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THE CONCEPT OF ARMOUR

Onion approach to survivability
➢ Glass based armor is heavy and has a high 

areal density 160-180 kg/m2

➢ Transparent ceramic-based armors are 

excellent but exorbitantly costly, 

➢ No technologies or equipment are available 

in India to produce such materials in the 

required dimensions and shapes.

➢ The GCs-based Armors exhibit superior 

strength and high transparency, along 

with the flexibility to produce in large 

sizes and complicated shapes at a 

reasonable cost.

➢ The areal density is aimed to reduce to 

<120 kg/m2



PROBLEMS:

 Armor contributes to over 30% 
of the weight of an armored 
vehicle

 Vehicles must have 
significantly reduced weight
▪ high mobility

▪ rapid deployability

▪ high fuel efficiency 

▪ high pay load carrying capacity

▪ Cabin space

▪ Less complicated braking and 
steering
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SOLUTIONS:

 To develop 
 hard

 high strength

 high fracture resistance

 high elastic modulus

 transparent 

o  SLS glass armors…….. Heavy, space occupying

o  Transparent Ceramics….restricted size, costly

Nano crystalline 

MAS glass-ceramics

WHY SPINEL?

Cubic crystal

3D bulk crystallization

High hardness (16 GPa)

LOW CTE

Low crystal growth rate

Light weight

Large Size

AffordableGLASS GLASS-CERAMICS CERAMICS

Strength

% T

Cost
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Theoretical strength of a FLAWLESS glass is 35 GPa 
in a tensile mode. 
Ordinary soda-lime glass products break in a brittle 
mode at as little as 0.007 GPa (0.02 %)

The tensile strength for structural steel is 0.4 GPa 
(~1 % of theoretical strength of a flawless glass)

Can glass be made stronger than STEEL?

Glass is an ideal choice for display and transparent 

armor applications because of its transparency, high 

hardness and durability, but mechanically weak 

and brittle
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How to Strengthen Glass Products?

✓Fire-polishing

✓Polymer Coating

✓Lamination: After the front layer cracks, some energy 

is absorbed. More energy is needed to crack further. 

Shards are kept together (bullet proof glass, Grand 

canyon skywalk)

✓Thermal tempering: Adds surface compression (Car 

windshields)

✓Over glazing with lower thermal expansion glass

✓Inclusion of a second phase: Glass-ceramics

✓Ion Exchange (Chemical) strengthening: Adds surface 

compression. 



AIR JET

AIR JET

Fast cooling

Slow cooling

Compressive Stress

Thermal toughening

Chemical toughening

-70 to -150 MPa Surface compression

TOUGHENING MECHANISMS

Thermal toughening

- 0.5 GPa

Crack deflection mechanism in GCs

The Glass Age, Part 2-  Strong, Durable Glass.mp4


GLASS-CERAMICS

Glass-ceramics are polycrystalline solids prepared by the 

controlled crystallization of  glasses

Glass-ceramics:

Controlling factors

of Properties:

✓ Composition

✓ Ceramization

  To produce a large number of nuclei 

Controlled crystallization of glasses
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Optimized development route of LAS and MAS-based glass along with their individual 

ceramization process

Development Route Optimization of Ceramization Process



GLOBAL SCENARIO OF NEXT-GENERATION MATERIALS DEVELOPMENT FOR 
ARMOR SYSTEM 

Internationally, researchers are working on transparent ceramics/GCs such as

➢ ALON, spinel, and sapphire based transparent ceramics

➢ Commercially available glass-ceramics : lithium-alumo-silicate glass ceramics (SCHOTT's 
ROBAX®), or a lithium-disilicate glass ceramic such as ALSTOM's TRANSARM®

➢ Magnesium alumina silicate (MAS) based glass-ceramics are not yet commercially available

GLOBAL MARKET AND FUTURE PROJECTIONS

Due to incremental threats, the ballistic protection market is projected to grow from USD 13.4 billion to 

16.9 billion by 2027, at a CAGR of 4.7 % from 2022 to 2027. 

INDIAN SCENARIO 

➢ Transparent GC armors are not yet developed or produced in India
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Challenges to develop GCs for armors

1. To achieve transparency ~85-90 %

2.   High mechanical properties in GCs

Composition optimization

Controlled Crystallization

Crystal Size

Matching refractive index between 

glass  and crystal phase 

Homogeneous distribution of nano-crystals

Desired crystal phase 

Surface strengthening

How to overcome challenges

Transparency  1/

  Mechanical strength



The glass to be heat treated at 

the nucleation temperature (TN) 

where nucleation rate is the 

highest Nucleation Growth

Avrami Index

Determination of optimum heat-

treatment protocol through 

crystallization kinetics 



SUMMARY OF KEY RESULTS / ACHIEVEMENTS

1

2

Development of LAS GC

✓ The LAS base glass hardness: 7.35 GPa
✓ LAS glass-ceramic (GC) hardness: Increases to 7.85 

GPa due to crystalline phase formation
✓ After 24-hour ion exchange: Hardness significantly 

increases to 8.91 GPa
✓ Ion exchange strengthens the surface by 

introducing larger alkali ions (Na⁺ and K⁺) into the glass 
network

✓ Transmission property of the ion-exchanged GC after 
24 hour do not reduce (80%) significantly

Ion-exchange of LAS GC samples

Micro-indentation images of Vickers 

hardness 

Transmission property 

Properties of LAS glass/GC/IoX GC samples developed by CSIR-CGCRI 

Salient Features of LAS GC Elastic Modulus Bulk Modulus 

Poisson’s ratioCompressive Strength 
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SUMMARY OF KEY RESULTS / ACHIEVEMENTS Development of MAS GC

Transmission property 

Vickers hardness results

The change in the optical clarity after the heat-treatment and ion-

exchanged of MAS samples

Properties of different MAS samples obtained in CSIR-CGCRI 

MAS GC samples
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BENCHMARKING OF DEVELOPED TECHNOLOGY/PROCESS/PRODUCT
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Properties ALON
Ceramics

SLS Glass SCHOTT's 
ROBAX®

ALSTOM’s
TRANSARM®

CGCRI-MAS 
GC

CGCRI-LAS GC 
IoX

Visible Transparency (%) for 2 mm (t) 80 ~80-90 80-90 80-90 88 80.66

Density (g/cc) 3.7 2.45-2.52 2.6 2.5-2.8 2.6 2.432

CTE (10-6/K) 4.7 9.0-9.5 0±0.5 0-5 7.26 8.19

Strength (3-point Bending) MPa 380–700 120-125 35 119-172 405 408

Vickers’ hardness (GPa) 13-18 4.5-4.7 4.41 6-7 8.9 8.91

Elastic Modulus (GPa) 334 72-73 92-93 95-115 96.5 97.2

Fracture Toughness (MPam0.5) 2.0 0.75-0.78 0.82 ± 0.03 1.0-2.4 3.56 3.63

Compressive Strength (GPa) 2.68 1.500-1.700 0.02-0.2 1.0-1.2 0.614 0.74

EM transparency at 2-10 GHz,             
                   (a) Dielectric constant
                   (b) Loss Tangent

5-10
0.003-0.007

5.8-8.4
0.006-0.007

Not yet
 done

Areal Density (kg/m2) For NIJ threat level 

III

80–120 160-180 90-100 Not reported Not yet done Not yet done



FUTURE DIRECTIONS

Testing of 200 mm  x 200 mm test 

panels

Filing a patent for IPR security

TOT for mass production

Upscaling the technology to 500 mm 

x 500 mm scale

Test panels of 100 mm x 100 mm for 

ballistic efficiency and AD

SPONSORS

DRDO-NMRL

CSIR

DRDO-NMRL

100 mm x 100 mm

Tested in 2023

Current project 2025-26

Future Plan 2026-28



INDUSTRY INTERACTION DETAILS

Key Stakeholders

End user Ministry of Defence, civilian important buildings, vehicles 

Other beneficiary(ies) electronic displays, space agencies

Industry partner in place Borosil Renewables Limited (Mumbai), Bhukhawala Industries (Mumbai), Gold plus glass 

industry limited (New Delhi), Electrotherm india limited (Ahmedabad)
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Interaction Details with Industry
[Mention nature of engagement: MoU/NDA/Agreement/ToT/Co-development/LOI/Any other commitment viz. financial, site-specific, field trials, etc.]

Borosil Renewables Limited (Mumbai), Bhukhawala Industries (Mumbai), Gold plus glass industry limited 

(New Delhi), Electrotherm India limited (Ahmedabad) has issued letter of  intents to work as a co-

development partners in a DRDO project and for commercial production after transfer of  technology



✓ CSIR-CGCRI developed ultra-hard, high-strength, transparent nanocrystalline 

MAS/LAS glass-ceramics to replace the traditional multi-layered soda lime silicate 

(SLS) glass-based armors 

✓ The transparent MAS/LAS GCs show good optical, thermal, and mechanical strength 

and are a few orders higher than SLS glasses and comparable to the Commercial GC 

products

✓ This will substantially reduce the weight and thickness of an armor system by reducing 

areal density subtantially

✓ A feasibility and proof-of-concept study has been successfully conducted by CSIR-

CGCRI Using DRDO’s TBRL test facility, and they demonstrated satisfactory 

performance

SUMMARY

The GCs armour resisted a single bullet 7.62 mm x 39 mm API BZ shot from an AK-47 rifle at a speed of about 700 

m/sec from a distance of 10 meters as per NIJ level III, USA specification 
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Finite Element (FE) 

Analysis were performed 

using AUTODYN and 

ABAQUS to design and 

study the ballistic 

performance of 

transparent glass-ceramic 

armor panels under 7.62 

mm AP projectile impact 

(~850 m/s), targeting NIJ 

Level III protection with 

reduced areal density at 

CSIR-SERC.

Glass-ceramic based 

armor test panels deign 

SUMMARY OF KEY RESULTS / ACHIEVEMENTS



FTT-FTC V TRANCHE - AEISS - MC MEETING II

Ballistic impact on layered target: 

Glass-Polyurethane (PU) Composite panel 

Layer details: 30 mm (glass)-10mm(PU)-10mm(glass)-6mm (PU)

Target Size: 150mmx150mmx 51 mm

Projectile:7.62 AP (Mass 8g and velocity 

impact velocity 850±15m/s)

Boundary condition: All lateral face fixed

DOP =22 mm

SUMMARY OF KEY RESULTS / ACHIEVEMENTS



FTT-FTC V TRANCHE - AEISS - MC MEETING II

• Numerical simulations have been carried out for designing lightweight transparent armor panels for 

resisting ballistic impact of  NIJ level III. 

• Armor Piercing (AP) projectile with steel core of calibre 7.62 mm × 51 mm and impact velocity 850 ± 

15 m/s is considered. 

• Suitable armor panel configuration is designed using numerical investigations on ballistic performance 

considering  various layer arrangements, boundary conditions and  same was sent to CSIR-CGCRI for 

ballistic impact testing.

• Based on the available material and geometry inputs it was found that about 37% reduction in areal 

density is possible with MAS glass composite [as layered configuration with [Polyurethane (bond) –

Polycarbonate (backing)]  as compared to soda lime silicate glass.

• Further update in configuration will be made based on ballistic experiment response of proposed 

armor panel

Summary on the numerical simulations works



Glass Code 27Al  MAS 29Si MAS 31P MAS 7Li MAS 

MAS 3 BG

MAS 3 (1h)

MAS 3 (5h)

MAS 3 (10h)

MAS 3 (15h)

MAS 3 (20h)

LAS 3 BG

LAS 3 (1h)

LAS 3 (5h)

LAS 3 (10h)

LAS 3 (24h) To be performed

SSNMR EXPERIMENTAL DETAILS

▪
27Al and 7Li MAS NMR 
experiments were recorded at 
16.4 T(Bruker AV700MHz) using 
1.3mm probe at 40KHz

▪
29Si MAS NMR experiments were 
recorded at 16.4 using 4mm probe 
at 12KHz

▪
31P MAS NMR experiments were 
recorded at 11.7 T(Bruker 
AV500MHz) using 4mm probe at 
14KHz

MAS NMR study from CSIR-

NCL

SUMMARY OF KEY RESULTS / ACHIEVEMENTS



29Si MAS NMR
MAS 3 samples LAS 3 samples

▪ Except LAS 3 BG and LAS 3(1h) all the other glasses have both crystalline and amorphous phases
▪ As the heating time increases, crystalline phases become dominant

29Si MAS NMR results revealed that 



31P MAS NMR

▪ Except LAS 3 BG and LAS 3(1h) all the other glasses have both crystalline and amorphous phases
▪ As the heating time increases, crystalline phases become dominant, with LAS 3 (24h) has the 

prominent crystallization

MAS 3 samples LAS 3 samples

31P MAS NMR results revealed that 



7Li MAS NMR

▪ Center of gravity in MAS 3 series is shifted towards lower ppm may be due to the change in the 
role of Lithium. 

▪ The change in the peak width of the LAS 3 glasses is due to the crystalline phases

MAS 3 samples LAS 3 samples

7Li MAS NMR results revealed that 



Dr. Amar Prakash, 

CSIR-SERC

SHPB

Prof. P Alagappan, IIT Madras
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