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(54) A method of qualifying niobium and/or other super conducting materials for reliable 
fabrication of superconducting radio frequency (SCRF) cavities

(57) A method of qualifying Niobium and/or other su-
per conducting materials for the reliable fabrication of
SCRF cavities, which will invariably deliver high acceler-
ating fields comprising:
identification of the best superconducting lower critical
field (HC1) based on subjecting a sample of the super-
conducting material selectively to mechanical stress, an-
nealing at various temperatures, various chemical treat-
ments, post-chemical treatment baking/annealing; and
identification of the best possible thermal conductivity of
the material at said best superconducting lower critical
field (HC1) to thereby qualify the superconducting mate-
rial for the reliable fabrication of SCRF cavities adapted
to deliver high accelerating fields.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a new method
of qualifying Niobium and other superconducting mate-
rials for the purpose of fabrication of superconducting
radio frequency (SCRF) cavities and, in particular, to a
method of qualifying Niobium and other super conducting
materials for the reproducible production of SCRF-cavi-
ties directed to achieving high accelerating gradients. Im-
portantly, the method of the invention would facilitate
building SCRF-cavities for charge particle accelerator in-
volving high accelerating fields (or gradient) such as
above a few tens of Mega volts per meter (MV m-1). Ad-
vantageously, the method of the invention, directed to-
wards qualifying Niobium and other super conducting
materials would avoid the limitation and disadvantages
of presently known qualification processes of SCRF cav-
ity materials which are mainly based on enhancing the
residual resistivity ratio (RRR) of the Niobium and other
super conducting materials through various kinds of ma-
terial treatments. The invention would, therefore, facili-
tate the desired cost-effective and user friendly manner
of ensuring reliable fabrications of SCRF cavities, which
will invariably deliver high accelerating fields.

BACKGROUND ART

[0002] In the radio frequency field based electron, pro-
ton and ionized particle accelerators involving continu-
ous wave or long-pulse duration beams, and accelerating
fields (or gradient) above a few million volts per meter
(MV m-1), SCRF cavities bring various advantages over
the conventional copper cavities. As a result, in recent
years, SCRF accelerating structures are being deployed
in various high energy accelerators all over the world.
[0003] Most SCRF cavities currently used are based
on Niobium (Nb). The quality of SCRF cavities depend
to a very great extent on the material characteristics.
[0004] Cold test studies of certain Niobium SCRF cav-
ities have shown that these cavities sustained an electric
field gradient in the range of 26-35 MV/m. Such range of
electric gradient corresponds to magnetic field (experi-
ence d by the SC-RF cavity surface) in the range of 1.0
to 1.6 kOe.
[0005] US Patent Application 20060219336 discloses
Niobium cavities, which are fabricated by the drawing
and ironing of as cast niobium ingot slices rather than
from cold rolled niobium sheet. This method results in
the production of niobium cavities having a minimum of
grain boundaries at a significantly reduced cost as com-
pared to the production of such structures from cold rolled
sheet.
[0006] US Patent Application 4,857,360 teaches a
process for the manufacture of superconducting cavity
resonators with improved surface quality, whereby even
complex shaped cavity resonators can be made with cav-

ities coated with NbN.
[0007] US 7151347 discloses a niobium cavity exhib-
iting high quality factors at high gradients. This is
achieved by treating a niobium cavity through a process
comprising: 1) removing surface oxides by plasma etch-
ing or a similar process; 2) removing hydrogen or other
gases absorbed in the bulk niobium by high temperature
treatment of the cavity under ultra high vacuum to achieve
hydrogen outgassing; and 3) assuring the long term
chemical stability of the niobium cavity by applying a pas-
sivating layer of a superconducting material having a su-
perconducting transition temperature higher than nio-
bium thereby reducing losses from electron scattering in
the near surface region of the interior of the niobium cav-
ity. According to a preferred embodiment, the passivited
layer comprises niobium nitride (NbN) applied by reactive
sputtering.
[0008] While the above state of the art reveal the im-
portance attached to the fabrication of SCRF-cavities for
high accelerating gradient, importantly, the qualification
process of such SCRF cavity material is now solely based
on the enhancing of the residual resistivity ratio (RRR)
of the Niobium through various kinds of material treat-
ments.
[0009] Importantly, with high residual resistivity ratio
(RRR>300) Niobium as the starting material, the existing
techniques of SCRF "cavity fabrication" and "cavity sur-
face treatment" have successfully taken care of extrinsic
effect like electron - loading, multipacting, Q-disease etc.
However, it remains a matter of fact that all the SCRF
cavities fabricated with the same process do not always
deliver high accelerating fields. This leads to a lot of wast-
ed effort and materials. Therefore, there is a continuing
need to develop suitable material qualification scheme,
which would ensure that most, if not all, of the fabricated
cavities deliver high accelerating fields.
[0010] Moreover, there is no method of SCRF cavity
material qualification involving the determination of the
magnetic field limit of the Niobium SCRF cavities prior to
cavity fabrication procedure. Thus the presently known
processes of qualifying such super conducting materials
through residual resistivity ratio are not adapted to facil-
itate reliable achievement of the highest possible peak
RF-magnetic field Hpeak in the SCRF accelerating cavi-
ties.
[0011] Due to the above limitations of the conventional
method of qualifying Niobium materials the same also
lead to wastage of the Niobium materials because there
is no possibility of choosing the right and properly qual-
ified Niobium materials which would favour the desired
reproducible production of the SC-RF cavities and there-
by improve the efficacy and yield of such cavity fabrica-
tion process.
[0012] Also, the present methods for qualifying Nio-
bium and other materials for the production of SCRF-
cavities do not take account of any possible influence of
the thermal, mechanical and chemical treatment on the
magnetic field limit of SCRF cavity material.
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OBJECTS OF THE INVENTION

[0013] It is thus the basic object of the present invention
to provide a method of qualifying Niobium and other super
conducting materials including MgB2, Nb3Sn, Nb3Al and
Mo-Re alloys etc. for the reliable fabrication of SCRF
cavities adapted to deliver high accelerating fields, which
would not be limited to fabrication based on high residual
resistivity ratio (RRR) and would avoid the aforedis-
cussed limitations of such high RRR based qualifying
processes of SCRF cavity materials.
[0014] Another object of the present invention is direct-
ed to a method of qualifying Niobium and other super-
conducting materials, which would ensure to a greater
extent that most, if not all, of the SCRF cavities fabricated
with such qualified samples of superconducting materials
would invariably deliver high accelerating fields such as
above a few tens of Mega volts per meter (MV m-1).
[0015] A further object of the present invention is di-
rected to a method of qualifying Niobium and other super
conducting materials for the reliable fabrication of SCRF
cavities adapted to deliver high accelerating fields which
would meet the much required need to save lot of wasted
efforts and materials in fabrications of such cavities.
[0016] Another object of the present invention is direct-
ed to a method of qualifying Niobium and other super
conducting materials for the reliable fabrication of SCRF
cavities adapted to deliver high accelerating fields which
would take into account the crucial role of the super con-
ducting critical fields HCI and also to a certain extent of
thermal conductivity in the SCRF cavity materials quali-
fication process.
[0017] Yet another object of the present invention is
directed to a method of qualifying Niobium and other su-
perconducting materials based on evaluation of these
materials on the basis of the superconducting lower crit-
ical fields (HCI), thermal conductivity and identifying rec-
ipes which could lead to maximizing HCI and thermal con-
ductivity after subjecting these materials to selective me-
chanical, thermal and chemical treatment usually in-
volved in standard cavity processing.
[0018] A further object of the present invention is di-
rected to a method of qualifying Niobium and other super
conducting materials which would prevent the wastage
of Niobium /superconducting materials and efforts by en-
abling identification of the right and properly qualified Nio-
bium and other superconducting materials, which would
assure reproducible production of SC-RF cavities and
importantly greatly increase the yield of the cavity fabri-
cation process.

SUMMARY OF THE INVENTION

[0019] Thus according to the basic aspect of the
present invention there is provided a method of qualifying
Niobium and/or other super conducting materials for the
reliable fabrication of superconducting RF-cavities,
which would invariably deliver high accelerating fields

comprising:

optimization of the superconducting lower critical
field (HC1) based on subjecting a sample of the su-
perconducting material selectively to mechanical
stress, annealing at various temperatures, various
chemical treatments, post-chemical treatment like
baking/annealing; and

identifying the best possible thermal conductivity of
the material at the optimized superconducting lower
critical field (HC1) so as to qualify the superconduct-
ing material for the reproducible fabrication of super-
conducting cavities adapted to deliver high acceler-
ating fields.

[0020] In accordance with a preferred aspect of the
present invention there is provided a method of qualifying
niobium and other super conducting materials compris-
ing of the following steps :

(i) measuring the HC1 and thermal conductivity on a
small sample of the said superconducting material
obtained from a pure but untreated ingot which could
be anyone of Niobium, MgB2,Nb3Sn,Nb3Al and Mo-
Re alloys;

(ii) subjecting the sample to mechanical stress and
noting the variations/effects thereof , if any, on the
HC1 ;

(iii) annealing the sample at various temperatures
and noting the changes (if any) in the HC1 and de-
termine the best annealing treatment for improving
the HC1;

(iv)subjecting the sample to various chemical treat-
ments and noting the variations in the HC1;

(v) subjecting the chemically treated sample to bak-
ing/annealing and noting the variations in the HC1
and if possible improving it through baking/annealing
cycles;

(vi) measuring the thermal conductivity with the best
identified HC1 and improving the thermal conductivity
with suitable heat treatment if possible without de-
grading the HC1.

[0021] In accordance with yet another aspect of the
present invention there is provided the method of quali-
fying niobium and other super conducting materials
wherein the various steps are repeated for sample from
the top, bottom and middle of the mother ingot to deter-
mine the best qualifying procedure for the superconduct-
ing material.
[0022] In the above method for qualifying niobium and
other super conducting materials the said step of chem-

3 4 



EP 2 053 905 A1

4

5

10

15

20

25

30

35

40

45

50

55

ical treatment of the sample comprises selected chemical
treatments including BCP (buffer chemical polishing) or
EP (electro polishing).
[0023] In accordance with an aspect of the invention
the said HC1 is estimated based on determination of the
"first penetration" of magnetic field into the niobium and
other superconducting samples.
[0024] Preferably, the said estimation of HC1 according
to the invention comprises :

measuring the isothermal field dependent magneti-
zation of superconducting sample at various temper-
atures below the superconducting transition
temperature ;
establishing the magnetic field at which the deviation
from linearity starts in the isothermal magnetization
versus magnetic field plot for an initial estimate of
the HC1; and
estimation for more precise value of HC1 which is the
field value at which √Mrem = 0 in the isothermal √Mrem
versus magnetic field plot wherein Mrem stands for
the remnant magnetization (or trapped magnetic
field) in the sample after a field excursion in an ap-
plied magnetic field H.

[0025] In accordance with yet another preferred aspect
of the invention, in the said method of qualifying niobium
and other super conducting materials :

a small sample of niobium is heat treated at suitable
temperatures for the strain recovery in the sample
but avoiding nucleation and grain growth;
subsequent to the thermal treatment and measure-
ment of HC1 mentioned above, the small sample of
Nb (with optimized HC1) is subjected to various
chemical treatments like BCP and/or EP to check
the effect of such chemical treatments on the HC1
so as to find the most suitable chemical treatment,
which retains or even further improves the optimized
HC1.

[0026] After the above mentioned chemical treat-
ments, to achieve optimized HC1 the sample is again heat
treated for degassing of hydrogen, and a suitable heat
treatment routine is established; and
the thermal conductivity is measured in zero and applied
magnetic fields upto HC1 at 2K and 4.5K.
[0027] Importantly, in the above method of qualifying
niobium and other super conducting materials the said
step of measuring thermal conductivity is repeated after
annealing at various temperatures and the optimal heat
treatment is established to obtain the best thermal con-
ductivity.
[0028] In the instance the said estimated HC1 is found
to be smaller than that obtained after said step of chem-
ical treatment, the steps (a), (viz. of measuring the ther-
mal conductivity in zero and applied magnetic fields up
to HC1 at 2K and 4.5K) (b) ( viz. of measuring thermal

conductivity after heating at various temperatures and
the optimal heat treatment for obtaining the best thermal
conductivity is established) and (c ) (viz. of measuring
the HC1 of the sample with highest thermal conductivity)
are repeated until the sample has the best combination
of HC1 and thermal conductivity.
[0029] Importantly, for each said samples from the top,
bottom and middle part of the ingot are subjected to the
same said steps such as to optimize the chemical, me-
chanical and thermal treatment directed to achieve the
best HC1 and thermal conductivity values.
[0030] It would be apparent from the above that the
method of qualifying Niobium and other materials (for
production of SCRF-cavities with high accelerating gra-
dients) of the present invention, which involves a quali-
fying procedure for SCRF cavity materials involving
measurement of superconducting critical magnetic fields
is directed to ensure that most, if not all, of the fabricated
SCRF cavities deliver the high accelerating fields, as per
the goal of SCRF cavity. Thus, the above process of the
invention would take care of the limitation of the known
material qualification scheme (based on only the high
residual resistivity ratio (RRR>300)) of Niobium as the
starting material for super SCRF cavity fabrication. The
preferred aspect of the invention is that it would ensure
that most of the fabricated SCRF cavities deliver the high
accelerating fields reproducibly as per the SC-RF cavity
design.
[0031] It has been observed at Jefferson Lab. USA
through cold tests on various Niobium SCRF cavities that
such cavities regularly sustained an electric field gradient
in the range of 26-35 MV/m. This range of electric field
gradient corresponds to magnetic field (experienced by
the SC-RF cavity surface) in the range of 1.0 to 1.6 kOe.
The studies under the present invention have established
that the lower critical fields of the Niobium samples used
in such SC-RF cavity fabrication actually lies in the same
magnetic field range. The present process of the inven-
tion advantageously facilitates determining the magnetic
field limit of the Niobium SC-RF cavities before the start
of the cavity fabrication procedure itself. Also, the proc-
ess would prevent the wastage of Niobium materials and
efforts by way of providing for choosing the right and prop-
erly qualified Niobium and other superconducting mate-
rials having the best combination of super conducting
critical field HCI and thermal conductivity which in turn
would ensure the much desired reproducible production
of the SCRF cavities performing at par with the cavity
design and also greatly enhance the yield of cavity fab-
rication process.
[0032] Moreover, the above disclosed process of qual-
ifying Niobium and other materials for production of
SCRF cavities with high accelerating gradients by ensur-
ing that most, if not all, of the fabricated cavities deliver
high accelerating fields would avoid the problem of wast-
ed efforts and materials generally involved in by following
the existing art based solely on the residual resistivity
ratio of the Niobium material.
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[0033] Advantageously, therefore the present inven-
tion, for the first time provides a qualifying process for
Niobium and other super conducting materials, which
paves the way for reliable production of SCRF cavity with
high accelerating gradients by way of involving the crucial
role of super conducting critical field HCI and also to a
certain extent thermal conductivity in the qualification
process of Niobium and other superconducting materi-
als.
[0034] In accordance with yet another aspect of the
invention, there is provided a crucial part of SC-RF cavity
fabrication procedure involving Niobium or other super-
conducting materials to deliver high accelerating fields
comprising:

(a) method of qualifying the suitable Niobium and
other superconducting materials comprising

(i) identifying the best superconducting lower critical
field (HC1) based on subjecting a sample of the su-
perconducting material selectively to mechanical
stress, annealing at various temperatures, various
chemical treatments, post-chemical treatment bak-
ing/annealing; and (ii) identifying the best possible
thermal conductivity of the material at said best su-
perconducting lower critical field (HC1) to thereby
qualify the superconducting material for the reliable
fabrication of superconducting cavities, which will in-
variably deliver high accelerating fields; and

(b) subjecting the Niobium or other superconducting
materials (of which the sample is successfully qual-
ified in step (a)) to processing steps identified during
said qualifying for retaining the desired combination
of highest attainable HC1 and thermal conductivity,
to thereby favour reproducibly fabricating SCRF cav-
ities capable of delivering high accelerating fields.

[0035] Thus, the method for the qualification of Nio-
bium and other superconducting materials of the inven-
tion (which is based on evaluation of the Niobium and
other superconducting materials on the basis of the super
conducting lower critical field (HCI) and thermal conduc-
tivity, which in turn also facilitates identifying recipes
which could lead to maximizing HCI and thermal conduc-
tivity after subjecting the material to various mechanical,
thermal and chemical treatment usually involved in cavity
processing) will pave the way for reproducibly fabricating
SCRF cavities delivering high gradients.
[0036] The process of qualifying Niobium and other
super conducting materials according to the invention
will thus be useful in reproducibly achieving highest pos-
sible peak RF-magnetic field Hpeak in the SC-RF accel-
erating cavities. The selective material qualification proc-
ess of the invention will be more effective than the existing
qualifying process of Niobium material through RRR and
will ensure that most fabricated SC-RF cavities give high
accelerating gradients. The above process for qualifying

Niobium materials for such cavity fabrication can be sys-
tematically extended even to other materials like MgB2,
Nb3Sn, Nb3Al and Mo-Re alloys in an analogous manner.
[0037] The details of the invention, its objects and ad-
vantages are explained hereunder in greater detail in re-
lation to non-limiting exemplary illustrations of such meth-
od of qualifying Niobium material in accordance with the
invention and in relation to the following accompanying
figures:-

BRIEF DESCRIPTION OF THE ACCOMPANYING 
FIGURES:

[0038]

Figure 1 : Shows the isothermal field variation of
magnetization in two different samples of Niobium -
one pristine sample and other a buffer chemical pol-
ished sample, measured at 4K; and

Figure 2: Shows the isothermal field variation of mag-
netization of a MgB2 sample with 50 micron grain
size, measured at T=15K.

EXAMPLE:

[0039] The method of material qualification involving
systematic measurement of super conducting lower crit-
ical field (HCI) of samples of Niobium obtained from the
mother Niobium ingot for use for SC-RF cavity fabrication
in accordance with the present invention was carried out
following the steps as discussed hereunder.
[0040] The method of the invention, involving obtaining
HCI, is based on finding the "first penetration" of magnetic
field into the super conducting Niobium sample. This was
done by measuring the isothermal field dependent mag-
netization of super conducting Niobium sample at various
temperatures below the super conducting transition tem-
perature. HCI was then deduced as follows:-
[0041] The magnetic field was established, at which
the deviation from linearity started in the isothermal mag-
netization versus magnetic field plot. This provided a
good initial estimation of HCI. More precise value of HCI
was determined by using the extrapolation, method that
is the field value at which √/Mrem = 0 in the isothermal
√Mrem versus magnetic field plot. Here √Mrem stands for
the remnant magnetization (or trapped magnetic field) in
the sample after a field excursion in an applied magnetic
field H.
[0042] The method of qualifying, involving the above
measure of HCI, was carried out through the following
steps executed in a systematic manner:

(a) The HCI and thermal conductivity were first meas-
ured on a small Niobium sample, scooped out of a
pure but untreated Niobium ingot;

(b) thereafter the sample was subjected to mechan-
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ical stress and the variation (if any) in the HCI was
checked. From this it could be inferred what are the
effects (if any) of the mechanical stress on the HCI
of Niobium;

(c) the same sample was annealed at various tem-
peratures to improve the HCI. From this it could be
inferred how the HCI changes for the small samples
of Niobium heat treated at various temperatures.
(Under this step the small sample of Niobium must
be heat treated at suitable temperature for strain re-
covery in the sample, but avoiding nucleation and
grain growth);

(d) the variation in the HCI with various chemical
treatments like BCP or EP was checked and the HCI
was remeasured. In this step for the smoothening of
the surface of the Niobium sample (accomplished
by buffer chemical polishing or electro polishing),
each surface treatment must be followed by the es-
timation of HCI following steps as already detailed
hereinbefore;

(e) the variation in the HCI with post chemical treat-
ment baking/annealing was checked and if possible,
the HCI was still further improved. In the execution
of such post chemical treatment, like annealing, the
small sample of Niobium at suitable temperature for
degassing of hydrogen (accumulated in the sample
during chemical treatment), must be followed by the
estimation of the HCI following steps as already de-
tailed hereinbefore;

(f) thermal conductivity of the sample with best HCI
was measured and suitable heat treatment proce-
dure for improving thermal conductivity, but without
degrading HCI, was established. Such stage include
(a) measuring the thermal conductivity in zero and
applied magnetic fields upto HCI at 2K and 4.5K. (b)
repeating such step of measuring the thermal con-
ductivity after heat treating the sample at various
temperatures and (c) establishing the optimum heat
treatment for obtaining the best thermal conductivity.
Finally the HCI of the sample with highest thermal
conductivity was measured following steps as al-
ready detailed hereinbefore. If the estimated HCI was
found to be smaller than that obtained after the step
of annealing, the steps (a) to (c) were repeated until
the sample attained the best combination of HCI and
thermal conductivity ;

(g) the steps (a) - (f) above were repeated for three
more small samples of Niobium from top, bottom and
middle of the mother ingot and finally the best
processing sequence was established. This enabled
optimizing the chemical, mechanical and thermal
treatment to achieve the best HCI and thermal con-
ductivity values.

[0043] Following the above steps of qualification,
some exemplary studies were carried out to identify the
isothermal field variation of magnetization in two different
samples of Niobium, one pristine sample and other a
buffer chemical polished sample, measured at 4K. The
HCI values in the pristine sample and the chemically treat-
ed sample were noted and results obtained are illustrated
in accompanying Figure 1. As apparent from the Figure
1, the experimentally obtained HCI in the pristine sample
was larger than the HCI of the chemically treated sample.
[0044] Additionally, the isothermal field variation of
magnetization of a MgB2 sample with 50 micron grain
size, measured at T=15K was studied and the results are
shown in accompanying Figure 2. The estimated value
of HC1 was found to be about 4 kOe.
[0045] The above studies clearly reveal the crucial role
of the super conducting critical field HCI in the character-
ization of Niobium material, which the above disclosed
process of qualification of the invention embodies.
Thus, the method of qualifying Niobium and other super
conducting materials which do not rest on the residual
resistivity ratio (RRR) but takes into account the rele-
vance of super conducting critical field (HCI) and thermal
conductivity would be useful in reproducibly achieving
the highest possible peak RF-magnetic field Hpeak in the
SC-RF accelerating cavities. As already discussed the
process of qualification of Niobium of the invention can
be extended to other super conducting material such as
MgB2, Nb3Sn, Nb3Al and Mo-Re alloys in an analogous
manner.

Claims

1. A method of qualifying Niobium and/or other super
conducting materials for the reliable fabrication of
SCRF cavities, which will invariably deliver high ac-
celerating fields comprising:

identification of the best superconducting lower
critical field (HC1) based on subjecting a sample
of the superconducting material selectively to
mechanical stress, annealing at various temper-
atures, various chemical treatments, post-
chemical treatment baking/annealing; and
identification of the best possible thermal con-
ductivity of the material at said best supercon-
ducting lower critical field (HC1) to thereby qual-
ify the superconducting material for the reliable
fabrication of SCRF cavities adapted to deliver
high accelerating fields.

2. A method of qualifying niobium and other super con-
ducting materials according to claim 1 comprising
the steps of:

(i) measuring the HC1 and thermal conductivity
on a small sample of the said superconducting
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material obtained from a pure but untreated in-
got which could be anyone of Niobium, MgB2,
Nb3Sn,Nb3Al and Mo-Re alloys;
(ii) subjecting the sample to mechanical stress
and noting the variations/effects thereof , if any,
in the HC1 ;
(iii) annealing the sample at various tempera-
tures and noting the changes in the HC1 and
determine if possible manner of improving the
HC1;
(iv)subjecting the sample to various chemical
treatments and noting the variations in the HC1;
(v) subjecting the chemically treated sample to
baking/annealing and noting the variations in the
HC1 and improving the same if possible;
(vi) measuring the thermal conductivity with the
best identified HC1 and improving the thermal
conductivity with suitable heat treatment if pos-
sible without degrading the HC1.

3. A method of qualifying niobium and other super con-
ducting materials according to claim 2 wherein the
various steps are repeated for sample from the top,
bottom and middle of the mother ingot for determine
the best qualifying procedure for the superconduct-
ing material.

4. A method of qualifying niobium and other super con-
ducting materials according to claim 2 wherein said
step of chemical treatment of the sample comprises
selectively chemical treatments including BCP or
EP.

5. A method of qualifying niobium and other super con-
ducting materials according to claim 2 wherein the
said HC1 is estimated based on determination of the
"first penetration" of magnetic field into the super-
conducting niobium sample.

6. A method of qualifying niobium and other super con-
ducting materials according to claim 5 comprising
measuring the isothermal field dependent magneti-
zation of superconducting sample at various temper-
atures below the superconducting transition
temperature ;
establishing the magnetic field at which the deviation
from linearity starts in the isothermal magnetization
versus magnetic field plot for an initial estimate of
the HC1; and
estimation for more precise value of HC1 which is the
field value at which √Mrem = 0 in the isothermal √Mrem
versus magnetic field plot wherein Mrem stands for
the remnant magnetization (or trapped magnetic
field) in the sample after a field excursion in an ap-
plied magnetic field H.

7. A method of qualifying niobium and other super con-
ducting materials according to claim 2 wherein

in said step (iii) a small sample of niobium is heat
treated at suitable temperatures for the strain recov-
ery in the sample but avoiding nucleation and grain
growth;
in said step (iv) for the smoothening of the surface
of the niobium sample involving buffer chemical pol-
ishing or electro polishing ,each surface treatment
is followed by the said estimation of the HC1.
in said step (v) in carrying out the post chemical-
treatment annealing, the small sample of Niobium is
heat treated at suitable temperatures for degassing
of Hydrogen, which is then followed by said estima-
tion of the HC1.
in said step (vi) the thermal conductivity is measured
in zero and applied magnetic fields up to HC1 at 2K
and 4.5K.

8. A method of qualifying niobium and other super con-
ducting materials according to claim 7 wherein the
said step of measuring thermal conductivity is re-
peated after heating at various temperatures and the
optimal heat treatment for obtaining the best thermal
conductivity is established.

9. A method of qualifying niobium and other super con-
ducting materials according to claim 2 wherein, in
the instance the said estimated HC1 is found to be
smaller than that obtained after said step (v), the
steps (a), ( viz. of measuring the thermal conductivity
in zero and applied magnetic fields upto HC1 at 2K
and 4.5K), (b) ( viz. of measuring thermal conductiv-
ity after heating at various temperatures and the op-
timal heat treatment for obtaining the best thermal
conductivity is established) and (c ) ( viz. of measur-
ing the HC1 of the sample with highest thermal con-
ductivity) are repeated until the sample has the best
combination of HC1 and thermal conductivity.

10. A method of qualifying niobium and other super con-
ducting materials according to claim 3 wherein for
each said samples from the top, bottom and middle
part of the ingot are subjected to the same said steps
such as to optimize the chemical, mechanical and
thermal treatment directed to achieve the best HC1
and thermal conductivity values.

11. A method targeted towards SC-RF cavity fabrication
based on Niobium or other superconductor materials
involving the step of qualifying Niobium and/or other
superconducting materials as claimed in anyone of
claims 1 to 10 for desired SC-RF cavity fabrication
invariably delivering high accelerating gradients.
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