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Abstract

Precipitation and dispersion strengthened copper alloys joined with 316L austenitic stainless steel are expected to be

heat sink materials in the ®rst wall and divertor of International Thermonuclear Experimental Reactor (ITER) owing to

the good thermal conductivity of Cu alloys. In the present study, the e�ects of heat treatment on microstructural

stability in the interface of CuNiBe/SS316L and CuAl25/SS316L have been investigated. In the as-received CuNiBe/

SS316L joints, voids were observed at the interface, and in the stainless steel side near the interface. But in the CuAl25/

SS316L joints, voids were observed only in the Cu side near the interface. These voids would have a signi®cant e�ect on

the mechanical properties of joints. The results of annealing experiments showed that the microstructures in the in-

terface of both types of joints were thermally stable during annealing at 573 and 673 K for 100 h. Ó 2000 Elsevier

Science B.V. All rights reserved.

1. Introduction

The structures of the ®rst wall and divertor in the

International Thermonuclear Experimental Reactor

(ITER) device are composed of three bonded materials:

Be (or W)/Cu/SS316L, where Be or W is the plasma

facing armor, the copper alloy acts as a heat sink and the

SS316L provides the load bearing support [1]. During

operation, the components of ®rst wall and divertor may

experience temperatures in the range of about 423 and

603 K [2]. It is therefore important to investigate the

e�ects of heat treatment on stability of the joint material

microstructure and their interfaces since poor properties

of the interface can a�ect the entire structure. The ob-

jective of the present study was aimed to examine the

thermal stability of the interface and the adjacent ma-

terial in GlidCop CuAl25/SS316L and CuNiBe/SS316L

joints.

2. Experimental procedure

GlidCop CuAl25/SS316L and CuNiBe/SS316L joints

were examined in this study. Both kinds of coupling

were made utilizing the technique of hot isostatic

pressing (HIP). The GlidCop CuAl25 alloy was pro-

duced by SCM Metals. CuAl25 alloy is dispersion

strengthened by a ®ne dispersion of Al2O3 particles. It

contains 0.25 wt% aluminum in the form of Al2O3.

CuNiBe alloy was produced by Brush Wellman, alloying

element amounts are 1.98 wt% Ni and 0.32 wt% Be. The

joints were fabricated at a bonding temperature of

1255 K for CuAl25/SS316L and at 1245 K for CuNiBe/

SS316L. The pressure and the holding time for the HIP

process were ®xed at 101 MPa and 2 h [3].

The joints were thinned to 0.1 mm and cut into 3 mm

discs for transmission electron microscope (TEM) ob-

servation. Two kinds of annealing experiments were

carried out to investigate the microstructural stability of

the joint. Isochronal annealing of thinned TEM speci-

mens of CuAl25/SS316L was conducted in situ using a

high temperature heating stage in a JEOL 2000FX

TEM. The specimens were annealed over the tempera-

ture range of 298±973 K at 100 K intervals, and the

temperature was maintained for 30 min. The bulk
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Fig. 1. SEM micrograph of joint materials of CuAl25/SS316L and CuNiBe/SS316L, and typical results of EDX line analyses.

Fig. 2. Microstructure in the interface of as-received joint materials.
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specimens of the two types of joints were annealed at 573

and 673 K for 100 h, respectively, and then analyzing

TEM specimens were prepared by ion milling. The

interfaces were examined using TEM and scanning

electron microscopy (SEM, JEOL JSM-5800LV) to

characterize the interfacial and the overall microstruc-

tures.

3. Results

3.1. Microstructures in the interfaces of as-received joints

Fig. 1 shows the SEM micrograph of CuAl25/

SS316L and CuNiBe/SS316L joints. Energy dispersive

X-ray line analyses were conducted for Fe, Ni, Cr and

Cu. Typical results of EDX line analyses (Fe and Cu) are

also shown in the ®gure. It was found that there was

interdi�usion of the two base materials. The concen-

tration of Fe, Cr and Ni decreased and that of Cu in-

creased in the region of stainless steel adjacent Cu alloy.

Many precipitates, mainly composed of Cr and Fe, were

found in the Cu alloy side of interfaces. In the CuAl25/

SS316L joints, small voids, about 2 lm in diameter, were

observed in the Cu alloy side near the interface, whereas

in the CuNiBe/SS316L joints, voids, about 5 lm in di-

ameter, were observed in the interface, and small voids,

about 1 lm in diameter, were observed in the SS316L

near the interface.

Fig. 2 shows the TEM micrograph of CuAl25/

SS316L and CuNiBe/SS316L interfaces. As in the mi-

crostructures observed by SEM, the precipitates were

not found at the interface of both joints. Also, voids

were only found at the interface of CuNiBe/SS316L, and

they were not observed in the Cu matrix and stainless

steel far from interface.

3.2. Microstructures in the interfaces of annealed joints

During the isochronal annealing from 298 to 973 K

of CuAl25/SS316L joints, no precipitates or voids were

formed at the interface. The small Al precipitates and

the defect clusters induced by ion milling in the Cu alloy

side disappeared. Typical microstructures in the joints

before and after the annealing experiment are shown in

Fig. 3. Fig. 4 shows that the microstructures at the

interfaces of the joint materials were thermally stable

even after annealing at 573 or 673 K for 100 h. The

Fig. 3. Typical microstructure in the bonded joint of CuAl25/SS316L before (a) and after (b) the isochronal annealing.
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microstructures in the matrix of both joints and the in-

terdi�usion within joints were also not a�ected by the

annealing.

4. Discussion

Bonded materials of Be (or W), Cu and SS316L have

been taken into consideration for use as ®rst wall and

divertor materials in the ITER. The joint is the weak

part of bonded material. In general, most bonded ma-

terials experience failure near the interface [3±7].

Therefore, microstructure changes near the interface

would in¯uence the mechanical properties of bonded

materials.

In the as-received joints, microporosity, precipitates

and interdi�usion were observed near or at the interface.

Cu and alloying elements of stainless steel di�used

through the interface: concentration of Fe, Cr and Ni

decreased, and that of Cu increased in the stainless steel

side. Fe and Cr, which are insoluble in Cu, formed the

precipitates. The voids and interdi�usion were caused by

the HIP process. The formation of voids and precipi-

tates and the composition changes near the interface

would directly decrease the static and dynamic proper-

ties of materials.

The results of annealing experiments showed that

temperatures lower than 673 K did not change the initial

microstructure or composition of CuAl25/SS316L and

CuNiBe/SS316L joints. Although there are no data from

annealing experiments longer than 100 h, it is expected

that the microstructure and composition of CuAl25/

SS316L and CuNiBe/SS316L are stable under the ther-

mal operating conditions of ITER. However, irradiation

may lead to signi®cant changes because of radiation-

enhanced segregation, precipitation or dissolution near

and at the interface that could alter the properties. In

addition, the preexisting voids near the interface of the

joints may coarsen under irradiation and enhance the

sensitivity of joints to failure. Given the uncertainties in

the response to irradiation, neutron irradiation experi-

ments should be performed at appropriate temperatures

to investigate the response of the di�erent materials.

5. Conclusion

The microstructure and the composition in the in-

terface of CuAl25/SS316L and CuNiBe/SS316L joints

were investigated by TEM and SEM. It was found that

voids were formed and that Cu and elements in stainless

steel di�used through the interface to the adjacent

Fig. 4. Microstructure in the interface of joint materials annealed at 573 and 673 K for 100 h.
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material during the HIP process. Also, it was found that

the annealing at 573 and 673 K for 100 h did not cause

the microstructure to change and interdi�usion in

CuAl25/SS316L and CuNiBe/SS316L joints.
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