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The innovative bonding technology between beryllium and CuCrZr with Hot Isostatic Pressing (HIP) has
been proposed for the manufacturing of the ITER I' wall. In the next step, thermal cycling tests of 1" wall
mock-ups manufactured with the bonding technology, were carried out under the ITER heat load condition. The
test condition is I 00 cycles of ON and OFF under MW/m', and two types of the mock-up were manufactured
for evaluation of the effects on HIP temperature (5201C and 61 O'C). The tensile properties of the bonding were

also evaluated in room temperature and 200'C.
As for the results of the thermal cycling tests, the temperature near the bonding interface were scarcely

any change up to 1000 cycles, and obvious damage of the mock-ups was not detected under the tests. As for the

results of the tensile tests in 200'C, the test pieces of the HIP bonding at 6101C were broken in parent CuCrZr
material, not broken in the bonding interface.

1. Introduction HIP process has been proposed 2]. The properties
Candidate materials of the first wall in ITER of CuCrZr as precipitate hardened copper are

have been selected as beryllium (Be) as armor changed according to the condition of the heat
material, dispersion strengthened copper (DSCu) treatment [5]. The HIP temperature naturally effects
and CuCrZr alloy (CuCrZr) as copper heat sink. The these properties. Therefore, the thermal cycling tests
first wall in ITER will be exposed to a severe heat with the I" wall mock-ups, is important for the
load from plasma, therefore one of the essential evaluation on the performance and the reliability of
issues is the development of a bonding technology the Be/CuCrZr bonding.
between Be and a copper heat sink to withstand the The objectives of this study are to evaluate
loading conditions. Up until now the Hot Isostatic the heat removal performance and the durability of
Pressing (HIP) bonding [1 2 has been proposed as the innovative Be/CuCrZr bonding with the thermal
one of the bonding technologies between Be and a cycling tests.
copper heat sink. In addition, the mock-ups of the
Be/DSCu bonding showed good performance to 2. Experiment
withstand the heat flux of 5MW/m' for 1000 cycles 2.1. Materials
in the thermal cyclic test 3]. In this study, hot press beryllium (S65C) and

Meanwhile, CuCrZr has relatively lower cost, CuCrZr alloy (Cu : 99.5%, Cr : 0.8%, Zr : 007%,
higher fracture toughness, and better properties others <0.01%) were used. CuCrZr in the first
under neutron irradiation than DSCu 4 so the wall will be bonded to stainless steel (SS) with HIP
innovative Be/CuCrZr bonding technology with before the bonding to Be. Therefore, the material of
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CuCrZr was first heat treated at I 050'C for 2 hours,
the same conditions as HIP of CuCrZr/SS bonding.

After the heat treatment at 1050 -C, the material of
CuCrZr was solution treated with Ar gas quenching

after heating at 980'C for 0.5 hours to harden the
CuCrZr in HIP process,

To prevent unnecessary generation of the
brittle compounds from Be and Cu at the bonding
interface in HIP process, the interlayer of Cr and Cu
was deposited on the bonding surface of Be with
physical vapor deposition (PVD) 2]. After Cr layer
(Ipm) was deposited on the Be surface, Cu layer
(104m) was consecutively deposited on the Cr layer
in one batch.

2.2. HIP conditions D!,Y I . (UrC�)
M MM ffl CuCrZr

The materials of Be and CuCrZr after the
PVD process were canned face to face within 15

stainless steel. The can was sealed with a helium
leak tight jacket after the evacuation of the can, and
the can was treated with HIP. To evaluate the KA 0. C'C'Z'
influence of HIP temperature for the performance S�Wn A A

and the durability ofthe mock-ups (the tensile test 40

pieces) with the Be/CuCrZr bonding, the two
temperatures in HIP were selected 520'C and Fig. I I" wall mock-up for thermal cycling test

610'C 2 In all HIP treatments, pressure was
15OMPa, and time kept at each HIP temperature ("Type-520" and "Type-610") which were named
was I hour to prevent unnecessary over aging of after HIP temperature (520'C and 610 -C), were
CuCrZr. made of the Be/CuCrZr bonding materials

respectively by NGK INSULATORS, LTD.. The
2.3. Tensile tests mock-up for the thermal cycling tests is shown in

The test pieces for tensile test were made of Fig.l. The shape of the mock-up is same to the
the Be/CuCrZr bonding materials. The test pieces previous one 3].
were also made of Be and CuCrZr respectively to The thermal cycling tsts were performed
compare with the bonding materials. The all with OHBIS (Oarai Hot-cell Electron Beam
materials of Be and CuCrZr were heat-treated in Irradiation System) at Oarai Research Establishment
same history of the bonding process. The of Japan Atomic Energy Research Institute (JAERI)
dimensions of the parallel portion in the test pieces [6]. The mock-ups are cooled by pure water (flow
were � 5 x 35 mm. The tensile strength (TS), 02 rate: I I m/s, pressure: 1.5 MPa, temperature: 35C),
yield strength (YS) and elongation (EL) of one or and the vacuum chamber was evacuated (about
two pieces in each sample was measured. The 3xlO-' Pa) during the thermal cycling test. The
tensile test was performed at room temperature and temperature near the bonding interface of Be and
200'C. The stress rate is 0. 1 see., and the tests at CuCrZr (see Fig.1, distance of 2mm from the
200'C were carried out after 10 min. from the time interface respectively) is measured by
when the temperature of the furnace heater was at thermocouples. The temperature of Be surface was
200'C (heating rate: I C/min.). measured by an infrared camera.

2.4. Thermal cycling tests 3. Results and discussion
The two types of the I" wall mock-up 3.1. tensile tst
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Table I Tensile strength (TS), yield strength (YS) and elongation (EL) of Be, CuCrZr and the bonding.

Materials Test temperature
(HIP Temp.)

Room Temp. 200'C

TS (MPa) YS (MPa) EL TS (MPa) YS (MPa) EL (%)

Be 520) 314 275 0.9 339 255 34.0
Be 520) - - - 340 257 35.0
Be 610) 323 272 1.2 338 252 39.8
Be 61 0) 337 266 1.5 338 248 34.6

CuCrZr 520) 328 248 21.6 264 215 21.9
CuCrZr 61 0) 255 152 21.2 197 141 33.0

Bonding 520) 270* 260 0.7* 242* 228 1.1*
Bonding 520) - - - 253* 237 1.5*
Bonding 61 0) 1984 161 2.0' 215+ 156 13.9'
Bonding 61 0) 233" 174 4.9" 206+ 159 10.8+

The break point is an interface of Be/CuCrZr bonding.
The break point is beryllium side near the interface,

+: The break point is parent CuCrZr side.

The results of the tensile tests are shown in Especially, the bonding pieces which was treated at
Table 1. The tensile strength of Be which was HIP temperature of 610'C, were broken near the
treated at the HIP temperature at 5201C and 6101C bonding interface after the plastic deformation of
is scarcely any difference. The elongation of Be CuCrZr under the tests at RT(see Fig.3: c).
under the tests at 200'C, is much larger than RT. Therefore, it is considered that the bonding which
Meanwhile, the tensile strength of CuCrZr which was treated at HIP temperature of 610'C, has the
was treated at the HIP temperature of 520'C is strength more than the yield strength of the parent

higher than 610'C. The CuCrZr which was treated

at the HIP temperature of 610'C, would be over- 500

aged. M Unit:C HIP Temp.
The tensile strengths (average) of Be, CuCrZr 0� 52

and the bonding are shown in Fig.2. The change of 400 Test RT
the stress distribution in the bonding interface is Ternp.200
complicated under the tensile test, because the

�'300
Young's modulus, yield strength, elongation etc. <
between Be and CuCrZr are difference. Therefore,
the tensile properties of Be and CuCrZr cannot be 10:1200
simply compared with the Be/CuCrZr bonding.
Although the stress would be concentrated at the

100bonding interface under the tensile test, the tensile
strength (ave.) of the bonding is more than 80 of
the parent CuCrZr material. 0

The appearance of the bonding pieces before Be CuCrZr Bonding
and after the tensile test is shown in Fig.3. The all- Materials
bonding pieces of three conditions were broken in Fig.2 Tensile strength (Ave.) of Be, CuCrZr and the
or near the bonding interface (see Fig.3: b, c, d). bonding.
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removal tests were carried out foi- the both type
mock-ups. An electron beam pulse length of 
seconds was selected since it was sufficient to reach
steady state of the temperature. An example of
temperature in one heat cycle of the heat emoval
test is shown in Fig.4. The time up to reach the
steady state is about 7 seconds at "ON" and "OFF"
of the heating.

1000
�O 30 40 60 70 Type 520 610 Be/DSCu

Surface 0 0

Fig.3 Bonding pieces before and after the tensile 800 Be El 0
P -CuCrZr A Atests (a: before test, b: HIP520 C-Test RT,

c: HP61 0 C -Test RT, d: HP520 C -Test 600

200 C, e: HP610'C-Test 200'C)

400

CuCrZr material. Meanwhile, the boken portion of C)
the bonding pieces which was treated at HIP M
temperature of 610'C , is in a parent CuCrZr 200 150= In
material under the tests at 200'C (see Fig.3: e). Ll�

From the results of the tensile tests, the OW K I
Be/CuCrz.r bonding which is treated at HIP 0 1 2 3 4 5 6

Heat load MW/in'
temperature of 6 0 C, would be most promised for Fig.5 Results of the heat removal test
the I" wall. (*: The mockup of the Be/DSCu bonding)
3.2. Heat removal tests

Before the thermal cycling tests, eat The result of the heat removal test is shown

in Fig.5. The temperature of the surface, Be and

800 CuCrZr for the both type mock-ups increase
approximately linearly with increasing the heat load,
and these performance was almost similar to the

.U 600 - Be surface case of the Be/DSCu bonding mock-up 3].

3.3. Thermal ycling tests
The heat load in the'therinal cycling tests was

-C�tl 400- selected as MW/m', which is same condition of
Be the previous test 3]. The period of heating (ON)

and interval (OFF) was 15 seconds, respectively.

200 The result of the thermal cycling tests up to I 00
rZr cycles with MW/m' is shown in Fig.6. The

temperature of thermocouples in Be and CuCrZr did
not change in all period of the tests foi- the both type

V0 5 l 0 1 5 20 25 30 mock-ups.
Time / s Meanwhile, the surface temperature of Be

slightly increased with the number of the thermal
Fig.4 Temperature of the surface, Be ad CuCrZr cycle for the both type mock-ups, even if the

in a heat cycle (Type-520, 5 MW/m' x 15s) temperature of thermocouples in Be and CuCrZr did
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1000 -
MW/M25

800 U0 0
00 0 :

P Be surface

600

1:w4OO Be

200 A A A-A-

CuCrZr AV
0 0 360 677 1010 1343

0 260 400 600 800 1000 1200 Temr)erature 'C
Heat cycle - Fig.8 Temperature distribution of the Be surface

Fig.6 Result of the thermal cycling test measured with the IR camera at the 1000
(0,Dz�,:Type-520, GMA:Type-610) cycles for "Type-610"

The temperature dstribution of the Be
surface measured with the IR camera at the 1000
cycles for "Type-610" is shown in Fig.8. Except for

""X 2, the average temperature slightly increased, the
temperature distribution of the both type mock-ups
did not change in the thermal cycling test. After the
thermal cycling tests, obvious damage was not
detected in the appearance of the both type mock-
UPS.

The thermal cycling tests for two types of the
mock-ups demonstrate that the innovative
Be/CuCrZr bonding would be prom�ised for the
application of the ITER I" wall.

4. Conclusion
In conclusion, the thermal cycling tests of I"

Fig.7 Appearances of the Be surface before and wall mock-ups manufactured with the innovative
after the thermal cycling test Be/CuCrZr bonding technology, we carried out
(a: before the test, b: Type-520 after the test, under the ITER heat load condition, and the tensile

c, d: Type-6 IO after the test) tests were also performed for the evaluation of the

bonding.
not change. Additionally, the surface temperature of
"Type-610" was higher than that of "Type-520". For the heat removal test, two types of the
After the thermal cycling tests, the color of the Be mock-up showed good performance of heat
surface for the both type mock-ups was changed. removal under the heat load of 1-5 MW/m x 15
The appearances of the Be surface before and after seconds. These mock-ups which were treated at
the tests are shown in Fig.7. The reason that the HIP temperature of 520 -C ad 6 0 C, showed
increase and the difference of the surface almost similar performances.
temperature, is because the emissivity of the Be For the thermal cycling test, obvious damage
surface might be changed by oxidation etc. was not detected in both types of the mock-up
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up to 1000 cycles under the heat load of [2] M. Uda et al., "HIP bonding of beryllium and
MW/M2 X 15 seconds. PH-Copper (CuCrZr)", Proc. 5" IEA Int.

- For the tensile test, the tensile strength (avenge) Workshop on Bryllium Technology for Fusion,
of the Be/CuCrZr bonding is more than 80% of Oct. 10- 2 200 1, Moscow, Russia, p33-39.
the parent CuCrZr material which was same [3] M. Uchida et al., "Heat load test of Be/Cu joint
heat treatment with the bonding, especially the for ITER first wall mock-ups", l0th Int. Conf.
bonding which was treated at HIP temperature Fusion Reactor Mater., Baden-Baden, Gen-nany,
of 610'C, has the strength more than the yield Oct. 14-19, 2001.
strength of the CuCrZr material. [4] G. Kalinin et al., J. Nucl. Mater. 283-287

(2000) 10.
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