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ABSTRACT

The basic mechanism of adherence in sintered high purity alumina ceramic—to-metal bonding was studied.

Finphasis was placed on flux composition, porosity of the fired ceramics, and metallizing mixtures.

The study was conducted on 95 and 99.5% alumina, using molydbenum-manganese, molybdenum-man-

panese dioxide and molybdenum-manganese-silicon dioxide metallizing compositions.

Metallizing was per-

formed in wet hydrogen (dew point, -}-17°C) at 1450°C for 45 min.
This experiment indicated that adhernece mechanism of ultra high purity alumina ceramic was attributed

to formation of MnAl:Q;, and in the case of 95% alumina containing glass,

the interface into the void of the metal coating was the main role to the adhrence.

the migration of glass from
It showed also that

greater the bond-strength was resulted as porosity was increased,
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Table 1. The Specification of Alumina Powder and
Other Additives Used for Experiments

Alurriina Alurréina Alumgina Si0s MgO
Reynold ALCOA [Union [Kanto [Malline-
M?ﬁ?gfc_ Motal  Chemical:Carbide [Chemicalikrodt
Co. Division ! Co. Co.
1‘RC—I’T"Z Reactive [Linde  |reagen [reagent
Grade ‘DBM alumina [type grade 1 |grade 1
A-17 CCA
Purity | 99.7% | 99.5% — — 95%
Particle
size (40) 0.65 3.5 0.3 — —

Tahle 2. The Composition of Sintered Alumina Cera-

mic Bodies*
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Fig. 1 Sectional view of metal
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Fig. 2 Schemetic diagram of the metallizing apparatus

A : Hp gas cylinder B : Nz gas cylinder C : Valve

I : Regulator E : Flow rate measurement T : Oven

G : Copper tubing H : Pail I : Furnace

J : Heating element K : Cooling jacket L : Sample tray

M : Controller and N : Insulating brick ¢ : Rubber lid

transformer P : Recorder Q : Thermocouple
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Fig. 4 Sectional view of attachments for tensile
test
(A) Upper attachment
(B) Lower attachment
(C) Assembled view of attachments
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Table 4 Various Densiites and Porosity of Sintered Alumina Ceramics*

Alumina bodies R399 L 99 A99 L 955 L 95 MS
Dezﬁfcilti;f)rosity |Specimen| Average|Sqecimen| Average SpecimenlAverage Specimen| Average [Specimen| Average
Befope (Green density o491 2515 2040 2.082) 2.851] 2.869 1.802 1.80 1.917 1.908
sintoring i 2.532 (52%)| 2.077] 47%)| 2883 (T1%) (45.2%)|  1.011/(48.6%)

(g/em 2.523 2. 059 2, 872 1.901
Bulk density| 3-896 9.88% 3.659  3.678 3.447 3463 3.193 3.195 5.252 .20
) 3.871/(97.4%)|  5.672/(92.3%)|  3.492/(86.9%) (81.8%)| 5. 236/(82.49%)
(g/cm®) 3. 881 3.702 3.451 3.217
Apparent 2.966 32.93§ 5.928 3.93§ 3.068 3.971 8.227 3.227 3.601 S5.561
" density 5.930:(98.8%)  3.937(98.7%)|  3.979/(99. 6%) (82.7%)|  3.492((20.7%)
ter | (g/em?) 3.918 3. 944 3. 968 3.591
sintering
Apparent 1.7 | 1.8| 705! 6.97| I13.2 | 129 | 1.6 | 1L.6 | 9.70 | 10,12
porosity 2.0 6.98 12.9 9.88
() 1.84 6.89 12.7 10.8
Shrink)age 13.7 20. 21 4.5 18.5 2.5
(%

* Numbers in parenthesis are the percent of theoritical density.
The true density used for calculation of Alyds, AlyOs-SiOs, and AlyO5-SiC-MgO are 3.903, 3.903, and

3.928 respectively.

A 2AAS =S AL vKEw AW dE7)
g Bubg% (3.5pm)e) vl As| Jgulx] $ek
g HelFz gtk o] Hulx 24 AAdAs A9
A9 ¥ 7132 BEEE &S 2T
MgO 8} Si0; & &2 A% A3 LosS el LoaMS
oA Er)t 6—08% R o|RuEd oF 82—00%2

Q.5 T T T T
= O4r 4
2
T e
Ll X o3t A )
FalA S
w0
[ T
[i}] -
=] o2t .
oIk 4
1 ny L L
Q 0.o5 Q.lc 0.15 ¢ 20 0.2%
- \ -
F=*{micron™*)
{Particle size)

Fig. 5 Effect of particle size on the contact area
growth in AlyOs heated 100hr. at 1600°C
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Fig. 6 Transmission electron fractograph of sintered
alumina ceramic (% 2000)
(A) R99 alumina
(B) L99 alumina
(C) A99 alumina

=

A
5

A
ﬁ,

13e

L 30 2

'\_,n

2

e
Y
w9 §_>5220

(hy Al:Oy-Mo-MnOy; mixture

metallizing 55} alumina 22 A Alo] ] Wb o3
A AAHE BEF] AT Tow 2L AAAD
Aoz AzElmn o] upoELS. e Ao Ao

v}, metallizing EFEY % EZE7 alumina 2t
T EVE T, USCCS] 8 a1 24
F17°Choll 4] PN A X-A e

(Fig. 7)+ metallizing EFE <2 manganese

i

2

man-

e

2

u
il

S

=]

—‘P e

{e3)



CECRE

gapese dioxide 7} X% manganese aluminate spinel (M-
nALO) & F43tm 235 MuAlO, o 5] o9& ¥
TEE AAEA g2 AL v g7, £ 2y
3 3% Aole) Besk B 24H 24 A8
SAL A Apelst AZAA D A E FRAA F
2} 918 Aew ueiAn. 4 ez 4 9
5] ## )4 manganese 1+ manganese dioxide =
HEkA BoP o2l manganese $) ma

nganese dicxide 7} manganese oxide = ¥ gF 3

mang-
anese oxide .
. alumina
o} 4F-3-5f«] manganese aluminate spinel -& %TA;] shAH
3o AEE FEE aunina 2349 A9 T o

ZREE GFa 2P0 A AFPre Fo
& Tt FA3= Fig. 8o 2AHA] vk AAF
LG A e 7?3‘?}74'5% vER R FH IS
e £AA 7 B ARAEE ez 2ln), o)
ﬂ-%% A= metallizing 24 ﬂ—ero] obali) 4d
A Foz A ARG Se A% 28 whe g4 8
)Gt A 2adn SR &
A2 Zt-]?{]-7] - manganese oxide 7} alumina 47 3|
£ HA44
7], ¢| manganese aluminate spinel ¢] % §}-& o] &7
Tz ez A
=3 Fig. 864 metallizing EE-5] 4o nfa)
HAPAEe Aol ¥eolm glow, Mo-Mn 29
A AR B AEREE naF e d oo
= Z 7 Mo-MnOp E%8<] %50 Mol 3495
£ ol Mo-Mn EFEE A80¢ A2t 47 4
AArE A AR el Aoz /‘37’*54“] Mo~
Mn-85i0; £33 Aol Si0:9 Hrlz MnSiO; 7+
AN BLE Go] B A Te O?le—r
Fig. 9(A)+ metallizing F<425 alumina 2 7] A
olg] mlAl2AE BelFe Aoz MnAlO 9 &2t
Fol A9 AZA BReE B Fm gtk wwly
MuAlQy = 7 o]l A aluming 2459 w By 2B

<0 & %5 manganese aluminate spinel

Heoll ez A7g}, 292 metallizing FE20)
FELTEE 978 42Hx g 4dR ge AT
& A= 511—‘5: Ag )T ,»,1':}

AEAT 2t e APz

2 4 9E H}ﬂ}% | metallizing F&20) sbas) £2
o] o] FelA A goks #re] ¢Fu g Ay Loz
| %!fr?‘ii T WHF el Aew HaAwo, ofef

i 4o Ag A8 oo 2L &

{96)

ot

&=
Zo] A melallizing #hol o} FPATE Zrlaa F g
& Aew g

Al# LosMS & L955 alumina =34 %) 2 metallizing
WL ool AYFEE Table 5] F=550)x gliq,
*‘J@'?’JF—?} AR A Aol nelz gv), o) a4
£ wlA A whelRe] aluming 235 el )= 8

FAL Al FFe] wWeb deiyd dgem A4 7iE

32
—
“‘E o7 R99aluming
|5 r ot Le3alumina
~—
on g AFFaluming
X 24t
=
=
S O
@ ~Gibz
Y os ~
5 Mo
g
= —~MnOz
E 8 o Mo M o
[=]
S [ //
2 4 5 B fb f:2

Apparent  porosity (%)

Fig. 8 Apparent porosity vs. bonding strength
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Table 5, Bonding Strength of Alumina Ceramics

Alumina hedies
\ L95S | LosMS
Metallizing mixture
Mo-Mn {kg/cm=) 8.98 21.43
Mo-MnCs (kg/em®) 1.63 30.82
Mo-Mn-5i0y {kg/cm?) 4. 08 10. 20
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