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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUPERCONDUCTIVITY -
Part 5: Matrix to superconductor volume ratio measurement —

Copper to superconductor volume ratio of
Cu/Nb-Ti composite superconductors
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annex A forms an integral part of this standard.

Annexes B, C and D are for information only.

The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

confirmed;
withdrawn;
replaced by a revised edition, or
amended.

A bilingual version of this standard may be issued at a later date.
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INTRODUCTION

The copper to superconductor volume ratio of composite superconductors is used mainly to
calculate the critical current density of superconducting wires. The test with the method given
in this International Standard may be used to provide part of the information needed to
determine the suitability of a specific superconductor. Moreover, this method is useful for
guality control, acceptance or research testing if the precautions given in this standard are
observed.

The test method given in this International Standard is based on the condition that the specific
mass of Nb-Ti is known. If the specific mass of Nb-Ti and/or the fraction of Nb barrier are
unknown, another method to determine the copper to superconductgr—yolume ratio of
composjte superconductors is described in annex A.

@%

$
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SUPERCONDUCTIVITY -

Part 5: Matrix to superconductor volume ratio measurement —
Copper to superconductor volume ratio of
Cu/Nb-Ti composite superconductors

1 Scope

This part of IEC 61788 covers a test method for the determination of copper to super-

conductor volume ratio of Cu/Nb-Ti composite superconducting wire.

This teqt method is intended for use with Cu/Nb-Ti composite supe
cross-s¢ctional area of 0,1 mm? to 3 mmz, a diameter of the Nb&Ti

200 pm
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The foll Nis text,
constitu of IEC 61788. For dated references, subgsequent
amend G of these publications do not apply. However, parties to
agreem of IEC 61788 are encouraged to investigate the possjbility of
applying fon of the normative document indicated below. For undated
referend edition of the normative document referred to applies. Member$ of IEC
and 1SQ i i of currently valid International Standards.

IEC 60050<815:2000, International Electrotechnical Vocabulary (IEV) — Part 815:| Super-

conductivity

3 Terminology

For the purposes of this part of IEC 61788, the definitions given in IEC 60050-815 and the
following definition are applicable.

3.1
copper

to superconductor volume ratio

the ratio of the area of the copper stabilizing material to the area without copper consisting of

Nb-Ti fil

aments and their Nb barriers.
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4 Principle

The test method utilizes the nature of the Cu/Nb-Ti composite superconducting wire whereby
the copper dissolves in nitric acid solution but the Nb-Ti filaments and Nb barriers do not.

After measuring its mass, dip the specimen in the nitric acid solution to dissolve only the
copper.

Then measure the mass of the remaining Nb-Ti filaments and their Nb barriers.

Convert the ratio of masses to the ratio of volumes by dividing the respective masses of the
copper gnt-fitamentsby-the—re e femass—< emy etits

O C WA,

5 Chémicals

The follpwing chemicals shall be prepared for sample preparatiq

— Nitric acid solution consisting of nitric acid (a 65 %

recdmmended) and distilled water
— Orgéanic solvent
- Degfeasing solvent
- Ethyl alcohol

— Distl]lled (pure) water

NOTE When nitric acid of more than a mass fracti
within the|range of the above cg t.

d/ the acid shall be diluted with distijled water

6 Apparatus

Draft chamber Q

Balancg¢

A balan

A dryer ing ovenshall be used for evaporating moisture after washing the spedimen.

- 300imiheaker
- Watch-glass

- Plastic tweezers
- Filter papers

- Thermometer

Rubber gloves, protection spectacles and draft chamber

Rubber gloves and protection spectacles shall be used for protecting the human body from
the harmful acid liquid or fumes. The dissolution of the specimen shall be performed in a draft
chamber in order to protect the human body.
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7 Measurement procedure

7.1 Quantity of specimen

Take a specimen of around 1 g to 10 g in mass from the base test material.

7.2 Removal of insulating cover material

An appropriate organic solvent, which does not erode the copper, shall be used to remove
any insulating cover material of the specimen. Finally, it shall be visually checked that the
insulating cover material no longer remains.

7.3 Cleaning

A degrgaser shall be used to remove oil and/or grease traces fron
cover material has been removed. It shall then be cleaned witK
degrea%'ed specimen shall be dipped in ethyl alcohol to replace without

using e

7.4 Dtying

The clepn specimen shall be placed on a watch-glass and dii §
oven at|a temperature of 60 °C or lower. When efteaning th 2Ci

ethyl al er orryin
100 °C.

in a dryer or @ drying
is carried out] without
oven at a temperature of

75 M

When th 3 mass shall be measured on|a sheet
of weighi

7.6 Re

After cdmpletion
the balgnce.

(first measurement), remove the specimen from

To asslire that tke xs~“been fully dried, the mass of the specimen shall be
measur er the first measurement (second measurement).

The diff] s between the first and second measurements shall be within 13),5 %. If
this diff i ithi ,5 %, the average of the two measurements shall be reggrded as
the mas i

If the diHererceirmassistrore-thanr=+0:5-%—¢cleaningof-thespecimen-with—etiytatedhol and

drying of the specimen shall be repeated as described in 7.3, 7.4, 7.5 and 7.6 until the
difference in mass of the two measurements is within +0,5 %.

As soon as this part of the method is qualified by a successful repetition, the second mass
measurement can be omitted in subsequent measurements. However, periodic re-qualification
shall be performed every six months or after changes in equipment or personnel.
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7.7 Dissolving copper

The copper shall be dissolved from the specimen in the following manner.

Put approximately 150 ml of the nitric acid solution in a 300 ml beaker. Tie a knot in the
specimen to help retain all of the filaments upon completion of the etch. In the draft chamber,
while maintaining the temperature of the nitric acid solution between 20 °C and 50 °C, the
whole specimen shall be dipped in the nitric acid solution for 30 min to 1 h to completely
dissolve the copper of the specimen. It shall be checked visually that the copper has been
completely dissolved. For wires with filaments less than 10 um, a second etch according to
annex D is recommended to assure a complete copper dissolution.

Note that a fresh nitric acid solution shall be used for each specimen thaf |s etched.

NOTE 1 |When copper is dissolved in the nitric acid solution, nitrite gas is genera acid and
the nitritq gas are harmful to the human body, use all safety precautions in wearing
protectivg clothing and carrying out work to dissolve the copper in the dra e fumes
generated during storage and use are harmful. Normal safety precautions fa osal shall
be followgd.

NOTE 2 |Use rubber gloves, protection spectacles and a pair of plastie the nitric
acid solutjon.

NOTE 3 in it. The
temperaty

NOTE 4

7.8 Cleaning and drying the Nb-Ti

Cleaninp and drying the Nb-Ti filaments sh

Acid shall be carefully pd hing the
specimgn in the beak refilled

carefully poured out of the beaker. Thg beaker
e to replace any remaining water. Now to dry
be placed, using plastic tweezers, on a gheet of
ments. They shall then be placed in a dryer or a

with distilled water to

shall ngw be refillad,
all of the filame
filter paper with

drying gven (see 7

e filter paper, then there is acid remaining on the filaments.
sing again in alcohol.

If a gre
This aci

Cleanin i i yl alcohol is an alternative, by using the drying process dg¢scribed
in 7.4.

If there [are”too many broken filaments, the procedures shall be repeated from the béginning
on a new specimen.

NOTE Nb-Ti filaments with a diameter of about 10 um or less can be combustible when they are removed from
the acid and exposed to air after the matrix has been removed. Ignition sources (including flame, heat, spark and
electrostatic discharge) shall be avoided. In addition, tweezers shall be used to handle the etched filaments and
they shall not be put in contact with any part of the body. Normal safety precautions for metal combustion hazards
shall be followed.

7.9 Measurement of dissolved specimen mass and its repetition

When the specimen is cooled down to 35 °C or lower, using the balance, the specimen shall
be weighed with an accuracy of 0,1 mg as in 7.5 and 7.6. A sheet of weighing paper shall be
used for the measurement to avoid losing broken filaments (first measurement). After
completion of the mass measurement described in 7.9, the Nb-Ti filaments shall be removed
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from the balance. To know whether the Nb-Ti filaments have been fully dried, the mass of the
Nb-Ti filaments shall be weighed again about 10 min after the first measurement (second
measurement).

The difference in mass shall be within £0,5 % between this second measurement and the first
measurement. If the difference in mass is within £0,5 % between the two measurements, the
average of the masses of the two measurements shall be regarded as the mass of the

filament

S.

If the difference in mass of the two measurements is more than +0,5 %, only cleaning with
ethyl alcohol and drying shall be repeated as described in the procedural step of 7.8, and then
procedural steps shall be repeated again according to 7.9. Then, check again to make sure

that the[difference in mass of the two measurements is within £0,5 %. \
As soon as this part of the method is qualified by a successful re eysecod mass
measurg¢ment can be omitted in subsequent measurements. Howeve rQdi alification
shall belperformed every six months or after changes in equip
7.10 Pfocedural repetition for second specimen
The progedural steps in 7.1 through 7.9 shall be rep
As soor] as the method is qualified by ents on
a second specimen can be omitted/i pdic re-
qgualification shall be performed every sonnel.
8 Callculation of results
For each measuremen down to
two decjmal places in
If two specimen copper
to supefconductorwo
M _M i) X T
Q (e ratio = \Mw = Mno-Ti ) X PNb-Ti )
MNp-Ti X Pcu

where
Mw pecimen (in grams);
Mnp-Ti of the Nb-Ti filaments (in grams);
Pcu s$°8Y93, which is the specific mass of copper (in grams per cubic centimetre);
Pno-1i 1S the specific mass of the Nb-Ti filament (in grams per cubic centimetre).

The specific mass of the Nb-Ti alloy can be obtained by interpolation of the values given in
annex B if it is not given by the wire manufacturer.

NOTE |If a barrier such as Nb is used, it shall be included in the mass of the Nb-Ti filament by calculating an
effective filament specific mass taking into consideration the fraction of Nb barrier.
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9 Precision and accuracy of the test method

The advantage of the method is that the copper to superconductor volume ratio can be
obtained only from the masses of the specimen and Nb-Ti filaments. Since the masses can be
measured with an accuracy of 0,1 mg, the accuracy of the masses can be determined within
+0,1 % even for the specimen with a mass of 1 g and a copper to superconductor volume ratio

of 10.

Precision is also affected by the specific mass of Nb-Ti. The value of the specific mass of
Nb-Ti shall be determined within £1 % by interpolation of the values listed in annex B (if not

given by the wire manufacturer).

If a barrier such as Nb is used, it shall be included in the mass of
calculatjng an effective filament specific mass taking into considergli the
barrier fo retain the precision.

n of Nb

-TN fila‘nent by
fractio

If the s A), the
measur

In the ¢ : aunethod in annex A
become count.
The ove cording
to round

10 Test report

10.1 Identification of tes

The tes{ specimen sha

a) manpufacturersfam
b) identification ’

c) billef number;

the following information:

d) raw

e) shay pss-section of the wire, number of filament

filam
10.2 R f-€opper to superconductor volume ratio

The test report shallcontain the following information:

s, dian

neter of

a) the copper to superconductor volume ratio of each specimen;
b) Nb-Ti specific mass value used;
c) method of removing insulation from the specimen, if any.

10.3 Report of test conditions
The following test conditions shall be reported:

a) ambient temperature;
b) nitric acid temperature at the beginning;
c) nitric acid immersion time duration;

d) drying time duration.
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Annex A
(normative)

Copper to superconductor volume ratio — copper mass method

If the specific mass of Nb-Ti and/or the fraction of the Nb barrier are unknown, the copper to
superconductor volume ratio shall be measured in the following manner.

A.1 Quantity of specimen

the bas¢ test material.

A specifnen of around 50 cm long and not exceeding the mass of 10 hall Wn out of

A.2 Measurement of specimen length

The length (L), in centimetres, of the specimen shall be mg
or bettef.

gcuracy of 0,2 %

A3 M

The dia
shall bg
with an
shall be

pecimen
5 length
metres,

A4 M

The ma mng.

A.5 D

The cop

The ma s in the

main m¢

A.6 Chalculation

Assumiug the opcuiﬁb frrass—of—the copPpet (/[qu) 8793 y/uns, the coppetr—to aupCIb\.ndUCtOF
volume ratio shall be obtained using the following equation.

My — Myp.Ti )/
Copper to superconductor volume ratio = (Mw Nb-Ti )/ P (A.1)

AXL=(My =Mnp-1i )/ Pcu

NOTE 1 There may be large errors for the measurement of thin round wire and thin rectangular wire. So, care
shall be taken for the measurement of those wires.

NOTE 2 For rectangular wire, the cross-sectional area (A), in square centimetres, needs to be corrected
according to the radius at the corners of the cross-sectional area, which is given in the specifications supplied by
the manufacturers.
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Annex B
(informative)

Specific mass of Nb-Ti

61788-5 © IEC:2000(E)

Nb - 55,0 wt % Ti
Ti

Nb-Ti fraction Specific mass
g/cm?®
Nb 8,57
Nb - 43,2 wt % Ti 6,16
Nb - 45,0 wt % Ti 6,09
Nb - 46,5 wt % Ti 6,04 (
Nb - 47,0 wt % Ti 6,02 <
Nb - 48,0 wt % Ti 5,98
Nb - 53,5 wt % Ti 5,76
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