International Journal of Advanced Engineering and Nano Technology (IJAENT)
ISSN: 2347-6389, Volume-2 Issue-11, October 2015

Effect of Nanosilica on The Formation of Calcium
sulphoaluminate Hydrates Prepared from
Nanomaterials
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Abstract- Nano-materials such as nanosilica (NS), nano- In addition, the NS—particles act as nuclei totfi¢ voids of
calcium hydroxide {Ca(OH).}, and nano-aluminum hydroxide the CSH structure and tightly bond with CSH pagscIThis

{AI(OH)3} have been synthesized using a suitable method. In means that, NS reduces the calcium leaching ratemént
addition, gypsum has been prepared by precipitation method. The 5104 and therefore increasing their durabilit, [16].

as prepared nano materials are characterized using x-ray L .
diffraction (XRD), transmission electron microscopy. The Ettringite, ~ CgAly(OH)(SO,)s26H,0, is a naturally

average particle sizes are 15 nm, 49 nm and 25 for NS, Ca(OH), ocgurrihg min_eral found iﬁ Germany fQ" the firsh&[17].
and Al(OH)s, respectively. These nano-materials are mixed with ~ This mineral is characterized by a high contentwater.
gypsum in a stoichiometric ratio to form ettringite as well as  Molecules and is important for cement technologgause

at room temperature up to 28 days. All hydrated samples were cement (PC). Also, it has a wide application rarige

characterized by performing chemical methods, XRD, differential w
thermal analysis, and thermal gravimetric analysis techniques. It another types of cement called “regulated set cénias,

was found that, the disappearance of Ca(OH), due to its 19]_ and ‘_‘Ca!CiumSUmhoa'Um_inate cemenf20, 21] in
consumption during the reaction with NS stabilizes ettringite  which ettringite plays a crucial role on the easlyength

formation. development of these novel cements. Another agjgitas
Keywords. Etrringite, ettringitetNS, hydration time, to grout in which quick setting of slurry is recidr[22].
characterization techniques. Others are to paper coating commercially calledntiSa
White,” in which whiteness and impermeability are
l. INTRODUCTION requeste(ﬂ23, 24]_
Nano-particles (NPs) have attracted more tterand Monosulfate  (3Ca0.4D;.CaSQ.12H,0) is related

applied in many fields to fabricate new materialthwnovel ~Sulfoaluminate  compound. In  cement nomenclature,
functions, due to their unique physical, chemicad a ettringite is also referred to as AFt and monoselés AFm.
mechanical properties. Addition of NPs, even atywmall The formation of ettringite while the concreterisa plastic
amount, to cement-based material enhances its Wititka state contributes the initial setting of concrétkernatively,
strength gain, and durabilifit]. The role of NPs in cement ettringite formation after concrete has been st anrigid,
can be summarized as follows: i) they act as ller the solid mass can be deleterious and can cause tkeolos
empty spaces as well as crystallization centersydfated ~Structural integrity. This dual character is dugtte increase
products to increase cement hydration. ii) NPssagsivards Of Solid specific volume accompanied with ettriegit
the formation of small sized CH crystals and honnegeis formation. In the literature, the expansion isilttred to
clusters of C-S-H. iii) They improve the structuds ettringite formation with needle like structuf@5]. AFm
interfacial transitional zone (ITZ)2[ 3] During the last incorporates only 1 mole of sulfate and exhibifsiate like
decade, different NPs have been used in concrefe as Microstructural morphology [26]. The formation of
Si0,, CaCQ, TiO, ZnO, Al,Os and FeOs Among of monosulfate in hardened concrete is generally not
them, nano-Si® (NS) has been extensively used jconsidered deleterious, since its formation caukss
cementitious systerfd—9]. This is mainly due to that, NS- €xPansion than does that of ettringite. There @wever,
particles enhance the compressive strength andesdhe evidence in the literature which indicates thatpnosulfate
permeability of hardened concrete because of irzqlanic formation also causes expansig2i]. Ettringite can be
properties, which result in finer hydrated phasesl a Synthesized by heating an aqueous suspension cimgais
densified microstructure (nano-filler and anti-Ce)@ constituent powders. There are two proposed methards
leaching effect) [10-13]. Ji [14] demonstrated ,thaettrlnglt_e synthesis; Qne of them is the heatingusipension
nanosilica (NS) can react with lime and reducesize as Ccontaining both calcium hydroxide (CH) and,80,)s. The
well as amount, thus decreasing ITZ between agtgegamd second _mcIudes heating of suspension cgntal_nmg, CH
therefore the cement paste becomes more dense. Al(OH)s in presence of gypsum §Bl;). Especially in the
second case in which gypsum is used as a sour&OAf
instead of A}(SQy)s, the reaction becomes much difficult to
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the ettringite and monosulfate from tricalcium aloate
(3Ca0.ALOs), gypsum (CaSER2H,0), and sodium
hydroxide (NaOH) solutions. It was found that hyina in
deionized water produced ettringite and monosuléetehe

The NPs were characterized using XRD and transomssi
electron microscopy (TEM), to be used for the prapan
of sulphoaluminate phases (Ettringite and Monosatigh
The mix composition of Ettringite + NS and Monoshdpe

dominant crystalline phases, regardless of temperat + NS mixtures has molar ratios of 3CaQ@4.3CaSQ.NS
Thermal analysis and XRD data indicated that, Usphaand 3CaO.Al0;.CaSQ.NS, respectively. The dry
formation becomes the dominant reaction with theréase constituents for each mix composition were mectallyic
of NaOH concentration. ElI Didamony et F80] synthesized mixed in a ball mill for 30 min. to achieve compget
C,A35, monosulphate mix (&%) and activep-C,S from homogeneity, and then hydrated for 28 days. Thea fou
nano-materials at ~1250°C. The hydration mechanigm Mixtures (ettringite as well as ettringite + NS and
studied by XRD and DSC techniques as well as tH@onosulphate as well as monosulphate + NS) werednix
determined from chemically combined water contentdith the water of consistency according to ASTM
(Wn,%) of cement pastes with curing time. The rssuldesignation &, [36]. The hydration kinetics of the pastes

revealed that, the ettringite as hydration prodiscffirst
formed in the monosulphate mix, which then conwkiteo
monosulphate hydrate. On the other side, the rdte

was studied up to 28 d. At each testing time, tydrdtion
was stopped as in previous worfd¥, 38]. Some selected
samples were analyzed using XRD, DTA, and TGA

hydration of active3-C,S increases linearly with hydration techniques. Also, the combined water contents @& th

time from 3 up to 90 days, whereas, the traditigh&l,S
hydration increases with lower rate up to 90 ddy to the
thermodynamic stability of traditional belite sttue. More
interest, the formation of active belite and sulghminate
phases from nano-materials has lower energy regeinés
and lesser formation of Ca(OH3BL1 ]. Since the ettringite is
expansive in the presence of lime so that it hasciap
applications such as shrinkage-resistant and selsing
cements. On the other hand, the formed ettringitehie
absence of lime is non-expansive and generates ddadl
strength in cementitious system. This last propevas
exploited to develop a concrete with high earlyemsgth
[32]. In this work, it was aimed to throw light on th#fect
of nanosilica on the ettringite as well as monosatp mixes
that prepared from nano-materilas as an extensfoouo

investigated samples were determined on the ignieidht
basis after firing at 1000°C. Also, the free gypswas
determined as in a previous wdg89].

[l (B). Characterization of the starting materials

Figure 1 (a, b and c) shows TEM photographs of the
prepared NS, nano-Al(Okl)and nano-Ca(OH) It was
reviled that, the particle size of NS, nano-Al(Qldhd nano-
Ca(OHy) is about 15, 25 and 49 nm respectively. XRD
patterns revealed that, NS and Al(QHhow amorphous
structure. On the other hand, bott§HG and CH have

crystalline structure as shownhig.2 (b & d).

lll. Results and Discussion
11 (A). Effect of NS on the hydration of ettringite mix with

previous work [30]. Accordingly, the preparation of cyringtime
sulphoaluminate phases was carried out by using-nan

materials. The prepared samples were characteriza)
X-ray diffraction (XRD), differentional thermal alysis
(DTA), and thermal gravimetric analysis (TGA) te@jues.

Il. Materials and Experimentals

[l (A). Preparation of sulphoaluminate phases

The materials used in this work were nano-,Sigano-Al
(OH)z, nano—Ca(OH) and gypsum. The nano-Al(Otyvas

X-ray diffraction analysis

Figure 5 (a-c) depicts the XRD patterns of theregite mix

with curing time. It is obvious that the ettringaad gypsum
are the major phases with the appearance of Ctd @8 td

of hydration. The monosulphate phase has no raflect
peaks within the accuracy of X-ray experimd8i].The
presence of gypsum up to 28 d is mainly due to
retardation of the hydration reaction by the foioratof a
coating layer of ettringite on the surface of tleaatants.

the

prepared from Al-dross after leaching with HCI, rthe This retardation proceeds with the diffusion of,S@rough
precipitated by ammonia solution at pHE3]. NS was also  the coating layer in the earlier stages formingerettringite
synthesized by acidic hydrolysis of sodium silicatghan that of latter hydration period€0f44]. It can be
(N&SiO;) using (0.5N) HCI and slowly stirred at 60°Cconcluded that the ettringite formation increasesarly

at pH range 1-234].

ages of hydration up to 3 d, whereas gypsum deeseaih

Nano CH was prepared by separately dissolvingme, due to the partial consumption of free gypsum

Ca(NOy),.4 HO (0.5 M) and NaOH (0.7 N) in 50 mL

distiled water (DW), then stirred for 10 min atoro
temperature. The prepared mix was irradiated byaniave

In addition, the decrease in the peak heightttringite
phase at later ages may be related to the padialecsion
of the formed crystalline ettringite into an amaophk phase.

energy using domestic microwave oven (frequencys 2.4a|so, the CH peaks are still present up to 28 days.
GHz and maximum power 800 W) in ambient atmosphere The XRD patterns of ettringite + NS as a fiowctof

for 10 min. After this, the solution was allowed d¢ool in
air; the resulting precipitate was collected by wan
filtration, washed with DW and absolute ethanol amnikd
in vacuum at 8% for 1h [35]. C§H, was prepared by
precipitation method through the reaction betwealciem
acetate and ammonium sulphate.

14

hydration time is shown in Fig. 3 (a-c). The XRDttpens
illustrate the presence of ettringite and gypsumaddition to
Portlandite at all curing times. The Portlanditedsnpletely
consumed after 28 d. It is concluded that, NS seagth CH
to give CSH gel[14], which can not be detected by XRD
technique. It is clear that, the intensity of eigite peaks
increases up to 2 d, and then decreases at 28 theQvther
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addition to the residual gypsum, which have a Mgt %.

time. This may be due to the same reason as meudtiorit can be noted that, the Wn, % of ettringite ngxhigher

previously discussed. The CH peak intensities @eseravith
curing time, due to its consumption during the fation of
CSH and ettringite.

Thermal Analysis

Figure 5 (a,b) represents the DTA and TGA thermogsa
of ettringite mix. As seen from the figure, thene ahree
pronounced endothermic peaks that located at 4%, dnd
417°C for 6h of hydration. The first two endothecrpieaks
are mainly related to the dehydration of ettringédad
gypsum, respectively. It is also clear that, thakpeatensity
of ettringite increases with the hydration time dgse of the
formation of some amorphous ettringite (as indidar®m
the XRD patterns). On the other hand, the pealensity of
gypsum peaks decreases. The results of DTA aregwod
agreement with those of XRD. In addition,
endothermic peak that located around 417°C, idael#o
the dehydroxylation of Ca(OHK)nd its intensity slightly
decreases with hydration time, indicating its caongtion,
produces ettringite. There is another broad endutice

than that of ettringite + NS, especially at thatfi24 h. This
may be due to the high pozzolanic reactivity of wigh CH
[14]. From 24 h up to 28 d of hydration, the Wn, %
ettringite mix becomes lower than that of ettriagit NS
mix because the CSH formation is accompanied with
ettringite phase as well as the residual gypsum.ths
hydration time proceeds, the CH decreases due ¢o th
consumption of CH in the formation of ettringiteda@SH
phases.

of

—

Free gypsum

The free gypsum contents of ettringite and etttergNS
mixes are plotted as a function of hydration time=ig. 8.
It is noticed that, the free gypsum decreases Bhaifher
for ettringite or ettringite+NS mixes up to 28 dedto the

the thircconsumption of free gypsum through the hydratiactien,

forming ettringite. The free gypsum of ettringitéd\\& mix is
lower than that of pure ettringite at any hydratione. This
is mainly attributed to the decrease of free gypswmient
in the mix composition. On the other hand, the belraof

peak located nearly at 7 after 28 d, due to the partial the free gypsum is nearly the same, but with difievalues

formation of crystalline CaCgJ45, 46] One noticed that,

each change in the TGA thermogram correspondinitpeo
identified endothermic peaks in DTA data. The maaight
loss of this system is occurred at lower tempeestwp to

200°C, owing to the excessive formation of ettringiteda

residual gypsum as well as Portlandite. The TGAltssre
consistent with those of DTA.

up to 28 d probably, NS accelerates the ettrinfgitaation
in the two hydrated mixes.

[11 (B). The hydration of Monosulphate Mix in presence
and absence of NS

X-ray diffraction analysis
Figure 9 shows the XRDpatterns of the hydrated

DTA and TGA thermograms of ettringite andmonosulphate mix. It is clear that, the ettringieformed

(ettringite + NS) mixes hydrated at 28 d are greaplh
displayed in Fig. 6 (a,b). The results show thhg first

after 6h and its intensity slightly increased all sbnstant
up to 28d, owing to the continuous hydration of thix

endothermic peak at 182 for ettringite + NS mix is more constituents, forming ettringite. The gypsum peaterisity

pronounced than that of ettringite mix. Also,
endothermic peak intensity of gypsum becomes lomitr
time as previously seen in the XRD patterns. Addi®)to
the ettringite mix, the CH endothermic peak disa@ppe
This is mainly attributed to the pozzolanic reactiaf NS
with CH, forming CSH or @ASHs. In addition, the CSH
peak is not observed in the ettringite + NS mixgaaese it
overlaps with those of ettringite peaks. The inseeaf the
first endotherm in the presence of NS can be asdrib the
formation of CSH, which located at the same tentpegaof
ettringite. However, the endothermic peak of CHHEIC is
present in the ettringite mix without NS. The irgigy of
calcium carbonate peak that is observed aroun8G#irthe
hydrated ettringite is higher than that in the Iaydd
ettringite + NS mix, due to the depletion of frekl that is
easily carbonated. The results of DTA are consistgth
those of TGA.

Combined water content

The variation of combined water contents (Whn,
ettringite as well as ettringite+NS mixes with hgtilon time
are plotted in Fig. 7. The results indicated theg YWn, %
increases gradually with time up to 28 days for ik
hydrated samples. This behavior can be explainedrding
to the rapid ettringite formation, which has higtater
content. The variation of the Wn, % is pronouncpdai48
h due to the formation of more amount of ettringite

15

%) o,

thejecreases with time and completely disappeared Aft

due to its consumption during hydration reactiomfimg
ettringite. Also, the intensity of the CH peak dmses with
time as mentioned above. The CH is present up td 28
contrast with free gypsum, which depleted after Rirte
monosulphate mix exhibits a high CH content acewydod
the molar ratio. It can be concluded that the malptste
phase is not formed and the ettringite phase isnipai
present in the monosulphate mix.

The X-ray diffraction patterns of the hydrated
monosulphate + NS mix as a function of hydrationetiis
depicted in Fig. 10. The results show the preseofe
ettringite phase and free gypsum as well as CH lat Bhe
intensity of ettringite peaks increases with curitigne,
while that of gypsum decreases. The peak of gypsum
disappears completely after 6 h and this is nototesl in
the ettringite + NS mix because of the fast hydratf the
mix constituents. The calcium hydroxide is also ptately

onsumed during the first few 6h. This is esselgtidiie to
he pozzolanic reaction of NS with CH, forming C8eél in
addition to its reaction during the formation ofriegite
phase.

Thermal Analysis

Figure 11 represents the DTA/TGA thermograms
monosulphate mix. The broad endothermal effect38fQ
is mainly caused by the presence of ettringite tardsmall

of
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endothermal effect at 180 due to the dehydration of the
gypsum after 6 h. As the hydration proceeds, ttingite
peak intensity increases and that of gypsum deeseastil
completely disappears at
corresponding to the different hydration produaddve in

formation of sulphoaluminate phases. In additisicontent
is higher in monosulphate mix than that of monosatp +
NS mix at all curing ages. This is attributed te gresence

28 d. The TGA peaksf NS in the mix, which accelerates the hydratieaction.

The reaction of NS with some of free CH decreades t

the same manner of DTA peaks. The endothermic peakcoating effect of CH on the hydrated phases. Theeetthe
310°C after 6h may be ascribed to the dehydroxylatibn dree gypsum content of monosulphate + NS mix deesa

Al(OH); [45,46] The last thermal effect at 4&Dis related
to the dehydroxylation of Ca(OHK)and its intensity slightly
decreases with curing time, indicating its consuompt
producing the hydrated sulphoaluminate phases,oores
carbonation as seen from TGA curves. One noted that
TGA loss increases with curing time, due to thedase of
ettringite formation.
Figure 12 illustrates the DTA and TGA thermagsaof

sharply up to 48h, then slightly up to 28 d. On thiber
hand, the free gypum content of monosulphate mix
decreases linearly with the time up to 28 d. The
consumption rate of gypsum is nearly the same with
time.

IV. Conclusions
Based on the XRD, DTA, TGA and chemical methods, th

the hydrated monosulphate and monosulphate+NS naixesiormation of ettringite phase is enhanced after @i
28 days. The DTA results show the appearance ofesofycreased with hydration time. Four endothermickseaere

endothermic peaks at 120, 460 and 650°C00The
endothermic peak located at £20is principally due to the
ettringite dehydration and calcium silicate hydsat¢his
endotherm appears with a higher intensity in molpbsuie

observed in DTA thermograms consistent with TGAultss
It can be predicted that, the hydration of ettti@gand
ettringite + NS mixes gives ettringite phase thatéases on
the expense of free gypsum with curing time. Sirtyilahe

+ NS mix, which form excessive amounts of hydratefyqration of monosulphate mix gives ettringite oalythe
products, as compared with the monosulphate mixe Thime interval (6 h up to 28 d). Generally, monobaie

endotherm located at about 460is related to the Ca(OH)
dehydroxylation. It is clear that, such endotherrpeak
appears only in the monosulphate mix. The disanear of
CH in presence of NS stabilizes the ettringite fation.

Combined water content

The combined water contents (Wn, %) of monosulphate
monosulphate + NS mixes as a function of curingetame
represented in Fig. 13. The results indicate thatwWn, %
increases for the hydrated samples up to 28 d,talube
progress of hydration. The Wn, % of monosulphate anée
higher than those of ettringite mix as observed-ig. 8.
This is mainly due to the increase of CaO contant
monosulphate mix than that of ettringite mix, leagdio the
formation of more CH content. By comparing the V¥h,
contents of monosulphate mix with those of mondsaie +
NS. It is noted that the Wn, % of monosulphate +mi$ is
higher than that of monosulphate mix up to 15hsTdain be
explained according to higher reactivity of NS wi@H
leading to the formation of excessive CSH in additio
ettringite.  On the other hand, the lower Wn, % c
monosulphate + NS than that of monosulphate mig dffte
first 15 h is attributed to the increase of the zmbanic
activity of NS, leading to the formation of sucdessand
additional amount of CSH. Since the formation oH3dS on
the expense of ettringite phase, the Wn, % «
monosulphate+NS  becomes lower than that
monosulphate mix. At later ages of hydration (begig
from 28 d), the Wn, % of monosulphate + NS mix iimty
due to the formation of more hydrated productserttigher
efficiency of NS to absorb water.

Free gypsum

The free gypsum contents of monosulphate

(monosulphate + NS) mixes at different hydrationes are
plotted in Fig. 14. Obviously, the free gypsum @eses
gradually with hydration time because of the camtins
hydration of mix constituents, consuming gypsumthie

ar

16

hydrate can't be formed in the ettringite, ettri@gi NS,
monosulphate and monosulphate + NS mixes.
disappearance of calcium hydroxide, due to its wonion
during the reaction with NS, stabilizes ettrinditemation.

The
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Figures

Fig. 1: Transmission electron micrographes (TEM)
of: (a) nano-SiQ, (b) nano- Ca(OH) and (c) nano-
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Fig. 6: DTA and TGA thermogram of ettringite and

ettringite + NS mixes at 28 days
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Fig. 9: XRD patterns of monosulphate mix at diffeent hydration times
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Fig. 11: DTA and TGA thermograms of hydrated monosiphate mix at different times
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