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Joining of Silicon Nitride Ceramics by Utilizing Interlayers of Ultra-fime Particles

Tetsuya ABE, Yoshio MURAKAMI, Hisao TAKEUCHT®
Tomoyasu ATHARA®® and Akira YAMAKAWA'

Dapartment of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received September 20, 1994)

Various tests have been performed to develop a ceramic-ceramic (C-C) joining
qethod that utilizes ultra-fine particles (UFP) as the joining interlayer. The
ceramic material to be joined is silicon -nitride (SisN4) and the interiayer
material are Si:Ns-UFP and Al:0:-UFP, Test samples were made by a two step
process consisting of pre-joining and following HIP treatment. The bending
strength of the samples and the morphology of the joined parts were measured
and examined.

The experimental results revealed that the bending strength of the joined
samples was strongly influenced by the kind of UFP material and the surface
flatness of the bulk ceramics. A joined sample made of bulk SisNs rods with a
surface flatness of 0.3 fm and Al20s-UFP showed a bending strength of 970 MPa
in a wide temperature range up to 800 °C. To demonstrate the usefulness of the
new C-C joining method, two bulk SisNs pipes (outer diameter: 50mm, length: 50
mm, thickness: 5Smm) were joined by using Al:Os-UFP. The helium leak rate at the
joined part was found to be less than a minimum detectable value of 107° Pa- m’

/sec (He).

Keywords: Joining, Ceramics, SisN¢, Interlayer, Ultra-fine Particle,

Al.0s-UFP, SisNs-UFP, Experimental.
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Table 1 =~ Properties of joining interlayer materials
Items Si3Ny-UFP Si3Ny4 AlpO3-UFP
Commercial
Powder
Crystalline | Amorphous |a-Si13Nyg Amorphous
Phase -S13Ng (tr)
Specific 64 11 240
Surface area
(m2g-)
Purity (%) --- --- >99.9
Chemical
Composition
(%)
O 7.6 1.1 ---
N 30.7 339
W 0.3 --- o
Cu 0.07 --- ---

Table2 Number of Ruptured Specimens during Machining

Items S13Ng-UFP AlrO3-UFP
Surface Flatmess (jumn) 2 (A) 0.3 (B) 2 (A) 0.3 (B)
Ruptured Numbers 13/18 * 5/18 * 12/18 * 0/18 *

* ‘Number of Ruptured Specimens/Number of Machined Specimens

Table3 Bending Strength at Room Temperature

Itemns S13Ny4-UFP AlbhO3-UFP
Surface Flatness (um) 2 (A) 0.3 (B) 2 (A) 0.3 (B)
Bending Strength (MPa)| 50 (n=3) | 85 (n=3) 40 n=2) | 970 (n=6) |

Bending strengths were measured by 4-points bending method.
The each bending strengths are average value
n : The number of measured specimens
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Table 4 Results of Vacuum Leakage Test at Joining Points

Items After 1st Joining After HIP Treatment
Process

Probe Gases for Ethanol He Ethanol He

Vacuum Leakage Test |(CoHsOH) (CHrHsOH)

No.1 Joining Pipe Not Detected | Detected |Not Detected|Not
Detected *

No.2 Joining Pipe Detected -- |Not Detected Not
Detected *

* 'The minimum detectable limit of He Jeak rate is 1077 Pa*md /sec{He).
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[Al203~UFP]

Y Al-iso propoxide

O Solution
i so—-propernol

[SiaNa sintered body]

SiaN4 Sintered body
(19 % 49 % 19mm)

O Machining
(DSamp | e-A:#800
@Sample-B:Lapping

> Flatness
He-Ne laser
interferometer
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) Dipping
thickness:0. 3 um

O Heat treatment
(600°C, in air)
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O Machining

O Evaluation

O HIP  1700°C
N2:1000atm

) 1st Stage Sintering 1800°C
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(3% 4% 38mm)

MJoining strength (4-pt bending)
®0bserbation of joining interface
(optical micrograph, SEM)

Fig. 1 Experimental procedure of joining.
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Interval between —
interference fringe | 0.31um 1 Omm

Fig. 2-(1) Examples of flatness measurement of sample-A.

Interval between
interferance fringe : 0.31um 10mm

Fig. 2-(2) Examples of flatness measurement of sample-B.
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Fig. 3 Temperature dependence of bending strength.
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Photo. 2 Specimen appearances for JIS-bending strength test.



Photo. 3-(1)

Photo. 3-(2)
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SEM observation of Si3Ng-UFP.

TEM cbservation of Si3N4-UFP.
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Photo. 4 SEM observation of AlpO3-UFP.
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Photo. 5-(1) Optical microscopic observation of joining point.
Joining interlayer : Si3Ng-UFP
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Photo. 5-(2) Optical microscopic observation of joining poiﬁt.
Joining interlayer : AlyO3-UFP
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Photo. 7-(2) EDS element d
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Photo. 8 Appearance of joining Si3N4 pipes with AlpO3-UFP interlayer.



