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ABSTRACT

Nano-particles of pure single phase calcium aluminate (CA) were prepared via solid state
reaction at high temperature. An ultra-pure nano-size hydroxyapatite (HA) prepared by sol-gel
method was used to formulate a composite of 1:1 CA: HA. Setting times, micro-hardness, bulk
density, calcium ion and phosphorus ion concentration, XRD, FTIR and scanning electron
microscopy (SEM) were investigated. The results showed that the substitution of 50% by weight
of pure calcium aluminate cement (CA) by nano-size hydroxyapatite (HA) has a retardation effect
on setting process. The use of artificial saliva solution as hydration medium enhances the hydration
process of both synthesized calcium aluminate based materials due to the formation of more
hydrated compounds. Curing of calcium aluminate cement in hot and humid conditions, resulting
in hardness loss and high porosity due to the conversion process, in which the compounds CAH, |
and C,AH, (hexagonal crystals) are converted into the more stable compound C AH, (cubic
crystals). The SEM studies indicated that the presence of nano-particles of hydroxyapatite in CA/
HA composite facilitated the precipitation of hydroxyapatite-like active layer, suggesting that pure
CA cement has some distinctive physico-mechanical properties make it suitable for use as root
end filling materials in dental applications.

Keywords: Nano-calcium aluminate — Nano-hydroxyapatite —Gibbsite —Root end material.

INTRODUCTION five main chemically bonded ceramics groups; Ca-

phosphates, Ca-silicates, Ca-aluminates, Ca-

Bioceramics that have been developed carbonates and Ca-sulphates?3.This investigation

during the last five decades are especially used for ~ will be dealt with only two systems of the above

repairing the skeleton bone systems as well as in  mentioned five groups; those are calcium aluminate
dental applications'. These bioceramics comprising and calcium phosphate.



ISSN: 0970-020 X
CODEN: OJCHEG
2017, Vol. 33, No.(6):
Pg. 2720-2730

ORIENTAL JOURNAL OF CHEMISTRY

An International Open Free Access, Peer Reviewed Research Journal

www.orientjchem.org

Est. 1984

Development of Zirconia Substituted 1393 Bioactive Glass
for Orthopaedic Application

SANDEEP KUMARYADAV*, SARTHAK RAY, MD. ERSHAD, VIKASH KUMARVYAS,
SUNIL PRASAD, AKHER ALI, SUSHMAYADAV, MANAS RANJAN MAJHI and RAM PYARE*

Department of Ceramic Engineering, Indian Institute of Technology (Banaras Hindu University),
Varanasi -221005, India.
*Corresponding author E-mail: sandeep.rs.cer.2006 @ gmail.com

http://dx.doi.org/10.13005/0jc/330605
(Received: August 13, 2017; Accepted: September 18, 2017)

ABSTRACT

Zirconia was used as a bone substitute, since it has excellent mechanical properties. It is
also good bioinert to bone tissue. In this study, we report on zirconia substituted 1393 bioactive
glass. In novel melt-derived “1393” Bioactive glass (53 SiO, , 6Na,0, 12 K,0, 5MgO, 20Ca0, and
4 P,O, wt %) with CaO was doped by ZrO, for and were melted at 1400°C in alumina crucibles
in electric furnace with air as furnace atmosphere. Bioactivity of these samples were analysed by
put in the SBF for different time periods. Hydroxy Carbonate Apatite layer was developed and
identiGied by FTIR, XRD and SEM. Chemical durability was also determined by weight loss method.
Density of the samples were determined and found to increase significantly with increasing
amount of (0-2 wt %) zirconia, reason is due to replacement of lighter element of CaO has been
replaced by heavier element ZrO, Finally, this investigation clearly concluded that ZrO, substituted
bioactive glass would be potential biomaterials for biomedical applications.

Keywords: Bio-active glasses, Simulated body fluid, XRD, SEM, FTIR, pH,
Chemical durability, Density.

INTRODUCTION

Ceramics which are used for filling and
rebuilding of non-healing bone defects and for
healing of damaged or diseased parts of the
muscular-skeletal system is termed as bio ceramics’.
Bioinert (alumina, zirconia), bioactive (hydroxyapatite,
glass, and glass-ceramics), resorbable (tricalcium
phosphate) or porous for tissue in growth
(hydroxyapatite-coated metals, alumina) may be
used in the bio ceramic composites?. Several types

of bioactive glasses are developed over past years.
Bioactive glasses (BG) have been known for their
bioactive properties and their aptitude to form a
strong bond to bone by formation of hydroxyapatite
surface layer®. Bioactive glasses (BGs) such as
“4585 Bio-glass® (45 SiO,, 24.5Ca0, 24.5Na,0, 6
P,O, wt %) and “1393” (63 SiO,, 6Na 20, 12 K,0O, 5
MgO, 20 Ca0, and 4 P,O, wt %) compositions have
been widely used for bone tissue engineering
applications?*. Hench et al., examined the in vitro
bonding mechanism with synthetic material
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ABSTRACT

The chiral (S)-9-(1-methoxyethyl), (R)-9-(1,2-dimethoxyethyl) and 9-(1R, 2R)-(1,2-
dimethoxypropyl) anthracenes were synthesised and used for the thermal Diels-Alder reaction
with cyclopentene-3,5-dione. Unlike the maleic anhydride and N-substituted malemides, the
cyclo-adducts were obtained with high regio-selectivity as a single diastereomer. The X-ray
structure of the cyclo-adduct showed an enol form but the '*C NMR showed resonances for two
cyclopentanone carbonyl groups suggesting the solution structure is in the diketone form. Stereo-
controlled studies using organomagnesium additions to the carbonyl groups resulted in hydrolytic
cleavage of the enol ether and elimination of water to give a-alkylketone anthracene adducts.
These were unsuccessful in preparing chiral cyclopentenone core structures.

Keywords: Cyclopentenone, cyclopentene-3,5-dione, chiral anthracene,
organomagnesium.

INTRODUCTION

The cyclopentenone skeleton has been
reported in diverse biological active compounds.
For example, prostanoids such as clavulone | and
clavulone II" isolated from marine natural products
and exhibiting strong cytotoxicity. Untenone A?
isolated from the Okinawan marine sponge
Plakortis sp. which inhibites cell proliferation of
L1210 leukaemia (IC_, = 0.4 pg/mg) and mammalian

DNA polymerases (pol. o and B), and human
terminal deoxynucleotidyl transferase (TdT).®
Recently, TEI-9826,* an antitumor agent in
preclinical trials, has also been prepared.

Many strategies have been developed to
synthesise cyclopentenones including the Nazarov
cyclisation,® the Pauson-Khand reaction,® metal-
catalysed cyclisation,” and Diels-Alder or retro
Diels-Alder reactions using anthracene.® Thus, the
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