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ABSTRACT

Several oxynitride glasses were fabricated by means of adding Si;N, powders as nitrogen source to Ca-Al-Si-O-N (CAS) and Mg-
Al-Si-O-N (MAS) glass powders, and heat-treated in graphite crucible at 1600°C for 1 h. The physical and mechanical properties as
well as impact resistance were generally increased and compared with each other. The impact resistance properties of those
manufactured glasses were evaluated by DOP (depth of penetration) method which is a way to analyze armor materials. There were
two means to be used herein; the copper jet impacted at hyper velocity by exploding K215 warhead and tungsten heavy alloy (WHA)
impact bar at high velocity by firing in 30 mm solid propellent gun. The impact resistance properties against copper jet were increased
and then decreased with increasing nitrogen content, while those against WHA bar were not changed apparently with nitrogen content.
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\ CaCO/MgO ‘ ‘ AI(OH)s | ‘ Sio, ]

Mixing

Melting
Pt-crucible, 15507, 2 h, Air

‘ Quenching upon a metal plate l

|

‘ Crushing and milling 1

|

' Mixing with SisN, (5, 10 wt%) ‘

Re-melting
Graphite fumnace, 1600, 1 h, N, flow

Machining and evaluation

Fig. 1. Flow diagram of experiment.
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Table 1. Compositions of Specimens

Specimen Composition
designation (mole %)

CAS-00# 42Ca0-33A1,0;-25Si0,

CAS-05# 42Ca0-33A1,05-25Si0,+5 wt% SisN,
CAS-10# 42Ca0-33A1,05-25Si0,+ 10 wt% SizN,
MAS-00# 25Mg0-23A1,05-52Si0,

MAS-05# 25MgO - 23A1,0;-528i0,+5 wi% Si;N,
MAS-10# 25Mg0-23A1,0;-528i0,+ 10 wt% SizN,
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2.4.1. X-Ray Analysis
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Fig. 2. Schematic diagram of experimental set-up for copper jet
impact.
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Fig. 3. Schematic diagram of experimental set-up for tungsten
bar impact.

Table 2. Nitrogen Contents of Oxynitride Glasses

Specimen Deppsited Detected N2.
designation SizN, N, detec.tlon Remarks
(wt%) (wt%) ratio

CAS-00 0 0.06 Impurities
CAS-05 5 4.75 95.0%
CAS-10 10 6.96 69.6%

MAS-00 0 0.10 Impurities
MAS-05 5 5.08 101.6%  Impurities’
MAS-10 10 6.86 68.6%
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Fig. 4. X-ray diffraction patterns of Ca-Al-Si-O glass (A) glass

powder mixed with 10 wt% SisN,, (B) melted glass

mixed with 10 wt% Siz;Ny, and (C) melted glass mixed

with 20 wt% Si3N,.

Table 3. Mechanical Properties of Oxynitride Glasses
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t}, CAS/MAS 05.4 7He& CAS/MAS-003}+2] B]go|n,
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3.2.1. 8k

Aa F Hst] we Ashiele] 2= WS Fig 5

o JEPH ATt CASA 2 MASA Asbga] 25 Asht
& g STt meb dWErh 234 FURsIgod o
ST7FEE ul$ Ak A4 FoelA] o CASAl EH
o] UEE 276 g/cm%]oiwl Si;N,7F 10 wi% % 7}5491
S g9 UEE 28l gem’E 1.8%S] W= =712 el

Specimen Density Compressive strength Hardness Young's modulus
designation glem’ Increasing ratio  kgf/em® Increasing ratio GPa Increasing ratio GPa  Increasing ratio
CAS-00 2.76 - 1,200 - 6.7 - 96 -
CAS-05 2.78 0.7% 1,500 25.0% 7.5 11.9% 106 10.4%
CAS-10 2.81 1.1% 1,800 20.0% 8.1 8.0% 113 17.7%
MAS-00 2.66 - 1,400 - 6.9 - 104 -
MAS-05 2.73 2.6% 1,726 23.3% 84 21.7% 117 12.5%
MAS-10 2.74 0.4% 2,000 15.9% 94 11.9% 123 5.1%
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Fig. 5. Density of oxynitride glasses according to nitrogen

content.
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Fig. 6. Compressive strength of oxynitride glasses according to
nitrogen content.
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Fig. 7. Hardness of oxynitride glasses according to nitrogen
content.
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Fig. 8. Young's modulus of oxynitride glasses according to
nitrogen content.
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Fig. 9. Impact resistance properties of oxynitride glasses
against high velocity cupper jet.
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Fig. 10. Impact resistance properties of oxynitride glasses
against high velocity tungsten bar.
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