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Thermogravimetric investigation on the chloride binding
behaviour of MK–lime paste
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Abstract

The hydration products of 2.5, 5 and 10% Cl− containing metakaolin (MK)–lime pastes are compared with the same obtained from MK–lime
paste to understand the chloride binding behaviour of MK during the hydration of cement. Results indicate that 2.5% Cl− addition into the MK–lime
paste initially enhances the formation of Friedel’s salt (Ca2Al(OH)6Cl·2H2O), but Friedel’s salt decomposes at later stages due to the formation
of stratlingite (C2ASH8). In 5 and 10% chloride containing pastes, Friedel’s salt is observed throughout the reaction periods along with the high
amount of CSH. Small amount of stratlingite is also formed on or after 60 day hydration of 5% Cl− containing MK–lime pastes. On the other
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and, MK–lime-10% Cl− containing pastes show the complete absence of stratlingite and C4AH13 through out the hydration period, which are the
ajor hydration products of MK–lime paste. Mesuarements of pH of the simulated pore fliuds help to understand the decomposition behaviour of
riedel’s salt. From the experimental results, chloride binding mechanism of MK–lime paste is also discussed.
2006 Elsevier B.V. All rights reserved.
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ement chemistry notations
CaO
SiO2
Al2O3
H2O

2ASH8 2CaO·Al2O3·SiO2·8H2O
SH CaO SiO2 H2O
4AH13 4CaO·Al2O3·13H2O
3AH8 3CaO·Al2O3·8H2O
H CaO·H2O or [Ca(OH)2]

. Introduction

Ingress of chloride ion into the reinforced concrete and cor-
esponding corrosion behaviour is one of the major problems
n cement and building material industry. It is found that the
ddition of pozzolanic materials like metakaolin (MK), FA can
educe the ingress of chloride by improving the microstruc-
ure and chloride binding behaviour [1–3]. In hardened cement,

chloride may be bonded in the CSH gel or as a formation of com-
plex calcium oxychloride, Friedel’s salt (Ca2Al(OH)6Cl·2H2O)
[4,5]. It is reported earlier that the MK-Portland cement paste can
bind considerable amount of dissolved chloride present in pore
water with relatively low reduction in pH due to the formation of
stable Friedel’s salt. MK removes chloride and hydroxide ions
from solution and also maintains a low [Cl−/OH−] ratio, which
is important from concrete corrosion point of view [6,7]. Again
one major problem on the utilization of high chloride bearing
wastes like municipal solid waste incineration (MSWI) ash as
pozzolanic material or as a raw material for production of cement
is the presence of high amounts of chloride salts [8]. However
the amount of chloride can be reduced by mixing these mate-
rials or by blending produced waste based cement with other
pozzolanic materials [9]. In this context, MK can be used to
prepare this type of pozzolana or as a pozzolanic additive in
waste derived cement, which can improve the chloride binding
behaviour of cement.

The knowledge of chloride binding behaviour of cement
based system containing MK or other similar types of pozzolana
will therefore help to understand the chloride binding behaviour
∗ Corresponding author. Tel.: +81 422 37 3750; fax: +81 422 37 3871.
E-mail address: saikianj@yahoo.co.uk (N. Saikia).

of these pozzolanic materials in concrete as well as help to
develop some new class of pozzolanic materials for utilization
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and solidification of some high chloride containing waste materi-
als like MSWI ash. In this communication we present the results,
obtain from the experiments done to understand the hydration
behaviour of MK–lime paste in presence of high amounts of
chloride salts. TG/DTA and XRD analysis techniques are used
to characterize the hydration products. To understand the mech-
anism of hydration, pH of the simulated pore fluids are also
evaluated. The high amounts of chloride containing hydrating
pastes are considered to understand the behaviour of Friedel’s
salt and stratlingite during the cement hydration, although the
hydration reaction in presence of high amounts of chloride salts
(>2.5%) has little importance from concrete corrosion point of
view.

2. Experimental

All chemicals used in this investigation were reagent grade
and collected from Kanto Chemical Company, Tokyo, Japan.
Metakaolin was prepared by calcining kaolin (collected from
SIGMA–ALDRICH Company, St. Louis, USA) for 1 h at 800 ◦C
in a muffle furnace. Chemical compositions of kaolin were
determined by using standard analytical methods. Kaolin and
MK samples were also characterized by using X-ray diffrac-
tion (XRD) technique and using Cu K� radiation (Miniflex,
MJ14848B01, Rigaku, Japan). SiO2 and Al2O3 content in the
kaolin were 45.06 and 39.87%, respectively. The loss on ignition
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tion was determined from the TG curves of the hydrated pastes
by measuring the CH contents. The weight loss in the tempera-
ture range of 420–550 ◦C was taken as the loss due to CH. The
amounts of CSH and Friedel’s salt, form during hydration were
also determined from the TG curves. The weight losses in the
temperature range of 100–150 and 310–385 ◦C were taken as
the loss due to CSH and Friedel’s salt, respectively.

It was not possible to extract the pore solution from the pastes
due to the small amount of hydration product. Therefore, regen-
eration of pore solution was done by the method as described
by Goni and Guerrero [10]. Accordingly, 0.5 g of the powdered
hydration product was saturated with 2 ml of the distilled de-
ionized water and kept at ambient conditions for 24 h. The pH
of the filtered solution was then recorded by a combined elec-
trode with a pH range of 0–14.

3. Results and discussion

3.1. Thermal analysis

The DTA patterns of the hydrated MK–lime and MK–
lime–NaCl pastes are shown in Figs. 1–4. The behaviour of KCl
during hydration is almost similar with NaCl (figure not shown).
The dehydration of Friedel’s salt (Ca2Al(OH)6Cl·2H2O) takes
place in a wide temperature range of 100–500 ◦C [11,12]. How-
ever DTA and TG curves of the chloride containing pastes
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f kaolin (13.91%) was approximately same with pure kaolin
13.96%). XRD pattern of kaolin showed the characteristic peaks
t 2θ = 24.92◦, 12.39◦, 37.74◦ and 62.25◦. Formation of MK on
alcination of kaolin was indicated by the disappearance of char-
cteristic peaks due to kaolin [9].

MK–lime (1:1) and 2.5, 5 and 10% chloride (as NaCl
nd KCl) containing MK–lime (1:1) mixtures were prepared,
omogenized and stored in airtight containers. The MK–lime
astes with and without containing chloride salts were pre-
ared by mixing various cementitious compositions with dis-
illed water for about 5 mins, maintaining water:solid ratio of
.25:1 (ml/g) in a plastic container. The pastes were immedi-
tely tightened, kept in desiccator under vacuum and allowed to
ydrate at ambient temperature for different time periods. Parts
f the hydrated pastes were collected from the container after
efinite time intervals and dried in two steps to stop the hydra-
ion of the mixtures: the samples were vacuum dried for about
h in desiccator, powdered and again vacuum dried for further
h. The final powdered hydration products were stored in air-

ight containers and in desiccator under vacuum. The XRD and
G/DTA patterns of the hydration products were recorded as
oon as possible to avoid the problems related to atmospheric
arbonation and corresponding damage of the samples.

The thermal curves (DTA and TG) of the hydration products
ere taken in a thermo gravimetric apparatus (Shimadzo thermal

nalysis system, model TA-60WS). A total of 15–20 mg of the
amples were taken in an alumina crucible and heated in nitrogen
tmosphere up to 1000 ◦C, maintaining 10 ◦C/min heating rate
nd using �-Al2O3 as the reference material. The XRD patterns
f the hydration products were recorded using Cu K� radiation
Miniflex, MJ 14848 B01, Rigaku, Japan). The rate of hydra-
how an endothermic minimum at about 335 ◦C and a weight
oss region in the temperature range of 310–385 ◦C, which is
bsent in the thermal curves of MK–lime paste. The XRD pat-
erns (discuss in the next section) of the chloride containing
astes also show the presence of Friedel’s salt along with CH,
SH, stratlingite and chloride salts. The endothermic mini-
um observe in the temperature regions of 100–150, 150–220,

20–310, 400–520 ◦C along with the corresponding weight loss
s observe from the TG curves correspond CSH gel, stratlingite
C2ASH8), C4AH13 as well as hydrogarnet, (C3AH8) and cal-
ium hydroxide (CH), respectively [13–16]. Recent study shows
hat the formation of C3AH8, which shows an endothermic min-
mum at about 298 ◦C is only observed in the high temperature
ured MK–lime paste [15]. Therefore, the endothermic mini-
um observed at about 230 ◦C can be considered as C4AH13

15]. Again alkali salts in high chloride containing hydration
roducts show an endothermic minimum at about 775 ◦C. Thus,
he endothermic minimum at 335 ◦C along with the weight loss
n the temperature region of 310–385 ◦C is due to the decompo-
ition of Friedel’s salt.

In MK–lime hydration, CSH gel, stratlingite and C4AH13
re the only hydration products, which amount increase with
rogress of hydration time. Formation of stratlingite and
4AH13 during the hydration of MK–lime paste at room tem-
erature (20 ◦C) is a well known observation and our findings
elated to MK–lime hydration are almost similar with previously
eported data [15,16].

The addition of 2.5% Cl− into the MK–lime paste enhances
he formation of Friedel’s salt along with CSH gel up to 3 day
f hydration, which is indicated by the strong endotherms in the
orresponding temperature regions of these compounds. The
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Fig. 1. DTA patterns of MK–lime hydrated pastes (Endo down). Fig. 2. DTA patterns of 2.5% chloride (as NaCl) containing MK–lime hydrated
pastes (Endo down).
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Fig. 3. DTA patterns of 5% chloride (as NaCl) containing MK–lime hydrated
pastes (Endo down).

Fig. 4. DTA patterns of 10% chloride (as NaCl) containing MK–lime hydrated
pastes (Endo down).
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DTA pattern of 7 day hydrated paste show the presence of a
weak endotherm due to Friedel’s salt with a distinct endotherm
at 150–220 ◦C region, due to the formation of stratlingite. Hydra-
tion at latter period shows the strong endotherms due to CSH
and stratlingite with absence of corresponding endotherm for
Friedel’s salt. From the results, it is observed that the intensity
of the endothermic minimum due to stratlingite is increasing
as the endothermic minimum due to Friedel’s salt reduces.
Comparing the DTA patterns of MK–lime and 2.5% chloride
containing MK–lime pastes, it is observed that the endothermic
minimum corresponding to stratlingite in chloride containing
paste is observed at higher temperature (∼215 ◦C) than the same
observed in the MK–lime paste (∼175 ◦C). Possibly the pres-
ence of alkali chloride salts changes the composition of stratlin-
gite and therefore increase the temperature of decomposition
because stratlingite can incorporate relatively larger amounts of
alkali metals, which displace Ca2+, present in the crystal lat-
tice [17]. Additions of 5 and 10% Cl− into the MK–lime pastes
show the presence of CSH gel and Friedel’s salt through out the
reaction period. However a weak endotherm in the 150–220 ◦C
temperature region of 5% Cl− containing MK–lime hydrated
paste those collected after the hydration of 60 and 120 day indi-
cates the formation of stratlingite at later stages of hydration.
All chloride containing hydrated pastes also show the complete
absence of C4AH13 phase through out the reaction period, which
is one of the major hydration products of MK–lime pastes. From
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Fig. 5. CH, CSH and Friedel’s salt (FS) contents in MK–lime and MK–lime–Cl−
(as NaCl) hydrated pastes.

ing hydrated pastes. From Fig. 5, it is also observed that the
amounts of Friedel’s salt form during the hydration of chloride
containing pastes increase with increasing amount of chloride
content in the pastes. Again from the measurements of CSH
content in the hydrated pastes, it is observed that the addition of
chloride salt into the MK–lime paste considerably increases the
amount of CSH present in the hydrated pastes and the amount
is also increased with increasing amount of chloride content in
the paste.

3.2. XRD analysis

The XRD patterns of the products, obtain from the hydra-
tion of MK–lime with and without the presence of NaCl and
KCl at different time intervals are shown in Fig. 6. Peak inten-
he DTA patterns of hydrated pastes, it is also observed that the
ddition of chloride salts into the MK–lime paste enhances the
ormation of CSH along with the high reduction of CH dur-
ng hydration. The disappearance of CH and the formation of
riedel’s salt along with absence of C4AH13 in the chloride con-

aining pastes can be described by the following reactions:

a(OH)2 + 2NaCl (or KCl)

→ 2NaOH (or KOH) + CaCl2 (1)

aCl2 + Ca3Al2O6·8H2O + 2H2O

→ Ca3Al2O6·CaCl2·10H2O (2)

The CH, CSH and Friedel’s salt contents in the hydrated
K–lime pastes with and without the presence of NaCl are

hown in Fig. 5. The content of these constituents in KCl con-
aining MK–lime pastes are almost similar with NaCl containing
astes. However the amount of CSH and Friedel’s salt present
n the KCl containing hydrated pastes are considerably lower
han the same present in NaCl containing hydrated pastes. From
ig. 5, it is observed that the CH content in the chloride contain-

ng MK–lime hydrated pastes are always lower than the same
resent in MK–lime hydrated paste. This indicates that the addi-
ion of chloride into the MK–lime pastes enhances the rate of
ydration reaction. The amounts of Friedel’s salt present in the
roducts those obtained after the 1 day hydrations of all chlo-
ide containing pastes are approximately same but the formed
mount in 2.5% Cl− containing paste is considerably lower
han the same present in other two chloride containing pastes
fter 3 day of hydration. A decreasing trend on the content of
riedel’s salt is also observed in 5 and 10% chloride contain-
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Fig. 6. XRD patterns of 10% KCl containing pates MK–lime and chloride containing MK–lime pastes (1: CH; 2: C2ASH8; 3: CSH gel; 4: Ca2Al(OH)6Cl·2H2O;
5: NaCl; 6: KCl).

sities observe at 2θ = 11.39◦, 22.78◦, 23.51◦, 38.99◦, 31.17◦,
42.66◦, 55.38◦, 35.70◦ correspond to Friedel’s salt (PC-PDF No.
35-105), at 2θ = 7.06◦, 21.28◦, 14.12◦, 31.09◦, 34.26◦, 38.01◦,
20.13◦ correspond to stratlingite (PC-PDF No. 29-285) and
at 2θ = 34.18◦, 18.18◦, 47.16◦, 50.83◦, 28.77◦ correspond to
Ca(OH)2, (CH).

From the XRD patterns of the products obtain from the
MK–lime hydration, it is observed that the only hydration prod-
uct form in MK–lime paste is crystalline stratlingite along with
broad peak in the region of 2θ = 29.28◦, due to the presence
of amorphous CSH gel. The corresponding peaks of C4AH13,
which is clearly observed from the DTA patterns of MK–lime
paste, are not observed in the XRD patterns of the MK–lime
hydrated pastes, probably due to its amorphous nature [15]. The
XRD pattern of the 3 day hydration product of MK–lime paste
shows the weak peaks due to the formation of stratlingite. On
prolonging the hydration time, the intensities of the peaks due
to stratlingite are increased along with the broad peak of CSH
gel.

Addition of 2.5% chlorides into the MK–lime paste show the
formation of Friedel’s salt and CSH as the only hydration prod-
ucts up to the 3 day hydration. The peaks due to the formation
of stratlingite are appeared in 7 day hydration products of 2.5%
chloride containing pastes along with the decreasing intensities
of the corresponding peaks of Friedel’s salt. The intensities of
the peaks due to stratlingite are increased at later stages of hydra-
tion, indicating formation of high amounts of stratlingite. The
intensities of the peaks due to Friedel’s salts are very weak in the
XRD patterns of the hydrated products obtain after 7 day hydra-
tion. This indicates that almost all amount of Friedel’s salts are
decomposed at later stages of hydration. From the XRD patterns
of the 2.5% chloride containing hydration products, it would
appear that the intensities of the peaks due to Friedel’s salt are
decreasing as the intensities of the peaks due to stratlingite grow.

On the other hand, XRD patterns of the hydration products
obtain from MK–lime pastes containing 5 and 10% chlorides
show the presence of Friedel’s salt and CSH as the major hydra-
tion products through out the reaction periods. However the
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intensities of the peaks due to Friedel’s salt’s are decreased
after 28 day hydration of the MK–lime pastes containing 5%
chloride. Differential thermal analyses of the 5% chloride con-
taining MK–lime pastes show the presence of small amount of
stratlingite in the hydration products those obtain after 28 day.
Although the XRD patterns of 5% chloride containing hydra-
tion products show the gradual decrease in the intensity of the
peak at 2θ = 11.39◦ due to the decomposition of Friedel’s salt
but another strong peak due to the presence of Friedel’s salts
as well as stratlingite at 2θ = 31.10◦ is almost same through out
the reaction periods. This indirectly suggests the formation of
stratlingite at later stages of hydration, which destabilize the
Friedel’s salt present in the hydrated pastes.

From the XRD patterns, it is also observed that the peak due
to chloride salts are completely absent in the 7 day hydration
products of 2.5 and 5% chloride containing pastes. Therefore
MK–lime paste with 1:1 ratio can take up to 5% chloride within
the 7 day of hydration. Large amounts of chloride salts are
also consumed during the hydration of 10% chloride containing
MK–lime pastes. Again the decreasing intensities of Friedel’s
salt as observed in 2.5 and 5% chloride containing hydrated
pastes at later stages of hydration do not regenerate the cor-
responding peaks of chloride salts. This indicates that chloride
and alkali metals present in pastes combine with some hydration
products like stratlingite, CSH and CASH gel [17,18].
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other hand, the initial pH values of the pore fluids obtain from 5
and 10% chloride as KCl containing pastes increase up to 3 day
and approximately constant up to 7 day in 5% Cl and decrease
slightly in 10% Cl containing pastes. The pH values of the pore
fluids of both KCl containing pastes are approximately constant
at later stages of hydration. From the comparison of the pH
data of both chloride (NaCl and KCl) containing pore fluids it
is observed that the pH values of the pore fluid obtained from
KCl containing MK–lime pastes are always lower than the pH
values of the pore fluid obtained from NaCl containing pastes.
Again the pH values of the pore fluids obtain from 5 and 10%
chloride (NaCl and KCl) containing hydrated pastes cannot be
related with the behaviour of Friedel’s salts during the hydration
of these pastes. From the results, it is also observed that the pH
values of the pore fluids increase with the increasing content
of chloride in the pastes. This can be explained by considering
Eq. (1), where alkali chlorides react with CH and form alkali
hydroxides and increase the pH of the pore fluid.

3.4. Discussions of the results

The structures of Friedel’s salt and stratlingite are similar
and both have the layer structure with same basic building unit
[Ca4Al2(OH)12]2+ [19]. The net positive charge of this layer,
which is arisen due to the substitution of Ca2+ by Al3+, is
balanced by the anions like OH−, SO 2−, CO 2−. In case of
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.3. pH of the pore fluid

The pH values of the simulated pore fluids of the hydrated
astes collected at different time intervals are shown in Fig. 7.
he pH values of the fluid obtain from the MK–lime paste are
pproximately constant up to 3 day, decreased up to 30 days and
ncreased at later stages of hydration. Initial constant pH is prob-
bly due to same dissolution and consumption rate of lime. After
days of hydration, pH of the pore fluid is decreased due to the

onsumption of high amounts of CH. DTA and XRD patterns of
he hydrated MK–lime paste also show the formations of differ-
nt hydration products after 3 day of hydration. An increase in
H at later stages of hydration is probably due to the dissolution
f some hydrated phases. The pH values of the pore fluid of
.5% chloride containing both pastes show approximately same
ehaviour through out the hydration period. The pH values of
he pore fluids initially decrease up to 7 day, become approxi-

ately constant up to 30 day and slightly decrease at later stages
f hydration. The initial pH decrease is due to consumption of
igh amounts of CH due to the formations of Friedel’s salt and
SH. From figure, it is observed that the pH of the pore fluid of

hese pastes drops to a value slightly less than 12.0 after 3 day of
ydration. The lowering of pH probably destabilize the already
ormed Friedel’s salt and therefore started to decompose, which
enerates a constant pH during the hydration period of 7–30
ay [10]. The decrease in pH at later stages of hydration of these
ore fluids is probably due to the formation of stratlingite, which
onsumes considerable amounts of CH and alkali metals from
he pore fluid [17]. The pH behaviour of the pore fluids obtain
rom 5 to 10% chloride as NaCl containing hydrated pastes show
he similar trend like 2.5% chloride containing pastes. On the
4 3
riedel’s salt and stratlingite, this site is occupied by Cl− and
SiAl)O4

− tetrahedral layer, respectively. The different numbers
f anions required for charge balance as well as their different
izes and polarisabilities, control the interlayer water contents
nd control the exact layer stacking sequence. The formations of
riedel’s salt in cement containing high amounts of tri calcium
luminate was explained by two mechanisms: adsorption mech-
nism and an anion exchange mechanism [20,21]. According
o adsorption mechanism, Friedel’s salt forms due to adsorption
f bulk Cl− ions present in pore solution into the interlayers
f principle layers, [Ca2Al(OH)6

−·2H2O]+ of AFm (alumino
errate mono) structure to balance the charge. As a result of
his formation process, an amount of the Na+ ions equivalent
o the adsorbed Cl− ions are removed from the pore solu-
ion to maintain the ionic charge neutrality and these Na+ ions
ind with C–S–H gel to balance the charge arising due to the
eplacement of Si4+ ions by Al3+ and Fe3+ ions. In the anion
xchange mechanism, a fraction of the free chloride ions bind
ith the AFm hydrates (C4AH13 and its derivative) exchanged
ith the OH− ions present in the interlayers of the principal

ayer, [Ca2Al(OH)6
−·2H2O]+. The release of OH− ions from

he AFm hydrate into the pore solution maintain the charge
mbalance, due to the presence of large amount of Na+ ions
nd thereby increasing the pH of the pore fluid.

From our results, it can be assumed that two main compo-
ents namely amorphous CSH gel and a layer structured product
aving same basic building unit, [Ca4Al2(OH)12]2+ are actu-
lly produced during the hydration of MK–lime paste with and
ithout the presence of Cl−. Formation of layer structured com-
ound is probably depended on the presence of anions and the
egree of competition among different anions present in pore
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Fig. 7. pH values of the pore fluids, extracted from different hydrated pastes.

fluid for intercalation. In MK–lime–Cl− pastes, this competi-
tion is mainly occurred between Cl− and (SiAl)O4

− ions. Since
Cl− is readily available in the pore fluid of the hydrating pastes
and therefore formation of Friedel’s salt quickly started because
formation of (SiAl)O4

− and stratlingite requires the dissolu-
tion of Si and Al from the MK. Probably initial deficiency of
Al in the pore fluid, which is due to the formation of posi-
tively charged main building unit also favours the formation
of Friedel’s salt [22]. The remaining Si, present in pore fluid
combines with Ca and form more amount of CSH gel. In the

initial stages of lime–MK-2.5% Cl− and in the later stages of
lime–MK-5% Cl− containing pastes hydrations, formation of
(SiAl)O4

− and also stratlingite are started due to the consump-
tion of all available Cl− ions present in the pore fluid. From
the result of 2.5% chloride containing pastes, the instability of
Friedel’s salt at later stages of hydration can be correlated with
the general view on the destabilization behaviour of Friedel’s salt
but it cannot be related in high chloride containing pastes. Gener-
ally it is assumed that the destabilization mechanism of Friedel’s
salt is pH dependent. Friedel’s salt dissolves at 20 ◦C generating
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a pH value of 12.0, due to carbonation and pozzolanic mineral
additions [10,23,24]. In 2.5% chloride containing pastes, the
solubilization of Friedel’s salt is observed after 7 day of hydra-
tion due to the decrease in pH of the pore fluid to a value lower
than 12.0. However one possible mechanism, which is probably
occurred simultaneously during the conversion of Friedel’s salt
into stratlingite in MK–lime-2.5 and 5% Cl− pastes as observed
from the thermal and XRD analyses is the anion exchange inter-
calation reaction of Cl− with tetrahedral (SiAl)O4

− ion. Recent
studies also indicate that layered double hydroxides with sim-
ilar structure of Friedel’s salt like [Ca2Al(OH)6]NO3·2H2O,
[LiAl2(OH)6]OH·H2O, [LiAl2(OH)6]Cl·H2O and particularly
Cl− containing layered double hydroxide (Cl−-LDH) show the
high anion exchange intercalation reactions with different anions
[25,26]. Since Friedel’s salt is a one kind of Cl−-LDH, there-
fore high anion exchangeability may enhance the formation of
stratlingite from Friedel’s salt, due to the intercalation of Cl−
by (SiAl)O4

− in low chloride containing pastes. In 10% chlo-
ride containing pastes, Cl− is available throughout the reaction
period, which inhibit the formation of stratlingite by forming
[Ca4Al2(OH)12]2+ as well as Friedel’s salt and therefore by
blocking the Al3+, which is necessary to form (SiAl)O4

−. Due
to this, excess amounts of Si, present in the pore fluid combine
with Ca and form more amount of CSH, which is also observed
from TG and XRD analyses. The XRD pattern of 10% chlo-
ride containing pastes also show the presence of chloride salts
t
o
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(

(

(4) The initial formation of Friedel’s salt in all the chloride
containing pastes can be explained by assuming high reac-
tivity of chloride than the (SiAl)O4

− towards the formation
of layered structured hydration products having same basic
building unit, [Ca4Al2(OH)12]2+ and also low availability of
Al3+ to form (SiAl)O4

−, which is necessary to form stratlin-
gite. The decomposition of Friedel’s salt at later stages of
hydration in 2.5% chloride containing pastes is probably
due to the decrease in pH of the pore fluid to a value <12.0
and also due to the formation of more stable stratlingite.
Again the high stability of Friedel’s salt in 10% chloride
containing pastes is due to the availability of chloride ions
through out the reaction period.
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