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Résumé - Des mesures de diffraction aux rayons X sur des fils de Nb3Sn mono-
itHîûTtifilamentaires ont été effectuées sous tension mécanique variable 
dans le domaine de temnératures 5 <_ T <_ 300 K a 1 'aide d'un nouveau disposi
tif. La variation des'modifications de la phase A15 dans ces fils a pu être 
détectée en fonction de l'êlongation s. 

Abstract - X-ray diffraction measurements of Nb3Sn mono- and multifilamen-
tary tapes have been performed in the temperature range 5 <_ T < 300 K under 
variable axial stress by means of a newly constructed device. The changes of 
the stress-induced crystallographical modifications of the A15 phase have 
been observed as a function of applied strain e. 

I - INTRODUCTION 

It is well established that the observed maximum of Jc and Bc2 in Nb3Sn multifilamen-
tary wires as a function of the applied stress is connected with the state of precom-
pression of the Nb3Sn filaments caused by the surrounding bronze, which posseses a 
larger thermal contraction coefficient than the A15 layer /l/. Recently, this beha
vior has been attributed to stress induced crystallographical modifications of the 
A15 phase. By means of neutron and X-ray diffractometry on Nb3Sn wires in the tempe
rature range between 10 and 300 K, two new modifications of the A15 phase were de
tected, which were called T2 and T3 for better distinction /2,3/. In this nomenclatu
re, Tj is the well-known spontaneous forming tetragonal phase characterized by 
Ty| = 43 K and 1-c/a * 0.006 /4/. T2 is an elastic tetragonal distortion of the cubic 
A15 structure, which increases continuously upon cooling the wires from the reaction 
temperature, 1000 K, to the operation temperature, 4,2 K. In contrast to Tj, the ela
stic tetragonal distortion T2 does not form by a thermodynamical phase transformation 
at a fixed temperature, T^, but by a gradual change of the stress field. In addition, 
1-c/a is not constant over the volume, but is dependent on the angle a, the orienta
tion of the NbjSn crystallites with respect to the wire axis /2/. So far, the variation 
1-c/a of To with a gives the only possibility to determine the stress distribution 
acting on the filament. As pointed out in Ref. 2, the maximum value of 1-c/a for 
crystallites having the [OOllaxis parallel to the wire axis is ~ 0.0028 at 104 K. 
Additional to T2 a new stress induced phase, T3, occurs below temperatures ranging 
between 80 and 150 K. depending on the individual wire configuration. In contrast to 
earlier attempts to describe the stress effects with a linear uniaxial model, neutron 
diffraction experiments /2/ have shown that the anisotropy of the stress field has to 
be taken into account. From the measurement of Tc in multifilamentary NboSn wires it 
can be seen that the stress induced crystallographical modifications exhibit lower 
T„ values. In previous crystallographical investigations in Nb3Sn composite wires, 
the variation of stress was caused by a variation of the temperature, T. In the pre
sent work, we report the first observation of crystallographical effects on T2 and 
T3 upon external stress application, keeping T = const, in full analogy to the Jc 
versus c curve. 
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I 1  - EXPERIMENTAL 

X-ray i n v e s t i g a t i o n s  u s i n g  a  Bragg-Brentano beam geometry r e q u i r e  s u f f i c i e n t l y  f l a t  
sample sur faces.  The re fo re  a  band-shaped geometry o f  t he  conductor  was chosen. The 
p r e p a r a t i o n  by t h e  bronze r o u t e  s t a r t e d  w i t h  a  round mono- o r  m u l t i f i l a m e n t a r y  w i r e  
wrapped by a d d i t i o n a l  bronze, wh ich  was deformed t o  a  band and reac ted  under cond i -  
t i o n s  r e s u l t i n g  i n  homogeneous A15 l a y e r s .  Because o f  t h e  l i m i t e d  p e n e t r a t i o n  depth  
o f  t h e  CuKa r a d i a t i o n  t h e  Nb3Sn l a y e r  needed t o  be l ayed  bare  by e t c h i n g  as i n d i c a t e d  
i n  ,Fig. 1. 

a c 

F ig .  1 - a, b: f4onof i lamentary Nb3Sn w i re ;  c,  d: m u l t i f i l a m e n t a r y  Nb3Sn w i re ;  i n  
b,  d  t h e  bronze was e tched away. 

Our Nb3Sn band e s p e c i a l l y  prepared f o r  t h e  X-ray i n v e s t i g a t i o n s  had t h e  f o l l o w i n g  
s p e c i f i c a t i o n s :  

1. Nb3Sn monof i lamentary  band (1.9 x  0.13 mm c ross  s e c t i o n )  reac ted  100 h  a t  725O~, 
Sum l a y e r  th ickness;  bronze/(Nb + Nb3Sn) r a t i o  = 8.7 : 1 ( F i g .  l a ) ,  etched on one 
s i d e ,  7  : 1 ( F i g .  l b ) .  

2. Nb Sn mu1 t i f i l a m e n t a r y  band ( o r i g i n a l  l y  w i r e  of 0.91 mm 0, s u p p l i e d  by Vacuum- 
scgmelze, deformed t o  2 .1  x  0.24 mm c ross  s e c t i o n ) ,  r eac ted  64 h  a t  700°C f i l a m e n t  
d iame te r  about 1.5 - 2wm bronze/(Nb t Nb Sn) r a t i o  = 12 : 1 (s .  F i g .  l c )  ( i n c l u -  
d i n g  e x t r a  bronze) ,  etched a t  one s i d e ,  d : 1 (s .  F i g .  I d ) .  

The increased bronze/(Nb + Nb3Sn) r a t i o  was chosen f o r  two reasons. F i r s t ,  i t  i s  
we l l  known t h a t  t h e  amount o f  p r e s t r e s s  i s  a  f u n c t i o n  o f  t h e  bronte / (Nb + Nb Sn) 
r a t i o  /5 / .  Second, t he  danger o f  l o o s i n g  t o o  much of t h e  p r e s t r e s s  as a  r e s u y t  o f  
e t c h i n g  o r  p o l i s h i n g  t h e  bronze away on one s i d e  of  t h e  band, i s  reduced. 
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F i g .  2  - S t r a i n  r i g  (abbr .  s. t e x t )  F i g .  3  - Bragg-Brentano beam geometry 

For  mount ing,  band segments o f  15 mm l e n g t h  were so lde red  on f l a t  copper bars  (s .  S  
i n  F i g .  2 ) ,  which were f i x e d  w i t h  screws on t h e  low temperature  s t r a i n  r i g .  Th i s  
newly cons t ruc ted  s t r a i n  r i g  ( s .  F i g .  2)  a l l o w s  s t r e s s  a p p l i c a t i o n s  t o  t h e  supercon- 
d u c t o r  w h i l e  keeping i t  a t  any d e s i r e d  temperature  between 10 K and 300 K. The s t r a i n  
r i g  was mounted on a  m o d i f i e d  Oxford  cont inuous f l o w  c r y o s t a t .  The CLTS temperature 
sensor was p laced on t h e  sample h o l d e r  f o r  accu ra te  temperature c o n t r o l .  A mechanical 
s c r e w d r i v e r - l i k e  feedthrough a l l o w s  connect ion  and d i sconnec t i on  t o  t he  screw o f  t h e  
s t r a i n  r i g  (C i n  F i g .  2) a t  l ow  temperatures.  Fo r  t h e  necessary s h o r t  connect ion  
t ime  o f  about  20 - 30 sec when v a r y i n g  t h e  s t r e s s ,  t he  thermal con tac t  leads t o  a  
n e g l i g i b l e  temperature  r a i s e  o f  o n l y  3  - 5 degrees. By t u r n i n g  t h e  " sc rewdr i ve r "  an 
a x i a l  s t r e s s  i s  a p p l i e d  t o  t h e  probe as i n d i c a t e d  by t h e  a r row  F (F ig .  2 ) .  The r e s u l -  
t i n g  s t r a i n  va lues were measured i n d i r e c t l y  w i t h  a  gauged DMS-hal fbr idge c i r c u i t  



( D  i n  F i g .  2 ) .  Th i s  s t r a i n  r i g  i s  s u i t a b l e  f o r  s t r a i n  va lues up t o  2% w i t h o u t  s i g n i -  
f i c a n t  defocus ing o f  t h e  d i f f r a c t o m e t e r  beam geometry. 

The measurements were performed i n  t h e  s t e p  scanning mode u s i n g  a  h igh  r e s o l u t i o n  
equipment, i n c l u d i n g  a  secondary q u a r t z  monochromator f o r  e l i m i n a t i o n  o f  t he  CuKa2- 
l i n e .  As t h e  most s u i t a b l e  r e f l e x e s  f o r  s tudy ing  t h e  d i f f e r e n t  l ow  temperature  c r y -  
s t a l  l o g r a p h i c a l  phases t h e  (ZOO), (210) ,  (211) and (400) r e f  1  exes were chosen. From 
t h e  beam geometry shown i n  F i g .  3  i t  i s  obvious t h a t  i n  our  case the  measured l a t t i c e  
p lane  spacings d  a r e  pe rpend i cu la r  t o  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  conductor .  There- 
f o r e  our  da ta  rep resen t  t h e  s t r e s s  induced r a d i a l  e f f e c t s  on t h e  c r y s t a l  s t r u c t u r e .  
The a x i a l  e f f e c t s  a r e  subsequent ly c a l c u l a t e d  u s i n g  da ta  about  t h e  volume o f  t i i e u n i t  
c e l l  determined p r e v i o u s l y  by  neu t ron  d i t f r a c t o m e t r y  /2 / .  

111 - RESULTS 

The shape o f  t he  (400) r e f l e x  a t  i n i t i a l  p r e s t r e s s  ( E  = 0)  a t  10 K  ( s .  F i g .  4 )  l ooks  
v e r y  s i m i l a r  t o  t h e  neu t ron  d i f f r a c t i o n  da ta  /4/ .  The r e f l e x e s  of  t he  T  phase ( l e f t  
1  i n e )  and t h e  te t ragona l  d i s t o r t i o n  T2 ( r i g h t  1 i n e )  a r e  we1 1 reso lved,  $he p o r t i o n  of  
T3 phase apparent i n  t h i s  o r i e n t a t i o n  be ing 40%. The fo rma t i on  of t h e  T3 phase 
begins a t  about T  = 80 K  i n  agreement w i t h  p rev ious  r e s u l t s  / 2 / .  The v e r t i c a l  arrows 
i n  F i g .  4  i n d i c a t e  t h e  peak be long ing  t o  T3 and t h e  h o r i z o n t a l  a r rows i n d i c a t e  t he  
peaks cor respond ing t o  t h e  t e t r a g o n a l  d i s t o r t i o n  T2 and t h e i r  d e v i a t i o n  f rom t h e  
s t r e s s  f r e e  l a t t i c e  parameter o f  5.279 A  (10 K) (determined from an etched f i l a m e n t ) .  
App l y i ng  a  s t r e s s  t o  t h e  probe two k inds  o f  d r a s t i c a l  changes can now be observed 
(s .  F i g .  4 ) .  F i r s t  t h e  t e t ragona l  d i s t o r t i o n  T2 i s  reduced w i t h i n c r e a s i n g  s t r a i n ,  i n -  
d i c a t e d  by a  s h i f t  o f  t h e  l i n e  t o  h i g h e r  ang les  w i t h  u n a l t e r e d  i n t e n s i t y .  Second t h e  
i n t e n s i t y  o f  t h e  Tg l i n e  decreases and appears i n s t e a d  a t  a  l a t t i c e  parameter equ i -  
v a l e n t  t o  t h e  s t r e s s  f r e e  s t a t e .  For  s t r a i n  values E > 0.5% t h e  r e f l e x e s  o f  T2 and T 
f a1  1  t oge the r .  3 
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Fig .  5 - C r i t i c a l  c u r r e n t  I , l a t t i c e  
parameters a  (measured) andcc ( c a l c u l a t e d ,  

70.5' 71' 71.5' 72' connected f o r  volume compression) vs. 

2 0  -, s t r a i n  E.  

F ig .  4  - 4 0 0 ) - r e f l e x  o f  NbjSn, phase 
changes o /  TZ and T3 with appl  l e d  s t r a i n .  
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I n  F i g .  5 t h e  l a t t i c e  parameter a of  T2 and t h e  cor respond ing c r i t i c a l  c u r r e n t  I 
a t  B = 10 T a r e  p l o t t e d  as a f u n c t i o n  o f  t h e  s t r a i n  E. D i s rup tu res  o f  t h e  Nb3Sn t a y e r  
do n o t  a l l o w  t h e  measurement o f  t h e  maximum o f  I,, b u t  r e s u l t s  on w i r e s  w i t h  s ~ m ~ l a r  
bronze/(Nb + Nb Sn) r a t i o s  /5 /  suggest a maximum o f  I, a t  - 0.8 t o  0.9% s t r a i n .  
S t a r t i n g  f rom t g e  measured l a t t i c e  parameter, a, t h e  s h o r t e r  l a t t i c e  parameter c can 
now be determined t a k i n g  i n t o  account  t h e  e l a s t i c  compression o f  t h e  Nb3Sn u n i t  c e l l  
volume. Du r i ng  t h e  c o o l i n g  process t h e  u n i t  c e l l  volume n o t  o n l y  decreases w i t h  T, 
b u t  a l s o  as a f u n c t i o n  o f  t h e  increased p r e s t r e s s .  From t h e  temperature dependent 
neut ron d i f f r a c t i o n  da ta  (F ig .  6 i n  Ref.  2) t h e  d i r e c t  measurement o f  a and c leads 
t o  an observed e l a s t i c  volume r e d u c t i o n  o f  AV = 0.3% f o r  a m u l t i f i l a m e n t a r y  Nb3Sn 
w i r e  w i t h  a bronze/(Nb + Nb Sn) r a t i o  of about  3. The volume compression was found 
t o  be a l i n e a r  f u n c t i o n  o f  ?he s t r a i n .  I n  ou r  case w i t h  a bronze/(Nb + Nb Sn) r a t i o  
= 7 t h e  p r e s t r e s s  i s  i nc rased  by a f a c t o r  - 2, which leads t o  AV = 0.6%. $h i s  
volume compression r e q u i r e s  a pressure  o f  10 kbar  which can e a s i l y  be c a l c u l a t e d  
v i a  t h e  b u l k  modulus (1730 kbar  Ref .  6) u s i n g  t h e  d e f i n i t i o n  formula. 

Cons ider ing  the  l i n e a r  decreas ing o f  t h e  volume compression upon s t r e s s  a p p l i c a t i o n  
i n  t h e  s t r a i n  range 0 t o  1% leads  t o  t h e  c versus s t r a i n  c u r v e  i n  F i g .  5. I n  t h e  be- 
g i n n i n g  c r a i s e s  s t r o n g l y  u n t i l  i t  reaches t h e  r e g i o n  o f  d i s r u p t u r e  o f  t h e  Nb Sn 
l a y e r  (compare w i t h  t h e  I, versus c cu rve ) .  Fo r  t he  m u l t i f i l a m e n t a r y  b i n a r y  d 3 s n  
tape a s i m i l a r  behav io r  t o  t h a t  of  t h e  monof i lament was observed. Due t o  t h e  l a r g e r  
bronze/(Nb + Nb3Sn) r a t i o  t h e  (1-c /a)  f o r  E = 0 o f  t he  t e t ragona l  d i s t o r t i o n  was 
l a r g e r  r e s u l t i n g  I n  ove r l app ing  peaks o f  T2 and T3. W i th  t h e  a p p l i c a t i o n  o f  s t r e s s  
s i m i l a r  e f f e c t s  as i n  t h e  monof i lamentary  case were observed. The s i g n i f i c a n t l y  
weaker s i g n a l  i n t e n s i t i e s  o f  t h e  m u l t i f i l a m e n t a r y  band w i t h  respec t  t o  t h e  mono f i l a -  
mentary a l l o w s  o n l y  s e m i q u a n t i t a t i v e  conc lus ions  a t  t h i s  stage. F u r t h e r  r e s u l t s  w i l l  
be presented i n  a more d e t a i l e d  paper. 

I V  - CONCLUSIONS 

The p resen t  exper iments c o n s t i t u t e  t h e  f i r s t  d i r e c t  obse rva t i on  o f  t h e  i n f l u e n c e  o f  
v a r i a b l e  ex te rna l  s t r e s s  on t h e  c r y s t a l l o g r a p h i c a l  s t r u c t u r e  of Nb3Sn. The behav ior  
o f  t h e  two s t ress- induced phases T2 and T3 upon s t r e s s  a p p l i c a t i o n  i s  q u i t e  d i f f e r e n t .  
The e l a s t i c  t e t ragona l  d i s t o r t i o n  T2 shows an a d d i t i o n a l  e l a s t i c  volume compression 
i n  t h e  range o f  0.3 t o  0.6%, depending on t h e  bronze t o  Nb Sn r a t i o .  The importance 
o f  r a d i a l  e f f e c t s  represented by  t h e  v a r i a t i o n  of  ( 1  - c/a3 w i t h  t h e  o r i e n t a t i o n  a 
/2/  i s  conf i rmed by  t h e  p resen t  measurements, which y i e l d  a f i r s t  q u a n t i t a t i v e  i n -  
f o rma t i on .  The p o r t i o n  o f  t h e  s t i l l  unreso lved phase T3 i s  a l s o  a f u n c t i o n  o f  t h e  
precompression.In c o n t r a s t  t o  T2, t h e  volume f r a c t i o n  and n o t  t h e  l a t t i c e  parameter 
of  T3 seem t o  be a f f e c t e d  by s t ress .  These r e s u l t s  w i l l  be completed by ou r  runn ing  
i n v e s t i g a t i o n s  upon Fib Sn w i r e s  w i t h  t e r n a r y  a d d i t i o n s  and i n t e r n a l  r e i n fo rcemen t  
i n  v iew o f  t h e  c r y s t a l ? o g r a p h i c a l  reasons f o r  t h e  advanced c r i t i c a l  p r o p e r t i e s  o f  
these t e c h n i c a l l y  meaningful superconductors.  
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