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Abstract

The influence of sodium silicate amount on the setting time and EXO temperature of a complex binder (CB) consisting of high-aluminate
cement (HAC), liquid glass and metallurgical slag (MS) has been investigated. Two maximums were observed on exothermal curves during the
hydration process of CB, in which sodium silicate quantity was >4%. The first maximum of exothermic temperature occurred due to the reaction
proceeding between sodium silicate and the slag. The second maximum of the exothermal effect was observed after the final set in the already
hardened CB, and it was accompanied by the hydration of HAC, the degree of which depended on the sodium silicate amount in CB.

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The use of industrial wastes (i.e., different slags, fly ash,
silica fume, etc.) for concrete makes it possible not only to
improve major characteristics of cement and concrete but
also to solve some environmental problems as well. For
example, slag alkaline cements [1], as well as cements with
Si0, powder [2,3], are widely used. Sometimes, to obtain
concrete with the required properties, a combination of
binding materials is used, such as Portland cement and
aluminate cement [4], aluminate cement, liquid glass and
metallurgical slag (MS) [5], etc. Such heterogeneous mate-
rials are referred to as complex binders (CB).

In a mix consisting of sodium liquid glass and MS, which
is mainly made of dicalcium silicate (y-C,S), the latter
solidifies liquid glass under normal conditions without
removing water from it. Hardening may be expressed by
the following reaction [6]:

Na,O - nSi0, + 2Ca0 - SiO; + H,O — CaO - mSiO,aq
+Si0saq + (Ca, Na,)O - SiOsaq (1)

In this case, the final products are silicon oxide gel,
calcium and sodium-—calcium hydrosilicates, generating
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heat in their formation [7,8]. The setting time of this
composition is 20—50 min [9].

Even a small amount of sodium liquid glass (0.03% up to
1%) considerably retards the hydration of aluminate cement
[2,10]. It has been determined [11] that the increase of the
amount of sodium silicate in liquid glass up to 4% results in
the mix of aluminate cement and liquid glass which, at 20
°C, does not set and harden during 28 days when hermet-
ically sealed.

The present investigation is aimed at determining the
influence of sodium silicate amount on the setting time and
EXO temperature of CB consisting of high-aluminate ce-
ment (HAC), liquid glass and MS, which could help to
better understand the peculiarities of its hardening process.

2. Experimental
2.1. The materials used

The materials used in the investigation included 3.3
module (Si0,/Na,0) sodium liquid glass (its density being
changed by diluting with water); HAC produced by Gorka
Enterprise, Trzebinia, Poland; MS waste from Cheliabinsk
Electrometallurgic Plant, Russia (Table 1). CB, with the
ratio of slag-to-HAC being approximately 1:3, has been
investigated. The density of the liquid glass ranged from
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Table 1 Table 3

Properties of HAC and slag Final setting time of CB, in minutes

Name of material HAC MS Composition number

Surface area, mz/kg 420 250 B1 B2 B3 B4 B5 Bo6

Bulk density, kg/m’ 1100 990 810 24 23 27 32 32

Chemical composition (wt.%)

AlL,O5 70.5 4.33
CaO 28.7 54.3 not have a considerable effect on the final setting time of
SiO, 0.35 29.6 CB. The final setting time of B2—B6 binders is very short,
Fe;0, 01 1.34 and it can be seen that the larger the amount of sodium
1{/}(;(2) ?'05 ;.7 silicate (from 4.4% up to 11.4%), the longer is the setting
€0, - 1.4 time of a composition.

1025 to 1380 kg/m’, while its amount was taken in such a
way that the ratio of water-to-MS +HAC in it would make
about 0.3 (Table 2).

2.2. Methods

The internal EXO temperature (exothermic effect tem-
perature) of the binder paste was determined by the Alcoa
Industrial Chemicals Europe method [12]. The binder paste
was prepared by the mechanical mixing of materials (2 min)
and casting them in the moulds under slight vibration (10 s).
The cast sample weighed 1.5 kg, and the mould with the
binder paste was put into an insulating box. The temperature
of the developing exothermic heat was recorded by a T-type
thermocouple immersed into a binder paste.

A standard testing technique based on using the Vicat
device was applied to determine the setting time of the
binder mixtures. The amounts of sodium silicate
(%Na,0+%Si0,) in liquid glass were calculated using the
empirical formulas [13].

3. Results and discussion

The results of final set of CB are given in Table 3. It can
be found that the final setting time of the B1 composition
has been determined as being about 13.5 h, while B2—B6
was only 23—32 min. When the sodium silicate amount in
the Bl composition is very small (<1%) the reaction
between the latter and MS is probably very weak and does

Table 2
Compositions of CB and density of liquid glass

Number  Composition, wt.% Liquid glass
L density,
MS HAC  Liquid glass components 3
kg/m
Sodium Water
silicate
Bl 19.1 572 0.7 23.0 1025
B2 184 556 4.4 21.6 1150
B3 182 545 59 214 1200
B4 179 538 7.4 20.9 1250
B5 17.5 525 9.9 20.1 1330
B6 172 518 11.4 19.6 1380

The study of an exothermic effect has shown that the
temperature curves may vary in two ways, depending on the
amount of sodium silicate in the mix. When the latter is very
small (B1 composition), the temperature of the specimen
rises only by 2 °C (Fig. 1) in the first hours of the hardening
and starts rising sharply due to an exothermic reaction, only
in 13 h. The maximum of EXO temperature (110 °C) was
reached in 15 h, while in pure HAC paste with W/C equal to
0.3, the maximum EXO temperature was reached in about 6
h [14]. It can be seen that in B1 composition, sodium silicate
acts as a retarder of HAC hydration.

In B2—-B6 compositions, exothermic temperature varia-
tions (Fig. 2) are different from that of the Bl composition.
Two distinctive stages of temperature variation can be ob-
served in this case. At the first stage, the specimen temper-
ature has risen by 3.5—7 °C due to the reaction proceeding
between the sodium silicate and the slag [Eq. (1)]. During the
reaction, the temperature reaches its maximum value in 20—
60 min, being not changed within the interval of 3.5-5 h. It
has been observed that the value of the maximum temperature
(as well as the time of binder hardening) depends on the
amount of sodium silicate in the binder. The larger the amount
of sodium silicate, the higher the maximum exothermic
temperature reached at the first stage.

The second stage of the temperature rise begins 4—5 h,
when the temperature reaches 44—77 °C. This increase of
temperature is caused by the HAC hydration proceeding in
a hardened binder. It has been observed that the EXO
temperature at the second stage achieves the extremum
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Fig. 1. EXO temperature as a function of time for the B1 binder.
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Fig. 2. EXO temperature as a function of time for the B2—B6 binders.

when the density of liquid glass is about 1250—1330 kg/m’
(sodium silicate amount: 7.4—9.9%). The specific type of
CB hardening may be accounted for the particular effect of
the slag. During the reaction between sodium silicate and
the slag, the latter reduces the amount of sodium silicate in
a composition, as well as releases a certain amount of water
from the liquid glass. In addition, the silicate gel [Eq. (1)]
containing a large amount of water is shrinking and
expelling water from its mass when the temperature rises
[8]. It is probably because of these processes that the
molecules of free water reach the surface of the cement
particles, taking part in the hydration proceeding in the
hardened binder.

4. Conclusion

A CB consisting of HAC, liquid glass (with the amount
of sodium silicate >4%) and MS has two maximums on
exothermal curves referring to its hydration. At the first
stage of 3—4 h, a reaction of y-C,S of the slag with sodium
silicate took place, and the exothermal effect was very weak.
The second maximum of exothermal effect was observed

after the final set in the already hardened CB in 5—7 h, and
it was accompanied by the hydration of HAC. The first and
the second exothermal effects largely depend on the sodium
silicate amount.
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