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SAMPLE  PREPARATION

INTRODUCTION
Cold spray method can be used for the development of high thermal
conductivity coatings with pure copper or copper-tungsten alloy which
could help to improve the heat transfer of bulk Nb cavities for conduction
cooling applications and to increase the stiffness of bulk Nb cavities cooled
by liquid He. Cold spray method has advantages such as higher deposition
rate, good bonding to Nb substrate etc. over the electroplating method
utilized in the recent research on SRF cavities cooled by conduction with a
commercial cryocooler, instead of liquid He to grow a high-purity Cu layer
on the outer surface of a Nb cavity with a Nb3Sn film on inner surface[1-3].
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CONCLUSION AND FUTURE PLAN
 The largest RRR achieved was for a Cu sample annealed at 1000 °C in dry air,

however, the annealing temperature should be limited 900 °C if Cu was cold-
sprayed on an SRF cavity which has a Nb3Sn film

 The thermal conductivity at 4.3 K of a cold-sprayed Cu sample annealed at 900
°C/3 h in vacuum was about a factor of three higher than that of the Nb
substrate .

 We plan to deposit a thick Cu layer onto the outer surface of a Nb single-cell
cavity with a Nb3Sn film by cold-spray and post-anneal it at 900 °C/3 h, in
preparation for an RF test of the cavity cooled by conduction with a cryocooler
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ABSTRACT
The development of high thermal conductivity coatings with pure copper or copper-tungsten alloy could be beneficial to improve the heat transfer of bulk Nb cavities for 
conduction cooling applications and to increase the stiffness of bulk Nb cavities cooled by liquid helium. Cold spray is an additive manufacturing technique suitable to grow 
thick coatings of either Cu or CuW on a Nb cavity. Bulk (~5 mm thick) coatings of Cu and CuW were deposited on standard 3 mm thick, high-purity Nb samples and smaller 
samples with 2 mm × 2 mm cross section were cut for measuring the thermal conductivity and the residual resistivity ratio. The samples were subjected to annealing at different 
temperatures and a maximum RRR of ~132 and ~39 were measured for the Cu samples and CuW samples, respectively.

 High purity Nb plate were used as substrate to deposit 99.95% pure Cu
powder using cold spray. They were first grit blasted with aluminum oxide,
cleaned with isopropyl alcohol and coated entire surface with 1mm step,
200mm/sec speed and 1 inch standoff.

 For CuW samples, powder mix with 90wt% W and 10 wt% Cu were
used for cold spray.

 Samples 2X2 mm2 were cut by EDM and subjected to vacuum
annealing

Figure 1: Picture of Nb coupons with 3
mm Cu deposited by cold spray.

SAMPLE MEASUREMENT, RESULT AND DISCUSSION

 RRR was measured using standard DC 4-probe method [4] whereas
thermal conductivity was calculated from steady state temperature
difference along the sample as a function of power supplied to a heater on
one side while another side cooled by liquid, He.

Figure 2: Optical microscopy of the cross-
section of cold-sprayed Cu on Nb sample
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Figure 3: RRR vs annealing temperature for cold-sprayed Cu and
W40Cu samples

Figure 4: Thermal conductivity vs temperature for cold-sprayed Cu,
W40Cu and a Nb sample with cold-sprayed Cu

 The presence of a high density of lattice defects and porosity also
contributes to the low electrical and thermal conduction of the as-
deposited samples. Annealing allows increasing the RRR and thermal
conductivity of cold-sprayed Cu samples.

 post-annealing of the cavity above ~950 °C may cause significant tin
sublimation, resulting in degraded superconducting properties[5]. So,
we kept annealing only to 900 °C. The thermal conductivity at 4.3 K
of a NbCu sample was of three times higher than that of usual Nb.

Sample Annealing RRR κ(4.3 K) 
[W/(m K)]

Cu None 10 36

Cu 9000C n/a 233

Cu 10000C, dry air 132 345

W40Cu None 20 43

W40Cu 5000C 39 94

Table 1: RRR and Thermal Conductivity at 4.3 K Measured on Cu and W40Cu 
Samples
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