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ABSTRACT

There have been differences observed in chlo-
ride ion behavior in concrete depending on the
type of associated cation. This paper, which com-
bines an electrochemical study with a pore solu-
tion analysis study, is concerned with determining
the effects of cations on chloride caused corro-
sion of steel in concrete.

The effect of CaClz and NaCl (mixed in Type I
Portland cement concret) on corrosion of steel
in concrete was investigated using electrochemical
techniques such as anodic potentiodynamic polariz-
ation and linear polarization. The results indi-
cated that the corrosion of steel in calcium chlo-
ride contaminated concrete was more severe than
in sodium chloride contaminated concrete. This ob-—
servation was made at equal chloride fon concen-
trations which were in the range of 0 to 2.1 per-
cent based on weight of conecrete.

In the pore solution analysis study the ef-
fects of CaClz and NaCl (mixed in Type I Portland
cement paste) on composition of the pore solution
was investigated. Samples of pore solution, asso-
ciated with hardened cement pastes with chloride
ion concentration ranging from 0.036 to 1 percent,
based on the weight of the cement, were expressed
at times ranging from 28 days to 84 days after
casting and analyzed to determine chloride, so-
dium, calcium and hydroxyl ion concentrations.

The pH of the pore solution increased with
increased amounts of NaCl., The addition of CaCl,
had the opposite effect. The chloride fon concen-
trations in the pore solutions associated with
pastes containing NaCl were higher than in the
ones associated with CaCl, contaminated pastes.The
chloride ion to hydroxyl ion ratios for pastes
containing CaCl; were highrr than the pastes con-
taining NaCl.

Other investigators have postulated that the
chloride to hydroxyl ionic ratio 1s dImportant din
the corrosion steel in chloride contaminated con-
crete. The results of this combined electrochemical
and pore solution work agrees with the results sug-
gested by these earlier investigators, that in-
creasing C1™ to OH ratios results in dincreased
corrosivity. Thus, the pore solution analysis gives

insight to the ditterent corrosion behavior found
with NaCl and CaClz containing concretes,
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CAUSED CORROSION OF STEEL IN CONCRETE

RESUMEN
Se han observado diferencias en el comporta=
miento del i6n clorurc en el concreto, dependiendo

del tipo de catidn asociado. Este trabajo, el cual
combina un estudio electroquimico con un estado del
andlisis de la solucidn de poro, trata de la deter-
minacidn de los efectos que los cationes asociados
con el idn cloruro, tienen sobre la corrosidn del
acero en el concreto.

El efecto, del ClzCa y el ClNa (mezclados con
el concreto de cemento tipo Portland I), sobre 1la
corrosian del acero en concreto, fue investigado u-
tilizando tgenicas electroquimicas tales como pola-
rizacidn potenciodindmica anddica y polarizacidn
lineal. Los resultados indican que la corrosidn del
acero en concreto contaminado con cloruro de calcio
era mds severa que en concreto contaminado coa
cloruro de socio. Esta observacifn fue realizada a
iguales concentraciones del 18n cloruro el cual es-
taba en el rango de.D a 2 o 1 por ciento basada en
el peso del concreto.

En el estudio del andlisis de la solucidn de
poro, se investigd los efectos de ClsCa y ClNa(mez-
clados con la pasta de cemento tipo Portland I),so-
bre la composicidn de la solucién de poro. Muestras
de &sta, asociadas con pastas de cemento endureci-
do con concentraciones del idn cloruro en el rango
de 0.036 a 1 por eiento, basada en el peso del ce-
mento, fueron extraldas en tiempos que oscilaban en
el rango de 28 a 84 dfas luego del vaciado y fue-
ron analizadas para determinar las concentraciones
de clorurcs, sodio, calcio y del i8n hidréxilo.

El pH de la solucidn incrementaba con el in-
cremento en las cantidades de ClNa, El agregado de
Cl,Ca tenfa el efecto opuesto. las concentraciones
de cloruros en las soluciones de poro asociadas con
pastas conteniendo ClNa eran mis altas que en ague~-
llas asociadas con pastas contaminadas con ClzCa.
La relacién i6n cloruro a idn hidrdxilo, para las
pastas conteniendo Cl;Ca, eran mds altas que para
aquellas conteniendo CIlNa.

Otros Investigadores han postulado que la re-
lacidn i8nica cloruro a hidréxile es importante en
la corrosiSn del acero en concreto contaminado con
c¢loruros. Los resultados de este trabajo combinado
estdn de acuerdo con los resultados sugeridos por
estos primeros investigadores, quienes indican que
incrementando la relacidn C1™ a OH™, resulta en un
aumento en corrosividad. Asi, el anflisis de la so-
lucién de poro da un conocimiento profundo sobre el
diferente comportamiento corrosivo encontrado con
concretos conteniendo CINa y Cl,Ca

-18 =

Rev. Téc. Ing.,

Univ. Zulia, Vol. 10, No. 1,

Edicidn Especial, 1987

102 Aniversario de la Revista Técnica de la Facultad de Ingenieria


http:ch1ori.ie

INTRODUCTION

It is generally accepted that the reinforcing
steel is In a passive state in concrete due to the
high alkalinity of the pore solution (pH in excess

of 13) surrounding the steel. The passive state
results from a thin protective film of an iron
oxide formed on the surface of the steel. This
protective film in most cases provides adequate
corrosion resistance, However, presence of chlo-

ride lons in concrete results in deterioration of
the protective film formed on the surface of the
steel, causing the steel to corrode., The corrosion
product formed has a larger volume than the metal
itself. The volume increase gives rise to tensile
stresses in concrete with cracking as the final
result [l .

Chloride ions are usually introduced into
concrete structures in various ways :

1) Chloride ions can be in the original consti-
tuents of the mix such as in water or in the
aggregate;

2) Sea water exposure introduces chloride ions in
marine structures;

3) Calcium chloride is used as an admixture to ac-
celerate hydration of the cement in some loca-
tions;

4) Deicing salts (NaCl) are heavily used on high-
ways and bridges.

It has been known for many years that trical-
cium aluminate of portland cement reacts with a
chloride solution and removes a portion of the
chloride from the solution by forming Friedel's
salt, which is an isoluble compound, as follows :

CaA + CaCl; + 10 Hz0 +~ C3A.CaCl2.10 H,0 (1)

and may therefore provide protection against steel
corrosion [2]. It has been observed [3 that the
corrosion rate of steel in concrete when chloride
is mixed with fresh concrete is less than  corro-
sion rate when chloride diffuses into hardened
concrete. In addition, there seems to be a diffe-
rence in the behavior of chloride ion depending on
the associated cation. The results obtained by
Brodersen [4], as shown in Table 1, indicate sig-
nificant differences between the chloride ion
diffusivity coefficients for different chloride
compounds in hardened cement pastes.

Table 1. Cloride Ion Diffusivity Coefficients [6]

Compund Dx10® cm/sgec?
NaCl 6.21
KC1 6.52
LiCl 6.42
CaCl; 9.43

From these results, it may be inferred that the
embedded steel would behave differently in the pre-
sence of each one of these salts. Hence the extent
of chloride corrosion of steel in concrete may de-
pend on the type of cation associated with chlo-
ride ion in the solution.

A knowledge of the chemistry of the pore so-
lution, as mentioned in the literature [ST, ecould
be applied both to studies of cement hydration and
to studies of reaction involved in alkali-agpregate
attack, steel corrosion, and similar problems. Most
of the researchers have been primarily concerned
with chemical durability problems and little work
has been done in relating the changes in pore solu-
tion composition to studies such as corrosion of
steel in concrete. However, the problem of steel
corrosion in concrete has received more attention
in recent years because of its impact on bridge
deck deterioration. More and more investigators in
the corrosion field are becoming interested in ob-
taining information on changes in pore solution
composition, and applying such information to reac-
tions involved in steel corrosion.

This paper, which is the combination of two
separate studies, investigates the effects of cal-
cium chloride and sodium chloride on corrosion be-
havior of steel in concrete and on composition of
the pore solution. The effects were evaluated by
electrochemical techniques such as anodic potentio-
dynamic polarization and linear polarization.In ad-
dition, the effects were evaluated by analyzing the
pore solution expressed from hardened cement paste
specimens and determining chloride, soldium,calcium
and hydroxyl ions concentrations. This was done
so as to find whether or not there is a correlation
between the corrosion behavior and the composition
of the pore solution.

Experimental

1) Electrochemical Study

Concrete cylinders 7.5 cm dia, x 5 em  height
were prepared using Type I Portland cement and a
water to cement ratio of 0.45. A steel rebar of
1.05 em dia. x 5 cm height was embedded 1in  each
concrete block as a working electrode. The steel
tebar was machined prior to the placement in  con-
crete., The steel concrete air Interface was coated
with epoxy to prevent the activation of the steel
surface at the air-steel-concrete interface.Another
steel rebar was embedded in concrete as a counter
electrode. A molybdenum/molybdenum oxide (Mo/MoOj)
electrode [6,7] was also embedded near the working
electrode surface to reduce the IR drop.

NaCl or CaCl; was added to some of the concrete
sample with the C1~ concentrations ranging from 0
to 2.1 percent based on weight of concrete. These
samples were soaked in distilled water after five
days)of curing in water cabinet (100 percent humi-
dity).

= 94 -

Rev. Téc. Ing., Univ, Zulia, Vol, 10, No. 1, Edicidn Especial, 1987


http:cor:f.ng
http:polarlzation.ln
http:tain:f.ng
http:depend:f.ng

The corrosion rate of steel in concrete was
determined using linear polarization. The linear
polarization curves were obtained by scanning the
potential from -30 mv of the open circuit potential
up to the +30 mv beyond the open circuit potential,

In addition, anodic potentiodynamic polariza-
tion curves were also obtained to check the corro-
sion behavior of steel in comcrete. In this experi-
ment, the steel potential was kept at -1300 mv vs
Mo/MoO: electrode for ten minutes, then the poten-
tial was scanned toward positive direction up to
+2000 mv vs Mo/MoOs. In the tests mentioned above,
the concrete samples were removed from the distill-
ed water containers prior to the polarization tests,
and they were placed back into the containers after
the tests.

All of thepolarization experiments were accom-
plished by a PAR potentiostat, manufactured by
Princeton Applied Research, Model 173 with univer-
sal programmer Model 175 and logaritimic current
converter Model 376.

2) Pore Solution Analysis Study

A cylindrical pressure vessel, of similar
construction _to the one described by Barmeyback and
Diamond fS,B] was designed and constructed to  ex-
press pore solution from hardened cement pastes.The
design equations and the detailed fabrication pro-
cedure of the pore press can be found in [9].

Type I (ordinary) Portland cement and deioni-
zed water were used for all cement paste specimens.
A water to cement ratio of 0.45 was chosen for this
study also.

Sodium chloride or caleium chloride was added
to some of the samples with chloride ion concentra-
tion ranging from 0.036 to 1 percent based on
weight of the cement. Chloride ions were introduced
by dissolving either sodium chloride or calcium
chloride in the mix water to ensure a uniform dis-
tribution of chloride ions throughout the mix.Twel-
ve series of paste samples were prepared, with mix
proportions as detailed in Table 2i

The pastes were stirred with a plastic spatula
until mixed uniformly. Specimens were then cast in
cylindrical plastic bottles of 44 mm dia. x 82 mm
height. The bottles were sealed with their caps and
stored in a cabinet.

Samples of pore solution were expressed at
different stages of curing us a modified pres-
sing procedure described in |9]|. These samples were
analyzed to determine concentrations of ionic cons-
tituents (C1~, Nat, Catt and OH™ ions). Details of
the analytical procedures employed in this study
can be found in [9]. Briefly, however, the analy-
tical procedures employed are as follows -

To determine chloride ion concentration, a mo-,
dified potentiometric titration emploving the Gran

end point determination method [10] was used. This
method simplifies titrations and improves the ove-
rall precision of the procedure.

To determine hydroxyl ion concentration of the
pore solution, the samples were titrated using 0.05
N HCl as titrant. The end points of titration were
detected using phenolphthalein and bromocresol
green-methyl red visual indicators, To determine
sodium and calcium fon concentrations, atomic ab-
sorption spectrometry was used.

Table 2. Composition of Paste Specimens

Chioride 1 Wt, Chloride W/C Ratio No. of Samples Mads
Compound Cement. Chioride
Nacl 0,036 0.45% ]
Nacl 0.18 0.45 3
NaclL 0.4 0.45 L]
Naci 0.6 0.45 ]
Nacl l.n 0.45 8
cacl, 0:036 0.45 8
L‘lCiz 0.:8 0.45 Ll
C‘Elz .4 0.45 L]
ClCl.2 0.6 0.43 a
Cacl, L.0 0.45 8
Blank
Sample (1) = 0.45 L
Blank
Sample {2) = 0.45 18
* (1] The curing period was 28 days.

(2) The curing pericd was 84 days.

Results
1) Electrochemical Study
Figure 1 is a plot of an anodic potentiodyna-

mic polarization curves for steel in salt (NaCl
and CaCl,) contaminated Type I Portland cement con-
crete. The results show that steel remained in a
passive state for samples with no added salt (curve
1) and samples with 0.06 percent C1~ (curves 2 and
3). However, the corrosion potential of steel in
concrete containing 0.06 percent C1~ as NaCl was
more negative than in concrete containing 0.06 per-
cent C1~ as CaCl,. The region of passivity was re-
duced or disappeared for samples with 0.3 percent
C1~ (curves 4 and 5). The corrosion potentical of
steel was more negative for concrete with 0.3 per-
cent C1~ as CaCl, compared to that with 0.3 percent
Cl~ as NaCl. In addition, the corrosion potential
for steel in concrete with no and low chloride con-
tent was more positive than those with higher salt
content. The ipcrease in chloride content of con-
crete also increased the polarization currents as -
shown. These results indicate that at very “low
chloride concentrations. reinforcing steel behaves
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almost the same in the presence of either CaCl, or
NaCl. However, as the chloride concentration in
concrete increases, the difference in corrosion be-
havior of steel in presence of CaCl; or NaCl beco-
mes more pronounced,

The plots of corrosion rate versus percent
chloride mixed with concrete as either CaCl, or
NaCl are shown in Figure 2. In both cases the co-
rrosion rate increased as the chloride concentra-
tion mixed with concrete was increased. One thing
worth noticing is that at very low chloride concen~
trations (less than 0,15 percent), the corrosion
rates of steel in both NaCl and CaCl; contaminat-
ed concrete were fairly close. But at higher chlo-
ride concentrations, the corrosion rates of steel
in concrete containing CaCl, were much higher in
comparison with the corrosion rates 1in  oconcrete
containing NaCl. This finding is compatible with
the results of potentiodynamic polarization curves.
Therefore, one may infer that the corrosion of
steel in caleium chloride contaminated comcrete is
more severe than in sodfum chloride contaminated
concrete, .

INFLUENCE OF SALT ADDITION ON
CORROSION BEHAVIOR OF STEEL

17¢3

100+

1100+

500+
200+,

- 100+

CLL POTCNTIAL (MV)

fud ]
LN -N00+

_390 l-Sample with no salt _
2-Sanple with 0.063 C1_ (Cacl,)
I-Sample with 0.06% Cl (ac1f
4-Sample with 0.3% CL_ (NaCl)
<1000 S-Sanple with 0.3% CL (CaCl,)

-haee — - - - e
0.0c1 0.010 0.100 1.000 10,000
CURRENT (MA)
Figure 1. A comparison of anodic potentio-dynamic

polarization of steel in salt contaminated
Type I Portland cement concrete as a func-
tion of salt type (NaCl vs Caclzi

2) Pore Solution Analysis Study
For the sake of comparison between NaCl con-
taining pastes and CaCl; containing pastes with

the some chloride concentration, an attempt was
made to keep the curing periods as close as possi-
ble.

Results of the hydroxyl ion analysis shown
as pH of the pore solutions are presented in Table
3, and a plot of these data is shown in Figure 3.
These results show that the addition of sodium chlo-

ride to the cement paste causes the pH of the pore
solution to increase, whereas the addition of cal-
cium chloride to the cement paste has the opposite

effect.

Results of the chloride ion analysis of the po-
re solutions are listed in Table 4, Figure 4 is a
plot of this data which illustrates the chloride
ion concentrations of the pore solutions associated
with sodium chloride contaminated pastes are higher
than the corresponding values for calcium chloride
contaminated pastes.

INFLUENCE OF SALT ADDITION
ON CORROSION RATE

Type 1
CaCl, Mix

n

»
h

~
-3
i

Type 1
NaCl Mix

CORROSION RATE, (MPY)
ol

1,04

0.5+

0.0
T

T -7

T T T T Lag T T
L 0.6 0.8 1.2 1.5 LB 24 2.4 2.7 MO

PERCENT CHLORIDE MIXED WITH CONCRETE

Pigure 2. Influence of chloride addition on corrosion
rate of steel in salt contaminated Type 1

Portland cement concrete
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INFLUENCE OF CHLORIDE ADDITION

Table3 . Influence of Chloride Addition on pH ON PH
14,0
Curing Period Std.
Treatment (Days) pH Dev.
13,8 NaCl
Blank sample (1) 28 13.73 0.01
Blank 2 4 . .
ank sample (2) 8 13.69 0,02 13,03
o
0.036% C1 (NaCl) 56 13,71 0.01
0.036% €1 (CaCl,) 51 13.69 0.01 1.7
L)
0.18% Cl (Nacl) 61 13,78 0.01 En.s-
0.18% C1 (CaCl,) 65 13.65 0.01
=
O 3.5 cacl,
0.4% Cl (NaCl) 68 13,81 0.01 5
0,4% C1 (CaClz) 73 131.59 0.01 =}
O 13,45
(%]
0.6% Cl (NaCl) 84 13.84 0.03
0.6% CL (cacl,) 84 13.46 0.03 19,34
1.0% Cl1 (Nacl) 28 13,81 0.01 i
l1.08 C1 (Caclz) 28 13.49 0.01
13,14
13,04 L . . . r y ? - .
0.0 0.1 0,2 0.3 0. 0.5 0.6 0.7 0.8 0.9 1.0
PERCENT CHLORIDE MIXED WITH CEMENT
Figure 3 . Influence of chloride additions in the
form of NaCl or Ca(:l3 on pH of the
The chloride ion concentration values from the pRES Belstion’lof ipatated-cendn i PaLtER.
second column of Table 4 were divided by the corres-
ponding hydroxyl ion concentration values listed in
the same table and the results were plotted against
percent chloride ions added originally, as shown in
Figure 5. These results show that the ratios of
chloride ions to hydroxyl ions are higher for cal-
cium chloride-contaminated pastes than sodium chlo-
ride-contaminated pastes.
Results of the sodium lon analysis showed that Table 4. Influence of Chloride Addition on the
the concentration of sodium ions in the pore solu- Ratio of C1~ to OH
tions associated with pastes contafning NaCl increa- = x oL ¥ = OR, B ClJoR- 1
sed as the amount of salt in the pastes was 1increa- ek L bl s Mod T
sed as expected. The concentration of sodium ions Blank Sample (1)  0.00233 0.5322 0.6044
in the pore solutions obtained from CaCl, contaminat- S Gl (3 Do0EEn AL 0.0053
ed pastes was not affected by C1~ addition. - ’ a .
0.036¢ C1 (NaCl)  ©.00394 0.5082 0.0078
Results of the calcium ion analysis of the pore 0.038% C1 {CaCl,) 0,00308 0.4850 0.0064
solutions associated with both salt-free and salt=-
contaminated pastes indicated that the °°“°e“°;°tﬁ“ 0.18% €1 (NaCl)  0.0219 0.6070 0.0361
of calcium ions in the pore solutions was basically 0.18% C1 (CaCl,)  0.0171 0.4455 0.0383
zero. This finding is in agreement with I:l'xe‘i té;:z
& esults showe
obtained by Diamond [11]. His r b - 0.4% €1 (NaCl) 0,0741 0.6484 0.114
the concentration of calcium ions in the por . A
tion decreases drastically within 24 hours and  be- 0.4% C1 (CaCl,) 0.0411 .3851 0.107
come nil after 10-15 days of curing.
0,6% Cl (NacCl) 0.183 0.6839 0.267
0.6% C1 (NaCl,) 0,117 0.2891 0.404
1.0% C1 (NaCl) 0.554 0.6525 0.850
1.68 C1 (Caclz) 0.350 0.3102 1.13
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CONCENTRATION OF CHLORIDE IONS
IN PORE SOLUTION

NaCl

CHLORIDE ION CONC., N
g

CaCl

0004 . i
0.¢ 0.1 0.2 0. O 05 0.6 0.7 0.6 0.3 1.0

PERCENT CHLORIDE MIXED WITH CEMENT

Figure 4

Influence of chloride additions in the
form of NaCl or CaCl, on concentration
of ehloride ions in sore solution.

INFLUENCE OF CHLORIDE ADDITION ON THE
RATIO OF CL TO OH

Cacl,

o
-~
i

0.5+ NaCl

RATIO OF CL TO OH

0,1

0.0+
0.0 0.: 0.2 03 0% 0.5 0.6 0.7 0.8 0.9 1.0

PERCENT CHLORIDE MIXED WITH CEMENT

Figure 5. Influence of chloride additions in the
form of NaCl or CaCl, on the ratio of

€1l” to OH .

DISCUSSION

The results from electrochemical tests in lu-
cated that the corrosion of steel in concrete/
CaClz system is more severe than in concrete / NaCl
system, Cations associated with chloride may play
a role in the corrosion behavior of steel in con-
crete. The differences in corrosion  behavior of
steel in concrete in the presence of NaCl or CaCl;
may be due to the different interaction behavior
of these salts with the concrete matrix.

The results tabulated in Table 3 indicate that
the pH of the pore solutions associated with NaCl
contaminated pastes increases as the percent of
salt (NaCl) in the mix is increased. However, in-
creasing the amount of calcium chloride im the mix
causes the pH of the pore solution to decrease (see
Figure 13). These findings are consistent with the
results of Diamond [12 ] and Andrade [13] .

The reason why the addition of NaCl causes the
pH of the pore solution to increase, whereas the
addition of CaCl, has the opposite effect, is not
completely understood. However, the following me~
chanism dis proposed :

According to Taylor [lq , after cement is mix-
ed with water, the composition of the liquid phase
tends to move toward the equilibrium :

Ca$04.2H,0(S) + 2 MOH (aq.)Z MzSOu(aq.) + 2H.0 +
+ Ca(OH) 2 (S) (2)

where M represents the alkalis (Na and K). Because
of the common ifon effect, the concentration of the
calcium hydroxides and calcium sulphate In solution
will be depressed, Eventually, the SO%~ is used
up in the formation of a calcium aluminate sulphate
hydrate and only the hydroxides remain. The results
obtained by Diamond [11] and in this study showed
that essentially all of the calcium ions are remov-
ed from the pore solution. Therefore, the only hy-
droxides that are left in the solution are basical-
ly the hydroxides of potassium and sodium.

In the case where CaCl, is added to the mix

= 38 =
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water, additional calcium ions are present in the

liquid phase at the beginning. Some of these cal-

cium ions probably react with tricalcium aluminate
of the cement to form Friedel's salt shown in

equation (1) and the rest of them react with the

cement matrix as described by Taylor taking more

hydroxyl ions out of the solution., This reaction

perhaps continues until the caleium fon concentra-

tion in the scolution 1s reduced to zero, Due to

this fact, less hydroxyl ions are present in the

pore solutions associated with CaCl; contaminated

pastes causing the pH to be lower in comparison
with salt-free samples. This explanation is also

supported by the solubility product value for
Ca(03)5[15], which shows that the concentration of

calcium ions in highly alkaline pore solution is

extremely low (in the order of 1x10-° moles / li-

ter).

In the case where NaCl is added to the mix

water, a portion of the chloride ions is removed
from the solution by C3A causing a decrease in
chloride ion concentration of the liquid phase.

However, sodium cations remain in the solution. The
presence of these sodium cations in the pore solu-
tion requires more hydroxyl ions (anions) in the
solution to maintain an equilibrium of electric
charges in the pore solutien. In addition, it is
also obvious that in reaction (2) the sodium ions
compete for hydroxyl ions to form sodium hydroxide.
Due to these facts, the pH values of the pore solu-
tions associated with NaCl containing pastes are
higher in comparison with salt-free pastes.

The results plotted in Figure 4 indicate that
the concentrations of chloride fons In pore soluti-
ons associated with NaCl containing pastes are hi-
gher than the corresponding values for CaClz con-
taining pastes, This may be due to the differences
in chloride-binding capacity of CiA in the presence
of CaClz or NaCl.

Figure 5 shows that the equilibrium ratios of
C1l™ to OH™ ions are higher for calcium chloride
contaminated pastes than sodium chloride-contaminat-
ed ones. These ratios are fairly close at very Ilow
concentrations. However, the deviation between
CaCl, pastes and NaCl pastes becomes more pronounc-—
ed as the salt concentration in the pastes increa-
ses, Data presented in Tables 3 and 4 indicate the
pH was influenced more by addition of these salts
than was the C1~, Since the differences in hydroxyl
ion concentrations become larger and larger as the
salt concentration in the pastes increases, the de-
viation in C1-/OH™ ratios between CaCl, pastes and
NaCl pastes becomes more pronounced at higher salt
concentrations.

Arup and others [16] have postulated that the
ratio of C1~ to OH™ is significant in the corro-
sion behavior of reinforcing steel in concrete. Hi-
gher ratios of C1~ to OH™ may lead to greater
breakdown of the passive layer normally presente on
the steel surface, rendering the reinforcement more
susceptible to corrosion. Since these ratios 1in
CaCl; containing samples were higher than those
containing NaCl, one can conclude that the CaCl,
system is more corrosive than the NaCl system.

The above findings confirm the results of the
electrochemical study. Indeed, there is a correla-
tion between the corrosion behavior and the com~
position of the pore solution.

CONCLUSIONS

The following conclusions may be drawn based
on the results found in this study :

1) Corrosion of steel in concrete containing CaClz
is more severe than steel in concrete containing
NaCl.

2) The pH of the pore solutions associated with
salt-contaminated cement pastes is dependent on
salt concentration.

with
NaCl

3) The pH of the pore solutions associated
NaCl contaminated pastes increases as the
content of the mix is increased.

4) The pH of the pore solutions associated with
CaCl: contaminated pastes decreases as the
CaCl; content of the mix is increased.

5) The concentrations of chloride ions in the pore
solutions associated with NaCl contaminated pas-
tes are higher than the ones in the pore solu-
tions associated with CaCl, contaminated pastes,.

6) The C1™ to OH™ ratios for calcium chloride con-
tamianted pastes are higher than the ones for
NaCl-contaminated pastes. This finding may help
to explain why the corrosion of steel in concre-
te/CaCl, system is more severe than in concrete/
NaCl system.
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