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Mixing of concrete powder sample with extraction
liquid

Filtering of mixture of concrete powder
sample and extraction liquid
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Shaking of concrete powder sample mixed
with extraction liquid

Testing of total water-soluble chloride
content of concrete by RCTW method

Fig. 3. Determination of water-soluble chloride content of concrete

Table 4. Water-soluble chloride content of original concrete

Depth of sampling

. 15 mm 30 mm 45 mm
Specimen
Potential Chloride Potential Chloride Potential Chloride
(mV) (% C") (mV) (% C) (mV) (% C)
S1 64.9 0.041 67.5 0.038 64.5 0.041
S2 68.4 0.039 62.9 0.044 66.0 0.040
Mean - 0.040 - 0.041 - 0.041

Average baseline chloride content: 0.041%

'Weight of concrete.
2.1. Non-treated concrete

The maximum levels of chloride penetration occurred
in the case of non-treated concrete (NC) exposed to
different de-icing chemicals (Table 6). The penetrated
water-soluble chloride content at 15 mm depth was 0.164,
0.159, 0.055 and 0.229% due to exposure to NaCl, Ge-
omelt S30, CaCl,, that is, and MgCl,, respectively. The
chloride penetration at 15 mm depth was zero due to ex-
posure to H,O (Table 6).

2.2. Sealer treated concrete

The penetrated water-soluble chloride content of the
sealer treated concrete exposed to H,O was zero at 15,
30 and 45 mm depths (Table 6). In the cases of expo-
sures to NaCl, Geomelt S30, CaCl, and MgCl, de-icing
chemicals, the penetrated water-soluble chloride content
at 15 mm depth was 0.079, 0.019, 0.008 and 0.006%,
respectively. At 30 and 45 mm depths, the penetrated wa-
ter-soluble chloride contents were zero for the aforemen-
tioned de-icing chemical exposures (Table 6).
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Table 5. Total water-soluble chloride content of concrete exposed to different chemicals

Depth of sampling

Chemical Type of 15 mm 30 mm 45 mm
surface
cxposure treatment Potential Chloride Potential Chloride Potential Chloride
(mV) (% Ch (mV) (% O (mV) (% O
NC 65.6 0.040 66.2 0.040 71.1 0.033
SS1 78.1 0.025 76.3 0.027 64.6 0.041
H,0 ACl1 71.7 0.031 76.1 0.027 70.3 0.034
CCl1 64.8 0.041 65.3 0.041 65.5 0.040
cC2 68.1 0.037 68.8 0.035 65.0 0.041
NC 23.8 0.205 74.7 0.028 68.7 0.035
SS1 374 0.120 64.6 0.041 65.1 0.041
NaCl ACl 66.4 0.040 71.5 0.032 71.1 0.033
CC1 51.9 0.068 69.4 0.035 65.6 0.040
cc2 61.5 0.047 65.2 0.041 65.3 0.041
NC 244 0.200 69.9 0.034 73.9 0.029
SS1 55.7 0.060 64.9 0.041 70.4 0.033
Geomelt S30 ACl1 66.1 0.040 65.3 0.041 64.5 0.041
CCl1 56.1 0.058 65.4 0.041 70.2 0.034
cC2 68.1 0.037 64.5 0.041 70.3 0.034
NC 435 0.096 72.1 0.031 73.6 0.029
SS1 60.4 0.049 65.0 0.041 64.8 0.041
CaCl, ACl1 69.9 0.034 67.2 0.038 67.2 0.038
CCl1 49.9 0.074 64.6 0.041 66.8 0.038
cc2 554 0.060 65.5 0.040 67.0 0.038
NC 16.9 0.270 68.3 0.037 65.5 0.040
SS1 61.5 0.047 64.9 0.041 71.3 0.032
MgCl, ACI 67.1 0.038 64.8 0.041 64.9 0.041
CCl1 50.3 0.074 65.9 0.040 65.7 0.040
cC2 61.2 0.048 72.5 0.031 71.9 0.031

I'Weight of concrete

2.3. Acrylic-based coating (AC1) treated concrete

The penetrated water-soluble chloride content of the
acrylic-based coating treated concrete was zero at 15,
30 and 45 mm depths when exposed to H,O and NaCl,
Geomelt S30, CaCl,, and MgCl, de-icing chemicals
(Table 6).

2.4. First cementitious coating (CC1) treated concrete

The penetrated water-soluble chloride content of the
CCl1 cementitious coating treated concrete was zero
at 15, 30 and 45 mm depths when exposed to H,O
(Table 6). When exposed to NaCl, Geomelt S30, CaCl, and
MgCl, de-icing chemicals, the penetrated water-soluble
chloride content at 15 mm depth was 0.027, 0.017, 0.033
and 0.033%, respectively (Table 6). The penetrated chlo-
ride content at 30 and 45 mm depths was zero in the case
of exposures to all de-icing chemicals (Table 6).

2.5. Second cementitious coating (CC2) treated
concrete

The penetrated water-soluble chloride content of the CC2
cementitious coating treated concrete was zero at 15, 30
and 45 mm depths in the case of H,O exposure (Table 6).
The penetrated water-soluble chloride content at 15 mm
depth was 0.006, 0, 0.019 and 0.007%, when exposed to
NaCl, Geomelt S30, CaCl, and MgCl, de-icing chemi-
cals, respectively (Table 6). At 30 and 45 mm depths, the
penetrated water-soluble chloride content was zero in the
cases of exposures to all de-icing chemicals (Table 6).

2.6. Effects of different de-icing chemicals

The penetrated water-soluble chloride content of the
non-treated concrete ranged from 0.055 to 0.229% by
weight of concrete in the cases of exposures to differ-
ent de-icing chemicals (Table 6). According to CSA
A23.1-09/A23.2-09 (2009), the maximum allowable
water-soluble chloride content in new concrete exposed
to a moist environment or chlorides or both is 0.15%
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Table 6. Penetrated water-soluble chloride content of concrete exposed to different chemicals

Total water-soluble chlorides

Penetrated water-soluble

. chlorides?
Chemical A\;glil(l:rzlisclef:l;ne Type of surface (% C) (% C)

exposure (% Ch treatment Penetration depth (mm) Penetration depth (mm)
15 30 45 15 30 45

H,O 0.040 0.040 0.033 0 0 0

NaCl 0.205 0.028 0.035 0.164 0 0

NC 0.041 Geomelt S30 0.200 0.034 0.029 0.159 0 0
CaCl, 0.096 0.031 0.029 0.055 0 0

MgCl, 0.270 0.037 0.040 0.229 0 0

H,O 0.025 0.027 0.041 0 0 0

NaCl 0.120 0.041 0.041 0.079 0 0

SS1 0.041 Geomelt S30 0.060 0.041 0.033 0.019 0 0
CaCl, 0.049 0.041 0.041 0.008 0 0

MgCl, 0.047 0.041 0.032 0.006 0 0

H,0 0.031 0.027 0.034 0 0 0

NaCl 0.040 0.032 0.033 0 0 0

ACl1 0.041 Geomelt S30 0.040 0.041 0.041 0 0 0
CaCl, 0.034 0.038 0.038 0 0 0

MgCl, 0.038 0.041 0.041 0 0 0

H,0 0.041 0.041 0.040 0 0 0

NaCl 0.068 0.035 0.040 0.027 0 0

CCl1 0.041 Geomelt S30 0.058 0.041 0.034 0.017 0 0
CaCl, 0.074 0.041 0.038 0.033 0 0

MgCl, 0.074 0.040 0.040 0.033 0 0

H,0 0.037 0.035 0.041 0 0 0

NaCl 0.047 0.041 0.041 0.006 0 0

cC2 0.041 Geomelt S30 0.037 0.041 0.034 0 0 0
CaCl, 0.060 0.040 0.038 0.019 0 0

MgCl, 0.048 0.031 0.031 0.007 0 0

I'Weight of concrete;

ZPenetrated water-soluble chloride = Total chlorides — Baseline chlorides, taken as zero if the number is negative.

by weight of cementing materials. For ordinary concrete
produced with a cement content varying in the range of
300400 kg/m?3, this is equivalent to a chloride limit of
0.019-0.025% by weight of concrete (0.45-0.60 kg per
1 m? of concrete). Hence, the penetrated water-soluble
chloride content of the non-treated concrete was signifi-
cantly more than the maximum allowable chloride limit.
This result suggests that the susceptibility of non-treated
concrete to reinforcement corrosion is relatively high.
Geomelt S30 had a significantly reduced penetration
of chlorides as compared to NaCl. This is because Ge-
omelt S30 has a lower amount of NaCl-brine in its so-
lution formulation (Table 2). Exposure to CaCl, led to
the lowest penetrated water-soluble chlorides (0.055%)
in the non-treated concrete. Although this chloride
content exceeded the maximum allowable limit of 0.019—
0.025%, it was significantly lower than the penetrated
water-soluble chlorides caused by NaCl and MgCl, de-
icing chemicals. This is because the diffusion of CaCl,

into concrete is slower than that of NaCl (Hooton,
Julio-Betancourt 2005; Mussato et al. 2004). In addition,
calcium oxy-chloride forms in the presence of CaCl,.
The formation of such product decreases the amount
of water-soluble (free) chlorides in concrete. As a re-
sult, the penetrated water-soluble chlorides were lower
for the concrete exposed to CaCl, de-icing chemical.
However, the formation of expansive oxy-chloride re-
sults in reduced compressive strength and increased per-
meability due to cracking in concrete (Julio-Betancourt
2009; Sutter et al. 2008). These adverse physical effects
accelerate concrete deterioration, and thus can supersede
the positive effect of reduced water-soluble chloride con-
tent in the case CaCl, exposure.

Exposure to MgCl, caused the maximum chloride
penetration (0.229%) into non-treated concrete (Table 6).
It was substantially greater than the penectrated water-
soluble chlorides caused by NaCl exposure. This finding
suggests that MgCl, could be more detrimental to cause



500 K. A. Soudki et al. Chloride penetration resistance of concrete sealer and coating systems

corrosion of steel reinforcement in reinforced concrete.
MgCl, diffuses into concrete much slower than NaCl
and CaCl, (Hooton, Julio-Betancourt 2005; Mussato
et al. 2004). Yet the penetrated water-soluble chloride
content was significantly higher in the case of exposure
to MgCl, versus NaCl or CaCl,. Xi and Xie (2002) re-
ported that MgCl, can be more corrosive than NaCl un-
der humid conditions. When exposed to drying, MgCl,
can adhere and crystallize more easily onto a solid (ag-
gregate, steel reinforcement, etc.) surface because of its
higher viscosity; this salt can also easily convert back to
a solution during wetting due to its greater hydrophilic
nature (Kozikowski et al. 2007). Consequently, the pen-
etrated water-soluble chlorides can be higher in the case
of exposure to MgCl, de-icing chemical.

The effect of de-icing chemicals on surface-treated
concrete with respect to penetrated water-soluble chlorides
significantly varied depending on the type of surface treat-
ment (Table 6). None of the de-icing chemicals caused any
chloride penetration into the acrylic-based coating treated
concrete. NaCl resulted in the highest penetrated water-
soluble chlorides (substantially higher than the maximum
allowable limit of 0.019-0.025%) in the case of sealer
treated concrete. This suggests that the water repelling per-
formance of the sealer was less effective when exposed
to NaCl de-icing solution. This is because NaCl de-icing
solution had a relatively low amount of net water in its
formulation (Table 2). In the cases of the two cementitious
coating treated concretes, CaCl, and MgCl, caused more
chloride penetration than NaCl and Geomelt S30 (Table 6).
However, CaCl, and MgCl, produced the maximum chlo-
ride penetration (0.033%) for the CC1 coating treated con-
crete. This is because these two de-icing chemicals formed
significant pin holes in the CC1 coating due to dissolution
(Soudki ef al. 2011). Due to the similar reason, exposure
to CaCl, also caused the maximum chloride penetration
(0.019%) into the CC2 coating treated concrete. However,
all de-icing chemicals produced a higher chloride pene-
tration for CC1 coating than CC2 coating. In the cases
of both CC1 and CC2 coatings, Geomelt S30 produced
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Fig. 4. Chloride ion penetration of non-treated and treated
concretes exposed to NaCl solution

less chloride penetration than NaCl. This is due to a lower
amount of NaCl in its formulation with 70% brine and
30% Geomelt 55 concentrate (Table 2).

2.7. Effects of different sealer and coating products

The sealer and coating products significantly reduced the
penetration of chlorides into concrete, as compared with
the non-treated concrete (Table 6, Fig. 4). The acrylic-
based coating (AC1) had the best performance in resist-
ing the penetration of chloride ions into concrete. The
sealer (SS1) had the worst performance in resisting the
penetration of chloride ions into concrete when exposed
to NaCl (Fig. 4). However, the chloride penetration for
the sealer (SS1) was lower than that of the two cementi-
tious coatings (CC1 and CC2) when exposed to CaCl,
and MgCl, de-icing chemicals (Table 6). Sealer SS1 is a
penetrating sealer product that produces hydrophobic re-
actions by lining capillary pores. As a result, this sealer
can repel water or chloride-laden water. The water re-
pelling performance was more effective in the cases of
CaCl, and MgCl, de-icing solutions, since they have a
greater amount of net water in their formulations. It is
evident from Table 2 that CaCl, and MgCl, contributed
15% and 53% water to their respective solution. Hence,
more chloride-laden water was repelled in these two de-
icing solutions, resulting in less free chlorides.

The second cementitious coating (CC2) performed
better than the first cementitious coating (CC1) in resist-
ing the chloride ion penetration into concrete. Among the
three coating products, the highest level of penetrated wa-
ter-soluble chlorides at 15 mm depth was observed for
the coating CC1 (Table 6, Fig. 4). This is due to a greater
number of pin holes that occurred in the CC1 coating dur-
ing exposure to de-icing chemicals. The penetrated water-
soluble chloride content of CC1 coating treated concrete
was greater than the maximum allowable chloride limit
in the cases of exposures to NaCl, CaCl, and MgCl, de-
icing chemicals.

Conclusions

This study was carried out to determine the chloride
ion penetration resistance of four selected sealer/coating
products when exposed to five different chemicals (wa-
ter and de-icing chemicals). Based on the findings of the
present study, the following conclusions can be drawn:

1) The maximum levels of chloride ion penetration for all
chemical exposures occurred at a 15 mm depth from
the concrete surface. No chloride penetration occurred
at 30 and 45 mm depths from the concrete surface.

2) The lowest levels of chloride ion penetration for both
non-treated and treated concretes occurred when ex-
posed to H,O. In contrast, the highest degrees of
chloride ion penetration were observed when ex-
posed to different de-icing chemicals.

3) The highest chloride ion penetration occurred for the
non-treated concrete. MgCl, exhibited greater chlo-
ride ion penetration due to its greater hydrophilic
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nature than other de-icing salts. In contrast, CaCl,
exhibited lower chloride ion penetration due to the
involvement of free chlorides in the formation of
calcium oxy-chloride.

4) The chloride ion penetration resistance of both treated
and non-treated concretes was better when exposed
to Geomelt S30 than when exposed to NaCl; this is
due to the reduced amount of NaCl in Geomelt S30
including brine and Geomelt 55 concentrate.

5) Sealer SS1 exhibited good performance in the cas-
es of CaCl, and MgCl, exposures due to its better
water-repellent characteristic in the presence of a
higher quantity of water.

6) The performance of the selected sealer and coating
products with respect to chloride ion penetration
resistance under different environmental exposures
with de-icing chemicals can be expressed in the fol-
lowing order from best to worst ranking: AC1 >
CC2 > CCI1 > SS1.
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