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COMPORTAREA IN-VITRO A SILICATULUI DICALCIC
OBTINUT PRIN METODA SOL-GEL
IN-VITRO BEHAVIOR OF DICALCIUM SILICATE OBTAINED
THROUGH THE SOL-GEL METHOD

GEORGETA VOICU*, CRISTINA DANIELA GHI'!'ULICA, ELENA DINU, ECATERINA ANDRONESCU
Universitatea Politehnica Bucuresti, Str. G. Polizu nr. 1, sector 1, Bucuregti, Roménia

/ In the sol-gel synthesis of dicalcium silicate (Cazﬁ

— C,S) the calcium nitrate tetrahydrate (Ca(NO;)»4H,0) and
trietoxysilane (C¢H.,05Si - TEOS) were used as precursors.
The C,S was obtained at 800-1100°C.

Thermal analysis methods (DTA/TG), X-ray diffraction
(XRD) and scanning electron microscopy coupled with
energy dispersive X-ray spectroscopy (SEM/EDX) were used
to investigate the formation of dicalcium silicate.

The in-vitro behavior was also investigated by
soaking of the dicalcium silicate powder in simulated body
fluid (SBF) for 7 days. Our results indicated that dicalcium
silicate formed in SBF hydrosilicates as principal
mineralogical phases and bound a small proportion of the

phosphor from liquid as phosphate phases.

.
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1. Introduction

Mineral trioxide aggregate (MTA) was
developed as a root-end filling material in
endodontology [1-6]. MTA was shown to be
superior to other commonly used root-end filling
materials such as amalgam, zinc oxide-eugenol
cement (IRM) and Super-EBA in studies of marginal
adaptation and leakage. Recently, some studies
have compared MTA with Portland cement (PC)
and the findings suggest that PC has major
ingredients in common with MTA [3-6].

Portland cement consists of four main
phases: 3CaO-SiO, (C3S), 2Ca0-SiO, (C,S),
3CaO-AI203 (C3A), 4C30'A|203'F€203 (C4AF) The
silicate  compounds are responsible  for
development of mechanical strength, while the
aluminate compounds are mainly responsible for
setting of cement [7]. It is indicated to know the
behaviour of these pure phases in-vitro conditions.

The conventional preparation of pure
cement phases is performed through solid-state
reactions and involves the sintering of
stoichiometric mixtures of oxides or carbonates at
high temperatures for prolonged time or repeated
calcinations [7, 8].

Instead of solid-state sintering, alternative
low temperature techniques such as sol-gel [9, 10]
and combustion [11] were also proposed.

In this study a modified sol-gel process was
used to synthesize dicalcium silicate. The in-vitro
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/ Precursorii utilizati in vederea sintezei silica%

dicalcic (Ca,SiO, — C,S) prin metoda sol-gel au fost:
azotatul de calciu tetrahidrat (Ca(NOs)y4H,0) si trietoxi
silanul (CsH1603Si - TEOS). C,S a fost obtinut in intervalul de
temperatura 800-1100°C.

Tehnicile utilizate in vederea invesigarii formarii
silicatului dicalcic au fost: analiza termica complexa
(ATD/TG), difractia de raze X si microscopia electronica de
baleiaj cuplata cu spectroscopie de energie dispersiva de
radiatie X (MEB/EDX).

Comportarea in-vitro a fost de asemenea investigata
prin scufundarea pulberii de silicat dicalcic in lichid
fiziologic simulat/sintetic pentru 7 zile. Rezultatele noastre

indica ca silicatul dicalcic in lichid fiziologic simulate arata

ca faze mineralogice principale hidrosilicati, iar o cantitate
mica de fosfor din lichid se leaga ca faze fosfatice.

behavior of the as-prepared C,S was then

evaluated by soaking in SBF.
2. Experimental

2.1. Preparation of 2Ca0O-SiO, powders

The dicalcium silicate was synthesized by the
sol-gel method, using Ca(NO;),'4H,O and TEOS
as raw materials with a CaO/SiO, molar ratio of 2 —
Figure 1

The nitrate salt was dissolved in 100 ml
ethanol and magnetically stirred until a clear
solution was obtained. The TEOS was hydrolysed,
the molar ratio TEOS: water was 1:4. The clear
solutions was continuously stirred at 60°C, 1 hour,
than was kept at 60°C up to 72 hours, to facilitate
the alcohol evaporation and to accelerate the
polycondensation reaction, resulting in the
formation of a viscous gel. This gel was then dried
at 120°C, 24 hours resulting in the formation on a
white powder.

Based on the results of thermal analysis
(DTA/TG) performed on the dried gel, this one was
thermally treated at 600°C/3h for the dissociation of
polymer network, burning of the organic material
and completion of all decomposition processes.
The synthesized powder was then calcined in
different conditions: 800°C/1h; 1000°C/1h, 2h;
1050°C/1h; 1100°C/1h, and subjected to a rapid
cooling in air. The resulted oxide powders were
investigated by XRD and SEM.
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Dosing of raw materials / Dozarea materiilor prime
Ca:Si=2:1 molar ratio / raport molar

U

Dissolving of calcium nitrate
into minimum quantities of ethyl alcohol at
aprox. 60°C / Dizolvarea azotatului de
calciu intr-o cantitate minimé de alcool etilic
la aprox. 60°C

Hydrolyze of the TEOS
Hidroliza TEOS-ului
TEOS:H>0=1:4 molar ratio
raport molar

Homogenization of solutions
Omolgenizarea solutiilor
at/la 60°C for / pentru 1 h

ll

Gelation process / Procesul de gelifiere
(60°C, 24 h)
and / si
Maturation process / Procesul de maturare
(60°C, 48 h)

g

Drying / Uscare
at /la 120°C for/pentru 24 h

!

Thermal treatment / Tratament termic
at /la 600°C/3h
and / si
Calcination treatment / Tratament de calcinare
at/la 800-1100°C

Fig. 1 - The obtaining of the dicalcium silicate by sol-gel method / Obtinerea silicatului dicalcic prin metoda sol-gel.

The free calcium oxide (CaOfe) was
determined by an analytical method, ie. the

medium. After the preselected soaking time, the
powders were filtrated and dry at 40°C/24 h. After

titration of calcium (ll) with hydro chloric acid 0.1 N,
using characteristic indicator (mix formed
phenolphthalein with naphtolphtaleine).

2.2. Soaking in SBF

The SBF is similar to that of human blood
plasma (table 1). The dicalcium silicate powder
obtained at 1100°C/1h was soaked in SBF solution
into a bath at 37°C for 7 days at a solid/liquid ratio
of 0.5 mg/ml, without refreshing the soaking

drying, the powder was characterized by SEM
coupled with EDX.

The differential thermal analysis coupled
with thermo gravimetric analysis (DTA/TG) was
performed on a Shimadzu DTG-TA- 50H, at a
heating rate of 10°C /min, in static air to 1000°C.

X-ray diffraction analysis was performed
using a SHIMADZU XRD 6000 diffractometer,
using Ni-filtered CuKa radiation, with scan step of
0.02° and counting time of 0.6 s/step, for diffraction

Table 1
Composition of SBF/Compozitia SBF-lui
lonic concentration/Concentratia ionicd (mM)
) ) Na' [ K [ Mg”™ [ ca™ HCO, | HPO,~ ) pH
Solution SBF /Solutie de SBF 14215 115 55 1488 | 42 ] Buffer/Solutie tampon 725
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angles 2 theta ranged between 20 and 65°, at
room temperature.

SEM images were obtained by using a
HITACHI S2600N equipment coupled with EDX
probe, the samples being covered with a silver
layer.

3. Results and discussion

The SEM images and EDX data of the
sample after soaking for 7 days are presented in
Figures 5a-c and Table 4, respectively.

Table 2

CaOxee (%) values for dicalcium silicate obtained in different
thermal treatment conditions
Valorile de CaOiier (%) pentru silicatul dicalcic obtinut in diferite
conditii de tratament termic

Figure 2 shows the DTA, TG and DTG Thegﬂ;ﬁgtﬁ?}?em
curves of the dried gel. The total weight loss of the Conditii de tratament 1050°C/1h 1100°C/1h
sample is 65.18% (w/w). Three endothermic effects termic
accompanied by mass loss were recorded on the CaOres | CaOiver (%) 0.85 0.75
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Fig. 2 - The DTA, TG and DTG curves of dried gel / Curbele ATD, TG si DTG pentru gelul uscat.
DTA/TG curves: at 84°C for loss of physic water, at
565-584°C for dehydroxylation of calcium hydro- o-C,s
xide and 663°C for decarbonation of calcium ©-Ca0
carbonate formed accidental by carbonation in a
) . . o o
during of synthesis. One small exothermic effect o
: O 1o (@)
accompanied by mass loss was recorded on the e
DTA/TG curves can be attributed to the
dissociation of polymer network and burning of the ‘L\ " \
organic material. d
Figure 3 presents the XRD patterns of the c
calcined masses at different temperatures. It can
be seen that the identified crystalline phases were b
dicalcium silicate and calcium oxide.
The free calcium oxide values (CaOxee) are a
showed in table 2. These data are in concordance 20 20 40 50 00

with the diffraction data.

The powder resulted after calcination at
1100°C/1h was used to study the in-vitro behavior.
Microstructural characteristics of this powder are
presented in Figure 4 which showed polyhedral
particles with sizes below 500 nm and with a
pronounced tendency to form agglomerates.

2Theta (deg.)

Fig. 3 - The XRD patterns of the dried gel, treated at 600°C/3h
and then calcined at different temperature / Imaginile
de difractie de raze X pentru gelul uscat, tratat termic la
600°C/3h si apoi calcinat la diferite temperaturi:
a - 800°C/1h; b - 1000°C/1h; c - 1000°C/2h; d -
1050°C/1h; e - 1100°C/1h.
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10003 WD1l.7mm 25.0kV x5.0k

10003 WD1l.7mm 25.0kV x10k

10003 WD1ll.7mm 25.0kV x35k

c

Fig. 4 - SEM images for C,S powder obtained at 1100°C/1h /
Imaginile MEB pentru pulberea de C,S obfinutd la
1100°C/1h: a — x5000; b- x10000; c- x35000.

The SEM images (Fig. 5) revealed that after
soaking in SBF, the surface of the C,S particles
was covered mainly with foils and fine needles of
calcium hydrosilicates.

EDX data (table 3) indicate that phosphorus
from SBF was incorporated in at least one of the
crystalline phases of the powdered samples. The
formation of some phosphates can not be
excluded, but because of their low concentration

10003 WD27.1lmm 25.0k¥ x3.5k 10um

c

Fig. 5 - SEM images for C,S powder obtained at 1100°C/1h
after soaking for 7 days in SBF / Imaginile MEB pentru
pulberea de C,S obtinutd la 1100°C/1h dupé
scufundarea timp de 7 zile in lichid fiziologic
simulat/sintetic: a — x1000; b- x2500; c- x3500.

and crystallinity degree (below the XRD accuracy),

their detection is difficult.

Table 3
The EDX data of C,S obtained at 1100°C/1h and soaked in
SBF for 7 days
Datele EDX pentru C,S obtinut la 1100°C/1h si scufundat in
lichid fiziologic simulat/sintetic pentru 7 zile

Element / Element Ca Si P

Concentration / Concentratie (%) 81.47 16.92 1.61
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4. Conclusions

The sol-gel synthesis represents a better
approach for synthesis of pure C,S. This synthesis
method is more effective than the conventional
preparation involving high temperatures, prolonged
plateaus and / or multi-step calcinations with
intermediate grinding.

REFERENCES

1. M. Torabinejad, T.F. Watson, T.R. Pitt Ford, Sealing ability of
a mineral trioxide aggregate when used as a root end filling
material, Journal of Endodontics, 1993, 19 (12), 591.

2. S.J. Lee, M. Monsef, M. Torabinejad, Sealing ability of a
mineral trioxide aggregate for repair of lateral root
perforations, , Journal of Endodontics, 1993, 19 (11), 541.

3. W.H. Roberts, M.J. Toth, W.D. Berzins, G.D. Charlton,
Mineral trioxide aggregate material use in endodontic
treatment: A review of the literature., Dental Materials, 2008,
24 (2), 149.

4. S.K. Vasudev, B.R. Goel, S. Tyagi, Root and filling materials
— a review., Endodontology 2003, 15 (2), 12.

5. J. Camilleri, F.E. Montesin, K. Brady, R. Sweeney, R.V.
Curtis, T.R.P. Ford, The constitution of mineral trioxide
aggregate, Dental Materials, 2005, 21 (4), 297.

After soaking of C,S powder in SBF, the
appearance of hydrosilicates as principal
mineralogical phases and bound a small
proportion of the phosphor from liquid as
phosphate phases.

Acknowledgements

This paper is supported by the Sectoral Operational
Programme Human Resources Development, financed from
the European Social Fund and by the Romanian Government
under the contract number POSDRU/89/1.5/S/64109.

6. T. Dammaschke, H.U.V. Gerth, H. Zichner, E. Schéfer,
Chemical and physical surface and bulk material
characterization of white ProRoot MTA and two Portland
cements. , Dental Materials, 2005, 21 (8), 731.

7. H.F.W. Taylor, Cement chemistry, Academic Press: London,
1997.

8. M. Georgescu, A..Badanoiu, Hydration processes in
3Ca0.SiO, - silica fume mixtures, Cement and Concrete
Composites, 1997, 19 (4), 295.

9. D. Stephan, P. Wihelm, Synthesis of pure cementitious
phases by sol-gel process as precursor, Journal of Inorganic
and General Chemistry, 2004, 630 (10), 1477.

10. S. Kurajica, V. Mandic, J. Sipusic, Thermal evolution of
calcium aluminate gel, Journal of Ceramic Science and
Technology, 2011, 2 (1), 15.

11. R. lanos, |. Lazau, C. Pacurariu, P. Barvinschi, Fuel mixture
approach for solution combustion synthesis of CazAl,O¢

powders, Cement and Concrete Research, 2009, 39 (7),
566.

| MANIFESTARI STIINTIFICE / SCIENTIFIC EVENTS ]

International Conference on
Nanomaterials & Nanotechnology

Conference Centre at University of Delhi, Delhi, India
18 - 21 December 2011

(ICNANO 2011)

\
“ IAAM
@ “Rl u Intermational Association of Advanced Materials

& rapid publicatisn platfarm

ICNANO-2011 is a four-day international conference, organized by International Association of Advanced Materials, University
of Delhi, and Advanced Materials Letters, VBRI Press, consisting of keynote and plenary addresses, invited talks and oral
presentations focusing on specific tenets of nanomaterials and nanotechnology along with poster sessions.

ICNANO-2011 will be one of the immense international events exclusively dedicated to nanomaterials and nanotechnology viz.
nano scale materials and composites and their technology. The conference will be extremely useful in the wisdom of
interdisciplinary gathering that it will be attended by hundreds of physicists, chemists, biologists, technologists, medical
professionals and engineers. The goal of the conference emphasizes interdisciplinary research on processing, morphology,
structure, properties and applications of nano materials/and composites. This event will bring together a panel of highly-
accomplished experts in the field of nanomaterials and nanotechnology. Talks will encompass basic studies and applications
and will address topics of novel issues. In the four-day event, we will listen to recognized authorities in the field as they discuss
recent advances, difficulties, and breakthroughs in the field of nanomaterials and nanotechnology.

http://www.icbn2011.com/contact.html

*kkkkkkk *kkk *kkk *kkkkkkk *kkk *kkkkkk




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


