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Sulfate Attack Resistance and Microstructural Observations of Cement
Matrix Exposed to a Low Temperature Condition

Seung-Tae Lee"*
"Dept. of Civil Engineering, Kunsan National University, Kunsan 573-701, Korea

ABSTRACT This paper reports an experimental study on the damage mechanism and resistance of Type I portland cement mortar
and paste samples exposed to 5% sodium sulfate solution with different solution temperatures; namely, 4°C, 10°C and 20°C. The resis-
tance of mortar samples was evaluated using expansion, compressive strength and flexural strength measurements. Some microstructural
observations such as x-ray diffraction, differential scanning calorimetry and scanning electron microscopy were also introduced to elu-
cidate reactants formed by sulfate attack, especially in a low temperature condition. From the results, it was found that the degree of
damage in the mortar samples was significantly associated with the temperature of sulfate solution. Low temperature of the sulfate solu-
tion led to the formation of thaumasite in mortar and paste samples, and subsequently a poor resistance to sulfate attack. Thus, it is noted
that when concrete structures are exposed to sulfate media in the condition of a cold region or whether, special care should be taken.
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Table 1 Chemical composition, mineralogical compound and
physical properties of cement

Chemical composition (%)

SiO, | ALO; | Fe,0O3 | CaO | MgO | SO; | L.OJI
19.9 5.0 24 63.8 2.5 3.0 23
Mineralogical compound (%)

C,S C;S C;A C,AF
10.1 62.5 9.3 7.2
Physical properties

Passing 45 um mesh (%) Fineness (m’/kg)
90.7 410
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Fig. 1 Expansion of mortars exposed to 5% sodium sulfate
solution
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Fig. 2 Variation of compressive strengths of mortars exposed
to 5% sodium sulfate solution
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L

A7IA fo= 4, 10 2 20°C A& 7t HA e =
ZEE9] ¢t T I EMPa)olH, /S 20°C 3]
S FAS REEL2 9 b EE = (MPa)oltt.

Table 2= AFFTEAIHEA HAAANE 360L A Z=E}
29| FHUEALAYES Yehd JozH, Aged ez

AGEA IAT e vste] JUHoE 2 F
AEREFS UEIERA 48 45 st sl
5 CER, QT LE2DE MY

Flexural strength, MPa

_ .. 7 7
7 . 7
g . 7
o . % Y

4 10 20
Exposure temperature, 0C

Fig. 3 Variation of flexural strengths of mortars exposed to 5%
sodium sulfate solution
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Table 2 Total strength loss of mortars exposed to 5% sodium
sulfate solution

Solution Compressive Flexural
temperature (°C) | strength loss (%) | strength loss (%)
4 72.5 85.1
10 439 50.7
20 27.6 38.1
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Fig. 4 XRD patterns (5-40° 20) of cement pastes exposed to
5% sodium sulfate solution with varying temperatures
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Fig. 5 XRD patterns (5~11° 20) of cement pastes exposed to
5% sodium sulfate solution with varying temperatures
(360 d)
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Fig. 6 DSC curves of cement pastes exposed to 5% sodium
sulfate solutions with varying temperatures (270 d)
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Fig. 9 Different SEM image of the same paste sample (T:
thaumasite)
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