most extensive scaling in concrete in

freeze/thaw tests occurs for solutions of 3-4% concentration. At this

concentration, CMA causes considerably less damage. On the other hand, there

are investigations which suggest that damage to concrete may increase with

increasing concentration, i.e. that CMA, in contrast to NaCl, might also attack

concrete chemically. CaCl], and MgCl, also attack concrete chemically.

22 VTI meddelande 789A



5 Environment

In the initial investigations of CMA by Dunn and Schenk, no serious negative

environmental effects were found. These findings were largely verified in later

investigations such as extensive studies by the California Department of

Transportation and within the National Cooperative Highway Research Program

(34, 35). Studies were made of the effect of CMA on soil, water, vegetation etc.

The foremost potential environmental effect which was found and which was also

referred to in the initial investigations was that even relatively low concentrations

of CMA can reduce the amount of oxygen in water. In water and soil, CMA is

biodegradable into calcium, magnesium, carbon dioxide and water. The bacteria

which decompose acetate consume oxygen. In an investigation performed in test

pools in the field, it was demonstrated that biochemical oxygen demand increased

when CMA was added (34). Concentrations as low as 10 mg CMA/litre could

cause a significant reduction in the oxygen content of water. The rate of

decomposition is highly temperature dependent. In soil at temperatures above

10°C, CMA will be largely decomposed within 2 weeks, while at 2°C

decomposition takes 4 weeks. In water CMA is decomposed in 100 days at 2°C

while at higher temperatures the process is considerably more rapid. At low

temperatures there is therefore a greater possibility that non-decomposed acetate

will find its way into shallow lakes and groundwater reservoirs and will there

reduce oxygen content. The results of a Finnish study show that infiltration of

non-decomposed CMA into deeper soil strata is so significant that CMA should

not be used in the vicinity of groundwater reservoirs. Since low oxygen contents

are a common problem in shallow and eutrophic lakes in Finland, the author also

draws the conclusion that CMA must in other respects also be used very

restrictively (36).

Emissions from vehicles have resulted in high concentrations of trace metals

such as Pb, Cd, Ni, Zn, Cu, Cr etc in the soil along roads. Since acetic acid,

socium acetate and ammonium acetate have been used to extract metals from soil,

there have been worries that CMA might liberate trace metals from the soil and

thus increase their mobility, which might ultimately result in increased

concentrations of metals in both groundwater and surface water. Addition of

calcium and magnesium may also cause liberation of other metals. Amrhein et al

performed an investigation of the way in which NaCl and CMA affect

mobilisation of trace metals in the soil (37). The results of this investigation

indicated that CMA probably had less significance than NaC) for the liberation of

trace metals. Tests showed that Ca and Mg ions were advantageous for the

permeability and structure of soil. Sodium, on the other hand, tends to destroy soil

structure. Compaction of soils near roads often occurs as a result of deicing

treatment with NaCl.

To sum up, CMA is judged to be less harmful to the environment than NaCl.

Several tests have shown that normal use of CMA has no harmful effect on

vegetation and animal life in land and water environments near roads. It was only

when concentrations of CMA in water were elevated over a prolonged period (to

ca 5000 mg/l) that it was possible, for instance, to demonstrate some effect on

rainbow trout. However, since decomposition of acetate proceeds slowly at low

temperatures, there is a risk that relatively large quantities of non-decomposed
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acetate will find their way into groundwater reservoirs and lakes and reduce

oxygen content in these.

Addition of calcium and magnesium to lakes and groundwater reservoirs will

also reduce the quality of water in the form of increased hardness. The use of

CMA in the vicinity of water intakes and watercourses with a low through flow

should therefore be very restrictive.

6 Economy

Production of CMA

The chief drawback of CMA is its very high price, more than 20 times as high as

that of NaCl. In contrast to NaCl which has a low production cost, usually only

mining and subsequent crushing, CMA has a considerably higher production cost.

There are three main processes for producing CMA: 1) Dolomitic lime (CaO +

MgO) is made to react with acetic acid (CH,COOH), 2) hydrated dolomitic lime

(CaOH), + Mg(OH);, is made to react with acetic acid, and 3) dolomitic limestone

(a mixture of CaCO, and MgCO,) is made to react with acetic acid. A very high

proportion of the production cost of CMA is due to the price of acetic acid. Apart

from the cost of raw materials there are also processing costs (reaction, drying,

pelletisation etc).

Acetic acid can be made by different methods, and industrial production is by

e.g. bacterial fermentation in liquids containing alcohol, dry distillation of wood,

oxidation of acetaldehyde by air and oxidation of pyrolysis gases from cracking

liquid hydrocarbons. At Stanford Research Institute (SRI, USA) different

processes of producing CMA and its constituent raw materials have been

investigated (38). The carbonates, oxides and hydroxides of calcium and

magnesium were available at low cost, and the study therefore concentrated on

producing acetic acid at low cost. In its report, SRI proposes a process which

should be economically feasible for commercial production of CMA. For the

production of acetic acid, a special bacterial strain (Clostridium thermoaceticum)

is used to ferment sugar (from biomass) into acid. The process is concluded by

reaction between acetic acid and dolomitic lime (MgO + CaO).

Other processes for the production of acetic acid are given in e.g. Reference

(39).

Macroeconomic consequences

In a Canadian study in 1987, a group of experts constructed a model for

calculating the costs and benefits due to changing from salt to some other deicing

agent (40). This model was then used for CMA. The conclusion of the study was

that the increased cost due to the use of CMA instead of NaCl was considerably

higher than the estimated reduction in the five categories of environmental

damage which were considered: vehicle corrosion, damage to bridges and

multistorey garages, contamination of groundwater and damage to vegetation. The

greatest saving lay in the reduced cost of vehicle corrosion. The calculated

breakeven point for the price of CMA was 10-14 times the price of NaCl. At the

time of the study the price of CMA in Canada was 15-16 times the price of NaCl.

The Federal Highway Administration (FHWA), USA, commissioned a

comprehensive investigation of the total cost of salt and CMA; this included direct
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material costs and indirect costs due to damage to the environment, road

structures, vehicles etc (41). At present, CMA is used only selectively and in

limited quantities, mainly in areas with a sensitive environment and on newly

constructed bridges (which are uncontaminated by salt). On the basis of existing

information regarding the performance of CMA as a deicing agent and its price, it

was not considered probable that its use would change so as to become more

general in future.

7 Other considerations

As regards the handling of CMA, some adverse comments have been made on

dusting and the smell of vinegar. Dusting was a problem mainly in the beginning

when CMA contained a lot of fines. When CMA began to be produced

commercially, it was made in the form of pellets and dusting was considerably

reduced. However, the drawback of the pelletised form is that the CMA grains

bounce off the road when spread. This problem was recently alleviated by

producing CMA also in the form of flakes.

Tests have also been made on spreading CMA as a solution, for instance by

Minnesota DOT and Washington State DOT, USA (16). CMA is difficult to

dissolve and forms a foam when mixed with water. In order to improve the

blending process, addition of car cleaning fluid was tried and found to yield good

results.

In Japan, tests are in progress on mixing CMA into asphalt in the same way as

e.g. Verglimit (42). The results have not yet been reported.

There are other acetate-based deicing agents apart from CMA. One example

which may be mentioned is Clearway 1 which is an alternative deicing agent for

runways developed by BP Chemicals, UK, and launched in the market in winter

1987/88. Clearway 1 is a 50% aqueous solution of potassium acetate which also

contains 0.6% corrosion inhibitor to comply with the strict requirements specified

for use at airports. Similar potassium acetate (KAc) products for deicing runways,

made by other manufacturers in Europe and USA, also appeared later on in the

market.

Runways in Sweden and many other countries have traditionally been deiced

with urea. It has been known for a long time that urea has a negative effect on the

environment and that in addition it has a limited effect as deicing agent, especially

at lower temperatures. There is thus a demand for an alternative deicing agent that

is less harmful.

By commission of the Civil Aviation Administration, VTI carried out tests with

Clearway 1 at Ornskoldsvik Airport in the north of Sweden in 1988 and at

Jonkoping Airport in the south of Sweden during winters 1988/89 and 1989/90

(43, 44). The tests showed that KAc has a very rapid effect, especially around 0°C

and on thin ice/hoar frost layers, and that KAc works at the same temperatures as

urea and even at lower temperatures. The large drawback of KAc is its high price

which is at the same level as, or even higher than that of, CMA.
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