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Abstract

Studies of illitic calcined clays are less developed than that corresponding to kaolinitic clays, but illite is one of
the more abundant clayed minerals of the earth’s crust, as occurs in the Center of the Buenos Aires Province
(Argentina) where the largest cement factories are located. Illite clays develop pozzolanic properties when they
are thermally treated at 950 °C, causing dehydroxilation and collapse of structure to form a metastable or
amorphous aluminosilicate. Illitic calcined clays don’t present a significant water demand and the compressive
strength of blended cements attains to the corresponding to portland cement at 90 days. It is characterized as
slow pozzolana. Illite incorporates certain proportion of reactive alumina and high proportion of alkalis,
modifying the pore structure. From durability point of view, the incorporation of illite can affect the sulfate
resistance of portland cements or the alkali-silica reaction (ASR).

The aim of this paper is to study the behavior of two different illite calcined clay blended cements against
chemical attack, like sulfate attack and harmful alkali silica reaction, using the test based on the ASTM C 1012
and ASTM C 441, respectively. For sulfate performance, illite calcined clays was blended with a low C;A in
20% and 40% of weight replacement and a very high C;A cement (white), using a 30% of weight replacement;
while a low (Na;04<0.5) and high alkali (Na,O.=1.03) cements were used in the ASR-test.

After six months, the low and very high C;A cements of both illitic clays shows low expansion in sulfate media
(<0.05%) for blended cement without water demand. The ASR-expansion results show that illitic calcined clays
reduce considerably the expansion of high alkali cements and it is not harmful to low alkali cement, but long test
time results will be conclusive.

1. Introduction

[llite is one of the more abundant clayed minerals of the earth’s crust coming from the alteration of
feldspars and micas of rocks due to the weathering process. lllite clays develop pozzolanic properties
when clays are thermally treated at 950 °C [1] causing dehydroxilation and collapse of structure to
form a metastable or amorphous aluminosilicate [2].

Partly substitution of alkali-rich portland cements by calcined clays improves the resistance of the
respective concrete against sulfate attack and harmful ASR [3]. It is attributed to the pozzolanic
reactivity that consumes the CH to produce C-S-H and C-A-S-H causing a denser microstructure due
to the pore and grain size refinements [3, 4]. To controlling ASR, metakaolinite has a very good
performance suppressing the expansion. It is attributed to alteration of C-S-H structure, lower pH in
pore solution and Al absorbed on the surface of reactive silica that slow down the dissolution rate [3,
5]. High resistance to sulfate attack is normally associated with a segmented pore structure and low
level of CH. In addition to the role of CH, the reduction of alumina available to suppress ettringite
formation is a main factor to improve the resistance to sulfate attack in Na,SO, solutions [6].

It is largely documented the durability improvements caused by kaolinitic calcined clays used as
replacement of PC, but there is limited information about the performance of other type of clays
used as supplementary cementitious materials (SCMs). The aim of this paper is to study the behavior
of two illitic calcined clay from the province of Buenos Aires in blended cements against sulfate
attack and alkali silica reaction.



Calcined Clay for Sustainable Concrete Conference, 2017

2. Materials and methods

Two different illitic clay-stones from quarries near to Olavarria, Buenos Aires Province (Argentine)
were reduced to 5 mm particles and fired in a muffle oven by heating at 10.5 °C/min up to 950 °C and
maintaining the maximum temperature during 90 min. Then, samples were cooling down into the
oven. Calcined clays were grinding in laboratory ball mill to obtain a dgy parameter in the PSD curve
lower than 10 um. The chemical composition determined by XRF is reported in Table 1. Both calcined
clays meet the chemical requirements for Class N pozzolan (ASTM C 618): S+A+F > 70%; SO:; < 4 %
and LOI < 10%. Calcined clays are identified by their color: Red (R) and Orange (O). XRD analysis
reveals low intensity peaks of dehydroxilated illite in both clays and the associated minerals are
qguartz and hematite for R calcined clays and, quartz, hematite, oligoclase and spinel for O-Calcined
clay. The density (ASTM C 188), retained on 75 and 45 um sieves (ASTM D 422 and C 618), the Blaine
specific surface (ASTM C 204) and the particle size distribution (PSD) determined using the laser
granulometer (Malvern Mastersizer 2000) are reported in Table 2.

Table 1. Chemical composition and loss on ignition of calcined clays and cements, %

Cay/ 0 sio, ALO, Fe0s MgO  SO; KO NamO Ti0,  P0s  LOI
Cement

R 033 6630 1628 923 146 <001 560 008 076 009 06

0 113 6343 1832 7.89 271 004 429 152 090 006 0.2
SRPC 6008 20.13 419 444 084 247 103 021 - - 25
WPC 4990 1931 597 030 220 3.13 ; - - - 6.0
HAPC  63.06 2074 3.64 199 3.63 268 149  0.05 - - 24
LAPC 6132 2353 290 297 350 173 035 0.14 - 014 22

For this experimental design, four portland cements were used: A low C;A portland cement (SRPC); a
white portland cement (WPC); a high (HAPC) and a low (LAPC) alkali content portland cements. The
chemical and physical properties are also reported in Table 1 and 2.

Table 2. Physical characteristic of calcined clays and cements

Property / Material R 0 SRPC WPC HAPC LAPC
Density 2.63 2.65 3.13 2.95 3.07 3.14
Retained on 75 um 0.98 4.02 2.3 1.8 3.20 3.50
sieve, % 45 pm 4.73 5.68 13.56 12.3 13.79 8.07

. . d1o, pm 1.62 1.29 3.22 2.57 3.08 3.29
Particle size
distribution dso, pm 8.76 7.34 22.37 12.58 23.99 21.54
doo, pm 33.65 36.95 58.44 32.77 81.88 60.57
Specific surface Blaine, m*/kg 552 724 336 432 276 331

The SRPC was used as plain PC to determine the setting time (ASTM C 191) and the amount of water
required for normal consistency (ASTM C 187) of blended cements containing 20% and 40% by mass
of calcined clays. The mortar flow was assessed according to ASTM C 230. At 2, 7, 28 and 90 days, the
compressive strength of blended cement was assessed on three cubes (ASTM C 109).

The sulfate performance was studied using the expansion of mortar bars (ASTM C 1012) with two
different portland cements: SRPC (C3A= 3.8%) and WPC (CsA= 15.31% and C,AF= 0,91% ). For SRPC,
calcined clays were used as 20 and 40% replacement by weight and for WPC as 30% by weight. The
flow of SRPC mortar (w/c=0.485 and cement:graded sand = 1:2.75) is determined and the water of
blended cement is adjusted to obtain the same flow in SRPC-calcined clay mortars. For WPC,
constant w/cm was used in blended cements and the mortar flow was adjusted using
superplasticizer. Test bars and cubes were molded according to ASTM C 157 and ASTM C 109
procedures, respectively; demolded and they were cured in lime-water at 20 °C. After that mortar
compressive strength reached to 20 MPa, test bars were immersed in the Na,SO, solution

(0.352 mol/l) at 20°C with a periodically pH-control. Measurement of length was made up to 6
months and it will be extending up to 18 months. Reported expansion is the average of six
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specimens. According to ASTM C 1157, to consider the blended cement as sulfate resistant (HS), the
expansion should not exceed 0.05% at 6 months or 0.10% at 12 months.

The effectiveness of calcined clays to prevent the expansion due to the alkali-silica reaction (ASR)
was tested using the ASTM C 441 procedure. Test is based on the expansion developed in mortar
bars made with HAPC (1.03% Na,O.,) and 25% of calcined clay using Pyrex® glass aggregate and
stored in container at 38°C according to ASTM C 227. According to ASTM C 441, the pozzolan
effectiveness is measured as the reduction of mortar expansion with calcined clay related to the
expansion of mortar bars with HAPC at 14 days. To compare the effectiveness of calcined clay to
mitigate the ASR a LAPC (0.37% Na,O.,) was tested. As suggest the ASTM C 311, the combination of
LAPC with calcined clays will not cause an increase of expansion due to their high alkali content (5.65
and 5.29 % Na,O., for R and O, respectively). For blended cements, ASTM 1157 standard establishes
that the expansion should not exceed the limit of 0.02% at 14 days and 0.06% at 56 days to be
considered as Low reactivity with alkali-reactive aggregates (option R).

3. Results
3.1 Setting time and water demand

The time of setting and the water requirement for normal consistency are presented in Table 3.
About setting time, one of the illite calcined clay (N) presents stimulation in the beginning of setting,
in both replacement percentages. On the other hand, all blended cements delay the final setting time
compared with control cement. Water demand of SRPC was similar to SRPC+20%0 and SRPC+40%0
pastes, and it was slightly high (~7%) for SRPC+20%R and SRPC+40%R pastes.

Table 3. Setting time and water demand.

Blended cement SRPC  SRPC+20%R  SRPC+40%R  SRPC+20%0  SRPC+40%0
Settingtime  Initial 162 168 182 119 94
(min) Final 430 490 526 452 497
Water demand (%) 27.0 28.5 29.8 27.3 27.6

3.2 Flow and compressive strength

The control mortar (SRPC) has a flow of 80% and the mortars with 20 and 40%R showed a flow
comparable with that control with better water retention. Mortars made with 20 and 40%0 have a
low flow (50%) and the w/cm was increased up to 0.60 to reach the same flow in 20%0-SRPC mortar.

Fig. 1 shows the compressive strength for all mortars. At 2 days, the strength of all blended cements
is lower than the corresponding to control mortar. For R calcined clays, the 20% of replacement
reaches the strength of control at 7 days and the 40% replacement reaches to 87% of the control. On
the other hand, mortars with 20 and 40%0 do not exceed the 70% of the control strength. At 28
days, both mortars with R calcined clay maintain strength level of control, while SRPC+20%0 and
SRPC+40%0 reach to 95 and 84% of control's strength. At 90 days, mortars with R clays reach to
comparable strength (1.05 and 0.94) of SRPC mortar. On contrary, the strength developed is lower
for mortars with O calcined clays reaching to 0.70 and 0.82% due to the large water requirements
that increase the w/cm. Red calcined clay (R) has a very good pozzolanic activity and mortars develop
a similar compressive strength than the control mortar. However, the orange calcined clay (O)
presents some incomplete transformation causing the stimulation of portland cement hydration at
early ages. But, the progress of pozzolanic reaction is limited causing low strength at later ages.



Calcined Clay for Sustainable Concrete Conference, 2017

50

3.3 Sulfate performance
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shown in Fig. 2. For SRPC (Fig 2a), it's can be
observed that expansion is too low until 28 days and
then the expansion increases with uniform rate up
to six months attaining to 0.059%. This value is
higher than the limit to considerer it as HS cements
according to the criterion of ASTM C 1157. It is
attributed to the high level of CsS in the SRPC that
could cause fails for this type of test under
Time, days controlled pH [7]. Compared with control mortar,
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Figure 1: Compressive strength of plain and
blended cements

Then, the expansion develops low to null rate of expansion for 20% and 40% R replacements.

At 6 months, both blended cements have lower (0.03% and 0.01%) expansion than limit (0.05%) and
it could be considered as high sulfate-resistant (HS). SRPC+20%0 shows a worse performance than
the corresponding to SRPC and the expansion limit (0.100 %) is surpassed after ~150 days instead of
the low CsA-content in this cement. It can be attributed to the increase of w/mc to obtain the flow
and consequently the open porosity to sulfates. On the other hand, the SRPC+40%0 has lower
expansion than the control bars attaining to 0.04 % at 6 months.
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Figure 2. Sulfate expansion: (a) Low C;A cement (SRPC); B) White portland cement (WPC)

Fig. 2b shows the expansion of mortars bars with WPC. Control mortar has a very quick expansion
development after 28 days with exponential rate attaining to failure limit (0.10%) before than 56
days. Conversely, both blended cements present a very low rate of expansions during the six months
reported attaining to expansion of 0.018% that is lower than limit to classify as HS.

3.4 ASR expansion

Fig. 3 shows the expansion for mortar bars tested with high and low alkali portland cements and with
blended cements containing 25% of R or O calcined illite clay up to 90 days. For high alkali cement
(Fig 3a), the control bars has 0.221% of expansion at 14 days that is lower than the least value (0.2%)
required by the ASTM C 1157. The bars with calcined clays attains to 0.045% and 0.040% for R and O,
respectively. For these values, the effectiveness of expansion reduction of illitic calcined clay was
79.6 and 81.8% for R and O, respectively. The expansion of control was increased until 28 days and
then it has a slowly rate indicating the compsumtion of free alkalis in mortar. On the other hand,
mortar bars with calcined clays has a very slow increase attaining to 0.057 and 0.048% at 56 days for

4
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R and O pozzolans, respectively. It can be attributed that pozzolan do not provide alkalis to the
progress of ASR. Although the expansion are not sufficient to consider these blended cements as ASR
resistant, because they exceed the expansion limits of 0.02% at 14 days when the slow pozzolanic
reaction begins.
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Figure 3: Expansion due ASR for mortar bars tested with: a) high alkali PC and b) low alkali PC

4. Conclusions

Preliminary laboratory test showed that the replacement of calcined illitic clays lead to obtain
blended cement with similar final strength than the portland cement with low water demand

At six months, illitic clays blended cements with w/c < 0.50, can be considered as high sulfate
resistance cements. Sulfate performance of mortars containing 20% of illitic calcined clay was
worsened when the water demand increases the w/cm of mortar.

The addition of 25% of illitic calcined clay may decrease the ASR expansion for high alkali portland
cement, but their performance at 14 days is worst that the obtained by low alkali portland cement.
Although, the expansion obtained are not sufficient to consider the blende cement as inhibitor of
ASR. Long time performance test with reactive aggregates will be conclusive. The illitic calcined clay
can impair the ASR performance of low alkali portland cement.
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