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1. Introduction 

 
Through 2024-2025 some alloys of copper, aluminum and nickel were tested in a cryogenic electrical 
resistivity measurement bench, with the primary intent to help inform the design of superconducting 
current leads for EIC [1]. The measurement spans temperature from 293 K to around 20 K. The material 
tested are: 
 

a) Brass 260 (UNS C26000)  
b) Copper OFHC 101-O (UNS C10100) 
c) Copper ETP 110-O (C11000) 
d) copper ETP 110-H02 (C11000) 
e) Copper ETP 110-H04 (UNS C11000) 
f) Copper DHP 122-H02 (UNS C12200)  
g) Aluminum 1100-O (UNS A91100) 
h) Aluminum 2024-T4 (UNS A92024)  
i) Nickel 200 (UNS N02200) 

 
This report aims to detail the results and discuss by comparing them with literature data. 
A table of the measured resistivity values is available in appendix 2 for future use. 
 

2. Test bench description 
 
The test bench used is described in Ref. [2].  
The sample is cooled by a cryocooler and the electrical excitation of the samples is AC with a 5 Hz excitation 
frequency to filter out noise and thermoelectric effects. This means that highly conductive alloys at very low 
temperatures may be affected by skin depth effect. This effect is proportional to the square root of electrical 
conductivity. For this work the samples geometry of highly conductive alloys was adequate, and we made sure 
no skin depth effect was significant (material cross section <0.5x skin depth for all temperature). 
The voltage is measured in a 4 wire arrangement and the current is set with precision by the power supply. 
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3. Samples geometry 
 
Two geometries of samples were used, a flat ribbon and bent tubular samples. 
Flat ribbon follow the drawing EIC-HSR-SCN-0112 available in annex 1. 
 

 Material Sample thickness 
Brass 260 0.032” (0.8 mm) 

Cu ETP 110-O 0.01“ (0.254 mm) 

Al 1100-O 0.01“(0.508 mm) 
Al 2023 T3 0.02“(0.5 mm) 

 
An adapter piece was later made to allow testing of square and tubular products. 
 

Material Sample dimensions 
Cu ETP 110-H02 Square – width 0.09” 
Cu ETP 110-H04 Rod OD Φ 0.125“ (Φ 3.175 mm) 

Cu DHP 122-H02 Tube OD Φ 0.125“ / ID 0.097“ (Φ 3.18/2.46 mm) 

Nickel 200 Strip 0.25” wide – 0.018” thick 

 
Results and discussion 

a. Brass 260 – H02 (UNS C26000) 
 

 

Figure 1 Brass 260 - Electrical resistivity 296 K to 20 K 

 

The measured electrical resistivity of the brass 260 sample is lower than expected by about 13%. This is 
consistent along the temperature decrease. The brass from the literature data [3] is mentioned to be 
hardened to ¾ hard while the brass 260 sample we tested was given as ½ hard. The lower strain hardening in 
our sample may explain the lower resistivity observed throughout.  
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b. Copper OFHC 101-O (UNS C10100) 

 

 

Figure 2 Copper 101-O - Electrical resistivity 296 K to 29 K – Linear scale (top) Log-scale (bottom) 

The RRR measured is 219 which is consistent with a high purity annealed copper.  
A small mismatch between the measurement and literature data [4] is present at warm temperature only. 
The room temperature resistivity of 1.56E-8 ohm.m seems low while 1.70E-8 ohm.m is typical for pure copper 
at 295K. 
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c. Copper ETP 110-O (UNS C11000) 
 

 
 

 

Figure 3 Copper 110-O - Electrical resistivity 296 K to 29 K – Linear scale (top) Log-scale (bottom) 

 
The RRR measured is 273. The match with literature data computed with a RRR273 [4] is excellent. 
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d. Copper ETP 110-H02 (UNS C11000) 
 

 

 

Figure 4 Copper 110-H02 - Electrical resistivity 296 K to 29 K – Linear scale (top) Log-scale (bottom) 

 
The RRR measured is 91, a significant reduction from annealed copper (see section b. and c.).  
The match with literature data [4] is excellent. Although the actual hardness of this sample is unknown, it is 
specified as H02 which corresponds to about 20% of area reduction. Ref. [4] gives a estimate of RRR from cold 
work and the range for 20% cold work is around RRR 60-90 which is consistent with the results. 
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e. Copper ETP 110-H04 (UNS C11000) 
Due to an acquisition issue, the cool-down resistivity data was not usable. However, the RRR measured is 61. 
For a full hard H04 copper, the elongation is around 30%. The RRR obtained is consistent with the RRR 
predicted in [4] for the amount of cold work. 
 

f. Copper DHP 122-H02 (UNS C12200) 
Copper DHP has a relatively high level of impurity, in particular phosphorus, which is among the most effective 
impurity to reduce the electrical resistivity and RRR (Ref.[4] Fig 8.1). A RRR of 5.3 is measured. 
 

 

 

Figure 5 Copper 122-H02 - Electrical resistivity 296 K to 29 K – Linear scale (top) Log-scale (bottom) 
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g. Aluminum 1100-O (UNS A91100) 
 

 

 

Figure 6 Aluminum 1100-O - Electrical resistivity 296 K to 29 K – Linear scale (top) Log-scale (bottom) 

A slight discrepancy is seen all along the curve, it is particularly notable on the log-curve that the discrepancy 
is a proportion of the total resistivity between 12% (at room temperature) and 20% (at 20K). The RRR is 24. 
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h. Aluminum 2024-T3 (UNS A92024) 

 

 

Figure 7 Copper 110-O - Electrical resistivity 296 K to 29 K – Linear scale (top) Log-scale (bottom) 

The match with literature data is not good. This may be in part due to the different heat treatment of the 
alloy tested and the alloy in the literature. 
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i. Nickel 200 (UNS N02200) 
 

 

 
 

The measurement lowest temperature is around 20.4 K where the RRR is 3.7. The room temperature 
resistivity is consistent with literature. No literature was found for cryogenic resistivity.  
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4. Summary 
 
A series of metals and alloys have been tested to measure their electrical resistivity at cryogenic temperature and assess 
their predictability using literature correlations. The observations made are summarized in the following table : 

 
Material Room temperature (293 K) 

resistivity measured (ohm.m) 
RRR measured Match with literature data 

Brass 260 6.06E-8 1.65 Poor 

Copper OFHC 101-O 1.56E-8 219 Good 

Copper ETP 110-0 1.72e-8 273 Excellent 

Copper ETP 110-H02 1.75E-8 91 Excellent 
Copper ETP 110-H04 N/A 61 N/A 

Copper DHP 122-H02 2.00E-8 5.3 Good 

Aluminum 1100-O 2.92E-8 23.8 Good 

Aluminum 2024-T3 5.52E-8 1.9 Poor 

Nickel 200 9.64E-8 3.7 N/A 

 
It is noted that copper are well described by literature correlations, especially for high purity copper. The 
correlations available for Aluminum was also satisfactory. No correlation has been found for Nickel 200. 
Alloys have shown significant dispersions from literature data. 
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Appendix 1 – Drawing EIC-HSR-SCN-0112 Rev.B 
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Appendix 2 – Electrical resistivity measured summary table 
 
  

Temperature Brass 260 C101-O C110-O C110-H02 C122-H02 Al1100-O Al2024-T3 Nickel 200 

293 6.028E-08 1.552E-08 1.671E-08 1.743E-08 1.982E-08 2.878E-08 5.470E-08 9.654E-08 
290 5.998E-08 1.532E-08 1.650E-08 1.722E-08 1.960E-08 2.840E-08 5.434E-08 9.489E-08 
280 5.904E-08 1.471E-08 1.582E-08 1.652E-08 1.897E-08 2.722E-08 5.317E-08 9.041E-08 
270 5.817E-08 1.410E-08 1.514E-08 1.583E-08 1.833E-08 2.603E-08 5.207E-08 8.626E-08 
260 5.730E-08 1.348E-08 1.446E-08 1.513E-08 1.769E-08 2.482E-08 5.095E-08 8.238E-08 
250 5.637E-08 1.285E-08 1.379E-08 1.444E-08 1.705E-08 2.367E-08 4.984E-08 7.930E-08 
240 5.548E-08 1.225E-08 1.312E-08 1.375E-08 1.642E-08 2.243E-08 4.870E-08 7.511E-08 
230 5.460E-08 1.163E-08 1.243E-08 1.306E-08 1.579E-08 2.123E-08 4.760E-08 7.158E-08 
220 5.369E-08 1.101E-08 1.176E-08 1.238E-08 1.513E-08 2.008E-08 4.649E-08 6.830E-08 
210 5.278E-08 1.038E-08 1.109E-08 1.167E-08 1.450E-08 1.887E-08 4.537E-08 6.503E-08 
200 5.188E-08 9.751E-09 1.040E-08 1.097E-08 1.386E-08 1.769E-08 4.427E-08 6.191E-08 
190 5.099E-08 9.124E-09 9.730E-09 1.029E-08 1.322E-08 1.651E-08 4.316E-08 5.893E-08 
180 5.006E-08 8.467E-09 9.051E-09 9.587E-09 1.257E-08 1.534E-08 4.206E-08 5.604E-08 
170 4.913E-08 7.851E-09 8.364E-09 8.895E-09 1.192E-08 1.414E-08 4.095E-08 5.319E-08 
160 4.822E-08 7.217E-09 7.667E-09 8.171E-09 1.128E-08 1.294E-08 3.984E-08 5.041E-08 
150 4.727E-08 6.549E-09 6.981E-09 7.456E-09 1.062E-08 1.174E-08 3.871E-08 4.772E-08 
140 4.630E-08 5.922E-09 6.284E-09 6.738E-09 9.954E-09 1.054E-08 3.761E-08 4.509E-08 
130 4.536E-08 5.274E-09 5.584E-09 6.004E-09 9.300E-09 9.389E-09 3.650E-08 4.257E-08 
120 4.437E-08 4.617E-09 4.885E-09 5.274E-09 8.633E-09 8.211E-09 3.541E-08 4.016E-08 
110 4.342E-08 3.956E-09 4.182E-09 4.542E-09 7.973E-09 7.062E-09 3.434E-08 3.779E-08 
100 4.242E-08 3.308E-09 3.492E-09 3.839E-09 7.313E-09 5.965E-09 3.329E-08 3.563E-08 

90 4.139E-08 2.638E-09 2.798E-09 3.126E-09 6.648E-09 4.917E-09 3.232E-08 3.354E-08 
80 4.041E-08 2.051E-09 2.152E-09 2.448E-09 6.025E-09 3.990E-09 3.141E-08 3.170E-08 
77 4.007E-08 1.869E-09 1.957E-09 2.233E-09 5.837E-09 3.709E-09 3.115E-08 3.117E-08 
70 3.939E-08 1.472E-09 1.530E-09 1.786E-09 5.424E-09 3.125E-09 3.061E-08 3.004E-08 
60 3.848E-08 9.374E-10 1.008E-09 1.221E-09 4.879E-09 2.457E-09 2.993E-08 2.889E-08 
50 3.770E-08 5.341E-10 5.771E-10 7.624E-10 4.421E-09 1.904E-09 2.943E-08 2.766E-08 
40 3.716E-08 2.816E-10 2.870E-10 4.465E-10 4.076E-09 1.541E-09 2.914E-08 2.699E-08 
30 3.681E-08 1.324E-10 1.290E-10 2.669E-10 3.864E-09 1.330E-09 

 
2.662E-08 

20 3.673E-08 7.896E-11 7.185E-11 2.018E-10 
 

1.240E-09 
 

2.647E-08 
15 

 
7.188E-11 6.380E-11 
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Appendix 3 – Sample material certificates 
 

1. Brass 260 (UNS C26000)  
 
No certificate were available. The vendor website mentions they are half-hard (H02) with elongation 27%. 
Cu content is 68.5-71.5% and zinc content 28.38-31.38%. 
 

2. Copper OFHC 101-O (UNS C10100) 
 
No material certificates were supplied with this sample. 
 

3. Copper ETP 110-O (C11000) 
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4. Copper ETP 110-H02 (C11000) 
 
The sample was a conductor salvaged from one of the original RHIC 12x150 A current lead.  
No material certificates were available at the time of testing. It is mentioned to be half-hard (H02) per the 
original drawings. 
 

5. Copper ETP 110-H04 (UNS C11000) 
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6. Copper DHP 122-O (UNS C12200)  
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7. Aluminum 1100-O (UNS A91100) 
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8. Aluminum 2024-T4  (UNS A92024)  
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9. Nickel 200 (UNS N02200) 
 

 
 


