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SUMITOMO’S Nb3Al  Jc MEASUREMENTS AT THE SHORT SAMPLE TEST FACILITY 

Emanuela Barzi

Abstract:

A Sumitomo’s Nb3Al strand was heat treated in an IB3’s furnace and tested at the SSTF of the TD. The Ic dependence on field and temperature was measured from 4T to 15T and from 3.5K to 4.5K respectively. A comparison in the Jc performance is given with respect to NbTi and Nb3Sn. A parametrization is found in order to infer the Jc for applications at lower fields and higher temperatures.

1. INTRODUCTION

Despite its not being fully commercialized, especially in the high performance version, Nb3Al offers in the design of a superconducting magnet an interesting perspective with respect to Nb3Sn, thanks to its larger Jc strain tolerance. Also, Nb3Al is expected to have higher Tc and Hc2 values than Nb3Sn, allowing for instance applications at higher temperatures. 
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In the Nb-Al system the stoichiometric A15 phase is stable only at high temperatures (i.e. above 1800oC) and becomes depleted in aluminum at low temperatures. However, the A15 phase close to the stoichiometric composition can be formed at relatively low temperatures (i.e. 700oC (900oC) when the dimension of the diffusion distance in the Nb/Al couple is reduced below 1 (m. This has been achieved by a powder metallurgy process and a composite process.

Sumitomo’s  0.809 mm wire is a Nb/Al composite assembled using a modified jellyroll process. A thin Nb sheet, which is slit with controlled  interconnection distances, is rolled up with an Al sheet in a jellyroll fashion, inserted in a copper container, and cold worked into a wire.

The composite was then wound on a grooved cylindrical barrel made of a Ti-6Al-4V alloy, and  fixed on two removable Ti-alloy end rings. This set was heat treated for 50 hours at 750oC in argon to form a wire having 96 filaments 53 (m in diameter, and a copper to non-copper ratio of 1.4.

2. Jc  MEASUREMENTS

The present Ic measurements were carried out at the Short Sample Test Facility (SSTF) of the TD. At this facility, measurements at different temperatures and fields are obtained in a Variable Temperature Insert (VTI) within a 15/17 T magnetic cryostat [4].

After the reaction phase, the Ti-alloy end rings are replaced by copper rings, and the ends of the specimen are soldered to them. This set is mounted on the probe between two copper lugs of a cylindrical fixture, and the current is supplied to the sample by pressure contacts on the copper rings.

The experiment proceeds as follows: a current is ramped in the superconducting strand from zero to a maximum of 1020 Amps. The sample is immersed in liquid helium in the cryostat’s VTI, which is itself located in a solenoidal magnetic field. Voltages are measured between different points of the sample by means of voltage taps. As long as the sample is superconducting – i.e. below critical temperature, Tc, and (upper) critical field, Bc2 –, the voltage measured between two taps is close to zero. It slowly begins to increase during transition to the normal state and finally shoots up. The sample’s power supply, the scanner, and the nanovoltmeter, as well as the instrumentation related to the magnetic cryostat, are controlled by a PC using LabView as a graphical interface. Figure 1 shows the measurements at 4.2K and 12T for a pair of voltage taps 50cm away from each other. 

There are several criteria to define the critical current, Ic. Sumitomo refers to a critical field of 1(V/cm, which in Figure 1 corresponds to an Ic of 137A at 4.2K and 12T. The value quoted in their specifications is 133A. The more commonly used 10-14 ((m resistivity criterion, also shown on the plot, gives an Ic of 126A at the same temperature and field.
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 Fig. 1:
VI curve at 4.2K and 12T. The line on the plot represents the 10-14((m 

resistivity criterion. 

The Ic dependence on field and temperature was measured with the 10-14 ((m resistivity criterion between 4T and 15T and at temperatures of 3.5K, 4.2K and 4.5K. The results are shown in Figure 2 and Table 1.
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Fig. 2:
Ic dependence on field and temperature between 4T and 15T and at temperatures of 3.5K, 

4.2K and 4.5K.

B field   [T]
Ic (c)  @ 4.5K   [A]
Ic (c)  @ 4.2K   [A]
Ic (c) @3.5K   [A]
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    Table 1:
Critical currents measured with the 10-14 ((m resistivity 

criterion between 4T and 15T and at temperatures of 

3.5K, 4.2K and 4.5K.

A comparison of the critical current density in the superconductor, Jc, of Nb3Al, Nb3Sn and NbTi composites is shown in Figure 3.
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Fig. 3:
Sumitomo’s Nb3Al performance in Jc with respect to NbTi and Nb3Sn strands previously tested at 4.2K at the SSTF.

3. DERIVATION  OF  Jc  AT  HIGHER  TEMPERATURES
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To infer Jc outside the field and temperature data ranges where measurements were done, data were fitted with the following Nb3Sn parametrization by Summers et. al. [2]: 

where the strain in the superconductor was assumed zero. In equations (1), there are three fitting parameters: Bc20, the upper critical field at zero temperature, Tc0, the critical temperature at zero field, and C0, a normalization parameter expressed in AT1/2mm-2. To a first approximation, these parameters can be derived from the data by using the following formulae [1], which are fairly applicable to all [image: image6.wmf])
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superconductors:

The Ic values at 4.5K shown in Figure 2 were linearly extrapolated to zero between 12T and 15T to give a Bc2(4.5K) of 16.4T. The Ic values at 5T and 3.5K, 4.2K, and 4.5K were linearly extrapolated to zero to give a Tc(5T) of 10.6K. These numbers were entered into equations (2) and (3), which were then solved as a system to obtain a Bc20 of about 20T and a Tc0 of about 13K. These values are close to those found in the literature for Nb/Al composites having undergone a one-step heat treatment at 700 to 900oC [3]. 

With the above values as a starting point for Bc20 and Tc0, and C0 normalized to a measured Jc of 3702 A/mm2 at 5T and 4.5K, the Jc vs. B curve from parametrization (1) was compared at 4.5K with the data. The best result was obtained with the following parameters: Bc20 = 20T, Tc0 = 15K, and C0 = 19003 AT1/2mm-2. This is shown in Figure 4. The difference between parametrization and data is less than 5% at 8T, and less than 2% at 4T. 
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Fig. 4:
Comparison at 4.5K of Jc data to parametrization (1).


The parametrized Jc found above can then be used at other temperatures, as shown in Figure 5. For instance, the Jc’s infered at 1T are 14055 A/mm2, 11040 A/mm2, and 7516 A/mm2 at 4.5K, 6.5K, and 8.5K respectively. In the Sumitomo’s Nb3Al strand, this translates to Ic’s of 3010 A, 2364 A, and 1610 A respectively. 
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Fig. 5:
Parametrized Jc at various temperatures.

4. CONCLUSIONS

Whereas Sumitomo’s Nb3Al composite in its present version (a one-step only heat treatment at low temperature) cannot yet compete with Nb3Sn strands at high fields, it is already of some interest for applications at low fields and high temperatures. 
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0.0000005001

0.000001104

0.000000166

0.0000006017

0.000000468

0.000000933

0.0000007005

0.000000053

0.000000304

0.000000802

0.000000394

0.000000851

0.0000009008

0.000000521

0.000000172

0.0000009557

0.000000649

0.000000477

0.000000997

0.000000519

0.000000088

0.000000523

0.000000458

0.000000866

0.000000489

0.000000794

0.000000893

0.000000484

0.000000916

0.000000251

0.000000807

0.000000561

0.000000482

0.000000452

0.000000371

0.000000268

0.0000010572

0.000000213

0.000000323

0.000000384

0.000000449

0.000000875

0.000000763

0.000000477

0.000000351

0.000000714

0.000001068

0.00000073

0.000000418

0.000000626

0.000000639

0.000000642

0.000000854

0.000000344

0.000000814

0.000000084

0.000000658

0.000001156

0.000000807

0.000000852

0.000000381

0.000000618

0.000000777

0.000000241

0.000000996

0.000000495

0.000000809

0.000000374

0.000001039

0.000001147

0.000001028

0.000001119

0.000001247

0.000001284

0.000001026

0.000000813

0.000001077

0.000001223

0.0000012548

0.000001365

0.000002253

0.000002411

0.000002979

0.000003213

0.000003796

0.000004439

0.000004995

0.00000546

0.00000635

0.000008304

0.000008686

0.000010244

0.000012816

0.000014563

0.000018374

0.000021626

0.000025669

0.000027584

0.000033896

0.0000013564

0.000040816

0.000048611

0.000058638

0.000001455



ct_Al_0118_12T_42K_1

		

		S CURR		V16		V26		V36		SAMP T		VTI T		B FIELD		HE 1		HE 2		V36zeroed		1.00E-08		logI		logV

		0.342023998		0.000037241		0.000017052		0.000008827		4.177000046		4.172999859		12		100.199996948		100.599998474		0		3.42E-09		-1.0728743748		-11.6376953519

		5.007339954		0.000047628		0.00001701		0.000009581		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000754				1.6109048268		-11.5557285873

		10.221500397		0.000067604		0.0000167		0.000008577		4.177000046		4.172999859		12		100.199996948		100.599998474		-0.00000025		1.02E-07		2.3244933839		-11.666426356

		15.16119957		0.000091894		0.000017618		0.000009146		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000319				2.7187395044		-11.6021939327

		20.100999832		0.000100345		0.000016462		0.000009414		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000587		2.01E-07		3.0007695567		-11.573312615

		25.040700912		0.000126912		0.000016894		0.000009338		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000511				3.2205025375		-11.5814184614

		29.980499268		0.000133102		0.000016005		0.000008536		4.177000046		4.172999859		12		100.199996948		100.599998474		-0.000000291		3.00E-07		3.4005471459		-11.671218044

		35.194599152		0.000153761		0.000017784		0.000009787		4.177000046		4.172999859		12		100.199996948		100.599998474		0.00000096				3.5608926377		-11.5344555835

		40.134399414		0.000173836		0.000017472		0.000009768		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000941		4.01E-07		3.6922338073		-11.5363988212

		45.074100494		0.000192233		0.000016797		0.000008722		4.177000046		4.172999859		12		100.199996948		100.599998474		-0.000000105				3.8083078131		-11.6496619885

		50.013900757		0.000197611		0.000016484		0.000008805		4.177000046		4.172999859		12		100.199996948		100.599998474		-0.000000022		5.00E-07		3.9123009819		-11.640190816

		55.228000641		0.00021468		0.000017341		0.000009931		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000001104				4.0114700827		-11.51984938

		60.167800903		0.000234996		0.000016849		0.000008993		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000166		6.02E-07		4.0971373405		-11.619064061

		65.107498169		0.000257979		0.000017849		0.000009295		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000468				4.1760397218		-11.5860339368

		70.047302246		0.000270664		0.000016556		0.00000976		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000933		7.00E-07		4.2491707602		-11.5372181575

		74.986999512		0.000282081		0.000017707		0.00000888		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000053				4.3173147587		-11.631709001

		80.201202393		0.000303799		0.000016448		0.000009131		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000304		8.02E-07		4.3845385072		-11.6038353403

		85.140899658		0.000312148		0.00001692		0.000009221		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000394				4.4443075272		-11.5940270664

		90.080703735		0.000336544		0.000016618		0.000009678		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000851		9.01E-07		4.5007059767		-11.5456552896

		95.020401001		0.000344883		0.000017352		0.000009348		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000521				4.5540916159		-11.5803481413

		95.569297791		0.000353917		0.000016598		0.000008999		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000172		9.56E-07		4.5598516157		-11.6183970979

		96.118103027		0.000348155		0.000016947		0.000009476		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000649				4.5655776752		-11.5667482717

		96.666999817		0.000354335		0.000017304		0.000009304		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000477				4.5712720807		-11.5850661427

		97.215896606		0.000349438		0.000016777		0.000009824		4.177000046		4.172999859		12		100.199996948		100.599998474		0.000000997				4.5769342434		-11.5306821866

		97.764701843		0.000357698		0.000016752		0.000009346		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000519				4.58256359		-11.5805621137

		98.313598633		0.000352603		0.000016751		0.000008915		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000088				4.5881623557		-11.6277753066

		98.86239624		0.000356365		0.000017703		0.00000935		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000523				4.5937289463		-11.5801342147

		99.136901855		0.00035819		0.000017962		0.000009285		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000458				4.5965017419		-11.5871103632

		99.411300659		0.000359757		0.000016577		0.000009693		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000866				4.5992657959		-11.5441065825

		99.960197449		0.000363895		0.000017571		0.000009316		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000489				4.6047720812		-11.5837772059

		100.509002686		0.00036084		0.000016744		0.000009621		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000794				4.6102473025		-11.5515623486

		101.057998657		0.000372415		0.000016499		0.00000972		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000893				4.6156945962		-11.5413249395

		101.607002258		0.000364303		0.000017592		0.000009311		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000484				4.6211124526		-11.5843140611

		102.15599823		0.000369342		0.000017615		0.000009743		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000916				4.6265010394		-11.5389614795

		102.430000305		0.000377029		0.00001735		0.000009078		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000251				4.6291796414		-11.6096566539

		102.978996277		0.000367242		0.000017567		0.000009634		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000807				4.6345250478		-11.5502120498

		103.527999878		0.000372577		0.000017502		0.000009388		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000561				4.6398421063		-11.57607828

		104.077003479		0.000378975		0.000017661		0.000009309		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000482				4.6451310432		-11.5845288838

		104.625		0.000381941		0.000017644		0.000009279		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000452				4.6503825288		-11.5877567756

		105.174003601		0.000383046		0.00001711		0.000009198		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000371				4.6556161557		-11.5965244888

		105.722999573		0.000380062		0.000016921		0.000009095		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000268		1.06E-06		4.6608224621		-11.607785746

		105.998001099		0.000380068		0.000017103		0.00000904		4.176000118		4.172999859		12		100.199996948		98.099998474		0.000000213				4.6634202364		-11.6138513836

		106.54599762		0.000386273		0.000016706		0.00000915		4.176000118		4.172999859		12		100.199996948		96.800003052		0.000000323				4.6685767944		-11.6017566787

		107.095001221		0.000388988		0.000016364		0.000009211		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000384				4.6737163024		-11.595112136

		107.643997192		0.000391528		0.000017057		0.000009276		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000449				4.67882946		-11.5880801386

		108.193000793		0.000384414		0.000016597		0.000009702		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000875				4.6839166766		-11.5431785081

		108.741996765		0.000386748		0.000016469		0.00000959		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000763				4.6889780743		-11.5547896691

		109.291000366		0.000388732		0.000016928		0.000009304		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000477				4.694014053		-11.5850661427

		109.565002441		0.000391941		0.000016388		0.000009178		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000351				4.6965180027		-11.598701242

		110.113998413		0.000394249		0.000016537		0.000009541		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000714				4.7015161784		-11.5599122562

		110.663002014		0.000392592		0.000016871		0.000009895		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000001068				4.7064895654		-11.5234809789

		111.211997986		0.000394153		0.000017207		0.000009557		4.176000118		4.172999859		12		100.199996948		96.699996948		0.00000073				4.7114382716		-11.5582366877

		111.486000061		0.000400711		0.000016521		0.000009245		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000418				4.713899023		-11.5914276931

		112.308998108		0.000403366		0.000017455		0.000009453		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000626				4.7212539842		-11.5691784065

		112.583999634		0.000401223		0.000016874		0.000009466		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000639				4.7236996064		-11.5678041265

		113.133003235		0.000409498		0.000017697		0.000009469		4.176000118		4.172999859		12		100.199996948		99.699996948		0.000000642				4.7285641463		-11.567487253

		113.406997681		0.000401254		0.000017108		0.000009681		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000000854				4.7309830973		-11.5453453562

		113.956001282		0.000410668		0.000017153		0.000009171		4.176000118		4.172999859		12		100.199996948		98		0.000000344				4.7358124202		-11.5994642264

		114.504997253		0.000407087		0.000017394		0.000009641		4.176000118		4.172999859		12		100.199996948		96.800003052		0.000000814				4.7406184662		-11.5494857203

		115.054000854		0.000415429		0.000016852		0.000008911		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000084				4.7454015908		-11.6282240893

		115.602996826		0.000409871		0.000016893		0.000009485		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000658		1.16E-06		4.75016188		-11.5657989546

		116.152000427		0.000420348		0.000017634		0.000009634		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000807				4.7548996819		-11.5502120498

		116.699996948		0.000411347		0.00001736		0.000009679		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000852				4.7596065131		-11.5455519678

		116.974998474		0.000418549		0.000016779		0.000009208		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000381				4.7619602237		-11.5954378865

		117.524002075		0.00041499		0.000016624		0.000009445		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000618				4.7666425857		-11.570025057

		118.072998047		0.000425994		0.000017768		0.000009604		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000777				4.7713030607		-11.5533308796

		118.621002197		0.00042306		0.000016466		0.000009068		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000241				4.7759335552		-11.6107588253

		119.169998169		0.000425873		0.000017565		0.000009823		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000996				4.7805510297		-11.5307839833

		119.71900177		0.000422595		0.000016705		0.000009322		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000495				4.7851473449		-11.58313336

		120.267997742		0.00043234		0.000017791		0.000009636		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000809				4.7897225672		-11.5500044732

		120.541999817		0.000424267		0.00001684		0.000009201		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000374				4.7919982384		-11.5961983842

		121.091003418		0.000435248		0.000017984		0.000009866		4.176000118		4.172999859		12		100.199996948		99.800003052		0.000001039				4.7965423573		-11.5264160552

		121.63999939		0.000437925		0.000018076		0.000009974		4.176000118		4.172999859		12		100.199996948		100.599998474		0.000001147				4.8010658578		-11.5155288508

		122.189002991		0.000439142		0.000017924		0.000009855		4.176000118		4.172999859		12		100.199996948		97.400001526		0.000001028				4.8055690508		-11.5275316174

		122.737998962		0.000437887		0.000017931		0.000009946		4.176000118		4.172999859		12		100.199996948		96.800003052		0.000001119				4.8100519938		-11.5183400977

		123.287002563		0.000442244		0.000018309		0.000010074		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000001247				4.8145149915		-11.5055527106

		123.560997009		0.000445316		0.00001838		0.000010111		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000001284				4.816734937		-11.5018866179

		123.835998535		0.000444867		0.000017773		0.000009853		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000001026				4.8189580977		-11.5277345806

		124.384002686		0.00044283		0.000018047		0.00000964		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000000813				4.8233735763		-11.5495894493

		124.932998657		0.000442796		0.000018031		0.000009904		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000001077				4.8277775829		-11.522571842

		125.482002258		0.000448608		0.000018102		0.00001005		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000001223		1.25E-06		4.83216234		-11.5079379235

		126.03099823		0.000448433		0.000018478		0.000010192		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000001365				4.8365278944		-11.4939074591

		126.580001831		0.00045006		0.000019561		0.00001108		4.176000118		4.172999859		12		100.199996948		96.699996948		0.000002253				4.8408745338		-11.4103688766
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