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Preliminary Joining Experiment of Alumina Pipes by using Ceramics Sleeve

Tetsuya ABE, Seiji HIROKI, Sadamitsu TANZAWA,Yasuo KOSAKU,
Hisao TAKEUCHI*and Akira YAMAKAWA*

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received February 22,2001)

Preliminary experiments on alumina ceramics pipes joining by using
shrinkable alumina sleeve and high melting point oxide solder have been
carried out.

Sleeves were prepared by way of sintering at relatively low temperature
to shrink 1% during following joining process. As solder, alumina-calcia
system was selected and paste containing alumina and calcium carbonate
powder mixture was prepared.

Joining was carried out by inserting the paste between sleeve and pipes,
and by heating at 1500C in air. By the shrink of sleeve and the formation
of interface by solder, it was possible to realize the joined pipe without the
vacuum leakage. The airtightness of the joined alumina pipes is almost
equal to it of the metal pipe welding.

Keywords: Joining , Alumina Pipes, Ceramics Sleeve, Oxide solder,
Alumina-calcia,Sintering, Airtightness, Experimental

*Sumitomo Electric Industries Ltd.
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TIIvI AR T LB AINY — 2 FAWEBEEHFE (U TRV —THEGEEES)IZOVT
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LT 7 40 R 2EH S BRE TLOSEML, IRMEBALT. HAARFEHARAT) —%21H
Too AU —~HDOTNAITHEBE L, 42vol% ThoT,

IORZY - R EEFETIHALZRBERIZEAL, IMPaOME T CHEKGHE 20mm,
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NI LERERFEARELIZBEGHOIERARRICB VT, Table 1OLEDREEHZ DV TH, ~
VO LEBMEIZI AT LY =T 47 7% —ORHBEELL T(10°Pa.m®*/sec(He)) THo7=, ZD
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N ZRENFELTORVEVDNRS, LEBR-> T, ZESREICE., ERMOBERTIZ
EETDIIRBD TREEDORGREGRELHRINTNDIIEN DN,

4. F&&H

(1) EIFIvI/ARTOEEEWREZERETHIEOOERT —FYOMBEAMHELL T, BTt
FIVIARRY =T L @BE/NY — 2 AVTESHFER)V—THEEE) 2DV TOERER
1T-o7,

(2) RAV—T7X EARZI%ERENETIINC, BMETALITHEREZI400CTLREERL
THERLT,

INE =X, 1400°CLA L CRBEERTETAIFT —IATTRERIRL, TAIF &K

BN LADOBREMERER-AMELTERL,

3) TAIFNRATE FAIFRY—TRIZINANE —2NESHE, 1500°C TMEAQEL THEAX
HEHRE RAV-—TEBHORME IV —IZE->T, @BMOBEREIZERTIL2E
DTROEBRREMEZF TIHRGREALERINT,

Wi

AW REBZRITTDCHRY, REBIECIB AW ESELAEREI TERKX G
MAEFOBBEMICERBERBELET, E A RITH), BOTXELHIEL M
AT¥EH B BILBRE. BAEEEHFKRASHE ML BRE. 7707y TLEHERD
72 TR BLET,

5

(IEEER, BEHSE, 84(9) 420 (1976)
@Ak, BEHSE, 82(5) 248 (1974)
[3)Ernest M. Levin et al, "Phase Diagrams for Ceramists”,p46(Fig.43) (1956)



JAERI—Research 2001—029

Table 1 Wall thickness and joining clearance of each tested sleeve

Wall thickness |[Joining Clearance| Sleeve Crack (¥2) Number of

of sleeve (*1)| Shrinkage Pipe Sleeve Samples
(mm) (um) (um) (=) =) =)
1.002 49 21 0 1 2
1.510 51 24 0 0 2
2.007 53 35 0 0 2
3.015 48 57 0 0 1
1.005 21 3 0 1 2
1.010 95 40 0 0 2

(*1)Differrence between Inner Diameter of Sleeve and Outer Diameter of Pipe

(*2)Number of Samples in Which Cracks Exist




JAERI—Research 2001-029

[Preparation of Sleeves]

A1,0, Powder (Sumitomo Chemical, AKP-50)

Mixing Ball Milling
Molding Slip Casting
Machining

Sintering 1400°C in air
Machining Inner=¢ 9. 525mm+ a (a=20~100 x m)
[Preparation of Pipes]
Al1,0, Pipes Purity:99.5% As-Sintered
Machining $9.525mm
[Preparation of Paste]

Al,0, Powder (Sumitomo Chemical, AKP-50)
CaCO, Powder (Kojundo Chemical Lab.,Purity:99.9%)

Mixing Ball Milling
Drying
Kneading A1,0, Roll Milling
{
[Joining]

Combination and Inserting paste
Decomposition of organic binder 800°C in air

Heat treatment for Joining 1500°C in air

Fig.1 Experimental procedure
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1200

1000 foovvvevmeeroninennnnnina., Th

800 | 100°C/h
600 bo-vccmmeai e, ,

400 |

Temperature(°C)

20 | 50°C/h

n

Time
(a)Preliminary Sintering of Sleeve

1000

800

100°C/h

600

Temperature(°C)

Time

(b)Decomposition of Binder

Fig.2 Heating treatment pattern for producing Al,O, pipe and sleeve. ;
(a) Preliminary Sintering of Sleeve
(b) Decomposition of Binder
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\ / sy (0, AL 0 Liguid
; \\ Cu,ALO,‘ 16907 590" | el g J
1838° \\j +Lﬂ'ﬂld
E iGN
o0+ 30ALD, *&,@Mv oo ]
NooAlg, |0 -Ca0-ALO; 30a0-5H0,
I 1 1 *anO-lMp, +w‘®’ 1 Il 1
1300, 20 {40 6 ! P80 100
Co0 | 5(a0-3ALO, | 3(0-5AL0,  ALD,
3Ca0-ALD, Ca0-ALD,
F1c. 43.—System Ca0O-Al;0;.
39, 11 (1915).

G. A. Rankin and F. E. Wright, 4m. J. Sct., 4th Ser.,

‘The compound designated 3Ca0O-5A1,0;

Fig.3

is most probably CaQ-2A1,0,, according to J. R. Gold-
smith, J. Geol., 56, 80-81 (1948).

Phase diagram of Al,0,-CaO
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) Sleeve .
Pipe Pipe

Solder

Fig.4 Combination configuration of Al,O, pipe, Al,O, sleeve and
Al,0,-CaOSolder
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pu—y p—ry
w E-
Y

Shrinkage(%)

— et
- N

3

9 i H
8 ; i i j
1100 1200 1300 1400 1500 1600 1700
Temperature(°C)
Fig.5 Al,O, shrinkage change as a function of the heating temperature.
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Photo 1
Wall thickness of each sleeve: (a) 3 mm,(b) 2 mm,(c) 1.5 mm,
(d) T mm

—_— 10__
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BEFORE |

h)Sleeve

Photo 2
Morphology observation of fracture surface on Al,O, pipe

and Al,O, sleeve before and after heating treatment by using SEM
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e
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Photo 3

Morphology observation and element distribution analyses on

by using SEM and EDS

pipe

0,

terlayer of Al,

ining in
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rnal view of Al,O, joined pipe made b
Al,0,-Ca0 solder

y using
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+ 3.6 x 10° 3.67098 x 10° 1 859999 x 10°® 3412.13 2.65522 x 10° 2.24694 x 10%° =4.1868 J (HEEZESE)
#
ol 418005 0.426858 | 1.16279x 10" 1 396759 107 | 308747 | 261272x10" {14k | ps (LLEH)
& 1055.06 107586 | 293072x10°* | 252.042 1 778.172 £.58515 x 102! =75 kgf-m/s
1.35582 0.138255 3.76616 x 1077 0.323890 1.28506 x 107* 1 8.46233x 10'® =735.499 W
1.60218 x 107" | 1.63377 x 107%°| 4.45050 x 107%°| 3.82743 x 1072° | 1.51857 x 10"%¢{ 1.18171 x 10~ * 1
i ¢ Bq Ci % Gy rad g C/kg R § Sv rem
M 1 2.70270 x 10" S 1 100 o 1 3876 ] 1 100
fit g #® &
3.7 x 10" 1 0.01 1 2.58 x 1074 1 0.01 1

(86 £ 12 A 26 HRE)
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