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Abs t r ac t  

An influence of soft hydrogenation on the superconducting propert ies  of the 
Lal.85Sro.15CuO 4 powder system has been studied. DC magnetizat ion measurements  per-  
formed at severa l  tempera tures  have revealed a s ignif icant  enhancement  of the 
in t ragra in  c r i t i ca l  cur ren t  density. A Gabay-Toulouse-like behaviour of the i r re -  
vers ibi l i ty  lines has been found. 

1. I n t r o d u c t i o n  

The cr i t ica l  cur ren t  densi t ies  of high-Te 
ceramics  are  de te rmined  mainly  by internal  
s t ruc tu ra l  defects  within the grains  and by 
grain boundar ies  which occur na tu ra l ly  in 
these ma te r i a l s  [1,2]. However, these na tu r -  
al defects  v e r y  of ten  do not pin vor t ices  
s t rong ly  enough to sus ta in  a supercur ren t  up 
to c r i t ica l  cu r ren t  dens i ty  (Jr}- To opt imi-  
ze c r i t ica l  t r a n s p o r t  cur ren t s  one needs to 
add a new ef fec t ive  pinning centers  and 
overcome the weak link behavior  at  the grain  
boundaries .  A s igni f icant  p rogress  in en- 
hancement  of the c r i t ica l  cur ren t  dens i ty  in 
high-Tc superconduc to r s  has been achieved 
through neut ron  or ion i r r ad ia t ion  13, 41. 

The another  promis ing  way to improve cr i -  
t ical p a r a m e t e r s  of  high-Tc mate r i a l s  might 
be a sof t  hydrogena t ion  [5,6}. It has been 
es tabl ished [7-91 tha t  h.ydrogen behaves in 
HTSCs as a proton (H ÷) and tha t  electron 
t r a n s f e r r e d  f rom hydrogen  can decrease  the 
number of charge ca r r i e r s .  It causes a g rad -  
ual d i sappearance  of  the superconduct ing 
phase and appearance  of  anti fe r romagnet ic ,  
non-superconduct ing  c lus te rs  [ 10, 111. In 
par t icu la r ,  these c lus te rs  might act  as pin- 
ning centers  for  f lux motion [121. 
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In the present  work the influence of hy-  
drogen on i r r eve r s ib i l i t y  line of 
Lai.ssSr0.1sCu04 powder sample is reported.  
The influence of  hydrogena t ion  on cr i t ical  
magnet iza t ion  cu r ren t s  of tha t  sy s t em has 
been published in our previous  paper  [131. 

2. Exper imen ta l  

Ceramic samples  of metal loxides  were pre-  
pared from mixtures  of SrCO3, CaCO 3 , 
La2Oa, and CuO. The mixtures  were ground, 
heated at 900°C for  5 hours in air,  and 
ground again. The products  were pressed into 
pellets,  then heated at  1050°C for  one hour 
in air .  The reac t ion  of hydrogen gas with 
La~.asSr0.tsCuO 4 was s tudied by volumetr ic  
method in a sealed reac t ion  cell. The powder 
metal loxide samples  were in i t ia l ly  outgassed 
at  llO°C in vacuum of lO-4Tr for  period of 
ca 30 rain. Then, pure gaseous  hydrogen was 
admi t ted  into the cell under p ressu re  of up 
to 600Tr .  The absorp t ion  was pe r fo rmed  at 
cons tant  t empera tu re ,  170°C, by monitor ing 
hydrogen p ressu re  as a funct ion of t ime. The 
hydrogen content  in the sample was de te rmin-  
ed from the overal l  decrease  of  hydrogen 
pressure  in the cell. 

Three samples  of Lal.asSro.lsCuO4H× with 
H content  x =0.039,  0.043, and 0.064 were 
p repared  by this method with accuracy  of 
+_0.002. X-ray measurements  pe r fo rmed  on the 
hydrogena ted  sample with x =0.064 showed 
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that  there is no modification of the dif- 
fraction pat tern  of the initial metalloxide. 

To determine the superconducting tempera-  
ture, dc magnetization measurements were 
carried out with a SQUID magnetometer 
(SHS4SO-S12) in magnetic field of 1.10e and 
at tempera tures  down to 4.2 K. The magneti- 
zation hysteres is  loop measurements were 
made on powdered samples using the s tandard 
Foner vibrat ing magnetometer  in fields up 
to ST. 

3. Results and discussion 

ascending and descending branches of the 
magnetic hysteres is  cycle, respectively,  for 
two representa t ive  samples with x = 0  and 
x=0 .064 .  The accurate determinat ion of ab- 
solute values of Jc from H(H) hysteresis  
loop is not a light task for ceramic materi-  
als. With respect  to hydrogen effects,  the 
most reasonable way is to compare the widths 
of hysteres is  loops before and a f te r  hydro- 
genation, ZlHH/AHo,  which, according to 
the Bean's crit ical s ta te  model [14] is pro- 
portional to the corresponding fractional 
change of fie. 

Figure 1 shows the field-cooled (FC) tem- 
perature  dependence of the dc diamagnetic 
susceptibi l i ty  non-hydrogenated and hydro- 
genated samples. The values of Tc, defined 
as the onset of superconductivi ty were de- 
termined from the intersection of two ex t ra -  
polated lines of the magnetization over the 
tempera ture  region of rapid changes i l lustr-  
ated in Fig. I. A small increase of Tc from 
Tc = 33.5 K for initial specimen to 
Tc=35.4 K for hydrogenated one was ob- 
served. 
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Figure 1. Temperature dependence of the dc 
diamagnetic magnetizat ion measured at  
H = 1.10e for HxLat.85Sro.15Cu04 samples. 
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Figure 2 shows the magnetic field depend- 
ence of [M+(H) - M-(H)] where M+(H) and 
M-(H) are the values of magnetization on the 

Figure 2. Magnetic f ield dependence of the 
magnetic i r reversibi l l ty-  [/v/* _ M-] for : 
( a ) -  Lal.85Sr0.15Cu04 ; ( b ) -  Ho.064Lat.85Sr0.15Cu04 
at  various temperatures .  
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In Fig. 3 the va lues  of  enhancement  f ac -  
to r  p=f lMH/ZlM o a t  4 .2K a re  d i sp layed  as 
a funct ion of magne t i c  f ield.  Exper imen ta l  
d a t a  p r e s e n t e d  in Figs. 2 and 3 indicate  
tha t  the magne t i c  i r r e v e r s i b i l i t y  [M ÷-  M-] 
for  h y d r o g e n a t e d  sample  is l a rge r  than t ha t  
of  the non -hyd r ogena t ed  ones. Thus we can 
assume  t h a t  in t roduct ion  of  smal l  qua n t i t y  
of hydrogen  into the la t t i ce  of  
Lal.ssSro.lsCuO 4 c r e a t e s  an addi t iona l  num- 
ber  of  pinning cen te r s  or  s t r eng thens  the 
pinning fo rces  of  the a l r e a d y  ex i s t ing  ones. 

All these  obs t ac l e s  a l lowed us to e s t i m a t e  
only few e x p e r i m e n t a l  points  on i r r e v e r s i b i -  
l i ty  lines of  both s tud ied  spec imens .  Never-  
the less ,  t rend  of  the d a t a  col lected in 
Fig. 4 ove r  the en t i r e  t e m p e r a t u r e  and mag-  
net ic  f ie ld  ranges  shows roughly  a downward 
c u r v a t u r e .  This c u r v a t u r e  can be f i t t ed  to 
a dependence 1 - t = a H  z, where t is the re -  
duced t e m p e r a t u r e  Tt r r /Tc"  r e l a t i v e  to the 
ze ro - f i e ld  t r a n s i t i o n  t e m p e r a t u r e .  
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Figure 3. Ho.064Lal.85Sro.15CuO 4 : c r i t ica l  
magnetization cur ren t  enhancement, p = 
= AM H / AM 0 , versus applied magnetic field 
at 4.2 K. 

3. I I r r e v e r s i b i l i t y  l ine 

The d i s a p p e a r a n c e  of  f lux pinning a t  c e r -  
ta in  f ie lds  and t e m p e r a t u r e s  by  t h e r m a l  ac-. 
t i va t i on  of the f lux l ines is of ten  r e f e r r e d  
to as the i r r e v e r s i b i l i t y  or  depinning line. 
The i r r e v e r s i b i l i t y  line m a r k s  the boundary  
between r e v e r s i b l e  and i r r e v e r s i b l e  m agne t i -  
za t ion  and a p a s s a g e  into a "v iscous  f low" 
reg ime for  unpinned f lux line. 

In th is  work  the i r r e v e r s i b i l i t y  f ie ld 
Htr~ va lues  were  d e t e r m i n e d  f rom the d i sap -  
pea rance  of m a g n e t i z a t i o n  h y s t e r e s i s  a t  f ix -  
ed t e m p e r a t u r e s .  The e x p e r i m e n t a l  e r r o r s  in 
de t e rmin ing  H[rr came m a i n l y  f rom the fac t  
tha t  AM curves  in Fig. 1 reached  zero line 
t angen t i a l ly .  We found also tha t  nea r  the 
r e v e r s i b l e  r eg ime  the s ignal  to noise r a t i o  
was marg ina l ,  making  d i f f i cu l t  to pick out 
the t r a n s i t i o n  a c c u r a t e l y .  
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Figure 4. I r revers ibi l i ty  lines versus tem- 
perature for non-hydrogenated and hydrogena- 
ted L a l . 8 5 S r 0 . 1 5 C u 0  4 s a m p l e .  

The overa l l  p i c tu re  looks qua l i t a t i v e ly  
v e r y  s i m i l a r  to the "Gabay -Tou louse  i r r e v e r -  
s i b i l i t y  line" in spin g l a s se s  [15], which 
is also of ten  o b s e r v e d  on H-T d i a g r a m s  of 
superconduct ing  m a t e r i a l s  in the range  of 
high magne t ic  f ie lds  [16, 17]. 

Unfor tuna te ly ,  due to the smal l  sens i t i -  
v i t y  of  our  m a g n e t o m e t e r ,  we were  unable 
to i nves t i ga t e  more  a c c u r a t e l y  the low field 
p a r t  of  H-T d i a g r a m  nea r  Tc where one could 
expect  to find the so -ca l l ed  i r r e v e r s i b i l i t y  
line with de Almeida -Thou less - l ike  behav ior  
( H 2/3- dependence) .  

4. Conc lus ion  

In s u m m a r y ,  our e x p e r i m e n t s  r evea l  a Gabay-  
Toulouse- l ike  behav io r  of  i r r e v e r s i b i l i t y  
curves  in Lal.85Sro.lsCuO4H × superconduct ing  
s y s t e m .  Af ter  so f t  hyd rogena t ion  the curve 
tu rned  out to be sh i f t ed  t owards  higher  t em-  
p e r a t u r e s  and magne t ic  f ields.  
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With increased proton concentration in the 
sample, the densi ty  of superconducting car- 
riers ns decreases beeause the protons re- 
duce the number of holes in Cu02 planes. As 
a consequence, the non-superconducting, pro- 
bably antiferromagnetic clusters are formed 
within the material  [10-12]. If these micro- 
nonconducting areas  have a size, d, smaller 
or comparable to the coherence length, ~, 
they will play the role of pinning centers. 
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