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Effects of Fly Ash on Chloride Binding Capacity in Cement Pastes
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Abstract

Corrosion of steel reinforcment is the most significant factor of deterioration in reinforced con-
crete structures, Chloride ion is considered one of the most common culprits in the corrosion of
steel in concrete, It breaks down the passive film and allows the steel to corrode actively at a
high rate. The main objective of this study is to determine the critical chloride ion
concentrations in the pore solutions and chloride binding effect of cement pastes made with and
without fly ash. Cement pastes with water-binder ratio of 0.5, allowed to hydrate in sealed
containers for 28 days and to express pore solution., The expressed pore fluids were analyzed for
chloride and hydroxyl ion concentrations. Evaporable water on paralled specimens was deter-
mined as the loss of weight per 100g of unhydreded cement when the specimens were heated to
constant weight at 105%C. It was found that the replaced cement with fly ash has negligible
influnce on the chloride binding and chloride binding capacity and rises the C1~ /OH™ ratio in
pore solution.
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Table 1 Properties of cement

Chemical
composition

Si0, | ALO; | Fe,05 | CaO | MgO

S0, | K0 [Nazo TiO, j Mn,0, | P,O, “g.loss
223 | 080 | 009 | 037 [ 022 [ o022 | 124

(%) 2057 | 548 | 3.18 | 63.03 | 3.
Table 1 Properties of fly ash
Chemi .
hemical | i) | ALO, | Fe,0, | Ca0 | MgO | SO, | K,O | Na,O | TiO, | Mn,O; | P,O; | Ig.loss
composition
(%) 53.08 | 2525 | 12.84 | 2.61 | 1.37 | 006 | 127 | 022 | 1L.70 | 014 | 051 | 210
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Table 3 Mix proportions of cement pastes

replacement | cement fly ash water NaCl percent by | Cl- percent by Cl™ in mix
ratio{(%) (g) (g) (g) weight of binder | weight of binder | watertmM /L)
0.5 0.3 169
Plain 0 900 0 1.0 0.6 338
2.0 1.2 677
0.5 0.3 169
10 810 90 1.0 0.6 338
2.0 1.2 677
450 0.5 0.3 169
FA 20 720 180 1.0 0.6 338
2.0 1.2 077
0.5 0.3 169
30 630 270 1.0 0.6 338
2.0 1.2 677
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Table 4 Analysis of pore solution from chloride-bearing specimens of different FA content
. ‘ N EE
NaCl addition Cl~ addition pore solution composition concentration
replaecment | percent by . . in pore solution
t b
ratio(%) weight of per?en Y i mx Cl- OH - B _| percent of C1-
binder weight of watet (mM /L) | (mM /L) ci~/oH concentration
binder {mM /L) o
1n mix water
0.5 0.3 169 59.5 605 0.098 35.21
Plain 0 1.0 0.6 338 120.7 680 0.178 35.71
2.0 1.2 677 544.0 685 0.795 80.35
0.5 0.3 169 94.8 550 0.172 56.09
FA 10 10 1.0 0.6 338 120.8 650 0.186 35.74
2.0 1.2 677 331.2 670 0.494 48.92
0.5 0.3 169 74.4 500 0.149 44.02
FA 20 20 1.0 0.6 338 101.1 540 0.187 29.90
2.0 1.2 677 317.8 600 0.530 46.94
0.5 0.3 169 38.9 # 350 0.111 23.02
FA 30 30 1.0 0.6 338 112.4 390 0.288 33.25
2.0 1.2 677 339.0 | 420 0.807 50.08
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Table 5 Data on corrosion threshold for mild steel in

alkaline solutions containing NaCl with
free Oxygen(®

source of H NaCl |potential to| C1- /OH -
alkalinity | P |(M/L)| sce(mV) | ratio
11.60 0.002 —59 0.0
NaOH 11.60 0.003 —156 0.75
11.60 0.005 -17 -
12.40 0.020 —144 0.61
Ca(OH), | 1238 | 0.025 | —106 0.79
saturated 12.37 0.030 —181 0.98
12.33 0.040 —223 1.08

Table 6 Critical Ci~/ OH - ratios for onset of
depassivation calculated from data of Gouda('®

Point pH level Estimated of C1- /OH "~ ratio

1 11.8 0.57

2 12.1 0.48

3 12.6 0.29

4 13.0 0.27

5 13.3 0.30

6 13.95 0.09
g
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Fig. 3 Cl~/ OH~ ratio for various replacement ratio of
fly ash in pore soiutions
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Table 7 Peak ratio for friedel’s salt peak versus ZnO peak

replacement |Peak at| Peak at |Peak ratio of
ratio(%) |d=7.9A|d=2.474A|7.9A /2.474A
Plain 0 53 257 0.21
FA 10 10 49 235 0.21
FA 20 20 47 233 0.20
FA 30 30 44 220 0.20
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Fig. 4 Portion of X-ray diffraction traces for
replace with fly ash
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Table 8 Percentage of evaporable water by weight of cement & bound, unbound chlorides

bl
repl?cement Cl~ addition, evaporable unbound Cl-, |unbound Cl-, | bound Cl-, bound C1~-
ratio of fly water,
percent by percent by percent by percent by percent by
ash by . percent by . . . .
. weight of . weight of Cl~ weight of weight of | weight of Cl-
weight of weight of . .
cement . addition cement cement addition
cement binder

0.3 29.8 20.9 0.063 0.237 79.1

Plain 0 0.6 30.5 21.8 0.131 0.469 78.2
1.2 29.6 24.4 0.293 0.907 75.6

0.3 30.3 33.9 0.102 0.198 66.0

FA 10 10 0.6 30.0 21.4 0.129 0.471 78.6
1.2 31.8 31.2 0.374 0.826 68.8

0.3 32.0 28.1 0.084 0.216 72.0

FA 20 20 0.6 31.9 19.0 0.114 0.486 81.0
1.2 31.6 29.7 0.357 0.843 70.3

0.3 3.3 14.4 0.043 0.257 85.6

FA 30 30 0.6 30.8 20.4 0.123 0.477 79.6
1.2 30.5 30.6 0.036 0.833 69.4
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