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Preface 

This work has been proposed by professor Göran 
Fagerlund. The aims are two: 

l. To test a quality of calcium magnesium acetate 
that is claimed to generate less dust and to be less 
deleterious against cement mortar (and eonerete). 

2. To test, whether calcium magnesium acetate, or 
sodium chloride, possibly is more deleterious 
against cement mortar when used in solutions with 
moderate or low concentration, than the salts are in 
maximally concentrated solution. 

The previous test (Olof Peterson, 1991) showed that 
a saturated, or nearly saturated (4,5 mol/liter) 
solution of calcium chloride does not damage cement 
mortar. A moderately concentrated (3,0 mOl/liter) 
solution destroys the mortar within a few days. 

Experience seems to show that a certain concentra
tion of a sodium chloride solution is more delete
rious against concrete in freezing tests than a 
lower, or higher, concentration. For certain con
crete qualities, this pessimal concentration is 
claimed to be about 3 % by mass, and this concen
tration is chosen as the lower for sodium chloride 
solution. For calcium magnesium acetate, a concen
tration was chosen (6,5 gram per 100 gram water), at 
which the freezing point depression was the same as 
in 3 % sodium chloride solution. 

Mr Bo Johansson has prepared the test mortars and 
casted the test specimens, and he also toke care of 
their curing, and photographic documentation. 

Mr Sture Sahlen acquired the plastic boxes, neces
sary for storing the test specimens in the different 
liquids, and Mr Ingemar Larsson arranged with rea
sonably tight plastic lids for the largest contain
ers. 

Mr Wojciech Roszak answered for following the length 
of the slender test prisms during all the work. 

Mrs Britt Andersson shaped the front pages, and she 
designed the diagrams for elucidating the results. 

Professor Göran Fagerlund, finally, has spended much 
work for detecting and eliminating errors in the 
logic flow. 

I express my thanks to all them who have helped me 
in this work. 

Lund, October, 1992. 
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Summary 

Calcium magnesium acetate (CMA) has been tried as a 
less harmful de-icing agent than sodium chloride to 
structural steelwork in bridges and to reinforcement 
steel in concrete. A pre-study was made at which the 
potential aggressivity of a mixture of calcium ace
tate and magnesium acetate, or pure calcium acetate, 
was investigated. 

During and af ter this work for the Swedish National 
Road Administration, which was reported by O Peter
son in 1991, Mr Kent Gustafson at the Swedish Road 
and Traffic Research Institute in Linköping told us 
that a less deleterious quality of calcium magnesium 
acetate was supplied by BP Chemicals in England. 

In this work we had the opportunity to test this new 
quality, and in the same time the following changes 
were performed in the test program in comparison 
with the previous study: 1. The calcium acetate and 
calcium chloride solutions were excluded. 2. The 
sodium chloride was tested as saturated solution and 
also as a 3 % solution. 3. The calcium magnesium 
acetate was tested as maximally concentrated solu
tion, and also at a concentration of 6,5 gram per 
100 g water, which solution has the same freezing 
point depression as 3 % sodium chloride. 

The following changes in test results in comparison 
with the previous study were observed: 

1. The molar ratio Mg/Ca was 1,10. For comparison, 
it was only 0,80 for the product from the Nether
lands, used in the previous work. 

2. The expansion of prisms stored in concentrated 
calcium magnesium acetate solution disappeared for 
all combinations except for mortar with water cement 
ratio 0,60 at +20 o C. 

3. When prisms were stored in low concentration 
solution of calcium magnesium acetate, they expand
ed, maximally, 0,6 mm/m during six months. Mortar 
with water cement ratio 0,45 expanded more than 0,60 
mortar. Storing at +20°C caused a more rapid expan
sion than storing at +5°C. 

4. The prisms, af ter storing in highly concentrated 
solution of calcium magnesium acetate, did not lose 
any mass at +5°C, but their increase in mass was 
less than during storing in water or sodium chloride 
solution. At +20 o C, the prisms lost in mass during 
six months much more than in the previous work; 
about 19 % of their total mass for 0,45 mortar, and 
24 % for 0,60 mortar. 
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5. Af ter storing in the low concentration solution 
of calcium magnesium acetate for six months, the 
prisms increased in mass essentially more than af ter 
storing in water or sodium chloride solution. Proba
bly, calcium hydroxide in the mortar has formed a 
chemical compound with calcium acetate, which ex
plains the gain in mass and the expansion. 
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1. Introduction 

In a previous work, "The chemical effects on cement 
mortar of solutions of calcium magnesium acetate and 
other deicing salts", the author, Peterson (1991), 
showed that the grade of calcium magnesium acetate, 
used in that work (a blend of calcium acetate and 
magnesium acetate, probably made by dissolving natu
ral dolomite in acetic acid) , attacked cement mortar 
seriously, especially at elevated temperature 
(+20 0 C). 

In a telephone call on october 20, 1989, Mr Kent 
Gustafson, the Swedish Road and Traffic Research 
Institute, in Linköping, told us that BP CHEMICALS 
in England produced a grade of calcium magnesium 
acetate that did not stick or dust. It was claimed 
to contain the same number of molecules of calcium 
and magnesium and to be much less harmful to con
crete than the grade with higher calcium content, 
which was used in the previous work. However, this 
favourable experience was gained when using a solu
tion with a concentration of 6 - 8 percent by 
weight. Mr Gustafson supplied an amount of the BP 
CMA for our test. 

In the previous study we experienced that the con
centration of calcium chloride solution strongly 
influences its ability to attack cement mortar. This 
observation gave professor Göran Fagerlund the idea 
to propose that sodium chloride and calcium magne
sium acetate should be tested in two different con
centrations, one of them equivalent to a 3 per cent 
solution of sodium chloride, the other saturated (or 
as high concentration as possible). 

As in the previous work, two qualities of cement 
mortar have been tested at two different tempera
tures, +5° and +20 0 C. A reference test was performed 
with water without any salt addition. Four sets of 
test specimens were tested in salt solutions in ac
cordance with the following chapter. 

2. Salt solutions 

2.1 Arrangement of the bath 

All solutions were stored in boxes of polypropene 
plastic, and the volume of each bath was 20 liters. 
During the storing, the box was covered with a plas
tic lid in order to avoid evaporation of water and 
absorption of carbon dioxide from the air. A rubber 
seal served to reduce the exchange of air in the 
space below the lid. The efficiency of this seal was 
not perfect, but it was very much improved by a set 
of six clamping screws. 
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No stirring of the solutions was made during the 
test time (8months), except for the examinations of 
the test specimens, and nor any change of the solu
tions. The composition of the calcium magnesium ace
tate solutions were checked before the storing, and 
af ter the termination of the test. The results are 
accounted for in the Chapter 11. 

2.2 Water 

As an innocuous reference liquid was used normal 
drinking-water from the Lund network. 

2.3 Sodium chloride, 3 % solution 

Sodium chloride was used as a reference substance 
for a commonly used deicing agent. 

For the low concentration bath was used 3 gram of 
sodium chloride in 97 gram of water, because this 
solution is experienced to have a special ly severe 
action at tests for salt scaling of concrete 
(Verbeck, Klieger 1957). 

0,62 kg of sodium chloride (NaCl) puriss (Kebo 
1.3383) was dissolved in 20 liter of water from the 
Lund network for each of the two boxes (+5 and 
+20 0 C). 

2.4 Sodium chloride, saturated solution 

The high concentration bath was, quite as in the 
previous study, a saturated solution. 

7,03 kg of sodium chloride was dissolved in 20 liter 
of water for each of the two boxes. 

2.5 Calcium magnesium acetate, 6,5 g/100 g water 

The concentration was chosen so that the freezing 
point depression of the solution should be equal to 
that of the dilute sodium chloride solution (Sub
chapter 2.3). 

The expected depression in a 3 % sodium chloride 
solution is 

1,86 x (1000/970) x 2 x 30/58,5 = 1,97 K 
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where 

1,86 is the freezing point depression, in K, for 
l mol in 1000 gram of water 

58,5 is the formula mass of sodium chloride 

2 is the number of ions generated from one 
malecule of sodium chloride 

If the calcium magnesium acetate is supposed to have 
the chemical formula 

CaMg(OCOCH3 )4 

the formula mass would be 

40+24+4(16+12+16+12+3)=300 

and each molecule should generate 6 ions af ter 
complete electrolytical dissociation. 

For a wanted freezing point depression of 1,97 K, a 
mass of 

(300/6)*1,97/1,86=53 gram 

would be necessary. 

For correcting possible errors as to the exact com
position of the calcium magnesium acetate delivered, 
the following test was performed. 

Two 200 mi containers of soft plastic were loaded 
with each 100 gram of deionized water. 

In one of the containers 3,1 gram of sodium chioride 
was dissolved, and in the other 5,3 gram of CMA. The 
two containers were placed in a freezer, adjusted to 
a temperature of -20°C, and the temperature in the 
solutions were registered. 

The sodium chioride solution showed a depression of 
2,10 K, and the CMA solution 1,72 K. 

In order to get a depression of 2,10 K ln the CMA 
solution 

5,3*2,10/1,72=6,47 gram 

6,5 gram CMA should be dissolved in 100 gram of 
water. 

Thus, 1,3 kg of granulated CMA, delivered from BP 
Chemicals, Saltend, Hull, England, was added to 20 
liter of water for each of the two boxes. 
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As the dissolution is rather complete, an analysis 
of the content of calcium and magnesium gives a 
relatively good picture of the composition of the BP 
type of CMA. 

2.6 Calcium magnesium acetate, 38,35 g/100 g water 

7,67 kg granulated CMA was added to 20 liter of 
water from the Lund network for each of the two 
boxes. 

At this concentration, part of the magnesium is 
precipitated as magnesium hydroxide. A filtered and 
clarified solution was used for analysis of the 
calcium and magnesium content. By comparison with 
the low concentration solution it is found out how 
much of the magnesium content that is precipitated. 

3. Model eoneretes 

As in the previous work, test specimens with the 
moderate sizes 4 x 4 x 16 cm were used. This put a 
limit for the maximal size of the aggregat e grains. 

Mortars with the range of 0,08 to 2,0 mm for the 
aggregate were chosen. 

An ordinary Portland Cement was used, Slite Standard 
Port land Cement from CEMENTA AB. The chemical 
composition corresponds to: 

The 

K20 = 1,25 % 

Na 20 = 0,22 % 

S03 = 3,1 % 

clinker typically 

CaO = 63,9 % 

Si02 = 21,3 % 

A1 20 3 = 4,6 % 

Fe20 3 = 2,4 % 

MgO = 4,2 % 
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The aggregate was composed from three fractions of 
sand, all of them with rounded quartz grains: 

L 
2. 
3 . 

Fine sand 
Medium sand 
Coarse sand 

0,08 - 0,5 mm 
0,5 - 1,0 " 
1,0 2,0" 

We composed the mortar with the water cement ratio 
0,45 starting from the CEMBUREAU mortar, the water 
cement ratio of which, however, is 0,50. 

The water content was reduced from 250 to 240 gram, 
and the cement content was correspondingly increased 
from 500 to 533 gram. The three sand fractions were 
kept at each 500 gram, quite like the CEMBUREAU 
mortar. Thus, we got the desired 0,45 mortar. 

For composing the 0,60 mortar, we proceeded in the 
following manner: 

1. The contents of water and of the Medium and 
Coarse sand fractions were sirnilar to the 
corresponding amounts of the 0,45 mortar. 

2. The cement contents was reduced from 533 to 400 
gram. 

3. The contents of the Fine sand was increased in 
order to compensate for the loss in solid volume 
of the cement. The density of cement is assumed 
to be 3100 and the density of the sand 2600 
kilogram per cubic meter. Thus, the contents of 
Fine sand was adjusted from 500 to 612 gram. 

The principal purpose of this special way to 
compensate for the reduced cement contents was to 
get two mortars with different water cement ratios, 
and still with small, and equal, tendency to 
separate water on the mortar surface af ter the 
casting. Thus, the object was not so much to giv e 
the two mortars exactly the same consistency. In 
this way, there is a fair chance for the specimens 
to keep their water cement ratio undisturbed by 
water separation af ter the casting. 

The two batches are presented in the table below: 

Water cement ratio in mortar 0,45 0,60 

Water gram 240 240 
Cement gram 533 400 

Fine sand gram 500 612 
Medium sand gram 500 500 
Coarse sand gram 500 500 
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Each of the two batches corresponds to amortar 
volume of about 0,75 liter. 

The mixing was done principally in the same manne r 
as when mixing the CEMBUREAU mortar. 

4. Casting of the test specimens 

For each mortar, triplicates of test specimens were 
made for storing in the five test liquids at two 
different temperatures, Thus, 30 specimens were ca st 
of mortar with water cement ratio 0,45, and 30 
specimens of the 0,60 mortar. 

For the determination of the mass of the specimens, 
4 x 4 x 16 cm test specimens were cast. The mould 
was filled to somewhat more than half of its height, 
and the mortar was compacted with a short period of 
vibration on a vibrating table. 

Then the residual volume of the mould was filled, 
and the mortar was vibrated and steel-trowelled. 

The mould was stored for two days in a closed 
plastic bag, and af ter this time the test specimens 
were stripped and weighed for the first time. 

A separate series of prisms with the sizes 2 x 2 x 
28 cm was cast for measuring the change in length. 
For this purpose, available moulds were used, some 
of steel, and some of acrylic plastic. The prisms 
had dowel rads with plane ends, and the length was 
checked with a dial indicator between spherical 
measuring surfaces. 30 slender prisms were cast from 
mortar with a water cement ratio of 0,45, and 30 
from 0,60 mortar. 

Af ter two days in plastic bags, the prisms were 
stripped andtheir length measured for the first 
time. 

5. Curing of the test specimens 

The test specimens were stored for 3 - 6 days in 
water from the Lund network. No calcium hydroxide 
was added. Af ter this, the 4 x 4 x 16 centimeter 
prisms were weighed for the second time, and the 
length values of the slender prisms were measured. 
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The specimens were carried over to boxes with air, 
the relative humidity of which was 75 per cent (wet 
sodium chloride) at 20°C. They were stored there 
until a total age of 28 days from casting. The 4 x 4 
x 16 centimeter prisms were weighed for the third 
time, and the length values of the slender prisms 
were measured. 

No analysis was performed as to the degree of 
carbonation of the cured test specimens. 

6. Storing of the test specimens 
in salt solutions at 5 and 20°C 

The test specimens were immersed in the baths af ter 
28 days ofcuring. 

In the Chapter 2, with its subchapters 2.2 - 2.6, 
the liquids for the storing test are described. 

Each liquid batch of 20 liters was made in dupli
cate, one was stored in a climate room at +5°C and 
the other in a room at +20°. 

Each plastic box contains: 

1. One small plastic box containing three prisms 4 x 
4 x 16 cm of mortar with the water cement ratio 
0,45. This box was intended for taking up mate
rial, if any, lost from the prisms during the 
storing. 

2. Another small plastic box containing three prisms 
of the same size of 0,60 mortar. 

3. Three prisms 2 x 2 x 28 cm with dowel rods. The 
prisms are made of mortar with a water cement 
ratio of 0,45. 

4. Three similar prisms of 0,60 mortar. 

7. Measurements for comparison 

The purpose of the work was to investigate the 
effects of the different solutions on the mortars. 
Therefore, the test specimens were investigated 
af ter reasonable time intervals, normally one month. 

9 



* Length change. The 2 x 2 x 28 cm prisms had dowel 
rods with plane ends, and the length 
was checked with a dial indicator 
between spherical measuring sur
faces. 

* Mass change. 

* pH value. 

* Chemical 
analysis 

8. Length change 

8.1 Method 

The absolute length was checked 
against a calibration rod. 

The 4 x 4 x 16 cm prisms were wiped 
free from liquid with an absorbing 
non-wowen cloth, and the mass was 
determined with a balance, the first 
two times with a precision of 0,1 
gram, but later always with a preci
sion of 0,01 gram. 

The mass value was compared with the 
value, determined af ter the termina
tion of the water curing. (Wheighing 
nr 2). 

A sample was taken from each 20°C 
bath, and the pH value was deter
mined at room temperature by means 
of a glass electrode. 

solutions of calcium magnesium 
acetate, concentrated as well as 
dilute, were analyzed for calcium 
and magnesium, in freshly prepared 
state and af ter storing of cement 
mortar prisms for 9 months. 

In order to follow any length change, a separate set 
of prisms had been made, see chapter 4. Their size 
was 2 x 2 x 28 cm, to be compared with 4 x 4 x 16 cm 
for the main series of prisms. 

This choice of size of the measuring prisms was 
based upon two reasons: 

* If chemical reactions between prisms and bath 
occur, which cause the length of the prisms to 
change, the solution will sooner reach the core 
of each prism, when the prism is slender. 

* The measurements of length changes, made with a 
dial indicator and presented in millimeter per 
meter, obtain a better precision with a 28 cm 
prism than with a 16 cm prism. 
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