
The Innovation (Zinc Doping): Incorporating therapeutic 

zinc (Zn2+) ions into the silicate matrix not only stimulates 

osteoblast activity and matrix mineralization but also 

introduces potent antibacterial properties to combat post-

implant infections.
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INTRODUCTION01

The Challenge: Bone defects caused by trauma, 

tumors, or degenerative diseases demand advanced 

synthetic substitutes that surpass conventional 

materials.

Sol-gel Synthesis04

The Solution: Calcium-magnesium silicates—specifically 

merwinite (Ca3MgSi2O8)—are emerging as stellar 

bioceramics due to exceptional bioactivity, biodegradability, 

and mechanical compatibility with cortical bone.

KEY OBJECTIVES02

Synthesize pure and zinc-doped merwinite powders 

(Ca3Mg1−𝑥Zn𝑥Si2O8, 𝑥 = 0.0,0.1)

 via the sol-gel route for superior compositional 

homogeneity and nanostructuring.

1

Evaluate the structural, morphological, and biological 

impact of a moderate 600 ℃ calcination treatment.
2

MATERIALS AND METHODS03
KEY FINDINGS06

Synthesis Route:

➢ Prepared via the sol-gel method for high 

purity and compositional homogeneity. 

➢ Cationic precursors: Ca(NO3)2 ⋅ 4H2O, 

Mg(NO3)2 ⋅ 6H2O, Zn(NO3)2 ⋅ 6H2O, and 

TEOS. 

➢ Target compositions: Pure merwinite (MW) 

and 10% zinc-doped merwinite (MW-Zn, 

Ca3Mg0.9Zn0.1Si2O8

Sol-Gel Efficiency: Low-temperature calcination 

(600∘C) successfully eliminates organics/nitrates and 

yields reactive, nano-sized intermediate silicate phases 

(monoclinic/orthorhombic Ca2SiO4and MgO) ready for 

final structural integration.

Structural Integration (FTIR & XRD): 

Confirmed successful Zn2+incorporation and 

characteristic Si − O − Si, Ca − O, and Mg −
Obond formation without disrupting the core 

matrix.

Morphological Shift (SEM): Zinc acts as a 

densification promoter, shifting ultrafine particle sizes 

from ∼ ​30−−70 nm(pure MW) to larger, uniform 

topographies (∼ ​100−−250 nm) by lowering activation 

energy for ionic diffusion.

Powerful Antibacterial Action: The zinc-doped 

formulation (MW−Zn_600) demonstrated remarkable 

performance against E. coli (inhibition zone of 

6.08 mm), driven by synergistic Zn2+ion release and an 

alkaline local microenvironment.

CHARACTERIZATION05
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Fig. 1. Sol-Gel 

synthesis of the 

merwinite 

powder.
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