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Abstract
This study aims to investigate the activating effect of Na,COz; and NaOH on the workability and mechanic strength of slag-based alkali
activated materials with different alkali contents and water to binder ratios. The heat release during the reaction process of slag
activated with sodium carbonate and sodium hydroxide were monitored respectively to analyze the hydration process. Meanwhile, the
wor kability and compressive strength were al so tested with two types of activators (Na,COs; and NaOH), two different dosages (5% and
7% of equivalent Na,O by slag weight) and three different water to binder (W/B) ratios (0.37, 0.45 and 0.5). The results show that the
reaction process of slag activated with sodium carbonate is much slower than that of sodium hydroxide activated one, and its reaction
phase happens approximately 40 h after the dissolution phase, and in all cases, sodium carbonate gives the higher fluidity and

compressive strength with the same Na,O content and W/B ratio.
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1. INTRODUCTION

Due to the serious environment issues occurringdwade in
recent years, many efforts have been contributeeédace the
usage of conventional cement based materials amdciale
industrial wastes. It is generally accepted thkalalactivated
materials (AAM) is considered to be the most po&mroduct
in replacing currently widely used traditional cethé terms
of mechanical properties and durabilities e.g. fiesistance
[1,2] and heavy metal immobilization [3-7]. Slagshbeen
considered as the most potential raw material ifMAgystem,
and the relevant properties and influential factdrslag-based
AAM have been extensively studied from the earggst[8,9].
The alkali activation of slag involves the dissaatof calcium
and participation of Al to form a C-(A)-S-H type 1d8,9],
promoting the development of high mechanical stiterand
durability in AAM systems [10-12].

As a matter of fact, the influence of differentalllkactivators,
different concentrations and compound alkali attikgon the
mechanical properties of AAMs has been extensisélgied.
Wang [13] investigated the effect of the type okatihe
activator, dosage of alkali, the type and finene$sslag,
SiO,/NaO ratio on the strength of slag-based AAM, and
concluded that waterglass is the best activat@llicases and
the best alkali dosage is within the range of 38%4bNaO by
mass of slag. Similar results was obtained by [#4]p used
sodium silicate, sodium hydroxide, sodium carbonstelium
phosphate and combinations of these activatorsgudy sthe
influence of activators on the compressive stremgtif
Australian slag-based AAM. They concluded that iliqu
sodium silicate gave the highest mechanical sthenfgtilowed
by sodium carbonate (MNaOs) and sodium hydroxide (NaOH)
and recommended the optimum proportion of sodiuinase

Even though the activating effect of different typef alkali
activator with different concentrations and W/Bigat have
been widely researched, however, only the reagirocess of
sodium silicate with slag was systematically stddighile that
of sodium carbonate, in most cases, only behavesa as
reference showing the superiority of sodium sibicafs a
result, actually few researches have been condumtedhe
differences of reaction process of sodium carbomate the
raw material slag compared to other alkali actiksaton this
study, the hydration heat of slag activated by wwdtarbonate
and sodium hydroxide respectively with the sameateel
parameters were detected by a calorimeter instrunien
analyze the reaction differences of these two abketivators
and compare to general AAM and conventional cerasmell.
And then, two types of activators (]&O; and NaOH), two
different dosages (5% and 7% of equivalentldy slag
weight) and three water to binder ratios (W/B) 10.8.45 and
0.5) were selected to investigate their influenaas the
workability and compressive strength of slag basA.

2. MATERIALS

2.1 Ground granulated blast furnace slag

The ground granulated blast furnace slag (GGBS) irs¢his
study was provided by ENCI B.V, the Netherlandsthvthe
specific surface area of 2998 ¥m Table 1 presents the
chemical composition of the GGBS determined by ¥-ra
Fluorescence (XRF) and the particle size distrdyuts shown
in Fig. 1.

Table: 1 Chemical composition of GGBS determined by XRF

solution with a module ratios of 0.75, and 4% Nasdyl on the Chemical CaO SiO, Al2O; FeO; KO NaO Stotal Mgo TiQ Cl
workability and compressive strength. C‘Z;“th’%e“‘ 386 355 136 048 048 035 127 102 101 0011
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Fig. 1 Particle size distribution of GGBS

2.2 Alkali activator

The investigated alkali activators were sodium oadbe and
sodium hydroxide (both are in powder form, chemaalysis
level). The powder of alkali activator firstly watssolved in
water in a 2000 ml glass beaker and then was puat $ink
containing water to cool down for half an hour. Tduatent of
alkali activator and amount of water was determired
different materials design as shown in Table 2 |evhasically
the mass of sodium carbonate versus that of sodigdroxide
equals with the equivalent sodium oxide {85

Table: 2 Mix proportions of slag based AAM paste and related
design parameters

: Weight of materials /g
Mixture no.| Activators| W/B ratio Content of activato
(NaO %) S )
ag | Water| Activator
1 0.37 5% 440 70.99
2 7% 108.38
NaOH 0.45 540
3 5% 77.44
4 0.5 7% 600 108.38
1200
5 0.37 5% 440 102.6
6 5% 102.6
NaCOs 0.45 540
7 7% 143.65
8 0.5 5% 600 102.6

The content of activator: equivalent /acontent of activator
by mass of slag.

3. EXPERIMENT

Table 2 listed the various mixes that were madesicening
the different content of alkali activators and wate binder
ratios (W/B). Two types of alkali activator (M20O; and
NaOH), two different dosages (5% and 7% of equivaig,O
content by mass of binder) and three different \W&os (0.5,
0.45 and 0.4 respectively), were applied to comptre
relevant materials properties of slag activated difjerent
alkali activators.

3.1 Heat release

The heat released from the slag reacted with difietypes and
content of alkali activators was detected by a roaletry
instrument (TAM AIR Calorimeter). For hydration lea
experiment, the materials were first mixed in ataorer and
then poured into a glass of bottle which is themsoeed in the
calorimeter instrument. As a result, the first gaare of this
experiment would generally takes 4~5 minutes before
measuring the hydration heat of samples.

3.2 Flowability

Following Nematollahi [15] and according to EN 1635the
fresh paste was poured into a Hagermann cone {&opeter =

70 mm, bottom diameter = 100 mm, height = 50 mm).
Subsequently the top surface of the cone was ldvahel the
extra paste was removed. After about 15 seconds the
Hégermann cone was lifted vertically and diametfehe paste
spread was measured along two perpendicular directiThe
relative slump value was derived from the followeguation:

d .
rp=(d—0)2—1 with o = 27% 1)

whererp is relative slump, d is the average of two meature
diameters of the paste spread zdyjis bottom diameter of the
conical cone, equals to 100 mm.

3.3 Compressive strength

To measure the compressive strength of the pagigups of
specimens (4940x160 mni) were casted in plastic moulds
respectively. To prevent the moisture loss the mubld
specimens were sealed with a plastic foil. The ispeits were
cured at ambient temperature for 1 day and themvethfrom
the moulds and cured in water at room temperatut# the
age of testing. While in the case of slag activadigdsodium
carbonate the specimens could not be demoulded 2dtéh
curing because of the slow reaction rate baseth®mhydration
results. As a result, the specimens of slag aeivawith
sodium carbonate were removed from moulds afteay& @f
casting. 7-days compression strengths after castiege
measured using a compression machine at a loadf&400
KN/min.

4. RESULTS AND DISCUSSION

4.1 Effect of activator on the hydration

The heat release experimental results are showigin2. As
can be seen, the reaction process of slag activgtesbdium
carbonate and sodium hydroxide is quite differeotnf each
other. According to the conceptual model for reacti
processes involved in geopolymerisation suggeste@rbvis
and Deventer [16,17], the first reaction procedisethe
dissolution (first peak) of raw materials in théadl solution
followed by the oligomerisation/gelation (seconélde which
are also confirmed by the experiment. The hydratiorve of
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slag activated with sodium carbonate indicatestti@treaction
of the specimens started about 40 hours (seconkl) fheter
than the dissolution (first peak), while the slamgivated with
sodium hydroxide started just after the dissolutjpert at
around 30 minutes. This phenomenon is confirmedthsy
compressive strength results. The products of aletiyated
with sodium carbonate cannot be demoulded and resrsaift
after nearly 2 days curing, while that of sodiundtoxide can
be demoulded after 2 hours casting, which are spoedence
with the heat release process.
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Fig 2. Effect of different types of alkali activators witihe
equivalent content of N@® to the binder on the hydration heat
of specimens at 20

As a matter of fact, the hydration tendency of bethg
activated by sodium carbonate and sodium hydroxade
different from that of cement based materials. Bevwn in Fig.
3, the hydration heat evaluation rate of differegplacement
levels of cement by slag were investigated by HEB].[The
hydration tendency of cement-slag binder is simitathat of
slag activated with sodium hydroxide but the pebdeaction
hump (second hump) of former one (around 100 hoigs)
much longer than that of the later one (about l@rdjo
similarly, the delayed setting of slag based AAMswaported
by other authors [14].

(a) 104

— M
=— =Slag30 |
-== Slags0 |
------- Slag70
== Slag90

Hydration heat evolution rate (Iigh)

Hydration time (h)

Fig 3. Hydration heat evolution rate of cement (CM) repig
with different contents of slag at 25[18]

3.2 Flowability

Fig 4. Examples of flow of slag activated by: (Left) Sadiu
hydroxide (W/B 0.37 and 5% equivalent J@aby mass to the
binder/slag), (Right) Sodium carbonate (W/B 0.4% af%o
equivalent NgO by mass to the binder/slag)

The relative slump of slag activated with sodiumboaate and
sodium hydroxide is shown in Table 2. As can besgnsin
general, the higher the water content (W/B ratie) higher the
relative slump will be, which is similar to that cément based
materials without using superplasticizer. On theeotand, the
higher the alkali content to the binder is, the dowthe relative
slump will be. Meanwhile, under the same equivatmtent
of N&O by mass to the binder and same W/B ratio, th&hfre
paste of slag activated by sodium carbonate shoetterb
fluidity than that of sodium hydroxide. Fig. 4 sheviwo
examples of slump of slag based AAM paste withedéht
proportions, and the one of slag activated by sadiarbonate
with W/B of 0.45 and 7 % equivalent p& by mass to the
binder, while the other one with 5 % equivalent®@and W/B
of 0.45 hardly shows any slump.
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Fig 5. Effect of alkali types and contents (awt.%) and
W/B ratios on the relative slump of slag based Apaste (the
mixture numbers correlate with Table 2)

3.3 Compressive strength

Fig. 6 indicates an overview of the influence dfadil types,
alkali content and W/B ratios on the compressivergjth of
slag based AAM paste. As can be seen, in geneitd, am
equivalent content of alkali activator and same WiéBo, the
slag activated with sodium carbonate shows mucherbet
compressive strength than that of slag reacted wattium
hydroxide, which is in line with other authors [14The
compressive strength of specimens increases with th
decreasing content of water in this alkali activgtisystem,
which is similar to that of cement-based materi@is.the other
hand, the compressive strength increases with nbreasing
content of alkali activator to the binder, whiche aalso
confirmed others experimental results.

= = N N w w
o v o w o v

Comp. strength (7 d) / Mpa
w

o

1 2 3 4 5 6 7 8
Mixture numbers

Fig 6. Effect of alkali types and contents ()Xawt.%) and
W/B ratios on the 7-day compressive strength off dlased
AAM paste

As shown in Fig. 6, the strength tendency of speosn
generally fits with the rules described above. Nihadess, the
mixture proportions of mixture No.5 (M5) have loweater
content than that of M6 with same JIacontent, while the
strength of M5 is nearly the same as M6. On therottand,
under an equal W/B ratio, M6 shows a better congives
strength than that of M7 but with a lower alkalintent. The
possible reasons for this phenomenon may lay onaspects:

1, water content. A low water content will causepaor

flowability (Fig. 4), which means air cannot escaasily from

the matrix leading to high porosity. 2, a high éll@ntent

may increase the viscosity of fresh reaction prodnd reduce
the workability as well (Fig. 5), inducing a podrength.

4. CONCLUSION

To conclude, from the perspective of hydration pes; it is
apparent that slag activated by sodium carbonatenish
slower than that of sodium hydroxide and converdion
cement-based materials, and slag activated by sodilicate
[16,17].

1. The reaction process of slag activated with sodium
carbonate is slower than that of those activateth wi
sodium hydroxide/silicate, and its reaction phasppens
approximately 40 h after the dissolution phasejceted
by the hydration heat experiment;

2. The slags activated with sodium carbonate showterbet
workability than those activated with sodium hyddax
with the same W/B ratio and Ma content;

3. The compressive strength of slag activated withivsod
carbonate is much better than that of sodium hydeox
activated ones;

4. In general, the higher the alkali activator contand the
lower the W/B ratio is, the higher the compressitrength
would be.
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