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ABSTRACT

The hydration process of alkali-activator slag(AA®menting material was studied by ultrasonic, &AlS’s
hydration heat was test too by changing the emwirent temperature, activator modules. The reshlbsvsthat the
hydration process of AAS can be divided into thstages: the initial phase hydrolysis, hydration elecation
period and stable phase. The hydration rate anddtyah heat of the AAS materials will remarkablycelerate as
the temperature raise. The appearing time of trekpalue of the hydration exothermic curve of thk@laactivated
cementitious material delays as the activator meduncreases, and the peak value also graduallyeheses.
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INTRODUCTION

The hydration of AAS cementing materials means dhemical reaction after the combination of the deted
superfine slag powder and the alkali activateddiqi’he earliest “alkali-activated” theory was gatward by
Purdon, etc[1]. In his research on the cement higrgrocess, he finds that NaOH can make alumiicase
easily dissolves into Na2SiO4 and NaAlO2, thosadpots then react with CH (calcium hydroxide) andates
hydration calcium metasilicate and calcium chlorafiter the hardening of cement, it will again getes NaOH,
in the whole process, NaOH acts as a catalysisedardening process of cement. The hydration pgpooEAAS
cement is known to differ significantly from that the Portland cement by the rapid reaction dutimg early
hours, causing the quick strength development dk ##ringite is the dominant hydration producteafthree
hours that gives the early strength[2].AmorphouOil); may also be formed, but could not be identifiedhia
X-ray diffraction (XRD) pattern[3]. The hydratioadtors that affect slag cement which excited bwplalkre varied
and complicated[4-5]. The features of superfing glawder itself, the variety and dosage of actiffét8], the
dosage of admixture[9], and the environmental teaipee[10] all have huge influence on the hydratiowl heat
release of alkali - inspire slag cementing matsrial

In this study, the ultrasonic is used to test theraition process of the AAS cementing materials, #ie hydration
process is analysised from chemical point of vibwaddition effects of the environment temperataetjvator
modules to AAS hydration react heat is investigated

EXPERIMENTAL SECTION

Materials

The oxide compositions of materials obtained bygishe X-ray fluorescence (XRF) technique are disteTable

1. The slag is a water quenched slag with densi8.@51 g/cm. SEM images of the slag are shown in Fig.1 and
its particle size distribution is plotted in Fig-Bhe fig. 2 is the SEM image of the fly-ash. Thdféerent solutions
are prepared in the experiment, i.e. the watersglapgiid, NaOH solution and de-ionized water. Tloarse
aggregates are crashed limestone gravel sizingeleet®-35 mm.
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Table 1. Oxidecompostion of materials(mass%)

Material SO, | Al,O; | Fe0O3 | CaO | MgO | K;O | Na,0 | TiO, | SO; | L.O.I.
GGBS 30.39| 11.64 0.42| 422y 846 0859 042 147 2.05 6 12
Water glass | 71.71| 1.19 0.13 2.07 0.21] 0.1 23.62 0/85 i
NaOH 0.1 0.064 - - - 99.8

The activator solution consists of water glassitigiNaOH and water (extra water added to the smh)tiNaOH
was added to change the modulus (Si@ to NaO molar ratio) of the activator solutiogNaOH=Na,0+H.0 The
chemical composition of solid sodium metasilicate71.71% NgO and 23.62% Si© The molecular formula of
commercially available industrial sodium silicate NaO-nSiQ, sodium silicate modulus (Ms) is the ratio of
fraction mole of silicon dioxide and the fractiorol® of sodium oxide. According to modulus definitjathe
sodium silicate modulus can be adjusted throughintreduction of sodium oxide. The following forms the
calculated mode:

Fig. 1 SEM image of thedag

Alkaline activator modulus

Referring GB / T 4209-2008 "industrial sodium salie" norms of China to test the sodium silicate ohoes, and
get the Na20 Mass Fraction is 24.12%, the SiO2sMraaction is 73.08%, so the the sodium silicateluhgs is
3.03 (73.08%/ 24.12%). Solid content of the water glagsid is 37.5%. The table 2 is the compositiortted
activator solution. The activator solution modulssl.5. Table 2 is the reconciliation sheet of hlkativator in

different modules.
Table2 Alkalineactivator modulusadjugtingtable

Modules 1.0 13 15 17 19 25
M atching Wi Sodium silicate | 100 100 100 100 100 100
9 ’ NaOH 241 159 123 95 73 29
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Fig. 2 Therelationship between the alkalis activated modulus and setting time

A large amount of tests found that when the aabivatodulus is between 1.0 and 2.0, AAS cementinterizds
can be easily molded, mixing is easily conductednduthe molding process, and the process has rigbility,
and has higher strength in 1d. Figure 2 showswihain the modulus of the activator ranges from @.2.0, as the
module Ms increases, the sample’s initial settingetand final setting time gradually increases. $ample whose
module is 1.9 has the longest setting time. Buinisal setting time and final setting time areryeshort. The
initial setting time is 30 minutes, its final satjitime is only 70 minutes.

Hydration heat

As to the above alkali activated cementing materim the mix proportion of static slurry, the a&atior modules
are 1.0, 1.5, and 2.0, when doing the test of tloegss of the hydration exothermic changing testhastime
changes, the test instrument of PTS-12S digitalecgrhydration heat measurement system, the tesiocheefers

1181



Xiao-hui Yuan et al J. Chem. Pharm. Res., 2014, 6(4):1180-1184

to GB/T 12959-2008 The Determination Method of Catnidydration Heat. Figure 3 shows the alkali adtda

cementitious material hydration exothermic curvdamdifferent modulus and same dosage of sodiuoasl
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Fig.3 The alkali activated cementitious material hydration exother mic curve under different modulus

Fig. 3 shows that under the same conditions, tipeang time of the peak value of the hydrationtke&omic

curve of the alkali activated cementitious matediglays as the activator module increases, anddhk value also
gradually decreases. It is mainly because as ttieatmr module decreases, the initial basicityref solution will

increases, the content of NaOH also increasesraiogpto the alkali-activated theory, the increa®laOH in the

solution will accelerate the early hydration of thkali activated cementitious material, so under ¢ondition of
low module activator, the early hydration reactisimore fierce, the related peak value of hydratemperature
will also be in advance.

Figure4 and figure 5 are the hydration heat releasees after the combination of 500mg slag anchlabctivator
solution under the conditions of Z0and 40C. From figure 4 and 5, the hydration heat releasees of AAS
cementing material and portland cement[9] are \&mjilar. According to the piecewise form of hydaatiheat
release curve of portland cement, the hydrationt hedaase process of the AAS cementing materiatsatso be
divided into 5 stages: (I) Quick reaction period @Ae early period of induction); (II) Induction ied AB; (l11)
Acceleration period BC (late induction period); JIWeceleration period; (V) Stabilization period D#iffusion
control period). In the quick reaction period, whit'e environmental temperature is‘@0Qthe peak value of
hydration heat release curve of cementing mateisaB406mw, it appears at 0.663h, while the temiuee is
40°C, the peak value of hydration heat release curveeafenting materials is 10.755mwit appears at 0.173h.
This shows that when the environmental temperatiges from 20C to 40C, the peak value of hydration heat
release curve of cementing materials dramaticatigréases. In the third period of acceleration, wiies
environmental temperature is 20 the peak value of hydration heat release curveemfienting materials is
0.686mw, it appears at 16.800h. While the tempegati40C, the peak value of hydration heat release curve of
cementing materials is 4.304mw, appears at 3.482R0°C, the average value of the total amount of hydmatio
heat release of the alkali activated cementing naseis 161.287 J/g. Under the same conditio4Git, the
average value of the total amount of hydration mekgase of the alkali activated cementing mateligl301.915
J/g. Under the same condition, the heat releaseoofjanic cementing materials at’@Qis 1.872 times of that at
20°C. By the above analysis data, under the same d¢ongdiis the temperature rises, the rate of hydratieat
release of the alkali activated cementing matedatslerates, the total amount of hydration hdatse increases.
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Fig. 4 20 "C hydration exothermic curve Fig.5 40 °C hydration exothermic curve

Hydration process
The hydration process test used Pundit lab Ultriastaster produced by PROCEQ Testing Instrumenispamy
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in Switzerland. To undertake ultrasonic test. Téstihg apparatus are showed in fig. 6. Via testhgy wave
velocity change of alkali activatecementitious material and the test on ultrasong higdration process can
reflected. During the testing process, in ordeget the early hydration wave velocity of the slurttye sample’:
molding process should be seriously controlledeAthe miing of the slurry, it should be quickly put intoet
ultrasonic testing mold and be vibrated tenselgntthe two test probes of ultrasonic should beamt$t aimed a
both sides of the mold center, butter was usedh@sdupling agent between the pr and the mold, then fix the
probe, open the instrument, and set the paraméler.data of the whole test was collected by compule
interval settings of the data was collected onaenmiaute. As regard to the laboratory conditiofe temperatur
should be controlled at 20£3 the humidity should be controlled at 70+1C

Fig. 7 is the cementing materials ultrasonic wageity changes with time diagram with 0.35 watelidsratio,
1.5 alkali excitation agent module. It can be sd®at 30 minute before testing, the ultrasonic wave veloc
slowly increases, soon afterwards, the wave veloniuishroomed. As the hydration continues, around
minutes, the ultrasonic wave velocity obviously védal down, then flattened out, and the hydratiore
dramatically declined. The figure shows that theedfion point of Point A and Point B has roughly geme
condensation time with alkali activated cementisiouaterial. Via ultrasonic wave velocity changeshwime
diagram of fig. 7, the hydration prcss of alkali activated cementitious material systean be roughly divide
into three stages: the initial phase hydrolysigirhtion acceleration period and stable phase. fhedtage: the
reactions happened in the initial phase hydrolgses mainly hat after the fuse of alkali activated cementiti
material system (solid phase) and al-activator solution (liquid phase), sodium silicagi@dually hydrolyzed,
large number of OH-was formed in the solid phase solution, at the sime, a large mount of Si(OH)4 was
formed. As the reaction continued, Si((; was resolved into active SiOThe whole process is a heat relea:
reaction, it produced mass hydration heat, butngdutiie whole process, the solid phase almost didake part ir
the hydration reaction, this is the main reason whyyealtrasonic wave velocity is not high. Secondgst:
hydration acceleration period. Hydration heat pastlin the first stage make the-O, Al-O and Ca-O in the
surface of the solid phase easier tock with the polarization of OH-the solid and stable net structure in
surface of the solid phase was destroyed- was carried into the inner part of the phase. AmafiCe>* formed
in the pore of the solid phase, these positiver@atted with aive SiO, dissolved and produced in the first sti
and produce a large amount of é€4yelatin, this gelatin connects the solid phagtigdas which are hydrated ai
not hydrated. As a result, the whole system is wefinected. When the connection reid a certain degree, the
system transformed from plastomer to elastomer. Wihele process happened around 30 minute to 100te
during the hydration. The third stage: th-S-H gelatin product was formed in the second staggha reactiol
continued, tk gelatin gradually incased the solid phase suyfaced it became thicker and thicker. As the exis
the incased layer, the liquor phase and the sdias@ were isolated. The solid phase particle cootdcontinue tc
get OH-, so a polarization reaatievould not occur. As a result, the solid phaseneativity could not continue t
increase. Thus, at this moment, the ultrasonic walecity became slower because it could not insgesny more
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Fig. 12 Ultrasonic automatic acquisition instrument Fig. 13 ultrasonic wave velocity changeswith time diagram

RESULTS AND DISCUSSION

AAS cementing materials can be easily molded andngiis easily conducted when the activator moduf.
between 1.0 and 2.0. The AAS cementing materiaiial setting time and final setting time gradyailhcrease:
with the the modulus of the activator increasednfrd.0 to 2.0. The temperature can remarkably effee
hydration heat and the productiof the AAS cementing hydration is the main reasory wie Velocity chang
during test.
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CONCLUSION

The AAS cementing materials’ initial setting timecieased by improving the activator modulus. lasieg the
external temperature can remarkably increased yteation of AAS cementing materials. The hydratmocess
of AAS can bee divided into three stages: the ahipihase hydrolysis, hydration acceleration pedaod stable
phase.
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