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Abstract:

The influence of Zn containing compounds on the formation of Z-phase during
hydrothermal treatment at 200 °C temperature was investigated. The molar ratio of primary
mixtures was CaO/(SiO, + ZnO) = 0.55 and ZnO/(SiO, + ZnO) = 0; 0.025 (it corresponds
2.27 % ZnO in the mixture). Compounds containing Zn®" ions were used: soluble in water
Zn(NQ3),-6H,O and insoluble in water 5Zn0-2C0,4H,0. It was determined that the
formation of Z-phase increases approximately twice due to influence of Zn** ions from the
mixture. The high crystalline compound formed after 4 hours, while in the mixtures without
additives — after 8 h of hydrothermal synthesis at 200 °C temperature. Moreover, Zn** ions
penetrate into Z-phase crystal lattice by exchanging Ca®* ions. It was observed that insoluble
5Zn0-2C0O,-4H,0 additive has no essential influence on the begining of Z-phase formation,
but it promotes Z-phase recrystallization into gyrolite. The products were characterized using
X-ray powder diffraction, simultaneous thermal analysis, FT-IR spectra and scanning
electron microscopy.
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1. Introduction

Generally structures of phyllosilicates may be regarded as stacking of alternating
silicate and calcium layers which are relatively regular and consist of sixfold coordinated
atoms [1,2]. The phyllosilicates are an important group of calcium silicate hydrates (CSH)
that includes the gyrolite, Z-phase, reyerite, truscottite, K-phase and fedorite, tungusite,
minehillite. The C/S ratio of the crystalline C-S-H phases is limited to 0.44-0.66.

The most investigated from phyllosilicate group compounds is gyrolite because it is
stable at 120 — 200 °C temperatures under the saturated steam pressure. At a lower
temperature, a semicrystalline having no crystal structure C-S-H gel was obtained[3,4]. At a
temperature higher than 200 °C truscottite forms, although a metastable gyrolite may be
obtained up to 270 °C.

During hydrothermal synthesis of gyrolite the intermediary compound is Z-phase
(CagSiy040(0OH),.(14+xH,0)), the  first time  which  was  synthesized by
G. O. Assarsson (1957) [5]. Synthetic Z-phase can be produced by hydrothermal treatment of
either a calcium silicate hydrate gel or a mixture of lime and amorphous silica at temperatures
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varying from 140 °C to 240 °C[6,7]. J. A. Gard with co-authors estimated that the Z-phase
could be produced by the decomposition of Al-substituted tobermorite. The highest content of
the Z-phase was obtained from a one-year run [8]. There has been no stability field for Z-
phase reported, but it may be stable at temperatures below 120 °C. No natural samples are
known, although some gyrolite samples have been reported with small inclusions of
intergrown Z-phase[5].

The main structural feature of Z-phase consists of pairs of mirrored single S, sheets
(the sheet S, consists of six-fold rings of tetrahedra all pointing in the same direction
connected to additional tetrahedra pointing in the opposite direction) alternating with calcium
sheets. Between two symmetrically equivalent S, sheets there is an additional sheet
comprising calcium atoms coordinated with water[1,9]. One structure which is easily obtained
from the Z-phase is K-Phase Ca;Si;s033(OH).[10]. This may be obtained via polymerisation
of two mirrored single silicate sheets to double sheets. The formation of K-phase is a process
which requires either higher synthesis temperatures (350 °C), or dehydration of Z-phase at
about 450 °C[11]. Moreover both Z-phase and gyrolite are converted to a-CaSiO; on heating
at 700°C[1].

Despite all these studies, no detailed work has been reported on the hydrothermal
formation of high cristallinity Z-phase.

A. Stumm in his dissertation shows, that both C-S-H(l) and gyrolite can incorporate
Zn*" ions to similar limits. Also the incorporation of Zn?* ions into the interlayer of C-S-H(l)
was proposed. Recently A. Stumm with co-authors have indicated that zinc incorporation into
synthetic gyrolite is also possible up to Zn/(Zn+Ca) = 1/6, corresponding to approximately 6
wt. %. Increasing zinc content led to a gradual diminishing of the basal reflection (001) of
gyrolite, as for the nanocrystalline phases [12].

In recent years, the new application fields of low base calcium silicate hydrates
(C/S =0.44-0.66) have been found, i. e. they can be used as sorbents to clean polluted
wastewaters by heavy and radioactive metals. Calcium silicate hydrates exhibit a large
number of structural sites available for cation and anion binding[13]. P. Mandaliev with co-
authors [14] have investigated Nd(IIl) (trivalent lanthanides and actinides) binding to
amorphous C-S—H phases processes. The study reveals that Nd may form several species in
contact with C-S—H phases. The study suggests that, in the long term, amorphous C-S-H
phases are capable of taking up Nd via exchange processes with Ca®* ions in the Ca sheets
and the interlayer[14].

It is known that many chemical elements ions could interrupt into calcium silicate
hydrates crystal structure. In the literature is noted that influence of alkaline metals[15-19],
aluminium[20-25] and other elements on the synthesis of phyllosilicates is significant.

Heavy metals commonly make little soluble (for example oxides) compounds in the
wastewaters. The incorporation of heavy metals into calcium silicate hydrates is important for
their potential long-term immobilisation in hardened cement pastes. The type of fixation of
heavy metals in cement pastes, whether incorporation, sorption, or coprecipitation, is of major
importance for safety assessment of these materials and their potential for recycling.
Consequently using classical heavy metals segregation/utilization methods mentioned
compounds always must be converted into ionic condition. However, this stage is very
complicated (need to choose particular solvent, decomposition conditions and such things)
and economically it’s useless.

It is presumable that during hydrothermal synthesis is possible to insert insoluble
heavy metals compounds into products structure. Meanwhile the influence of heavy metals
ions on synthesis processes are less examined. Presumable, that mentioned compounds would
accelarate the formation of phyllosilicates and would penetrate into their structure. In this case
two task will be dissolved: heavy metals are utilized and it is presumable that heavy metals
ions will have possitive influence on the Z-phase crystallization processes.



M. Baltakys et al./Science of Sintering, 45 (2013) 49-60 51

The aim of this work was to investigate the influence of Zn containing compounds on the
formation of Z-phase during hydrothermal treatment at 200 °C.

2. Experimental procedure

In this paper the following reagents were used: fine-grained SiO,-nH,O (,,Reaktiv*,
Russia, ignition losses 16.5 %, specific surface area S, = 923 m?/kg by Blaine); calcium oxide
(,,Stanchem®, Poland, CaO additionally was burned at 950 °C for 0.5 hours, specific surface
area S, = 828 m/kg, purity — 97.3 %). Zn containing compounds: soluble in water
Zn(NQ3),-6H,0 (,,Reaktiv”, Russia, purity — 99 %); insoluble in water 5Zn0-2C0O,-4H,0
(,,Reaktiv“, Russia, purity — 99 %).

The synthesis of calcium silicate hydrates has been carried out in unstirred
suspensions in the vessels of stainless steel. The molar ratio of primary mixtures was C/(S +
Z)=0.55and Z/(S + Z) =0; 0.025 (C - Ca0, S - SiO,, Z - Zn0O). It corresponds 2.27 % ZnO
in the mixture. Water/solid ratio of the suspension was equal to 10.0. Hydrothermal synthesis
has been carried out under the saturated steam pressure at 200 °C temperature; the duration of
isothermal curing was 4, 8, 12, 16, 24, 48 or 72 hours. The products were filtered off, dried at
the temperature of 50 + 5 °C and sieved through sieve with a mesh width of 80 pum.

The X-ray powder diffraction (XRD) data were collected with a DRON-6 X-ray
diffractometer with Bragg—Brentano geometry using Ni-filtered Cu K, radiation and graphite
monochromator, operating with the voltage of 30 kV and emission current of 20 mA. The
step-scan covered the angular range 2-60° (26) in steps of 2 =0.02°.

Simultaneous thermal analysis (STA: differential scanning calorimetry—-DSC and
thermogravimetry-TG) was also employed for measuring the thermal stability and phase
transformation of samples at a heating rate of 15 °C/min, the temperature ranged from 30 °C
up to 1000 °C under air atmosphere. The test was carried out on a Netzsch instrument STA
409 PC Luxx. The ceramic sample handlers and crucibles of Pt-Rh were used.

FT-IR spectra have been carried out with the help of a Perkin ElImer FT-IR Spectrum X
system. Specimen were prepared by mixing 1 mg of the sample with 200 mg of KBr. The
spetlztral analysis was performed in the range of 4000-400 cm™ with spectral resolution of 1
cm™.

Scanning electron microscopy (SEM) (FEI Quanta 200 instrument) of the samples
was performed using 30 KV accelerating voltage and a working distance of 9.2 mm, detector
- ETD.

3. Results and Discussion

In the pure CaO-SiO,-nH,0-H,0 suspension after 4 hours of isothermal curing at
200 °C temperature semi-crystalline calcium silicate hydrate — C-S-H(I) was formed (Fig. 1,
(curve 1, d-spacing: 0.306, 0.280, 0.184 nm)). It was estimated that during the first 4 hours of
synthesis in the mixtures with Zn additive 5Zn0O-2CO,-4H,0 it decomposes because in the X-
ray diffraction pattern was not identified mentioned compound diffraction peaks while ZnO
was formed (Fig. 1, (curve 2, d-spacing: 0.280, 0.248, 0.183 nm)). This compound is
insoluble therefore has minor influence on compounds formation and only the traces of Z-
phase (d-spacing — 1.557, 0.305, 0.280, 0.183 nm) were observed in the XRD curve.



52 M. Baltakys et al. /Science of Sintering, 45 (2013) 49-60

i)
N

0.305

N

p
—
o
=
S

0180 O —©

0229 =
0192 © X

N

Relative intensity, a.u
0280 O N Y

2 12 22 32 42 52
Diffraction angle 20, deg
Fig. 1. X-ray diffraction patterns of the synthesis products. Duration of hydrothermal
synthesis at 200 °C temperature is 4 h. 1 — pure CaO-SiO,-nH,0-H,0 mixture; 2 — the same,
with 5Zn0-2C0O,-4H,0; 3 - the same, with Zn(NO3),-6H,0. Indexes: C-C-S-H(l), Z-Z-phase,
P—portlandite, Zn-ZnO, K—calcite.

Meanwhile, Zn(NOs),-6H,0 additive accelerates the formation of Z-phase of a high
crystallinity (Fig. 1, (curve 3)). It should be noted that diffraction peaks typical of Ca(OH),
were identified (d — 0.491, 0.263, 0.192, 0.180 nm) too. Apparently, during the Z-phase
formation Zn?* ions penetrate into this compound crystal lattice by exchanging Ca** ions. We
hypothesize (Fig. 2) that zinc cations are incorporating into interlayers (Ca’* and H,0) by
exchanging with calcium cations and H,O. This process not proceed using insoluble Zn
containing compound because in this case Zn** ions doesn’t participate in the reaction.

Z-phase

Znt ———— [T ] —» Ca2*and H,0

nt ——» [} —» Ca?*and H,0

3 Ca? and H,O

"7 Calcium octahedral layer
Interlayer (Caz* and H»0)

W S, silicate sheets

Fig. 2. Possible mechanism of Z-phase structure changes.
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These results were confirmed by differential scanning calorimetry data. In the DSC
curve was indicated two endothermic effects: at 141 °C temperature characteristic to
dehydration of structural water from Z-phase crystals lattice and at 451 °C temperature
characteristic to portlandite dissociation into CaO and H,O. Also was identified the
exothermic effect at a temperature of 854 °C which shows formation of wollastonite (Fig. 3).
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Fig. 3. DSC and TG curves of the synthesis products with Zn(NOz),-6H,0; duration of
hydrothermal synthesis was 4 h.

When hydrothermal synthesis is extended to 8 hours, in the XRD curve of the pure
mixture the traces of Z-phase were identified (Fig. 4, curve 1). It should be noted that in the
mixtures with 5Zn0-2C0,-4H,0 additive at the beginning of the synthesis formed ZnO is not
search out in the synthesis products (Fig. 4, curve 2). As after 4 hours of synthesis using
Zn(NO3),-6H,0 additive in the products together with Z-phase remain not reacted Ca(OH),
(Fig. 4, curve 3).
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Fig. 4. X-ray diffraction patterns of the synthesis products. Duration of hydrothermal
synthesis at 200 °C temperature is 8 h. 1 — pure CaO-SiO,-nH,0-H,0 mixture;
2 — the same, with 5Zn0-2C0,-4H,0; 3 — the same, with Zn(NO3),-6H,0. Indexes: C-C-S-
H(l), Z-Z-phase, P—portlandite, K—calcite.
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The obtained results were confirmed by SEM/EDS analysis data. In the mixture with
Zn(NQ3),-6H,0 additive in SEM micrographs is observable: bounded to aggregates Z-phase
characteristic plate shape crystals (Fig. 5, a, spectrum 1). The results of EDS analysis
indicated that in the chemical composition of mentioned crystals are 1.34 wt. % of Zn)
(Fig. 5, b)

Si Spectrum 1

Fig. 5. Scanning electron micrographs (a) and EDS analysis curve (b) of synthesis products
when the composition of the primary mixture with Zn(NOs),-6H,O additive is equal to
C/(S+Z)=0.55 and Z/(S+Z)=0.025. Duration of hydrothermal synthesis at 200 °C is equal to

8 h. Chemical composition of spectrum 1, wt. %: O -58.37, Si — 19.66, Ca — 20.63, Zn — 1.34.

All of these compounds formation has been confirmed by the method of IR
spectroscopy and differential scanning calorimetry (DSC) analysis data results.
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Fig. 6. DSC curves (a) and FT-IR spectra (b) of synthesis products. Duration of hydrothermal

synthesis at 200 °C temperature is 8 h: 1 — pure CaO-SiO,-nH,0-H,0 mixture; 2 — the same,
with 5Zn0-2C0O,-4H,0; 3 — the same, with Zn(NO3),-6H,0.
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The obtained FT-IR data show that in the 5(O-Si—O) range of vibrations, Z-phase is
characteristic of an intensive absorption band with the maximum in the frequency range of
453; 477 cm™ (Fig. 6, b, curves 1-2). Moreover, in the §(Si—O-Si) range of vibrations
(symmetric deformation), the Z-phase is characteristic of low intensity bands (668 and
785 cm™). In the range of 1037 cm™, the IR spectrum of Z-phase shows an intensive peak and
in 1126 cm™ only a “shoulder”. In the range of symmetric vibrations of OH groups (v(OH),
2900 ... 3700 cm™), the Z-phase spectrum indicates a wide band in the frequency range of
3451 cm™. This means that the positions of OH groups in the structure of this compound are
not so well arranged compared to other calcium silicate hydrates.

The results of DSC analysis proved that, after 8 hours of isothermal curing in the
mixture with Zn(NO3),-6H,O additive, the endothermic effect at 445 °C temperature
characterize dehydration of calcium hydroxide (Fig. 6, a, 3 curve). Z-phase with inserted Zn?*
ions during heating is more stable than pure compound because in this case wollastonite
forms in ~ 25 °C higher temperature and exothermal peak at 883 °C temperature broad
compared with pure compound

When the synthesis is continued (12 h), Z-phase remain stable in pure mixture (Fig. 7,
a, curve 1). Meanwhile, 5Zn0O-2C0O,-4H,0 additive shorten the stability of Z-phase and the
XRD curve shows the traces of gyrolite gel (Fig. 7, a, curves 2) (d-spacing — 2.205; 1.106;
0.830; 0.279 nm). Zn(NO3),:6H,0 additive also shorten the stability of Z-phase, plus
identified higher intensity gyrolite gel peaks. Also was identified still fully not reacted
Ca(OH), (d — 0.492; 0.263; 0.179 nm) (Fig. 7, a, curve 3).
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Fig. 7. X-ray diffraction patterns of the synthesis products. Duration of hydrothermal
synthesis at 200 °C temperature is 12 h (a) and 16 h (b). 1 — pure CaO-SiO,-nH,0-H,0
mixture; 2 — the same, with 5Zn0-2C0,-4H,0; 3 — the same, with Zn(NO3),-6H,0. Indexes:
C-C-S-H(I), Z-Z-phase, P—portlandite, K—calcite, Gg—gyrolite gel, G—gyrolite, C-C-S-H(l).

When hydrothermal synthesis is extended to 16 hours in the pure mixtures dominate
Z-phase (Fig. 7, b, curve 1). As expected, in the mixture with 5Zn0O-2C0,-4H,0 in the
synthesis products forms gyrolite (Fig. 7, b, curves 2) (d-spacing — 2.330; 1.134; 0.842; 0.771,
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0.420; 0.372; 0.317; 0.280; 0.183 nm). Also, Z-phase remains.

It should be underlined that in the mixture with Zn(NO3),:6H,O portlandite
completely reacted after 16 hours of isothermal curing. Accordingly, gyrolite starts to
crystallize in the reaction products just fully reacted initial compounds. EDS analysis shows
that a little bit more Zn** ions was inserted compering with double shorter duration of
synthesis. Zn®"ions are not released and are not passing to the solution during the process of
recrystallization of Z-phase (Fig. 8).
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Fig. 8. Scanning electron micrographs (a) and EDS analysis curve (b) of synthesis products
when the composition of the primary mixture with Zn(NQ3),-6H,0 additive is equal to
C/(S+Z)=0.55 and Z/(S+Z)=0.025. Duration of hydrothermal synthesis at 200 °C is equal
to 16 h. Chemical composition of spectrum , wt. %: O — 62.44, Si — 13.82, Ca — 22.02,
Zn-1.71.
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Fig. 9. DSC curves of synthesis products with Zn(NOs),-6H,0. Duration of hydrothermal
synthesis at 200 °C temperature, h: 1 — 16; 2 — 24; 3 — 72. Indexes: Z-Z-phase, G-gyrolite.
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The XRD data were confirmed by DSC measurements as well. After 16 h of
synthesis in the DSC curve the two exothermic peak were identified: at 856 °C
characteristic to Z-phase and at 868 °C, associated to gyrolite (Fig. 9, curve 1).
Meanwhile, after prolonging the duration of isothermal curing (24 h) Z-phase start to
crystallize into gyrolite. After 72 hours of synthesis gyrolite remain stable (Fig. 9,
curve 3).

After 24 hours of hydrothermal treatment in the pure mixture Z-phase already start to
recrystallizes into gyrolite (Fig. 10, a, curve 1). It should be noted that this process in the
mixtures with 5Zn0-2C0O,-4H,0 occur faster because the intensity of 2.326 nm peak is much
higher (Fig. 9, a, curve 2). Moreover, latter compound remain stable both 48 h (Fig. 10, b,
curve 2) and 72 h (Fig. 11, b, curve 2). It should be noted that in the mixtures with
Zn(NOs),-6H,0 additive Z-phase remain stable a longer duration of synthesis (24 h) because a
low intensity peak was estimated d — 1.550 nm. Meanwhile after 48 h of hydrothermal
treatment Z-phase completely recrystallize into gyrolite (Fig. 10, b, curve 3) which remain
stable and 72 h of synthesis (Fig. 11, curve 3).

Obtained results confirmed other authors data, i. e. Z-phase is metastable,
intermediate compound and always formed before gyrolite. After 48 h of isothermal curing at
200 °C temperature in the pure mixture together with gyrolite was identified only the traces of
Z-phase, i. e. small intensity peak with d-spacing—1.545; 0.281; 0.183 nm (Fig. 10, b, curve
1), and Z-phase finishes to transfer into gyrolite within 72 h (Fig. 11, curve 1).
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Fig. 10. X-ray diffraction patterns curves of the synthesis products. Duration of hydrothermal
synthesis at 200 °C temperature is 24 h (a) and 48 h (b). 1 — pure CaO-SiO,-nH,0-H,0
mixture; 2 — the same, with 5Zn0-2C0,-4H,0; 3 — the same, with Zn(NO3),-6H,0. Indexes:
Z-Z-phase, Gg — gyrolite gel, G — gyrolite, K—calcite.

Consequently, when to the initial mixture is added soluble Zn?* ions containing
additive the duration of the hydrothermal synthesis of Z-phase reduce ~ 2 times. By using
Zn(NOs),-6H,0 additive Z-phase remain stable longer than using 5Zn0O-2C0O,-4H,0. Zn**
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ions additives exchange formation processes and when curing the mixture of CaO and
amorphous SiO, in the environment of saturated water steam curing at 200 °C range the
formation of new compounds occurs in the following sequence:

Ca0 + SiO; + H,O — C-S-H gel — C-S-H(l) — Z-phase — gyrolite gel — gyrolite

G
S
=
e

0421 ®
(9]

~O
-

G
1%
~
™

0282 ®

G
™
©w
¢l
=)

Relative intensity, a.u.

12 22 32 42 52
Diffraction angle 26, deg

Fig. 11. X-ray diffraction patterns of the synthesis products. Duration of hydrothermal
synthesis at 200 °C temperature is 72 h. 1 — pure CaO-SiO,-nH,0-H,0 mixture; 2 — the same,
with 5Zn0-2C0O,-4H,0; 3 — the same, with Zn(NO3),-6H,0. Indexes: G — gyrolite.

Meanwhile, zinc oxide additive did not change crystals morphology of synthesis
products because in the SEM micrographs prevail both individuals or to aggregates of plate
shape crystals characteristic to gyrolite (Fig. 12, a). The results of EDS analysis indicate that
1.88 % of Zn enters into the structure of these crystals (Fig. 12, b).
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Fig. 12. Scanning electron micrographs (a) and EDS analysis curve (b) of synthesis products
when the composition of the primary mixture with 5Zn0-2C0O,-4H,0 is equal to
Ca0/(SiO,+Zn0)=0.55 and ZnO/(SiO,+Zn0)=0.025. Duration of hydrothermal

synthesis at 200 °C is equal to 72 h. Chemical composition of spectrum,
wt. %: O — 61.28, Si—13.63, Ca—24.16, Zn - 0.92.
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4. Conclusions

1. Soluble Zn** ions containing additive approximately 2 times reduce the duration of the
hydrothermal synthesis of Z-phase. Later compound was already identified after 4 hours of
hydrothermal synthesis at 200 °C temperature, while in the mixtures without additives —

after 8 h.

2. Insoluble 5Zn0-2C0O,-4H,0 additives don‘t have influence on Z-phase formation
processes. ZnO was formed while decomposes 5Zn0O-2C0,-4H,0 at the beginning of

synthesis.

3. zZn*"

ions promote Z-phase recrystallization into gyrolite. With insoluble additive this
transformation finishes after 24 h, with soluble additive — after 48 h, in the pure mixture —

after 72 h.

Acknowledgement

Present work was partly supported by the European Social Fund Agency under
project “High tech materials developing research and application” (No. VP1-3.1-SMM-08-K-

01-014).

5. References

WoNok~wNE

10.
11.
12.

13.
14.

15.
16.
17.

18.
19.
20.
21.

S. Merlino, J. Miner. Mag., 52 (1988) 377-387.

S. Merlino, J. Miner. Mag., 52 (1988) 247-256.

R. Siauciunas, K. Baltakys, J. Cem. Concr. Res., 34 (2004) 2029-2036.

S. Shaw, C. M. B. Henderson, S. M. Clark, J. Am. Miner., 87 (2002) 533-541.
G.O. Assarsson, J. Phys. Chem., 61 (1957) 473-479.

H.Funk, E. Thilo, J. ZAAC, 278 (1955) 237-248.

R.1. Harker, J. Am. Ceram. Soc., 47 (1964) 521-529.

J. A. Gard, T. Mitsuda, H. F. W. Taylor, J. Miner. Mag., 40 (1975) 325-332.

K. Garbev, Entwicklung von Methoden zur Quantitativen Phasenanalyse von
Semiamorphen Calciumsilikathydraten in Zementstein. Geolog-
Geochimik/University “’St. Kliment Ohridski“, Sofia, Ph.D. Thesis, 2002. (in

German)

J.A. Gard, K. Luke, H. F. W. Taylor, J. Kristallografiya, 26 (1981) 1218-1223.

J. A. Gard, K. Luke, H. F. W. Taylor, J. Cem. Concr. Res., 11 (2009) 659-664.

A. Stumm, K. Garbev, G. Beuchle, L. Black, P. Stemmermann, R. Nuesch, J. Cem.
Concr. Res., 35 (2005) 1665-1675.

M. L. D. Gougar, B. E. Scheetz, D. M. Roy, J. Waste Manage. 16 (1996) 295-303.
P. Mandaliev, R. Dahn, J. Tits, B. Wehrli, E. Wieland, J. Colloid Interf. Sci., 342
(2010) 1-7.

S. Y. Hong, F. P. Glasser, J. Cem. Concr. Res., 32 (2002) 1101-1111.

J. Reinik, I. Heinmaa, J. P. Mikkola, U. Kirso, J. Fuel, 86 (2003) 669-676.

S. Komarneni, E. Breval, D. M. Roy, R. Roy, J. Cem. Concr. Res., 18 (1988) 204-
220.

S.A. El-Korashy, J. lon Exch., 15 (2004) 2-9.

W. Nocun-Wczelic, J. Cem. Concr. Res., 29 (1999) 1759-1767.

G. K. Sun, J. F. Young, R. J. Kirkpatrick. J. Cem. Concr. Res. 36 (2006) 18-29.

P. Faucon, A. Delagrave, J. C. Petit, C. Richet, J. M. Marchand, H. Zanni, J. Phys.
Chem., 103 (1999) 7796-7802.



60 M. Baltakys et al. /Science of Sintering, 45 (2013) 49-60

22. P. Faucon, T. Charpentier, A. Nonat, J. C. Petit, J. Am. Chem. Soc., 120 (1998)
12075-12082.

23. N. Meller, C. Hall, K. Kyritsis, G. Giriat, J. Cem. Concr. Res., 37 (2007) 823-833.

24. N. Meller, C. Hall, J. S. Phipps, J. Mat. Res. Bulletin, 40 (2005) 715-723.

25. E. I. Al-Wakeel, S. A. El-Korashy, S. A. El-Hemaly, M. A. Rizk, J. Mat. Sci., 36
(2001) 2405-2415.

Caopicaj. Henumusan je ymuyaj jeOursersa Koje caopoice ZN na gpopmuparee Z-paze mokom
xuopomepmannoz mpemmana na 200 °C. Moncku oonoc nouemnux cmewa je 6uo CaO/(SiO,
+ Zn0) = 0,55 u ZnO/(Si0, + ZnO) = 0; 0,025 (mo oozosapa 2,27 % ZnO y cmew).
Kopuwhena cy jedurera xoja caopace In>* jone: pacmeopna y 600u Zn(NO3)y6H,0 u
nepacmeopra y 600u 5Zn0-2C0,-4H,0. Vmepheno je dopmuparwe Z-gpaze pacme
anpokcumamueno 0sa nyma ycied ymuyaja jona Zn°T uz cmewa. Bucoko kpucmanuuna
jeoumera cy gopmupana Hakon 4 cama, 0ok y cmewama be3 adumuea — nocie 8 camu
xuopomepmannom ananuzom na 200°C. Jawe, Zn** jonu npooupy ymwymap xpucmanne
pewemre Z-gpase zamemyjyhu jone Ca’*. Yoheno je Oa mepacmeopnu adumus
572n0:2C0,-4H,0 nema 6umnoe ymuyaja na nowemax opmuparsa Z-¢ghasze, anu npomosuuie
pekpucmanuzayujy Z-¢paze y eupoaum. Ilpodykmu cy Kapakmepucamu peHO2eHCKOM
ougpaxyujom, cumyamanom mepmujckom anaruzom, @TUP cnekmpuma u CEM ananuzom.
Kuwyune peuu. Cunuxamnu xuopam xamyujyma (CSH), Z-paza, Hunk, xudpomepmanuu
mpemma.




