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The warks on development of 10-cm wavelength superconducting 

RF-structures (SRF) for electron accelerators have been conducted 

at Efremov Institute since 1969. The main stages of our 

researches were directly connected with the development of home - 
made high purity niobium (Nb 1 production technology. At early 

stages our industry produced only Nb ingots and rolled sheets of 

commercial purity with the impurities content not more than 1% . 
Therefore superconducting 2.8 GHz EO1-cavities made by method 

af half-ceils forming from this Nb sheet with the subsequent 
/ 

welding offered a residual Q-factor not more than 1 10 . Need for 

a Nb of higher purity made us to adress to GIREDMET in 1971 where 

the works on galvanic deposition of Nb coatings free of 

refractory metals were at the very beginning. In addition to 

higher Nb purity this method for SRF-structures production 

permitted to avoid an electron beam welding. However, the Q-factor 

of already produced superconducting EO1-cavities and RF-structure 

prototype (Fig.i j did not exceed D C 5  1 0 ~  what could be attributed O 
to high degree of impurities concentration. To overcome this 

discouraging factor an induction installation SVIP-1 was construc- 

ted for annealing of Nb-products at temperatures u p  to 1850 'C in 

vacuum not hlgher than 1 10-' torr. But neither vacuum annealing 

no multiple chemical poiishing resulted in a cardinal increase of 

a Q-factor. It was this metal that later became the initial raw 
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F i g . i  P r o t o t y p e  o f  a c a p t u r e  s e c t i o n  produced  by 

g a l v a n o p l a s t i c  method. 

m a t e r i a l  f o r  m e l t i n g  o f  Nb i n g o t s  o f  u l t r a h i g h  p u r i t y .  

P a r a l l e l  t o  a b o v e  method t h e  a l t e r n a t i v e  method o f  SHF-struc- 

t u r e s  p r o d u c t i o n  by t u r n i n g  t h e  d e t a i l s  f rom t h e  NB-ingots ( RRR = 

= 5-10 1 w a s  s t u d i e d .  I n  1976 a n  e l e c t r o n  beam w a s  a c c e l e r a t e d  u p  

t o  300 k e V  i n  t h e  s u p e r c o n d u c t i n g  c a p t u r e  s e c t i o n  
( %'= Om7, 

3 cel ls  ) a t  O = 2 10' and  E= 3-4 MV/rn. f 1 3  Our i n v e s t i g a t i o n s  a n d  

KfK-CERN a c t i v i t i e s  on deve lopmen t  o f  t h e  s u p e r c o n d u c t i n g  RF- 

s e p a r a t o r  have  shown t h e  i m p o r t a n c e  o f  p r o p e r  RF-power c o u p l e r  

l o c a t i o n  t o  a c h i e v e  h i g h  a c c e l e r a t i n g  f i e l d s .  To e l i m i n a t e  h i g h e r  

RF-f ie ld  components  i n  t h e  c o u p l e r  w e  s u g g e s t e d  and  t e s t e d  its 

c o n s t r u c t i o n  p l a c e d  on t h e  d r i f t  t u b e  i n  t h e  r e g i o n  o f  weak RF- 

f i e l d s  i F i q . 2  1 .  

I n  e a r l y  e i g h t i e s  p r o d u c t i o n  o f  h i g h  p u r i t y  N b  i n g o t s  ( 99.99%, 

RRR = 200-1200 f i n  GIHEDMET w a s  b r o u g h t  t a  t h e  commercial level .  

By t h a t  t i m e  Efremov I n s t i t u t e  s u c c e e d e d  i n  deve lopmen t  and  

c o n s t r u c t i o n  o f  s p e c i a l  e q u i p m e n t  f o r  n iob ium t r e a t m e n t .  I n  p a r t i -  

c u l a r .  t h e  d e v i c e  JOK-E%& f o r  e l ec t ron -beam w e l d i n g  o f  Nb p r o d u c t s  

a t  U=25-30 k.V w i t h  t h e  beam c u r r e n t  u p  t o  200 m& i n  vacuum 1 IQ-' 
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t o r r  was purchased, mounted and pu t  i n t o  operation.. The operat ing 

volume w a s  o 600x800 mm. The g e t t e r  pump w i t h  an arc t i t an ium 

evaporator cif about 2000 l / s  capacity provided the background 
-9 

pessure i n  the UHV-furnace more than 1 10 t o r r .  

Fig.2 Capture sect ion made from casted Nb. 

A t  Simferopal Sta te  Un ivers i t y  the works on chemical and 

electrochrmical po l i sh ing  o f  Nb s t ruc tu res  working surfaces were 

performed. The e f f e c t s  o f  the d i f f e r e n t  tu rn ing  regimes on the 

surface roughness and depth o f  the damaged layer,  i t s  changes 

under d i f f e r e n t  annealing condit ions, po l i sh ing  and e lec t ron  

beatn welding, etc. were studied a t  Ef remov I n s t i t u t e  j o i n t l y  

with SIREDMET f27. A s  a r e s u l t  Q = 2 IQ9 was achieved i n  the 
i3 

cavity N 12 : Fig.3 ) made o f  one o f  the f i r s t  Nb i ngo ts  of 

NbR-O grade i RRR = 950 1 .  NIIEFA and GIREDMET concentrated 

t h e i r  e f f a r t s  on development o f  Nb r o l l e d  sheets keeping the 

h i g h  quality of  metai ingots. Q = z910 at E = 10-16 M V I m  

( l i m i t e d  due t o  e iec t ron  emission ) was achieved i n  the f i r s t  

superconducting EOl-cavity which h a l f - c e l l s  were made from Nb 
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s h e e t  < RRR = 400 1 by l a t h e  s p i n n i n g .  

D F i g . 3  E, - c a v i t i e s : N  14 ( l e f t  1 made f rom m o n o c r y s t a l l i n e  
I-, 1 
and  NO 12 ( r i g h t  f fr=m p o l y c r y s t a l l i n e  N b .  

T h ~ t s  o u r  j o i n t  many-years e f f o r t s  h a v e  been a s u c c e s s :  t h e  

production t e c h n o l o g y  o f  h i g h  p u r i t y  Nb i g n o t s  and  s h e e t s  w i t h  

t h e  to ta l  i m p u r i t i e s  c o n t e n t  f rom 0.01 to  0.001 % ppm h a s  been 

d e v e l o p e d  and  b r o u g h t  t o  t h e  c o m m e r c i a l  l e v e l  a t  GIREDMET 

e x p e r i m e n t a l  p i a n i s .  The p roduced  i n g o t s  are 100-150 mm i n  

d i a m e t e r ,  200-600 mm i n  l e n g t h  w i t h  RRR = 200-1500. The c o n t e n t  

o f  t h e  m a i n  i m p u r i t i e s  i n  N b  i n g o t s  is g i v e n  i n  T a b l e  l. 
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Ncte: content of other impur i ty  elements i n  Nb imgots i s  less  

than 0.05 ppm. 

These ingots  are used f o r  manufacturing o f  d i f f e r e n t  

semi-finished products: sheets, rods, tubes, plates, disks, 

wire, etc. by method of p l a s t i c  deformation i forging, r o l l i n g ,  

pressing, drawing 1 .  The proper t ies  o f  the obtained sheet blanks 

are as fol lows: 

- temporal resistance - 16-19 kgs/mm 

- r e l a t i v e  elongation - 50-60 X 

- Vickers hardness - 35-45 kgs/mm 

- anisotropy c o e f f i c i e n t  o f  temporal resistance - no t  more 3% 

- anisotropy c o e f f i c i e n t  of r e l a t i v e  e longat ion - no t  more 20% 

- mean diameter of r e c r y s t a l l i z e d  g ra in  - n o t  more then 70 pm 

- ztandard sheet dimensions: 

thickness - 1.5 - 4 mm 

width - up t o  500 mm 

length - up t o  1200 mm 

Chemical compusition and RRR o f  Nb sheets correspond t o  the 

parameters o f  the i n i t i a l  ingots. Besides, Nb sheets provid ing 

HRR i n  c a v i t i e s  a t  the l e v e l  o f  1000-1500 a f t e r  vacuum annealing 

w i t h  a deoxid iz ing agent can be produced. The rods 10-90 mm i n  

diameter, tubes 6-30 mm and 60-120 mm i n  diameter and d i sks  up 

t o  20 kg i n  weight w i t h  the cha rac te r i s t i cs  s i m i l a r  t o  the above 

could a lso  be produced i f  necessary. 

The higher q u a l i t y  o f  r o l l e d  sheets made necessary 

opt imizat ion o f  RF s t ruc tu re  h a l f - c e l l s  f a b r i c a t i o n  method. Our 

experiments have shown t h a t  under spinning metal i s  appreciably 

thinner, the deformation i s  h igh ly  non-uniform, the working 

surface i s  o f  r i p p l e  character and there e x i s t s  a h igh 

p r o b a b i l i t y  o f  impur i t i es  i n  Nb. Deep-drawing o f  h a l f - c e l l s  by 

means o f  r i g i d  moving d i e  a lso  o f f e r s  some s i g n i f i c a n t  

disadvantages, such as formation o f  cracks and scratches on the 

surface and fore ign inc lus ions  i n  a metal. Proceeding from above- 

said the method o f  h a l f - c e l l s  forming from Nb sheets by means of 

an e i a s t i c  d i e  i n  a s t e e l  matr ix  i s  under study now. This method 

was used t o  form more than 20 h a l f - c e l l s  ( Fig.4 ) from the 

d i f f e r e n t  batches of sheets w i t h  the Vickers hardness from 40 t o  

130 kg/mm produced i n  SIHEDMET using the var ious schemes of 

r o i l i n g .  Par t  o f  sheets was electrochemical l y  pol ished a t  
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Simferopal State University, the surface.-roughness up to 10-12 

was achieved. Any clearly pronounced degradation of surface 

quality or any forein inclusions after forming have not been 

observed. W e  should note that the applied force under forming 

was practically constant and did not depend on the original 

sheet hardness. 

Fig.4 Half-cell of the RF-structure after deep-drawing. 

The mechanical characteristic of Nb-sheet make it possible to 

combine in one die all the necessary operations from stretching 

to flanging what reduces the cost of needed tooling manufactu- 

ring. The surface obtained in the stage of rolling can be easily 

transformed into the working one with minimum necessary opera- 

tions and transitions. The proper treatment results in n o  micro- 

cracking and other defects even in more stressed parts of the 

working surface, inciudlng one-dimensional, leading to higher 

surface resistance. Intergrained blocks and patchiness are hardly 

observable on the surface, and if any, they are easily smoothed 

at consequent chemical or electrochemical polishing. After locks 

fabrication the half-cells were assembled in pairs and their 

proper frequencies were measured. The maximum frequency shift 

for the whole lot of the cells was about 5 MHz. If the cells are 
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made from one batch of metal, it is lower by a 'factor of 2-3. 

It shoui be emphasized that even working with one batch of rolled 

products, the forming operations sequence and regimes were 

widely varied, i.e. the above frequency shift would be less after 

the forming process optimization. 

Fig.5 EO1-cavity and two half-cells after locks fabrication. 

Two E -  -cavities ifig.5j and accelerating SRF-structure 
(-1 l 

( L ,  2.E GHz, n-mode, 6 cells ) are assembled from the 
Q 

fabricated half-cells and prepared for an electron beam welding. 

The resuits of HF-structure shape and geometrical d ~ m e n s i o n s  

optimization were shown in [ 3 l .  In addition t~ measured proper 

frequencies the cells differ in the working surface quality a s  

they are made of various metal batches and p~lishing was applied 

in different stages of fabrication. Ln accelerating RF-structure 

iFiy.61 1s planned to be tuned to the operating frequency by 

l ~ c a l  pressing of the walls in the maximum diameter region and 

by electrochemical polishing of individual cells. Appropriate 

fixturss and devices are fabricated and tested both on the copper 

cavities and at tuning the second superconducting capture 

section to the uniform distribution of an accelerating field. 

Fig.7 shaws the device for electrochemical polishing of the 

working surface of individual cells or an accelerating 

structure, a s  a whole. Depending on the metal removal and 
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treatment conditions, different acid solutions on ' the base of 

HC-SO,-R-E,O i where R is an organic component 1 are used. 
-2 

Polishing ard lustring treatment is made, depending, first of 

a l l ,  on ths voltage in the range of 3-9 V. An electrolyte 
o temperature was maintained in the limits cf 24-27 C in all the 

reg imr.5. 

Fig.8 Exqerlmentai pilot superconducting linear accelerator. 

The treatment process is controlled with a personal computer by 

means of periodic measurements of electrolyte conductivity and 

temperature, residual and anode currents, cell voltage. It is 

revealed that the regimes of electrochemical polishing of the Nb 

sheets from different batches ( i.e. fabricated according to the 

diff~rent rolling schemes j greatly differ. Chemical polishing of 

€91 
-cavities and capture sections is performed either in 

0 
HF-HNG, solution at initial temperature -30 C or in HF-H,SO -HNCJ3- 

3 L 4 
R-H,O solution at T = 40-50 OC. 

L 

The RF-structure being developed is planned to be subjected 

to the complex tests under accelerated electron beam on the test 

facility being a pilot superconducting linear accelerator 

( Fig.8 1 .  Continious electron beam with current up to 500 HA at 
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80 keV is injected by gun into a copper groupin.g cavity and 

accelerated up to about 400 keV in a superconducting capture 

section. In the background of Fig.8 one can see a cryostat of 

the main accelerating KF-structure. In the neighbouring hall 

home-made commercial cryoqenical helium installation KGU-150/4,5 

is being assembled. It will be used as a source of cold gas for 

a lok-temperature device at T = 1.85 K located in one of the 

cryastat throats. Helium bath of the cryostat contains two 

t-cell RF-structures.The second superconducting RF-structures is 

planned to be made from Nb sheet of one and the same bath 

with RHR :- 1000. 
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