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Abstract

Mortar bars are exposed to H,S gas (25~300 pn) for 10 months at 12~30°C, Sulfate-generated
deteriorations in the mortar bars include expansion, cracking and disintegration. The heavily
corroded mortar bar produced gypsum, calcite and secondary ettringite with a trace amount of
barite. The secondary ettringite shows the same chemistry as the primary ettringite, but the
morphology is quite different from the primary one. Ettringite crystals with sharp point, 10-20 um
long, are primary formed during the hydration of mortar bar, whereas small lath-shaped crystals,
about 3xm long as observed by SEM are high concentration of hydroxyl ions. Gypsum, calcite and
the secondary ettringite are formed step by step under acidic condition. The iron oxides layer is
presented significantly between corroded and un-corroded zones which is the same process of
deterioration on portland cement concrete.

Key words : corroded mortar bar, microbial corrosion, ettringite, sulfate-generated deterioration.
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Fig. 1

Experimental concrete sewer pipe for microbial corrosion. Six mortar bars were set in the pipe.
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Concrete
sewer pipe
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Mortar bar exposed to H.S gas (25-300
ppm) for 8 months, looking down the bar
from the window of pipe.
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Mortar bar (Samples H-5 and H-2)
exposed to H,S gas for 10 months showing
corrosion parts near rim.

A : Surface. B : Crossed section.



F30& F3E (1990) B ELZ T 0> 7)) — | O8ne 181

TTHHDIZH L, BEMORAR

by 0 1

e F AL,

Fig. 4 Polarizing micrographs of thin section of mortar bar (Sample H-2) showing uncorroded sand grains
and the matrix with primary ettringite which are hardly cemented.
A : Opened nichols, B : Crossed nichols.

Fig. 5 Polarizing micrographs of thin section of corroded mortar parts showing Fe-rich zone (center) and
secondary products by corrosion in the matrix (right side). In the left side uncorroded matrix still
remains. The secondary products are mainly gypsum.

A Opened nichols, B : Crossed nichols.

Fig. 6 Polarizing micographs of thin section of corroded mortar parts showing abundant cracking in the
sand grains and its matrix.
A : Opened nichols, B : Crossed nichols.
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Fig. 7 X-ray powder diffraction patterns of the

most corroded parts of mortar bars.

A : Sample H-5, B: Sample H-2, A
Ettringite, M : Gypsum, @ : Quartz, [
Calcite.
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Fig. 8 Scanning electron micrograph of primary

ettringite in the uncorroded parts of mortar
bar (Sample H-5) and its energy dispersive
X-ray patterns of point analyses at the
ettringite crystalline material (A) and the
matrix (B).
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Fig. 9 Scanning electron micrograph of gypsum

(as secondary products) at the most cor-
roded parts of the mortar bar (H-5) and its
energy dispersive X-ray pattern.
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Fig.10 Back scattered electron image of the pol-
ished thin section (Sample H-5) showing
different brightness due to their elemental
components, and the point analyses at the
quartz grain (A), the barite and the gyp-
sum grains (B and arrows), and the secon-
dary ettringite (C and arrows).
qz . Quartz, feld : Feldspar.
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Scanning electron micrographs of the corroded mortar bar (sample H-5) showing secondary
products of gypsum and calcite (right side in A) secondary ettringite (left side in A) and the higher
magnification of ettringite (B and C). Note that the morphology of secondary ettrigite is quite
different from the primary ettrigite in Fig.8, eventhough the chemical composition is the same
between them.

The lath-shaped crystalline materials occur from gel-like material of the matrix (B). The secon-
dary ettringite ctystal is splited into pieces (C).
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Fig.12 Corroded mortar bar zonaly formed gypsum, calcite, barite (A), secondary ettringite (B) iron

oxides (C), and primary ettringite (D) on the basis of differences in the crystal habit and the

chemistry.

Table 1. H-C-N compositions of the most corrod-
ed part of the mortar bar before and
after HCl-treatment.

Sample Non-treatment
H C N C/N
Hj 0.185 0.885 0.038 23.052 %
H2 1.559 1.213 0.009 Large
HCl-treatment
H5 1.130  0.459 0.039 11.853 %
) H2 [ 1.132  0.255 0.009 Large
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