40 BREAMHEEE

WX
Lul-As A AlztulEg) FEAR AT

= *. . *
284", 018 %

Synthesis of Alumina-Silica ceramic armor material(I)

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% ALO; - 51%
SiO; of three compositions had the highest ballistic efficiency and better properties than alumina.

2 F

2 Ao M E HAete SEARALL A% 1Y AA Rl w RBHo] ke YU s|RoR sto] YE-WHEo|
E2 4e7hE A7beko WHBAC] $4% Ay WHAEE ALHNA sk 3714 24S Ao 22 2
4P 2L EE AW BAVIAY BAL 3HT T K25 ABL 71 ZAA AYAHEEADR O T HHELE
Z4stgon, 30mm DAFAZAA 1079 LDHIE 2 P21 2 BEAE MPAA SFAUAKERA BTt Yo
& 27stol RS T AT 46% ALOs-51% Si07h THE ¥ & WHEAS Uehhgon GRuld] v e S5
Y22 B7hE ook

% ox

Key Words : & 4] (Ballistic property), &3 A 2(Composite material), HEAT $HHEAT projectile), KE EHKE projectile)

1.4 & g AT £EE JjHoz ey gRo £3oUA B4
o FEo s WAL Fdo| B4R ARRT WA WP
chi2] Wt 2EUABE o EFEHT o) YHEY
o] B WA HW AgHE R Ay 2 Y
THe Ay aepete] vlshel Ackn ¥ 4 k] ol @ B}
W7t obd ol EFT(AAZ AN Astel FUYS WE A F L OERE, Y2ZE o2 Ad At ak YA
oz A7 4 Tkl Hustd Azl 54 stugd A =Y Agel s Hel, A Az Aes Py
GEEE 4 kmsecol Xg AgAord AEC $E&Es B AUAA) HET Chobham Frol FAolN wAsA
3-8kmisec W9 2m&olng AEo) AR AW YR g Sk A FEA AYoruro] gt v S 3
QUM SEBT WAL FAo] Aojd 4 A7] HEolch.  HHolm FeluixTol A EtE 105mm APDSEH| o3
whof eEoUA WA FESEL (Zkmbecsl Wolo] VT LESIFOH ol Aetx FUNRA YB Aol

AT 29 AFFEE Fool Hs) 4P Lo of
EL ¥ 53] otk $H HEATY A= o3 2
FEHRANAY Atz YA L FEQA, U3

K oru

A
MO B oy

¢

*+ RS Al4R)F 8k} @Al A RHE-mail:csookim007@yahoo.co.kr)
* Waiget AaAE )



F18% £ 6 B 2005. 12

Solu-delstA At Raa deE 47 41

¢ &8t g F7 o).
w5t} g Astel oj2a Aol st Y= A
) A Aol F we FERI ALHPen, 3 4
ot} WE 2 19709 ) Chobham 37t 7fdt ol WE
S0l 4422 PAHD Ji 4y IIHMHEATE)o) o
Y3 s ol o whel AA zo] o] o) Aol
FYstn Yot Alghe] FAE = @A (monolithic block) A
2ok AtEs BRA 2 e S ok oA At =
714 de drEa 389 A2 ALO;, SiC, B.C, TiB, 18
I AN Folth4] o] &2 WHEA aFH = Tt
SRo] YL, vt A v 1 1047 59
Moo= Aust A7tk AYAHoR 7y e 5L s
AL L7t aAT BiCo SIiC D AHeha A% 85% ALOsS
024 o|Fel Weg shAel ek theksht oj9]o)
A2 ARE Sl ST FTEHS URY Aol A
g g4 wE 7ol YR umALY, g o Aatal)
AR A, obA AL A AL, vlUAE o]g So= A
‘ﬁ@oi g §8EA FEote Aol gk
Aol A FAR ol BB Aol L dFn|i}e
-“g%}‘g 1 22 A27HE Hrlste WagAol & Al
2 B3HA AR E Adstna &g

o2
B\

ox

s
Sais

2. AF o

21 &gtgz 2 53t
gRuG-gestA At Azo] AgE Bwdmi
corundum, A4 (feldspar), & 4(talc), 7}&2(kaolin), A

(quartz)o]H ALO;9t Si0,9] ZAWSlo] WE 7|AA B4 ¢
e B4 WMEE wa/E437] 98te] Table 13 22 w)g
2 4 2UdRE 259 st PL-1 75%Si0,,
PL-82 50%Si0;, PL-11-& 25%Si0, 240 Hx 2 a4t}

Table 1 Experimental compositions(wt%)
Specimen | AES-11 | Quartz | Kaolin | Feldspar | Talc Etc
PL-1 17 20 35 8 2 18
PL-8 31.6 26.7 273 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/cr) | 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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o7} 4 S : flexural strength, P : load at fracture, L :
distance between supporting knife edges, b : width
of specimen, d : thickness of specimen

Aol A &% L microvickers 7 A} H 7} (Matzuzawa Co.,
Model DVK-23)& AlE-3}9} indentation crack measurement
method 2 &3} 1L 315 10kg, 3157 A A7t 10sec, ot57
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length, K
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Fig. 1 Schematic diagram of apparatus for KE projectile.
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Table 3 Properties of slunry

Table 5 Chemical compositions of spray dryed powders(unit : wt%)

Specimen | ALOs | Si0; { MgO | K20} NayO | Fe;0s | CaO | Total

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

PL-8 4549 | 5090 | 1.32 [1.68| 0.34 | 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 6014 & 4 Y& =& Zo] ALO:S FH(PL-I :
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2AA 2 WErL FopA|w, ojo] whet AYAYE, wIAY
Young's modulus, ZEE FAE S & ¢ Ut oj&= TR ¢
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Specimen | Viscosity pH Average Diameter (um) 1A 2ol Av e Haks | Rohe = =4
o}
PL-1 2 7.64 32 oFZujp gheko] HOE FAH AWE et oS A
“ RS o 4 9tk = PL-L PL8, PL-11 &A12 7|72
PL.S 157 90 I8 He e d 5 Y% &P &2 7144
240) B9t
PL-11 337 8.8 14
Table 6 Mechanical properties of specimens
Table 4 Properties of spray dryed powders Contract- Absor- Flexural- Tough- Hard-
Speci-| . Porosity ption Density Strength ness E ness
Specimen PL-1 PL-8 PL-11 men | 0% % o MPam | (GPa
(%) (%) % (g/cm) (MPa) ( o, (GPa) (GPa)
Bulk density (g/cr) 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 11.6 0.95 0.36 2.68 159 2.63 116 | 63
+70 mesh 410 0.09 0.15
PL-11 14.0 0.11 0.04 3.05 231 3.63 173 | 79
+100 mesh 4.12 1.71 2.00 A : : ’ ’ ’ ’
+140 h 17.04 . 3 -
mes 623 535 PLB” 37 | o | 004 | 302 | 211 | 3.69 | 178 | 78
+200 mesh 41.73 60.88 5044
Granule
Size +230 mesh 942 14.26 15.79 glM|=Z gl AIEA
e 33 OlMES 2 AEA
270 mesh | 513 799 1077 Fig. 3~62 PL-1, PL-8, PL-11A, PL-11B AJ® w]H| %% A
+325 mesh 9.58 6.15 10.39 A Z(SEM) Abd o™, Fig. 7-9+& ZF A|H Y X-4d 3|28
4ol
-325 mesh 8.54 2.44 4.94 Fig. 39] SEM AR A DA 279 Edo|E 7} wo] 4
Total 99,66 99.75 100.03 AHEe] A5 B £ A3 o] A XA PR 23
L 9loh
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Fig. 3 SEM photographs of PL-1.

Fig. 4 SEM photographs of PL-8.

Fig. 5 SEM photographs of PL-11A.

Fig. 6 SEM photographs of PL-11B.
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Fig. 7 XRD pattems of PL-1. C : comndum Al:Os, Q : quariz SiO,,

M : Mullite 3A1,0; - 28i0, S : cristobalite SiO;
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Fig. 8 XRD patterns of PL-8. C : corundum ALO;, Q : quartz SiO;,
M : Mullite 3A1,0; - 28i0;, S : cristobalite SiO;
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Table 7 Ballistic efficiency of sample(40mm HEAT)

Specimen | Stand-off | Layer | Density(g/cm) | Ballistic Efficiency
PL-1 Built-in 1 243 0.02
1 0.12
Built-in 2 0.71
PL-8 2.68
3 0.68
3 CD. 2 1.00
1 0.20
PL-11A | Built-in 2 3.05 0.54
3 0.52
PL-11B | Built-in 1 3.04 0.17

Table 8 Analysis of ballistic efficiency as a function alumina content

Composition(%) Ballistic Efficiency
e Al0s $i02 (?u:;;ir:) @ 31Cager)
Pyrex - 100 0.02 0.89
PL-1 30 65 0.02 -
PL-8 45 51 0.12 1.00
PL-11A 72 25 0.20 -
AlLOs 100 - 0.21 0.70
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Table 9 Ballistic efficiency of sample (30un SPG KE)

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