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INTERNATIONAL ELECTROTECHNICAL COMMISSION

‘ SUPERCONDUCTIVITY -

Part 23: Residual resistance ratio measurement —
O’Residual resistance ratio of Nb superconductors

@)

O FOREWORD

The International@

—

echnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotegfinigal committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questiohs concerning standardization in the electrical and electronic fields. To this end and in
addition to other activiti @C publishes International Standards, Technical Specifications, Technical Reports,

Publicly Available Specifi ons (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to ical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparat ork. International, governmental and non-governmental organizations liaising
with the IEC also participate i ﬁpreparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accor r’?ﬂth conditions determined by agreement between the two organizations.

@EC on technical matters express, as nearly as possible, an international
t subjects since each technical committee has representation from all

The formal decisions or agreeme
consensus of opinion on the rele
interested IEC National Committees.

IEC Publications have the form of rec endations for international use and are accepted by IEC National
Committees in that sense. While all reasonabte efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot beesponsible for the way in which they are used or for any
misinterpretation by any end user. /\

In order to promote international uniformity, | tional Committees undertake to apply IEC Publications
transparently to the maximum extent possible in thei tional and regional publications. Any divergence between
any IEC Publication and the corresponding national ional publication shall be clearly indicated in the latter.
i

IEC itself does not provide any attestation of confor Ndependent certification bodies provide conformity
C

assessment services and, in some areas, access to | rks of conformity. IEC is not responsible for any
services carried out by independent certification bodies. éﬁ
t

All users should ensure that they have the latest edition of blication.

No liability shall attach to IEC or its directors, employees, sery, or agents including individual experts and
members of its technical committees and IEC National Commi or any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect; o osts (including legal fees) and expenses

arising out of the publication, use of, or reliance upon, this IEC Pub or any other IEC Publications.
Attention is drawn to the Normative references cited in this publicat& e of the referenced publications is
indispensable for the correct application of this publication. @

Attention is drawn to the possibility that some of the elements of this IEC Pu %ﬁon may be the subject of patent

rights. IEC shall not be held responsible for identifying any or all such patent r@

ical committee 90:

Superconductivity.

The text of this International Standard is based on the following document;

FDIS Report on voting ‘

90/400/FDIS 90/403/RVD

Full information on the voting for the approval of this International Standard can be foué'\a‘the
report on voting indicated in the above table. @

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61788 series, published under the general title Superconductivity,
can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

-)\

ecenfirmed,
@mwn,
rep@d by a revised edition, or

. amend@,
OR

¥
IMPORTANT - olor inside' logo on the cover page of this publication indicates that

it contains color ich are considered to be useful for the correct understanding of its
contents. Users sio therefore print this document using a color printer.
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INTRODUCTION

Highspurity niobium is the chief material used to make superconducting radio-frequency cavities.
Si grades of niobium may be used in the manufacture of superconducting wire.
Pro ment of raw materials and quality assurance of delivered products often use the residual
resis é ratio (RRR) to specify or assess the purity of a metal. RRR is defined for
non-s onducting metals as the ratio of electrical resistance measured at room temperature
(293 the resistance measured for the same specimen at low temperature (~4,2 K). The
Iow-tempew value is often called the residual resistance. Higher purity is associated with

higher val gj RRR.

Niobium preser@pecial problems due to its transformation to a superconducting state at ~9 K,
so DC electrical p€sistance is effectively zero below this temperature. The definition above
would then yield a ite value for RRR. This document describes a test method to determine
the residual resistan alue by using a plot of the resistance to temperature as the test
specimen is gradually, med through the superconducting transition in the absence of an
applied magnetic field. results in a determination of the residual resistance at just above
superconducting transitiop#~%10 K, from which RRR is subsequently determined.

International standards also@tb determine the residual resistance ratio of superconducting
wires. In contrast to supercond wires, which are usually a composite of a superconducting
material and a non-superconducting material and the RRR value is representative of only the
non-superconducting component, V@the entire specimen is composed of superconducting
niobium. Frequently, niobium is proGlired as a sheet, bar, tube, or rod, and not as a wire. For
such forms, test specimens will Iike@a few millimeters in the dimensions transverse to
electric current flow. This differerdc {‘significant when making electrical resistance
measurements, since niobium samples *wili=likely be much longer than that for the same
length-to-diameter ratio as a wire, and hi@ lectrical current may be required to produce
sufficient voltage signals. Guidance for sa dimensions and electrical connections is
provided in Annex A. Test apparatus should aIs{ ke into consideration aspects such as the
orientation of a test specimen relative to the liqui ium surface, accessibility through ports on
common liquid helium dewars, design of current con , and minimization of thermal gradients
over long specimen lengths. These aspects distingui e present document from similar wire

standards.
Other test methods have been used to determine RRR. éo@nethods use a measurement at a
temperature other than 293 K for the high resistance value. methods use extrapolations at

4,2 K in the absence of an applied magnetic field for the low istance value. Other methods
use an applied magnetic field to suppress superconductivity at 4 A comparison between this
document and some other test methods is presented in Anne It should be noted that
systematic differences of up to 10 % are produced by these other ds, which is larger than
the target uncertainty of this document. Care should therefore be ta apply this document
or the appropriate corrections listed in Annex A according to the test d used.

also perform RRR measurements. To promote consistency, the results ter-laboratory

comparisons are described in Annex C.

Whenever possible, this test method should be transferred to vendors ag coI?borators who
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This part of IE 88 addresses a test method for the determination of the residual resistance
ratio (RRR), /rR of cavity-grade niobium. This method is intended for high-purity niobium

grades with 15 < B$ 0. The test method should be valid for specimens with rectangular or

round cross-section s-sectional area greater than 1 mm2 but less than 20 mm?2, and a
length not less than 1 ore than 25 times the width or diameter.

2 Normative referenc?/‘

The following documents are re to in the text in such a way that some or all of their content
constitutes requirements of thls cumment. For dated references, only the edition cited applies.
For undated references, the Iat&edltlon of the referenced document (including any
amendments) applies.

IEC 60050-815, International Electrote al Vocabulary — Part 815: Superconductivity
(available at: www.electropedia.org)
-

3 Terms and definitions /®

For the purposes of this document, the terms and @y‘tions given in IEC 60050-815 and the
following apply.

ISO and IEC maintain terminological databases for Ege®standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/@
e |SO Online browsing platform: available at http://www.iso.org%

3.1 /‘
residual resistance ratio ®

RRR

ratio of resistance at room temperature to the resistance just above superconducting

transition

IRRR = R/ Ry @ (1)
where Rq is the resistance at 293 K and R, is the resistance just above the super o@ing

transition, at ~10 K. @
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