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Synthesis of Alumina-Silica ceramic armor material(l)

Cheol-soo Kim", Hyung-Bock Lee

ABSTRACT

In this study, we tried to invent ceramic armor material with brilliant ballistic properties by the silica of the
high compression-expansion ratio and based on alumina that has the most economical and higher ballistic
efficiency. After we choose three compositions, proper sintering temperature for each composition was decided.
After physical/mechanical measurement, we measured ballistic properties about KE(Kinetic Energy, L/D=10.7,
tungsten heavy alloy) and HEAT(High Explosive Anti-Tank, K215) projectiles. As a result, 46% AbLO; - 51%
SiO; of three compositions had the highest ballistic efficiency and better properties than alumina.
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Table 1 Expen I compositions(wt%)

Specimen | AES-11 | Quartz | Kaolin | Feldspar | Talc Etc
PL-1 17 20 35 8 2 18
PL-8 31.6 267 | 213 10.9 3.5 -

PL-11 57.5 - 28.7 10.4 3.4 -
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Table 2 Green density and sintering temperature

Specimen Green Density(g/cw) | Sintering Temperature(C)
PL-1 2.03 1,380
PL-8 1.80 1,315
PL-11A 1.97 1,350
PL-11B 1.97 1,335
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of7}A} S : flexural strength, P : load at fracture, L : gt HEEAFALE)E o2 o] 3+ 4 k5]
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Table 5 Chemical compositions of spray dryed powders(unit : wt%)

Specimen | ALOs | SiO2 | MgO | K20 | NayO | Fe;0; | CaO | Total

PL-1 29.46 | 65.06 | 0.87 [2.86} 0.95 | 0.13 | 0.55 | 99.88

PL-8 4549 15090 132 |1.68] 034 | 0.08 | 0.03 | 99.84

PL-11 71.82 | 24.67 | 1.28 [1.65] 0.34 | 0.06 | 0.03 | 99.85
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Table 3 Properties of sluny PL-11A%} PL-11B A %oll4 15T Arol AZ2% Wil
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Specimen Viscosity pH Average Diameter (ym) 1:]]7%‘ doll Atk Wghe £ Rk Aoz wy=
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Table 6 Mechanical properties of specimens
Table 4 Properties of spray dryed powders Contract- Absor- Flexural- Tough- Hard-
Speci- ion Porosity ption Density Strength ness E n::ss
Specimen PL-1 PL-8 PL-11 men Y% y/cn MPam [ (GPa
’ oy | en | @] aapa | OF Gpy
Bulk density (g/cm) 0.66 1.02 115
PL-1 74 0.19 0.07 2.50 114 2.83 103 | 5.7
Moisture (wt%) 1.00 0.06 0.06
PL-8 116 0.95 0.36 2.68 159 2.63 116 | 63
+70 mesh 4.10 0.09 0.15
PL-11
+100 mesh 412 171 2.00 A 14.0 0.1 0.04 3.05 231 3.63 173 1 79
+ -
140 mesh 17.04 623 333 P LB” 137 | 041 | 004 | 302 | 211 | 369 | 178 | 78
+200 mesh 41.73 60.88 50.44
Granule
Size +230 mesh 9.42 14.26 15.79 OjM|Z=& 2l AFEA
W1%) 3.3 l I—i-—‘! ES oTLT‘-“
270 mesh | 513 7.99 1077 Fig. 3~62 PL-1, PL-8, PL-11A, PL-11B A& u]q2a =
+325 mesh 9.58 6.15 10.39 A 0] A(SEM) Ablol ™, Fig. 7~9% 2z AjH ] X-A FH R
Mol
-325 mesh 8.54 2.44 4.94 Fig. 39 SEM Abzloa] 24t 229 Egjo|E7} Wo| A
Total 99.66 99.75 100.03 BE EE 2 4 AT o] e XA HEEy 23
YAk ik

(Fig. b= 2



44

HEAM RS

i)
23

i*ﬁ’i’ft gﬁ
Fig. 3 SEM photographs of PL-1.

Fig. 6 SEM ph()togmphs of PL~11B.
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Fig. 7 XRD pattemns of PL-1. C : corundum ALOs, Q : quartz SiOy,
M : Mullite 3A1,0;3 - 2Si0,, S : cristobalite SiO;

0,53
C
a [
0.43 | c
{ 1
0.16 i i i
Bl & ¢
.24 ! i % ¢ !
i | !
1 T ﬁ ’. | :
9.42 /.. [T !M’{ Q ?1 " M oc
L. W-m'L il LASAE i i \..w‘. D
0.0 9,0 0.0 .0 and y

Fig. 8 XRD patterns of PL-8. C : corundum ALQOs;, Q : quartz SiO;,
M : Mullite 3A1,0; - 2Si0,, S : cristobalite SiO;
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Fig. 9 XRD patiems of (a) PL-11A, (b) PL-11B. C : corundum ALO,,  Pyrex®] W EE/JAIE 2 1}2} Table 79) PL-1, PL-8, PL-11A9]
Q : quartz SiO;, M : Mullife 3AL0; - 28i0;, S : cristobalite WeE B A YA E 23 243 292 PL-§ 3C.D 23 W

5i0,
.1_‘:1__}3_9_ 1.00058 Ezfﬂ-ﬁ}-oi Table 8¢ L}'E}'I’HME}—

PL-89] 7%, Aletel AlHE W fof dxst1 Agslae Table 8ol A] ¥i=utet Zro built-in 13042 WEEAHL
o 0.129] BAESS VERYO Y, Ay AH Yo A7 ERuY o] FEE Fbsta ol A AHENT
T 1% £ doles 0719 2AEES vehdn. ¥Aste AEE Holx lrh[I2~15]

o|&} Zro] Zh-2 Aty AlHolg} shujate $A]o) whet WE PL A& 9] 7942 corundum, E&olE 9 FejAR P
B0 A Hskghe o ¢ lod, A4 e gy A" ARl dlow sk AlE corundum(Y# e LhI 2] 2(H g
Aol e o 3B M B2 ¢ 4+ T ThE FAANE FEEd vXE %S 4EE 5 g !

9 A 43Fye AEV} FR8] dgd Tho] gl



A EEEE

AERGaR7E 2ot 7] giolch bulitin 234
i il F7rsteh7r 4 H

| 1

i
£
=
H
N
s
2
e
ok
j;{
)
o
o
S

ol

(N3
=]
=]
e
oyl
i3
o
2
vl
rlo
2
It
rlr
o
v
e
.
o]

o of

B o ol
% Ho it
o A
=1
L

o
2
£
2
)
2
N
Y
£
Fo
o
£
LI
Q
v}
o o fo
ok

oz

}‘J“Qoﬁl‘ﬂ.o}‘

v
il e 20 ox o8 mE N

w
@]
J

LB R built-inof] w3 d2|7le] 2% HE

o & SR Gl S we 274 E
THE Bolxle W dEyt ¥ FaR B0 nY
Sopzich aen g H¥e Gfvjuhet dstrt

ol 7t w2 HEE4dE Yeige

of ®la) 43% Yol FAE ¢+

cheoh

o
—

o ot Hf
ol
L8

<]

342 SV A g gt YeEA Hrt Fo
Table 9% 30mm SPGE o]&38}0] PL-82] $%ofy %] Eto]
=}

W FEEYE SAT APEATR 43R 71E HHEA ]
o}

Table 9914 & = Sl whel Zo] 4 ()& o|&sto] R
AEEE A4St PL8E B 139 FAZEES Yehidd
ool AW v FAEERA ERaL} visd &
o2 gFoldxgel d3 YEELdR F& Hojvh BE 4
Faorge] g gl F2 A2E S o
TgEEdol n I widie] Aok YA £ R
Foll dig wEEdel = ok L

=
o
Ho
+
ek
5

Table 9 Ballistic efficiency of sample (30nz SPG KE)

Specimen Projectile Velocity(m/sec) Ballistic Efficiency
1535 1.34
PL-8
1531 1.32
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