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The purpose of this research aims to study the physical properties of the Y123 and Y235
superconductor doped fluorine by solid state reaction.The conventional process with the
calcination temperature at 810 °C and the sintering temperature at 925 °C were done. The
samples obtained with optimal doping had the highest critical temperature at 95 K and 93
K for Y123 and Y235, respectively. There was no effect of doping on lattice parameters
but the anisotropy parameter of Y235 was dependent on fluorine doping. The iodometric
titration method was done that the pure Y123 and Y235 were shown the highest of
Cu®*/Cu®* ratio and deficiency parameter. We also found the highest amount of Cu®*/Cu®*
ratio at the optimal fluorine doping.
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1.Introduction

The superconducting oxide of the YBa,Cu;O7, (Y123) is attraction for application®?
because the first superconductor having critical temperature (T.) more than the boiling point of
liquid nitrogen. The superconductor synthesized by Chu and co-workers® in 1987, The critical
temperature about 92 K with the orthorhombic perovskites crystal structure of Y123. The CuO,
planes play an important role of superconductivity but CuO chains play as non-
superconducting®. The increasing in the oxygen content in the CuO, plane induced to occur the
orthorhombic to tetragonal transition which the tetragonal structure are in non-superconducting
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phase. During the past twenty years, researchers have been investigating and found that the Y-
based superconducting compounds as Y123, YBa,Cu,O4(Y124) and Y,Ba,Cu;0:5(Y247). The T,
of Y124 and Y247 were at 80 K°and 40K®, respectively. However, oxygen content has an effect on
critical temperature of the Y247 superconductor; T, ranges from 30 K to 95 K8, In 2009, new
superconductor Y358 (Y3;BasCugO15) Was synthesized by solid state reaction®*with a T. above
100 K, and the lattice parameters are a=3.888 A, b=3.823 A, ¢=31.013 A. In 2010,
Udomsamuthirunet al."-found new YBaCuO superconductors i.e.,Y5-6-11, Y7-9-16, Y5-8-13, Y7-
11-18, Y1-5-6, Y3-8-11 and Y13-20-33. These superconductors were synthesized by using the
assumption that the number of CuO, planes and CuO chains are related to the number of Ba-atom
and Y-atom.The number of Ba-atom plus Y-atom are equal to the number of Cu-atom. However,
their critical temperatures were in the same range of Y123. In 2011, Topal and Akdogan*“also
synthesized and characterized three new YBaCuO superconductors i.e., Y,Ba;Cus,0, (Y2352),
Y,BasCuy0,(Y259), and Y;,Ba,CusO, (Y145). The T.onset was determined to be 98 K, 98 K, and
97.3 K for Y-2352, Y-145, and Y-259, respectively. The X-ray analysis showed their structures
were in Y123 phases. Chainok et al.”®* synthesized and characterized the physical properties of
Y123 and Y,Ba,CusO,(Y145) superconductors by solid state reaction in the air atmosphere with
sintering temperature at 950 °C and 980 °C.The crystal structure of Y145 was orthorhombic which
a=3.800 A, b =23.860 A and ¢ = 19.370 A and the peritectic temperature at 1,018 °C.

One of the methods used to increase the critical temperature,“doping” superconductor by
adding materials affecting on the ratio of Cu®*/Cu®*.The ratio of trivalent copper of Y123
(YB@a,ClUy " ClUs Ogssx) With the Toonset = 60 K (x= 0.23), 90 K (x = 0.35) and non-
superconductor (x~ 0) were investigated by Choy et al.**; The result found that the ratio of
Cu**/Cu®* depend on the annealing temperature and period of time.The highest T, is Cu®*/Cu?".
Dong Han Ha et al.” studied the effects of cation substitution, Sr and Ca, on the oxygen loss in
YBaCuO superconductors, The result found that the oxygen is removed more easily by increasing
Ca concentration due to the displacement of Ba ions from the Cu-O chain towards the CuO, plane.
The oxygen content at y= 6.96 for YBa,Cu3O,, T~ 92K. Mazaheri, Ghasemi and
Heidarpour'®synthesized Y257(Y,BasCu,0,) superconductor by solid state reaction at ambient
pressure. The samples were calcined and sintered at 850°C with the cooling part in three steps at
650°C, 600°C and 550 °C for 10 hrs each. The electrical measurements were investigated in the 60-
300 K temperature range with the presence of magnetic field. The result found that the T.offset
and the T.onset were at 92 K and 98 K, respectively.

The fluorine is one of the candidates for doping a superconductor to increase the critical
temperature’’. Since 1987, Ovshiskyet al.’**® had reported Y123 doped with fluorine had a T,
about 155 K. They used Y,0;, BaCO;, CuO and BaF, as starting materials with firing in air at
950°C for 8 hrs. In 2011, Srivasanet al.?’ synthesized Y358 doped with fluorine it has T, about
110 K. The powders of Y,0;, BaCO3, CuO, and CuF, were mixed in appropriate stoichiometric
ratio. The samples were calcined inair at 810°C, sintered at 950°C and at 925°C. Recently,
Kruaehong® investigated the effect of the fluorine doping on Y123, Y358 and Y3-8-11 bulk
superconductors. The CuF, was used as doping material. The results revealed that T.onset and
T.offset were decreased when the fluorine doping was increased because the calcinations
temperature above peritectic temperature of fluorine, the fluorine decomposition and deplete
superconductivity.

In this research, aim to study the physical properties of Y235(Y,Ba;CusO,) doped
fluorine(Y,Ba;CusO,.4F4) superconductors prepared by solid state reaction. The calcination
temperature at 810 °C and the sintering temperature at 925 °C had been done. All samples were
characterized by the SEM, EDX, XRD with Rietveld full-profile analysis, the lodometric titration
and the resistivity measurement.

2. Experimental process
The pellets of Y123 and Y235 superconductors doped fluorine were synthesized by solid

state reaction. The powder of Y,0; BaCO; CuO and CuF, were mixed and ground in
stoichiometric ratios that Y123+F, and Y235+F, ; x=0, 0.05, 0.10, 0.15, 0.20 and 0.25.The
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calcinations process was done twice time in air at 810 °C for 24 hrs and increase to 925 °C for 1
hr. The powders was pressed to pellets of 30 mm diameter with mold. The sintering process was in
air at 925 °C for 24 hrs and then annealing at 500 °C for 24 hrs in oxygen atmosphere to ensure
complete oxygenation.The samples were synthesized by using calcinations temperature at 810 °C
which was in the range of the peritectic temperature of CuF, that about 836 °C%. All samples were
characterized by the SEM micrograph and EDX (JEOL, JSM 6400), the XRD (Bruker D8-
Discovery diffractometer). The oxygen content was characterized by iodometric titration. The
resistivity measurements were performed with four point-probes techniqueand the crystal
structures were performed by Rietveld full-profile analysis method. Energy Dispersive
Spectroscopy (EDS) analysis was carried out to investigate stoichiometry and chemical
composition.

3. Results and Discussion

The SEM micrograph and EDX showed that the micrographs of samples with fluorine
doping were larger grain size and less porosity than the others, whereas the grains in the samples
were randomly oriented and the EDS spectrum revealed. The consisted of sample with Y, Ba, Cu,
O and F without impurity.

The DC-four point probes were used for resistivity measurement versus temperature
between 77 K to 120 K. The normalized resistivity versus temperature of Y123+F, and Y235+F,
which x=0, 0.05, 0.10, 0.15, 0.20, and 0.25 were shown in Fig.1(a) and Fig.1(b), respectively. The
summations of critical temperature onset were shown in Table 1. The effect of F-doping on the
critical temperature was shown in Figure 2. The bell shaped curvewas found in both Y123 and
Y235.The maximum critical temperature onset were found at x =0.1 that of Y123 at 95 K and
Y235 at 93 K.
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Fig.1.This is the critical temperature in the resistivity measurement of Y123(a) and Y235(b).

Table 1.This is the critical temperature of the samples of fluorine doped.

Sample Toﬁset (K) Tonset (K)
YBa,Cuz0 89 92
Y832CU3OV_0.1F0.05 87 91
YBa,CU:0y.01Fo10 03 95
YBa,CUs0y.01F o5 01 94
YBa,CUs0y.01F o020 01 94
YBa,CUs0,y.01F o5 90 93
Y,Ba;CusO, 89 92
Y3Ba;CU:0, 0 1Fo0s 88 93
YzBﬁgCU50y_0_1F0_10 88 93
YzBﬁgCU50y_0_1F0_15 87 92
YzBﬁgCU50y_0_2F0_20 87 92

Y,Ba3Cus0y.q.5F0.25 86 92
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Fig. 2. This is the effect of F-doped on the critical temperature.

According to Table 1.and Fig.1 and 2., The Fluorine doped samples with x=0.1 shown the
highest critical temperature. The later value, the critical temperature tends to decrease. This result
was consistent with the research of Ovshisky et al. ®*° and K.srivasan et al.? that studied on the
effect of Fluorine doped on the critical temperature of Y123 and Y358 superconductor. However
in this research the samples were synthesize by using calcinations temperature at 810 °C which
was in the range of the peritectic temperature of CuF, about 836 °C*. The calcinations
temperature was less than of conventional method about 950 °C so that would occur the non-
complete solid state reaction in our samples. This result consist of the analysis from X-ray
diffraction that found both superconducting compound and non-superconducting compound.

For the powder X-ray diffraction analysis, the pellets were reground to fine powder and
then XRD analysis was carried out. The X-ray diffraction patterns taken at room temperature in
over the range 26= 10°- 90° with CuK, radiation. The Fullprof software were used for
characterizing the crystal structure profile. The study found that, there were two compositions in
our samples; superconducting compound and non-superconducting compound. For Y123, the non-
superconducting compound was Y211 (Y,BaCuOs) with Pbnm space group. For Y235, the non-
superconducting compounds were BaCuO, and Ba,CusOs with Im-3m and Pccm space group,
respectively. The superconducting phase was increased with the F-doping concentration.

The crystal structures of superconducting compounds were orthorhombic structure*with
Pmmm space group®. The increasing of F-doping was no significant, change in a-axis value and
b-axis values which the lattice parameters of a=3.82184A, b= 3.88439A and c=11.66411A:Y123
and a= 3.82025 A, b=3.86825A and ¢=18.92999A:Y235 as shown in Figure 3. The possible
found that the during cooling process in the air, the fluorine in the sample evaporates and the
fluorine has an oxidative materials®’. However, the effect on anisotropy were found in Y123 but
little effect on Y235. The anisotropy was about 1.8 for Y123 but depend strongly on F-doping for
Y235, the highest was about 2.5 and the lowest was about 1.25. Because the crystal structure of
Y235 has c-axis more than Y123 as a result; the crystal structure more vibration more easily than
Y123 cause anisotropy of Y235 has many different value.
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Fig. 3. The effect of F-doping on c-axis(a) on anistropy (b).

lodometric titration analysis was used to determined oxygen content(Oy)28 and the amount
of Cu**and Cu®*" in YBa,Cu;07., and Y,Ba;CusO11... The Y123 and Y235 were high-temperature
superconductors material contains both Cu?* and Cu*** as a mixed-valence material®’>. The
imbalance in charge is responsible for the oxygen vacancies in the lattice® and non-stoichiometric
compounds in which the oxygen content was variable. The Y123 and Y235 have the coefficient(y)
in the formula as non-integer value in the ranging from 6.5-7 for Y123 and 10.5-11 for Y235. The
oxygen content (O,) has been calculated by using the sum of the oxidation numbers of Y123
(YBa,Cuz07), and Y235 (Y,BasCusO14) Were y = 7-x and 11-x, respectively. Here x is the
deficiency® of samples. The Cu®**/Cu®* ratio, Oxygen content and the deficiency of all samples
were shown in Table 2. For all samples of investigation found that the Y123 had the highest
Cu**/Cu®* percentage of deficiency and critical temperature.

Table 2.The oxygen content and deficiency of the samples.

compounds cu*t /cu® coai(eﬁ((agy) Deficiency (%)
Y123 0.245 6.796 2.921
Y123+0.05F 0.236 6.736 3.764
Y123+0.1F 0.185 6.634 5.225
Y123+0.15F 0.280 6.678 4.594
Y123+0.20F 0.163 6.511 6.991
Y123+0.25F 0.117 6.407 8.467
Y235 0.189 10.602 3.619
Y235+0.05F 0.148 10.627 3.389
Y235+0.1F 0.154 10.567 3.935
Y235+0.15F 0.170 10.486 4671
Y235+0.20F 0.117 10.538 4.202
Y235+0.25F 0.186 10.358 5.836

According to Fig.4. The Cu**/Cu?* ratio versus the fluorine doping between of Y123 and
Y235. The concentration of fluorine from 0 to 0.1, the Cu®*"/Cu?* ratio were the closely value
from 0.1 until 0.2, the bell shaped curve were found in both of Y123 and Y235. The concentration
of fluorine had maximum at 0.15 of Cu**/C* value in Y123. The fluorine doped in Y235 occur
the wielding the multiple values of Cu®*/Cu®*. Thus, the fluorine doped in Y123 was stable
Cu**/Cu® value more than the Y235. In the many superconducting oxides, the addition is the
essential factor in changing the electrical resistivity and structural properties®™®. Similary, The
first cuprate superconductors of La214(La,CuQ,)*'was lost superconductor at ambient pressure.
The charge of La, Cu and O were balance. Thus, La214 become superconducting doped Sr** cause
addition electron/hole and the T, increased as the number of holes. In 2004, H.C. Yu and
K.Z.Fung® prepared La214 with doping Sr from x varied from 0 to 0.4 with the raw material of
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La,0s, SrCO;, and CuO by solid state reaction method. The maximum critical temperature at
x=0.25 was found.

=123

Cu3+ /Cu2+
=
v}

1235

0 0.05 0.1 0.15 0.2 0.5 03
Fdloping

Fig. 4. The Cu®*/Cu® ratio versus the fluorine doping.

In Fig.5. The blue and green curve was the oxygen content in Y123 and Y235,
respectively. Both curves of the Y123 and Y235 were smooth lines. The more fluorine doping
does not effective on the oxygen content in the both superconductors. Finally, the red and purple
curve was the deficiency of Y123 and Y235. The pure Y123 was lowest deficiency value. For
fluorine doped at 0 to 0.1, the deficiency value of Y123 was increasing.When 0.15, the deficiency
drop obviously and then deficiency values increase again.This the point fluorine doping at 0.15,
the two line of the both superconductors were overlap. The point is decrease of Y123 but increase
of Y235. The different deficiency of pure and doped fluorine at 0.25 equal 5.55. However, the
deficiency curve of Y123 was like a bell shape® but it overturned bell. For fluorine doped in
Y235, the lowest deficiency value at 0.15, the maximum deficiency value at 0.25. Thus, different
value of the lowest and maximum value of Y235 was 2.21. We can see that the deficiency value of
Y123 had more the value than Y235 was about 2.5 times. Thus, the both superconductors,
maximum value of fluorine will be the more deficiency value.
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Fig. 5. Oxygen content and deficiency value versus Fluorine doping.

The effect of fluorine doping on the samples showed that there was a no effect of the c-
axis on the both superconductors. The Y235 has difference of anisotropy more than Y123.
However, Y123 has more different deficiency value than Y235. Because the anisotropy of
YBaCuO material corresponds to an orthorhombic distortion and asymmetric distribution of
oxygen. Additionally, these compounds have the structure with the layers of CuO, and Cu-O
chains and complex structure. Therefore, the distortion of the structure of the material occur easily.
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Then Y235 has Y atom more Y123,Y235 more orthorhombic distortion and asymmetric
distribution of oxygen than the Y123.

Oxygen content and deficiency parameter used in this study created from Y123+F and
Y235+F. The materials were ground, mixed and several heat treatment. Long annealing time was
necessary to produce fully oxygenated sample. To prevent contamination has been taken to make
sure all instruments used in the sample synthesis were cleaned thoroughly and crucial to repeatedly
grind the sample homogeneity so that chemical reactions proceed in a uniform character®.

4. Conclusions

The YBa,CuzOF, (Y123+F,) and Y,Ba;CusOyF (Y235+F,) with x = 0,0.05, 0.1, 0.15,0.2

and 0.25 synthesized by solid state reaction method with the calcinations temperature at 810 °C
and sintered 925°C.The critical temperature onset of all samples were equal 92 K, 91 K, 95 K,
94 K, 94 K and 93 K, for Y123+F, and 92 K, 93 K, 93 K, 92 K, 92 K and 92 K for Y235+F, with
x = 0,0.05, 0.1,0.15, 0.2 and 0.25, respectively. The Fluorine doping samples with x=0.1 was
larger grain size and porosity reduction investigated by SEM.The resulted refine that grains and
higher critical temperature.The compounds composition of the samples consist of two compounds
fraction, the superconducting compounds (Pmmm) were orthorhombic structure and the non-
superconductiong compounds was Y?211(Y,BaCuOs) for Y123 and BaCuO,(Im-3m) and
Ba,Cus;0s(Pccm) for Y235. The superconducting phase increase as the F-doping.The fluorine
doping no effect in a,b and ¢ axis value. The anisotropy parameter of Y235 was changing with the
fluorine doping concentration increased more than Y123. The oxygen content, deficiency and
Cu**/Cu® ratio of the samples characterized by iodometric titration method. The pure Y123 and
Y235 were shown the highest of Cu®/Cu®" ratio and deficiency parameter. The pure Y123
exhibits wasthe highest of oxygen content. The Cu®**/Cu®" ratio versus the fluorine doping shown
the bell shaped curve are found in the both superconductors from 0.1 to 0.2. However, the quantity
of doped materials has a limitation. At x = 0.2, the change on grain size and critical temperature
have not found.Therefore, the amount of doped materials must be the appropriate quantity.
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