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SUMMARY

A concentrated aqueous solution of Cacl,(30%) causes a
strong deterioration in mortars manufactured with Portland
cement. X-ray diffraction analyses indicate the formation of
large amounts of hydrated caleium oxychloride accompanied by
the consumption of hydrolysis lime. _

The cement paste carbonation makss the mortars durable
against the CaCly attack. In this case, x-ray diffraction
analyses show the conversion of Ca{OH), into CaCoOj.

INTRODUCTION

The de-icing salts based on calcium chloride are rasponsiblé
for -the severe detericration of the concrete structures. The
detericrating process causes cracks and swelling of concrete
and a rapid decrease in compressive strength {1-4).

This severe attack is accompanied by the formation of
small amounts of chloresluminate hydrate - (Q3A.CaCly.10H20}.
In a previcus paper {5} it was assumed that the oxychloride
product is formed by the reaction

3Caf{OH)2+CaCl; +12H0--->3Ca0.CacCly . 15H0
between lime produced by Portland cement hydration and
calecium chloride which diffuses through the concrete.

In order to confirm that hypothesis, mortar specimens
partly or completely carbonated have been exposed to the
CacCl; attack. .

'MATERIALS AND PROCEDURES

é
_ Prismatic mortar specimens (40%40%160) were produced by

using high strength Portland cement and two water/cement

‘ratios {0.65 and 0.35}):

After 1 day, the specimens of each water/cement ratio,
wera démoulded and divided inte 3 groups: the specimens of
the first group were kept under water, the ones of the
second group werse cuﬁéd in the air, wheresas the specimens of
the third group were exposed to the CO;-rich room (30% by
volume)} and at R.H. of 60%.

After 60 days, the carbonation depth by the
phenolphtalein test were measured on all specimens. Then
each group was divided into two subgroups the first one
concerns the specimens kept under water at 20°C, the second
one deals with the specimens imwersed under a 30% cacCly
agueous sclution. This solutien was maintained for 15 days
at 20°C and then at 5°C because the detericration due to
cacCl; attack is mainly exhibited at low temperatures of
about 5°C.

on all the specimens compreésive strength tests and X~
ray diffraction analyses were carried out.

RESULTS AND DISCUSSION

carbenation

The specimens exposed to the CO»-rich room were  completely
carbeonated after 15 days, while for those exposed te air,
the carbonation depth was about 1,5 mm after 60 davys.

In the mortar specimens with a water/cement ratio of
0.35, cured in the COs-rich room, the carbonation depth was
about 6 mm, while those exposed to air had a carbenation

depth of 1 mm.

‘Compressive strength

The evolutioen of the compressive strength of the mortar
specimens was determined by the type of preliminary cure.

Figures 1-3 show the compressive strength versus time
of the specimens with a water/cement of 0.35.



The comparison of the c¢urves indicates that the
compressive stfength was increased by exposure in the Co»
rich room. After the immersion in the CacCly agueous
solution, the specimens cured in the €Os-rich room keep the
same strength as that of the corresponding specimens cured
under water. Substantially, the exposure to the caCly, attack
did not céuse any mechanical decrease. A progressive
decrease 1in strength after immersion in the. aggressive
solution, was recerded in the specimens preliminarly cured
under water or in the air. In particular, after one month of
immersion in the CaCls solution, the specimens cured in the
air, which are in the same condition as for the concrete
structures before exposure to the de=-icing salts, show a
strength decrease of about 30% with respect to the value
found before immarsion.

Similar results can be noted on Figs.4-6 «concerning
stfength evolutions of the specimens with w/c of ©.65. Even
in this case, the immersion 1in the aggressive Cacls
solution caused a rapid decrease in strength of the
specimens cured under water or in the air. The specimens
preliminarly cured in the COs~rich room, even after 6 months
of immersion in tha CaCl, aqueocus solution, conserved the
same ccmpressive strength as the corresponding specimens
cured under water.

Moreover the strength decrease in the specimens with
w/c of 0.65, caused by exposure to the aggressive solution,
is less rapid than that registered in the specimens with w/c
of 0.35. This result appears apparently paradoxal since a
faster deterioration in the cement mortar made with a lower
water/cement ratio and therefore of better guality is

expected,
X-Ray diffraction analyses

The deterioration of the mortar specimens preliminarly
stored under water or in the air {independently to their w/c
ratio} exhibiting a significant compressive strength
decrease, were explained by x-ray diffraction analysis.
This analysis showed a progressive formation of the
_calcium oxychloride and the simultaneocus decrease in lime
content. Figure 7, for instance, shows the XRD pattern of
the cement mortar (w/c=0.35) preliminarly cured under water,

after 6 months of immersieon in the <CacCl; solution. The
typical  XRD peaks of calcium oxychloride were Iobserved,
whereas the Ca(OH}; peaks were absent, due to the
combination of lime with Cacl,.

X-ray diffraction . analyses carried out on the
carbonated mortar specimens preliminarly cured in the cog
rich room have shown the absence of hydrolisis lime
(Fig.8). Only in the inner part of the specimens with w/c of
0.35, are the lime ,.reflexes still noticeable {Fig.9}).
Obviously in these specimens the carbonation has started but
has not completed. ’

In fact, by means of the colorimetric test, a complete
carbenation can be shown in the outer - part enly up to a
thickness of about 6 mm, after 80 days; neverthless, the
typical XRD peaks of calcium oxychleoride in the carbonated
cuter porticn and in the inner one where the lime is still

present, are not observed.

CONCLUSICNS

The results of the present work mean that the aggression of
the <acl; against cement mortars is dus to the calcium
oxychloride  (3Ca0.cacl,.15H,0) that is formed by  the
reaction Dhetween CzCl; diffused through the material and
lime produced by Portland cement hydration.

When the hydrolysis lime is transformed into CacCos

, because of the carbonation, the CacCly penetration is not

able to cause the oxychloride formation growth and therefore

material damage does not occur.

These results indicate that the calcium oxychloride
hydrate, is responsible for the concrete structures damage
when exposed to the de-icing salts based on cacCly.
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Fig.2 compressive strength versus time of the specimens

{w/c=0.35%] kept under water befoprs the immersion
underr water or under a 30% Cacl; aguecus solublion.
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i Fig.3 Compressive strength versus time of the speciasns
[w/c=0.15] kept 1n the air before ©the immerzion
under water or under 30% CaClp aqueous solution.
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Fig.4 Compressive strengkn velsus tims of the specimens
(w/c20.65) exposed to the CO;-rich room before the
immersicn under water or under 0% Caclz AgUeCUS

soluticn,
150
L—1 e unger CoCly —

L=} . LI
F 1205 Te20%C —ieati T=5°C
g P
g 907 : 1
1
S HoO
a . ' 2
o GO< 3 é. - .
% .".‘ &
‘o [ -
£ 304 O . CaCly

o] [ 5 —

a 60 74 250

Time, doys

Fig.5 Compressive strength of the specimens [w/csC.65) khept
under water before the immersion under water or under

10% caclp aguenus solution.
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Fig.6 Compressive strength of the specimens [(w/c=0.55) kept
in the air befove the immersion under water of wnder
30% Caflp aqueous solucien.
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¥-ray pattern of cemant mortar [w/c=Q.3%) alfter &
months of immersion in Cacly; aguecus solution snd

praliminary curing under water {¥=3Ca0.Call;.15H;0i.
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outer surface of the specimens aiter & menths of
immersion under <acly solution and preliminary
exposure to the COz-rich room.
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X-ray pattern of cemant mortat (w/c=0.35) taken Efrom
inner part of the specimens aftey & months of
immersion  under <Cacly; selutien and  preliminary
BXPOSUTE te the Coz~rich raom (CH-catDRiz;
¥YalyA.Cally. 10H4) .



