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Production and characterization of strengthened copper alloys
for cooling device in fusion reactors

G.Carro, A. Munoz, M.A. Monge, B. Savoini and R. Pareja
Universidad Carlos lll de Madrid, Dpto. de Fisica (IAAB), Avda. de la Universidad 30, 28911-Leganés, Madrid, SPAIN
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Introduction:

Pure copper is an important technological material due to its high electrical and thermal conductivities. However, the use of pure copper as structural material for high heat
flux applications in the range 373—673 K, is often limited because of its low strength at relatively high temperatures. In the last years a lot of works have been carried out in
copper-based materials in order to find an optimal combination of high mechanical strength and high thermal conductivity.

CuCrzr alloy has higher strength than pure copper at room temperature but at high temperature the decomposition of the supersaturated solid solution in the alloy originates |
a degradation of its mechanical properties. In spite of this, CuCrZr has been chosen as the reference material for the water cooling system of ITER, with an operating 1
temperature in the range 523-598 K. On this work, we have considerer that the low influence of dispersoids on the thermal conductivity of the matrix favors the use of this
strengthening mechanism compared with solid solution hardening, which significantly lowers the thermal conductivity of copper
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This material was producing from two ingot of Copper an Yttrium of high purity o o ] . . : This material was producing two powders of Copper (99.995% Purity and size 37
which were melting in a proportion 99% and 1% respectively by vacuum induction vy, NS TR : e i um) and Yttrium powder (99.98% Purity and diameter 25 nm) mixed in a trubula
melting and casting into a graphite crucible. e b, - }:, : o R during 4 h at 95 rpm in a proportion of 99% Copper and 1% Yttrium. Then, the

% g _7;: i A P — ; Q- P powder was been cryomilled for 1 hour at 320 rpm in a vertical attritor using liquid
It have been detected some bubbles and microcracks into the material and the e s : SN b L s nitrogen as cryogenic fluid and with a ratio powder:balls of 1:9.  Once the milled
microhardness measure has revealed a gradient between the internal area and e " 4 S 5 R process is complete, the powder was canned in steel containers and degassed at
the edge. VAL AT y ‘ ‘ 573 K for 24 h in vacuum. RS

5 T ' o N, B LS Finally the can is sealed and the material is sintered by Hot Isostatic Pressing (HIP) j“,“\‘.‘.: T

at 1083 k and 172 MPA for 2 hours. ';;“; 4 ‘ Bk A
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XRD patterns of the Cul¥as Cast. SEM-BSE Image of intermetallic area. SEM-BSE Image of intermetallic area. XRD patterns of the CulY Cryomilled.
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CulY,O; milled at RT o e SR R G B W o ey Atomized bR N et et TR
This material was producing from powders of Copper (99.995% Purity and size 37 Foy N QI T % 2 e g = N £ This material was producing from 99.9% pure
mm) and Ytria powder (Purity: 99.9% and size 420 mm) mixed in a trubula during ' 7 3 i, SN R N £ ) i - : 2y 4 Cu and 99% pure Y. It was produced by

4 h at 100 rpm in a proportion of 99% Copper and 1% Yttrium. Later the powder wa : s e E SR e | B o Yy £« % . Vvacuum induction melting and subsequently
was been milled in a high-energy planetary during 10 h at 100 rpm into an Ar Ve L S ST o 3 e A Yy ““aR atomization in high purity Ar gas with contain
Atmosphere and with a ratio powder:balls of 1:9. 4, ot X i ' AN ‘ o WP | " of Cuand Y of 99.2 % and 0.8 % respectively.

e ol T et R e TR e R e Ly g ' _—— The powder was encapsulated into a steel

Once the milled process is complete, the powder was canned in steel containers S LR Sy 5 Al RN < . 3 can that was tight sealed after degassing at
and degassed at 573 K for 24 h in vacuum. e KPR oty s " S o : A A L e 573 K for 24 h in vacuum. Then, the powder
Finally, the can is sealed and the material is sintered by Hot Isostatic Pressing s T BT BN s NG S | 200 pm 3 SEM-BE Image of ilnitial powder. consolidation was accomplished by hot

(HIP) at 1083 k and 172 MPA for 2 hours. oaa i e A S LA e S isostatic pressing (HIP) for 2 h at 1123 K

. | | P and179 MPa.
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SEM-BSE Image of Yttria boundaries. TEM Image of Yttria Particule. Particule size distribution .
XRD patterns of CulY,O, milled at RT. : XRD patterns of the CulY atomized.

SEM-BSE Image of Yttrium particules.

Particle Size . e . Compactation Microhardness
m Grain Size (um) | Density (g/cc) (MPa) O Content (%) | C Content (%) In spite of the Atomized material has a bimodal distribution of grain size, this is the material with the better density and it has a close microhardness

value to the other materials produced. that means, this material | could be processed to improve its mechanical properties
Cu0.8Y as Cast 20(4) 8.41(2) 95.0 680(40)* 0.017

CulY Cryomilled >37 8(2) 9.08(2) 99.0 712(20) 0.016 As cast material has a problem, because inside it there are bubbles and also a gradient of microhardness* due to the solidification process.
CulY,O; milled at RT >37 16(3) 8.78(2) 101.7 620(30) 0.038

) Also, it can be observed that Carbon level composition was null, because of during the process were controlling to avoid the carbon contamination.
Atomized <120 0.5-50 8.859 (1) 99.7 656 (16) 0.036

Tensile-tests were performed in the temperature range of 293—723 K at a strain rate of 1.1:10* s! on tensile
specimens with 15 mm gauge length 6 mm width 1 mm thickness. The tensile tests above room temperature were
done under a protective atmosphere of flowing Argon.

We have chosen two materials to carry out the mechanic characterization taking into account the properties analyzed
during the structural characterization. These materials had to show good properties of homogeneity, microhardness
and density to be considered like candidates.

CulY,O; milled at RT Atomized

On the left, the SEM-SE Images of fracture section from
CulY,O; milled at RT.. At the bottom the tensile test results at
different temperatures.

On the right, the SEM-SE Images of fracture section of
Atomized material. At The bottom the tensile test results at
different temperatures.
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Conclusion

-The Route of production that seems to give a better mechanical behaviour is the route where the components are mixed before the atomization. In spite of the
bimodal distribution, this route has a good distribution of Yttrium particles and the mechanical properties analysed are better than the other routes. In addition, this
material is recyclable due to the mixed take place at the beginning of the route.

-However, this material with these properties is not a direct competency to the CuCrZr and thus the next step will be study this material processed by extrusion and also
its thermal properties should be analysed.

Following Work

-To carry out different extrusion of the interesting materials to observe and compare the news mechanical properties.
-To measure and compare the thermal properties on the different process to understand how the changes of the different process modify their properties.
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