
KEK—95-6 

JP9509079 

KEK Report 95-6 
May 1995 
A 

Magnetization Measurement of Niobium for 
Superconducting Cavity Material Evaluation 

M. WAKE and K. SAITO 

NATIONAL LABORATORY FOR 
HIGH ENERGY PHYSICS 

*flL f27kQt 



©National Laboratory for High Energy Physics, 1995 

KEK Reports are available from: 

Technical Information & Library 
National Laboratory for High Energy Physics 
l-10ho,Tsukuba-shi 
Ibaraki-ken, 305 
JAPAN 

Phone: 0298-64-5136 
Telex: 3652-534 (Domestic) 

(0)3652-534 (International) 
Fax: 0298-64-4604 
Cable: KEK OHO 
E-mail: Library@kekvax.kek.jp (Internet Address) 

mailto:Library@kekvax.kek.jp


Magnetization Measurement of Niobium for 
Superconducting Cavity Material Evaluation 

Masayoshi Wake and Kenji Saito 
KEK Nalional Laboratory for lligli Energy Physics 

(Received: April 19 1995) 

Introduction 
The quality of niobium in superconducting R.F cavities for high-energy accel
erators is of great concern regarding the performance of the atainable beam-
acceleration field. The purity of niobium often refers to the RRR (residual 
resistance ratio). However, the correlation between the cavity performance 
and the RRR of the material is not always straight forward, especially for 
material with an RRR greater than 200. The resistance of the material is 
determined by the most conductive path in a sample if the material is not 
homogenous. On the other hand, the atainablc ac.cclcra.tion field in a super
conducting cavity is sensitive to the lattice dislocations as well as all kinds 
of impurities, such a.s oxygen and hydrogen, that arc located in Ihc surface 
region. Localized imperfections arc not found based on such characteristics as 
the RR.R. One of the possible ways to observe lattice imperfections is through 
the fluxoid motion in the superconductor by measuring the magnetization. 
The magnetization of a 1ypc-II superconductor shows perfect diamagnctism at 
a field below Hci. If the field exceeds 77cl, the fluxes spread into Ihc material 
in the form of quantized bundles of flux or fluxoids. The number of fluxoids 
increases along with the field, and the flux density becomes equal to the ex
ternal field at HC2, where the material loses superconductivity'. For an ideal 
type-II superconductor, this magnetization process is reversible, and should 
not ha.ve any hysteresis. If there a.rc impurities or lattice dislocations, they 
work as pin centers; namely, they trap the fluxoids. thus preventing fluxoids 
from freely spreading into the material. As a result, 1he magnetization curve 
shows hysteresis. Therefore, if there is any kind of imperfection in the lat
tice, pinning effect of the fluxoid motion should be detected as hysteresis of 
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the magnetization. Lattice imperfections in the material can be observed by 
magnetization measurements. The preliminary results described in this report 
convincingly shows that the magnetization measurement is a powerful method 
for evaluating the cavity material. 

Measurement 

Measurements of the magnetization were made using samples having a. size of 
about 3mm x'lmiv x tOmm by the moving-sample method. Two identical pick
up coils were placed in a solenoid magnet connected in opposite polarity so that 
the induction due to a change in the external field could be canceled. In this set 
up, the voltage induced at the pick-up coil terminal represented the change in 
the flux attributed to the magnetization of the sample. The sample was moved 
from one coil to anolhcr, where the polarity of the induction was flipped. The 
induced voltages from the pick up coils were then numerically integrated by 
time to obtain the magnetization. Data were taken, mostly at every 20 m l , 
up to 0.4T and down to -0.5T in order to sec the hysteresis. The temperature 
of the sample was controlled a.t 4.3K for this scries of measurements. 

Observation of The Hysteresis 

A typical example of the magnetization of niobium used in a successful su
perconducting cavity is shown in Fig. 1(a). This sample wa.s EDM (electric-
discharge machining) cut from the beam lube part of the M2 cavitN', which 
produced ZOMV/m acceleration field at KEK[1]. The material of this cav
ity was made by Tokyo Dcnkai with an RR.R of 200, and wa.s annealed at 
1400°C. The magnetization curve showed a considerably large hysteresis of 
about lOmT. The magnetization of the niobium is affected by the pin centers, 
even when the material is processed well. This is a good sign for us to ex
pect a sensitivity of the method. However, the defects in this sample could 
be created at the EDM cut surface. The change of the hysteresis widthupon 
changing the material and process was therefore studied, as described in the 
following sections. 

Annealing Effect 

Annealing of the material is a common method to Tcmove defects. It is, there
fore, of concern whether the magnetization can sec the effect of annealing. 
Fig. 1(b) is the result of a measurement after 3 hours of annealing at 700°C 
for the same sample as that is shown in Fg. 1(a). The sample was annealed 
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wrapped with niobium foil in a. niobium chamber under a. vacuum pressure of 
w 10""' Pa. It can be seen that the width of the hysteresis was reduced by an
nealing. The sample was annealed at 900°<7, 1100°C and 1250°C for 3 hours 
each. The hysteresis widlh increased al every stage. Fig 1(c) is the result 
of 1250°C annealing. This corresponds to the fact that annealing sometimes 
makes the performance of the cavity worse. The impurities in the cut surfaces 
of the material may diffuse into the bulk of the sample due to high-tempcratuTC 
annealing. Although the vacuum of the furnace was kept at the 10"''Pa level, 
it is very difficult to avoid oxygen migration in a high-temperature vacuum fur
nace. Degradation due to high-temperature heating may reflect the vacuum 
quality of the furnace. 

Titanium Migration 

One of the ways to prevent oxygen impuril ics is to use a getter malcrial, such as 
titanium, during the anncaling[2]. However, titanium is a very active material, 
and migrates very easily in the furnace, causing the formation of NbTi on the 
surface of niobium. Fig. 2(b) shows the magnetization of a sample annealed at 
1250 C. The magnetization curve in this measurement shows a large hysteresis 
at a field well beyond the 11 ci of niobium, indicating the existence of Nb
Ti. Although here was no titanium getter actively used for this annealing, 
the chamber containing the sample had once been used for annealing with a 
titanium getter. A tiny amount of Nb-Ti formed by the evaporated titanium 
from the surface of the niobium chamber could be clearly observed by tins 
method. In this ca.se, the thickness of the NbTi layer was less than 30 microns, 
because NbTi magnetization was wiped off as shown in Fig. 2(c) by 3-minutc 
chemical polishing using IIF:IIN03:H3PO.|=l:l : l acid at room temperature. 

Chemical Polishing 

Chemical polishing (CP) is a method used to remove surface impuril ics. NbTi 
formed during getter annealing can also be removed by chemical polishing, 
as mentioned above. However, hydrogen may be absorbed into the surface 
clue to the effect of the acid, especially when the surface of the sample has 
many defects. The sample having the magnetization characteristics shown in 
Fig. 3(a) was CP'd for 5 minutes, and measured. Fig. 3(b) gives the measure
ment result. A very large hysteresis is considered to be the effect of hydrogen 
atoms in the surface. The abrupt jumps in the magnetization curve are due 
to the balance between the magnetic pressure and the thermal effect of the 
pinning force, known as "flux jump1 ' . It is natural to have a flux jump in a 
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bulk superconductor with strong pinning. Since hydrogen atoms arc said to be 
easily removed by the annealing a.t a relatively low temperature, the sample 
was a.nncaled for 3 hours at 700°C and !)00°C. The hysteresis width became 
very narrow, as shown in Fig. 3(c), after 700°C annealing, and in Fig. 4(a) 
after 900°C annealing. As a. matter of fact, chemical polishing followed by 
annealing is an empirical method of surface treatment to obtain a good perfor
mance of superconducting cavities. The very narrow hysteresis in this sample 
agrees with the production experience involving cavities. 

Q-disease observation 

A slow cool down of a niobium cavity often causes a serious degradation in 
the Q-value of the cavity, and is known as"Q-diseasc"[3]. This is due to the 
concentration of hydrogen at the grain boundary. Such an intensification of the 
defect should also be seen from the magnetization. The sample in Fig. 4(a), 
which had 70mT hysteresis, wa.s slowly cooled by holding it at about 100K 
for one day before bringing it down to helium temperature. The measurement 
result in Fig. 4(b) shows a hysteresis width of 14mT. When the sample was 
warmed once and kept for two hours at room temperature, and then cooled 
quickly, the hysteresis width again became narrow. Since, the Q-disensc effect 
is said to be weak in an annealed sample, this observation indicates that the 
magnetization measurement is a very sensitive method for a Q-disca.sc stuck'. 

Conclusion 

A series of magnetization measurements on niobium materials for supercon
ducting cavities was performed, and the method was found to be very useful 
for material evaluation. The effects of annealing, chemical polishing and ma
chining were clearly observed by this method. The material quality and the 
processing of the material can be properly evaluated by measuring the mag
netization. An observation of the Q-discasc effect indicates the possibility of 
using this method for the studies beyond material cva.lua.tion. 
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(a) As EDM'd Sample 

(c) Further Annealing 

The sample was further annealed 

at 900 C. llOOCand 1250Cfor 

3hours each. 

Fig.l Annealing Effecct 

6 



5.0 

rv-° 
Jm2\ 

JF\.o^ 
1 PUPfBBMnV ( T H ^ 1 

-4000 -2000 -1.01 

-2.0 

-3.0 

-4.0 
_ i ; n 

\ \ j p T O 0 4000 

- ^|L A 

^La 

(a) As Machined Sample 

- (b) 

After 125UC Annealing in a chanher once used with Ti sett 

-6000 -4000 -2000 

(c) After 3 min CP 

Nb-Ti in the surface 

was clealy removed. 
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(a) As EDM'd Sampl 

(b) After 5min CP 

The sample was treated with chemical 

polishing for 5 minutes, which should 

give a 5 micron etching. 
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(c) Annealing Aftei CP 

CP'd sample was annealed for 3 

hours at 700C. Further annealing 

at 900 C made the hysteresis even 

less. 

Fig.3 Chemical Polishing Effect 
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(a) Normal Measurement Result 

(b) Slow Cool Down 

The sample tempera'ure was kept at 

about 100K for 1 d;*y before decreasing 

it down to helium temperature. -4000 
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(c) Recoolin.g 

The sample was once warmed up to 

room temperature for 2 hours- and 

then quickly cooled. 

Fig.4 Q-disease Observation 
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