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3.1 INTRODUCTION

Maintaining todays technological advances 
requires new methods of synthesis of high temperature 
superconductors(1-5) and their substrates. Recently in 
most of the studies, efforts have been made to synthesis 
high temperature superconductors on metallic substrates 
by using barrier layers, such as SiOj on Ag substrates 
Y-Zr02 on stainless steel(6,7).

SrTi03 has been found as a suitable substrate 
for HTc superconductors and HTc superconducting 
electronic devices, which are prepared by single crystal 
method or sintering processes(8,9).

Brenner(10) and Messner and Glance(11) have 
mentioned that electrodeposition of Ti from aqueous bath 
is not possible due to its high charge to atomic radius 
ratio. Flinak(12) have reported electrodeposition of Ti
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from Flinak melt bath and from chloride electrolyte 
bath. Strontium, the alkaline earth metal which is 
electro inactive has extremely negative reduction 
potential -3.3V vs Ag/Ag+(13) restricts some aprotic 
solvents to be used. Electrodeposition of Sr+2 from 

aqueous bath with proper reagent has been reported by 
H.J. Hung(14). From survey it is seen that 
electrodeposition of titanium and strontium from pure 
aqueous baths are not possible.

The electrodeposition of strontium-titanium 
alloy may be possible from aqueous bath, if the alloy 
deposition potential lies below the decomposition 
potential of water into oxygen and hydrogen.

In this chapter, we report on the 
electrodeposition of Sr-Ti alloy from an aqueous bath 
on to copper, brass stainless steel and FTO coated glass 
substrates. The different preparative parameters were 
studied and optimised. Alloyed films were oxidised at 
higher temperatures, in order to obtain the oxide films. 
The x-ray diffraction pattern and microstructural 
properties of the films were also studied. X

3.2 EXPERIMENTAL PROCEDPRE

The electrodepositions were taken with d.c 
potentiostatic conditions using potentiostat/galvanostat 
model 362 (EG and G). Three electrode system was
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employed and the potentials were measured with respect 
to saturated calomel electrode (SCE). The electrolysis 
was accomplished potentiastatically in a 50ml cell. The 
three electrodes of the electrolytic cell, working 
electrode (cathode), referene electrode (saturated 
calomel electrode) and graphit (anode) was connected 
directly to the scanning potentiostat with the clips 
provided with the scanning potentiostat. The 
polarization curves were recorded with a potentiostat 
and X-Y recorder.

The electrolytic baths were prepared using 
reagent grade nitrate of strontium and titanium chloride 
in doubly distilled water. Concentration of Sr-nitrate 
and Ti-chloride was lOOmM and 60mM respectively. These 
concentrations were decided by optimising for deposition 
of individual deposits. The bath composition was varied 
and optimised to be 20:80 percent for Sr-Ti. The pH of 
the deposition bath was in between 2 and 4.

The electrodeposition was carried out 
potentiostatically onto stainless steel, copper, brass 
and (FTO) flourine doped tin oxide coated glass 
substrates with sheet resistance 20-30-A-/cm . The 
substrates were mirror polished. FTO coating was given 
by spray pyrolysis technique. The backside of the
substrate was covered with insulating tape or epoxy

. 2 resin. The cathode area was 1cm . The distance between
the anode and cathode was 0.5cm. The deposited films
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were taken out of the bath washed with double distilled 
water and dried.

All depositions were carried out in an 
unstirred conditions and at the ambient temperature 
(300K). In our experiments, quantity of the solution, 
current range and all other parameters except potentials 
of the deposition were kept constant.

A DC multimeter was connected in series with 
the potentiostat, in order to measure the fractions of 
current changes during deposition. Microstructural 
properties of the films deposited onto FTO coated glass 
were carried out With an optical microscope.

A microcomputer controlled phi Hips 
diffractometer with CukK radiation was used to obtain 
x-ray diffraction patterns of Sr-Ti alloy as deposited 
and oxidised films.

3.2.1 FTO COATING ON GLASS SUBSTRATE

Glass substrates were made conducting by 
giving FTO coating onto these substrates. FTO coating 
were given by spray pyrolysis technique. Fluorine doped 
tin oxide (FTO) solution was prepared using A-R grade 
stannic chloride (SnCl^, 5h20), Ammonium flouride (NH4F) 
and isoprophyl alcohol (CH3)2 CHOH. lOOcc of 2M stannic 
chloride solution was prepared in double distilled water
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and 14.285 gms of ammonium fluoride was dissolved in it, 
to obtain 40% doping concentration of fluorine. From the 
above mixture 5cc of solution was taken and 20cc of iso- 
prophyl alcohol was added. The final solution was 
sprayed through the specially designed glass nozzle at 
the spray rate of 6cm3/min. The substrate temperature 
was maintained at 550°C. It was found that these 
conducting glasses have 20-30-'Vcm2 sheet resistance and 
about 90% of transperancy.

3.2.2 CLEANING OF THE SUBSTRATE

Substrates were cleaned throughly before 
taking the deposition. Cleaning the substrates means 
breaking down the bounding between the common 
contaminants such as grease, adsorbed water, air borne 
dust, lint and oil particles with the substrate 
material. The technique to be adapted for cleaning 
depends upon the nature of the substrate, degree of 
cleanliness and nature of contaminants to be removed. .

Thin rectangular substrates were cut 
according to the desired size and mirror polished. Then 
they were ordered first from grease by dipping it in a 
hot and strong 20% alcoholic caustic soda solution for a 
while and then washed with water. It was next immersed 
in a moderately strong nitric acid solution containing 
very little concentrated sulphuric acid. This removes 
surface scales. It was then washed with sodium carbonate
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and again dipped in a slightly acidic solution to remove 
the alkali adhering to the plate. This is done because 
acids are easier to wash off than alkalies which adhere 
to the plate and have pronouced chemical action on the 
metal. Then the metals were throughly washed with 
alcohol or acetone and then dried well and used as a 
cathode.

The conducting glass substrates were first 
washed with the detergent solution and then with the 
double distilled water. The substrates were boiled in 
chromic acid for few minutes. After that each substrate 
is cleaned with distilled water separately. Then sodium 
hydroxide treatment is given to these substrates. Again 
the substrates were washed with double distilled water 
and boiled in double distilled water for some time. 
Lastly substrates were ultrasonically cleaned. Drying of 
the substrates is done in the vapour of alcohol with the 
help of special stand kept in a steel box which will be 
heated for few mimutes.

3.3 RESULTS AND DISCUSSION

3.3.1. POLARIZATION CURVES AND ESTIMATION OF DEPOSITION 
POTENTIALS

'/Electrodeposition potential, film morphology 

and composition of the film depend on the nature of the
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substrate. The evolution of Hydrogen at the cathode 
during the deposition causes the destorsion in the 
crystal structure of the deposits of metals and alloys.

In the present investigation, four different ^ 
substrates, namely stainless steel, copper, brass and 
FTO coated glass were electroplated from strontium 
nitrate, titanium chloride and strontium nitrate-
titanium chloride complex baths separately. We have 
found experimentaly the electrodeposition polarization 
curves of Sr, Ti and Sr-Ti alloy onto different 
susbtrates. The polarization curves are shown in figure 
1, 2 and 3 respectively.

From the figures, it is seen that, the nature 
of the polarization curves for stainless steel, copper 
and brass are similar and the electrodepositions were 
occured towards the lower negative potential regions. 
However, a broad diffused nature of curves is obtained 
for FTO coated glass substrates. From these polarization 
curves we have estimated the deposition potentials of 
Sr, Ti and Sr-Ti alloy and the values of set deposition 
potentials are listed in Table-I. It is found that, the 
values of deposition potential depends on the nature of 
the substrate as the work function changes according to 
the substrate material.

From the cathodic polarization curves for 
strontum, decomposition, potential starts from -0.7V vs
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FIG. 1 - POLARIZATION CURVES OF STRONTIUM NITRATE 
ONTO ( 1 ) ST. STEEL (2) BRASS ( 3 ) COPPER 
(4 ) FTO COATED GLASS .
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(SCE) for copper but actual deposition was observed at 
-1.6V vs (SCE). For brass decomposition potential 
starts from -0.8V vs (SCE) with deposition taking place 
at -1.62V vs (SCE). For stainless steel decomposition 
starts at -1.3V vs (SCE) and deposition was observed at 
-1.55V vs (SCE). Above the deposition potentials, the 
increase in current is very high for all these three 
substrates. For conducting glass substrates, 
decomposition potential commences from -1.4V vs (SCE) 
with deposition taking place at -1.8V vs (SCE). For 
conducting glass, increase in current with applied 
negative potential is linear. Current ranges for 
metallic substrates are in lOmA/cm* to 40mA/cm . For 
conducting glass substrates they are within ImA/cm* to 
5mA/cm2.

From cathodic polarization curves for 
titanium, it is clear that residual current is very 
small for copper and brass substrates, and decomposition 
potential commences from -0.5V vs (SCE). For stainless 
steel substrate, decomposition potential commences from 
-0.6V vs (SCE). For all these three substrates, increase 
in current is very high above decomposition potential. 
For conducting glass substrate the nature of the curve 
is different showing residual current linearly 
increasing with applied potential from begining. 
Deposition potential was experimentally found at -1.5V 
vs (SCE). Current ranges were within 10mA/cm^ to
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FIG. 2 - POLARIZATION CURVES OF TITANIUM CHLORIDE 
ONTO (1) ST. STEEL (2) BRASS (3) COPPER 
(4) FTO COATED GLASS .
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30mA/cm2 for metallic substrates and for conducting 
glass substrates within ltnA/cm2 to 5mA/cm2.

f Figure 3 gives the polarization curves of 
Sr-Ti alloy onto different substrates. For copper 
substrates residual current is observed from begining 
with decomposition potential commencing from -0.3V vs 
(SCE). Deposition of alloy was observed at -0.89V vs 
(SCE). For brass decomposition potential was observed at 
-0.3V vs (SCE) with deposition taking place at -0.85V vs 
(SCE). For stainless steel substrate decomposition 
potential was observed at -0.5V vs (SCE), with 
deposition taking place at -IV vs (SCE).

Deposition potential range was selected from 
the polarization curve, from -0.6V vs (SCE) to -1.2V vs 
(SCE), for optimizing the deposition potential for 
uniform deposition of Sr-Ti alloy. From the studies, it 
was found at -IV vs (SCE) for stainless steel. For FTO 
coated glass substrate decomposition potential commences 
from -IV vs (SCE) with deposition taking place at -2V vs 
(SCE). Current ranges were lOmA/cm to 25mA/cm for
metallic substrates and for FTO coated glass substrates

2 2 they were from ImA/cm to 5mA/cm .

From the polarization curves it is seen that
at any given potential, the current for Ti+^ solution

+ 2baths is higher than Sr solution bath. This can be 
understood as follows. The current flowing through the
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FIG. 3 - POLARIZATION CURVES OF Sr-Ti ALLOY ONTO 
(1) ST. STEEL (2) BRASS (3) COPPER 
(4) FTO COATED GLASS .
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electrodeposition cell is consisted of the electronic 
current and the ionic current. Current through 
electrodeposition cell is given by the relation, 

uv N.Z --  + electronic current
v

I

Where N is the number of positive ions moving
to the cathode and getting deposited on the cathode,
Z is the valancy of the positive ion, u is the velocity
of the positive ion and v is the voltage applied to the
electrolytic deposition cell. In electrolytic deposition
cell, the contribution due to electronic current is
comparatively smaller than the ionic transport current.
At a given fixed potential V and at constant temperature
T, with the velocity u of the transport ion I c isE
mainly governed by the positive valency of the ion

. . +4giving rise to the higher value of I for Ti solution
bath than that of Sr+^ solution bath.

However, the values of the electrolytic 7>
deposition cell current I for alloyed bath are grater 7
than the values of I for Sr+^ and smaller than Ti+*.
This may be attributed to the fact that the simultaneous

+ 2 +4transport of Sr and Ti ions towards cathode is
complex process interlinked to each other giving rise to 
locking their free ionic motions. Alternatively it may 
be possible that these two positive ions may form a big 
complex molecule reducing their transport velocity and 
hence the current change.
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3.3.2 STUDIES ON GROWTH PARAMETERS OF THE FILMS

3.3.2.1 CURRENT DENSITY

Figure 4 shows the variation of deposition 
current with time at different fixed deposition 
potentials on stainless steel substrate for Sr-Ti of 
20:80 percent composition. From figure it is seen that, 
the behaviour of current density with time are more or 
less similar for different fixed deposition potentials. 
It is observed that/ the current density drastically 
decreases within first five minutes due to the rapid 
deposition of the alloy layer on the substrate, thereby 
causing an increase in surface resistance. After the 
sudden decrease, the current density practically remains 
constant with longer deposition time. Similar results 
were obtained for other substrates.

3.3.2.2 AGING EFFECT

(24 hours) 
time for 
observed 
evolution 
were not 
solutions

We have observed the effect of solution aging 
on the variation of current densities with 
stainless steel substrate. The main effect 
was increase in current densities with 
of H2 at the time of deposition. Depositions 
uniform and dense. For this reason, fresh 
of Sr-nitrate and Ti-chloride were prepared

for the deposition of Sr-Ti alloy.
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0 5 10 15 20 25 30
TIME (MIN.) ----- -

FIG. 4 - VARIATION OF DEPOSITION CURRENT DENSITY WITH 
TIME FOR DIFFERENT DEPOSITION POTENTIALS.
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3.3.2.3 EFFECT OF TEMPERATURE ON ELECTRODEPOSITS

The temperature of the bath can affect 
electrodeposition in a number of ways. In general, an 
increase in the temperature increases the rate of 
diffusion as well as the ionic mobilities and hence the 
conductivity of the bath. It may influence the 
dissociation of the complex ion, the current, the 
diffusion of ions and the over potential at the cathode. 
At higher temperatures higher current densities are 
possible and hence, it is possible to produce fine 
grained and smooth deposits by heating the bath 
solution. At higher temperature as cathode film is 
replenished rapidly, tendency towards treeing is 
reduced.

In our experiment, it is observed that as the 
temperature of the bath is raised, the current density 
is increased with the evolution of H2 and Cl2 at the 
cathode and anode respectively, which cause the 
distortion in the crystal structure of the deposits of 
metals and alloys. The deposits obtained with aged 
solutions for more than 24 hours with increase of 
temperature are found with more pin holes which 
distructs the uniformity of the thin films.

3.3.2.4 THICKNESS OF THE ALLOYED FILMS

From the voltamogram (polirazation) curves we 
have selected the range of potential for the study to
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find dense, uniform and adhesive electrodeposition, from 
-0.6V vs (SCE) to -1.2V vs (SCE). Figure 5 shows the 
variation of Sr-Ti film thickness with different fixed 
potentials onto stainless steel substrates. 
Electrodeposition were carried out at fixed time of 
30 minutes. From the figure it is seen that, the Sr-Ti 
film thickness were continuously increased with the 
increase in deposition potential.

However, uniform smooth and adhesive films 
with improved thickness of Sr-Ti alloy were obtained at 
-IV vs (SCE). At -IV vs (SCE) potential, we have studied 
the variation of film thickness with deposition time 
(figure 6). The Sr-Ti film thickness linearly increases 
with deposition period of 25 minutes and afterwords very 
slowly saturates with longer deposition period. The 
thickness of the Sr-Ti film is of the order of 4 to 5 
microns for the deposition period of 30 minutes. This 
variation of film thickness with time is depicted in 
figure 6.

Consequently, we have studied the charge 
passed through the deposition bath as a function of 
deposition time and the nature of the plot is depicited 
in figure 7. From the figure, it is observed that 
thikness of Sr-Ti alloyed film should increase linearly 
with deposition time. However, thickness of the film 
very slowly saturates after 25 minutes. This might be
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Fig.5 : The variation of Sr-Ti film thickness for 
30 minutes of deposition at different 
deposition potentials.
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Fig.6 : The variation Sr-Ti film thickness with 
deposition time in minutes, at potential 
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due to the acidic nature of the deposition bath, which 
causes the very slow dissolution of the film back into 
the deposition bath.

3.4 OXIDATION '

Heating the metal or alloy to an appropriate 
temperature in a controlled atmosphere is called the 
direct oxidation. A uniform layer of oxides may be 
produced in this way.

The direct oxidation of metals and alloys may 
be considered as tarnish reactions. These are reactions 
of a solid with a gas or liquid. In case of thick films 
(w = 100 AU) two type of laws are observed(18). In the 
linear dependence of thickness on time

W = A. t ------------------------------- I
is observed, and in the parabolic dependence

W2= B + C.t --------------------------- II

is observed where A, B and C are constants.

In the linear relation, the gas reaches the 
metal surface whereas the parabolic law applies to the 
growth which is limited by diffusion through a coherent 
solid film. The parabolic law depends on the properties 
of the bulk solid. In the reaction of a metal M with a 
gas X to give MX, following transport phenomena are (19) 
assumed. Fig A . represents the motion of interstitial



Fig. A : OXIDATION MOCHANISM
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cations or anions vacancies from I to II or of cation 
vacancies and interstitial anions from II to I.

3.4.1 APPEARANCE OF THE DEPOSIT

Films deposited onto metallic substrates were 
smooth, uniform, dense and adhesive to the substrate.
The deposits obtained at room temperature from fresh 
bath of strontium nitrate and titanium chloride were 
smooth, uniform, dense and adhesive to the substrates. 
Deposition on conducting glass substrate were also 
uniform and adhesive to the substrates. The Sr-Ti 
alloyed deposits were whitish in colour and stable 
towards the atmospheric conditions.

sThe Sr-Ti as deposited films were oxidised 
at higher temperatures in order to obtain the oxide 
films of SrTiC>3. Films were air oxidised at 400°C to 10 
minutes. The oxidised films were uniform and adhesive to 
the substrates. The resistance measurement of the 
oxidised films were recorded and are found in the range 
of 5Mj»-to IOMjo. at room temperatures.

3.S MICROSTRUCTURES

Figures 8(a-c) show surface morphology of 
typical samples of as deposited Sr, Ti and Sr-Ti alloy. 
Figure 8d shows the surface morphology of typical sample 
of Sr-Ti alloy oxidised at 400*C for 10 minutes. The
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Fig. 8a : Surface Morphology of as deposited strontium 
from strontium nitrate bath

Fig 8b : Surface Morphology of as deposited titanium 
from titanium chloride bath
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Fig. 8c : Surface Morphology of Sr-Ti alloy as 
deposited from aquious bath

Fig. 8d : Suface Morphology of Sr-Ti alloy oxidised 
at 400°C for 10 minutes
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magnification was 500X. From the micrographs it is 
observed that, films obtained by the electrodeposition 
technique are smooth, dense, uniform and having packed 
arrangements of grains. Fig 8a shows that the Sr films 
are polycrystalline with grain sizes ranging from 4pm to 
7pm with intergrain boundary spacing ranging from 0.5pm 
to 1.5pm. Fig 8b shows that the Ti films are 
polycrystalline with very fine grain size. Fig 8c and 
Fig 8d show a homogeneous polycrystalline structure. 
With hexagonal plate-like structure. Grain size is 
ranging from 3pm to 5jim. After oxidising the alloy 
samples, coalesence of the grains are observed with 
decreased intergrain spacing.

3.6 X-RAY DIFFRACTION

X-ray diffraction patterns of Sr-Ti alloy as 
deposited and oxidised at 400*C were obtained with 
PW17IO Diffractometer. Figure 9 shows the x-ray 
diffraction pattern of Sr-Ti alloyed films onto 
stainless steel substrates. From x-ray diffraction 
pattern, it is seen that, the electrodeposited films of 
Sr-Ti are of polycrystalline in nature. However, 
crystallinity of the film was improved with oxidation. 
The diffraction pattern shows the face centered cubic 
pattern of doublets with increased spacing as 20 value 
is increased. Oxidation has increased the first doublet
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Fig. 9 : X-ray diffraction pattern of electrodeposited Sr-Ti alloyed films 
as deposited from aquious bath.
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Fig. 9: X-ray diffraction pattern of Sr-Ti alloy films oxidised 
at 400°C from aquious bath.
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intensity of (100) peak of SrTi03 has been observed in 
oxidised x-ray diffraction pattern.

71

Strontium titanate has perovskite crystal 
structure of AB03 form. The structure is cubic, with 
Sr+2 ions at the cubic corners, O-2 ion at the face 
centres and Ti+4 ion at the body center. It may be 
described as a cubic close-packed arrangement of the 
oxide ions and the larger cations, with the smaller 
cations occupying octahedral interstices in an ordered 
pattern. The resulting structure has a cubic unit cell 
which is shown in figure B .

THE PEROVSKITE STRUCTURE

Open circles are Onions large shaded circles 
are the large cation (Sr+2) small shaded circle is Ti+4 
ion.
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Table 1 : The electrodeposition potentials of Sr, Ti and 
Sr-Ti alloy from their nitrate and chloride 
solutions onto different substrates

Substrates
Electrodeposition Potentials

V vs (SCE)

Sr Ti Sr-Ti alloy

Stainless steel -1.55 -0.79 -1.0
Copper -1.66 i © • -j o <3

\

00•
0
1

Brass -1.62 -0.73 ID00•
0
1

FTO coated glass . 00 o -1.50 0 ©•
C

S1
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