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In this investigation OPC was partially replaced
(ie., 35, 50 and 65% by weight) with slag. The term
water/binder (w/b) ratio is used instead of the water/
Czment ratio to include both binder types mentioned
adove. The w/b ratio used was 0.5

Cylinder specimens of diameter 50 mm (1.97 in)
and length 100 mm (3.94 in) were investigated. The
specimens consisted of pastes, thus overcoming
uncertainties arising from paste-aggregate differential
properties. Twelve litres of each mixture (i.e.
replacements 0, 35, 50 and 65% by weight with
slag) were prepared. Water was first added, followed
by the binders. The mixing was conducted in a
mechanical mixer of 20 1 of capacity, 80 rpm, for five
minutes each mixture. The specimens were cast using
a vibration table for better compaction. Specimens
were de-molded after 24 h, followed by 14 days
curing in lime-saturated water at 23°C.

Following curing, the specimens were oven-dried
for 2 days at 60°C. Specimens were submitted to heat
treatment in a CEMLL Ceramic Engineering furnace.
Increasing temperature intervals of 100°C were
applied, from 100 to 800°C, at a constant heating
rate of 6.25°C/min until 50°C below the desired
temperature, then 1 h until the desired temperature
was reached, followed by 1 h at the desired temper-
ature. For example, for 800°C heat treatment,
constant heating rate of 6.25°C/min until 750°C, then
1 h between 750-800°C, and finally 1 h at 800°C.
Specimens were cooled by furnace cooling, i.e., left
to cool with furnace switched off, until the samples
reached room temperature.

Specimens were tested for compressive strengthina
Baldwin—Universal Testing Machine (120 WHVL —
120000 LB. CAP.) using a loading rate of 20 MPa/min.
The TGA (thermogravimetric analysis) was conducted
in a TG92—Setaram, with the temperature of the
furnace programmed to rise at constant heating rate of
5°C/min up to 800°C, under air flow. The amount of
test sample used ranged between 220 and 225 mg.

3 Results and discussion
3.1 Compressive strength
The weight loss after oven drying for 2 days at 60°C

is presented in Table 2. Following drying, specimens
were submitted to heat treatment in intervals of
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Table 2 Weight loss (%) after drying for 2 days at 60°C
Mixtures Weight loss (%)
100% OPC 5.85
65% OPC-35% Slag 9.10
50% OPC-50% Slag 10.79
35% OPC-65% Slag 10.31

100°C, from 100 to 800°C. The weight loss after heat
treatment is presented in Table 3. Compressive
strength tests were conducted in this work rather
than other mechanical test, e.g. tensile tests, as the
structural aspect of the cement paste was the focus of
this investigation. The compressive strength results
for the different pastes are summarized in Fig. 1.
Above 400°C, OPC samples presented a considerable
decrease in compressive strength. All OPC specimens
heated to 400°C or above exhibited severe cracking
to the point of disintegration after a few days,
presenting no strength. Similar results have been
reported by others (summarised above).

The explanation of this phenomenon can be found
in the fact that one of the main products of hydration
of Portland cement is Ca(OH), [1] . This dissociates
into CaO at about 400°C, accompanied by contrac-
tion of the concrete. Concrete is porous and the water
vapour from the air enables re-hydration of the CaO
into Ca(OH),, As Ca(OH), occupies considerably
greater volume than CaO it causes the concrete to
crack and disintegrate [1].

3.2 Heat treatment effects

In this investigation an increase in the proportion of
slag in the composition of the specimen provided not
only significantly fewer visible surface cracks, but
also an improvement in the strength. As shown in
Fig. 2, 3 and 4, OPC specimens submitted to heat
treatment after 400°C presented a large quantity of
visual cracks when removed from the furnace,
completely disintegrating after a few days, whereas
35, 50 and 65% slag specimens presented few to
almost no visual cracks. It is likely that this reflects
the decreasing amounts of Ca(OH), present in the
hydrated slag blended cement pastes compared with
100% OPC prior to heating, and hence the decreasing
amount of disruption arising from re-formation of
Ca(OH),. This suggests that sufficient replacement of
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Table 3 Weight loss (%) after heat treatment from 100 to 800°C

Mixtures 100°C 200°C 300°C 400°C 500°C 600°C 700°C 800°C
100% OPC 1.39 17.81 23.35 22.96 24.80 28.83 30.69 29.95
65% OPC-35% Slag 1.32 17.39 23.50 22.10 25.17 23.82 26.16 27.96
50% OPC-50% Slag 114 16.99 21.9 21.70 24.71 23.17 25711 26.89
35% OPC-65% Slag 127 16.41 22.55 22.51 26.03 23.78 2627 27.43
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Fig. 1 Compressive strength of different pastes at various
temperatures

Fig. 3 Different pastes after 800°C, first day out of the furnace

OPC with slag could reduce the harmful effects when
pastes are heated above the critical temperature of
400°C for OPC pastes. Similar results were found
when OPC was partially replaced with fly ash [6].
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Fig. 4 Different pastes after 800°C, second day out of the
furnace

3.3 Thermogravimetric analysis

To determine the quantity of Ca(OH), present in the
OPC and OPC/slag blended cement pastes, thermo-
gravimetric analysis was conducted in this work. As
previously mentioned, as the dehydration of Ca(OH),
is recognizable from a rapid weight loss, TGA and
DTG studies could easily detect the dehydration in
OPC paste [3]. Thermogravimetric analysis con-
ducted on OPC paste, reported the dehydration of
the Ca(OH), between 450 and 500°C, with the re-
hydration occurring rapidly after heat treatment [14].
Our investigation (Fig. 5 and Fig. 6) shows a
noticeably higher peak for the OPC paste at around
500°C whereas the intensity of the peak is signifi-
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Fig. 5 TGA curves of the different pastes
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Fig. 6 DTG curves of the different pastes

tion of slag. For OPC, the DTG peak at 500°C is
approximately —0.41 (%/min). However, for the
sample containing 65% of replacement with slag
the peak is approximately -0.1 (%/min). This shows
that the OPC peak is four times greater than the 65%
slag peak.

The presence of slag reduces the Ca(OH), con-
centration of the binder [15-17] and slag reacts with
the Ca(OH), thereby forming calcium silicate hydrate
and filling the weak transition zone [18, 19].

The reaction of slag with Ca(OH), and the
resulting hydrated cement paste confirms the signif-
icantly improved performance to OPC.

4 Conclusions

The aim of this investigation was to provide
published data on slag blended cement pastes
exposed to high temperatures. Previous investigations
have reported the critical temperature of 400°C for
breakdown of OPC pastes. This phenomenon is due
to the dissociation of Ca(OH), followed by re-
hydration, leading the OPC to disintegration. In this
investigation, the use of slag as a way of reducing the
amount of Ca(OH), was studied with respect to
behaviour when exposed to high temperatures. It was
found that OPC cement pastes partially replaced with
slag achieved a significant and beneficial reduction of
the amount of Ca(OH), and an increase in the
proportion of slag in the cement paste, in general, led
to an improvement in the mechanical properties
following exposure to temperatures beyond 400°C.
Although the properties of concrete vary according to
its constituents, this investigation considered as a first
approach the analysis of the binding ingredients of

concrete, the cement paste. Future research on the
other constituents of concrete, using different meth-
ods of investigations, e.g., microscope analysis, is
therefore necessary (and currently underway) to gain
a complete understanding of how concrete containing
slag blended cements behave after exposure to high
temperature.
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