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Abstract
Dysprosium-doped at Ca site in low density Bi1.6Pb0.4Sr2Ca2-xDyxCu3Oy with varying stoichiometry (where x=0.000, 0.025, 0.05, 0.1 and 0.2) were prepared by solid state method. In this work, the samples were characterized by X-ray diffraction analysis (XRD), field emission scanning electron microscopy (FESEM), electrical resistance, and critical current density (JC) measurements. All of the results indicated deterioration on the superconducting properties due to the substitution of dyprosium at Ca site compared to undoped samples. It has been observed that the JC of low-density Bi-2223 at 60 K under zero magnetic field for Dy-free and x=0.050 (optimum doping level) was measured to be 12.120 A/cm2 and 1.547 A/cm2 respectively. Superconductivity transition temperature, TC of undoped samples were found to be higher than doped samples. For undoped samples the TC zero was observed at 102 K and it decreased to 55 K, 66 K, 40 K and 40 K for x=0.025, 0.050, 0.100, and 0.200 respectively. The XRD results showed the c-axis decrease as the Dy doping increase and the crystal structure of the doping samples changed from tetragonal to orthorhombic. FESEM results showed the surface morphology of  Dy doping indicated a weaker link between grains compared to the undoped samples.
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Abstrak
[bookmark: _GoBack]Dysprosium didopkan di tapak Ca kepadatan rendah Bi1.6Pb0.4Sr2Ca2-xDyxCu3Oy dengan stoikiometri yang berbeza-beza (di mana x = 0.000, 0.025, 0.05, 0.1 dan 0.2) telah disediakan melalui kaedah keadaan pepejal. Dalam kajian ini, sampel telah dicirikan melalui  analisis pembelauan sinar-X (XRD), bidang pelepasan imbasan elektron mikroskop (FESEM), dan telah diukur rintangan elektrik dan ketumpatan arus kritikal (JC). Semua keputusan penggantian Dyprosium di tapak Ca menunjukkan  kemerosotan telah berlaku pada sifat-sifat superkonduktor berbanding dengan sampel yang tidak didopkan. Ia telah diperhatikan bahawa JC ketumpatan rendah Bi-2223 pada suhu 60 K di bawah sifar medan magnet untuk sampel bebas Dy dan x = 0.050 (tahap optimum pendopian) masing-masing telah diukur dan  mempunyai nilai 12.120 A/cm2 dan 1.547 A/cm2. Suhu peralihan kesuperkonduksian, TC sampel yang tidak didopkan didapati lebih tinggi berbanding sampel yang didopkan. Untuk sampel yang tidak didopkan TC sifar diperhatikan berada pada 102 K dan ia menurun kepada 55 K, 66 K, 40 K dan 40 K untuk x = 0.025, 0.050, 0.100 dan 0.200. Keputusan XRD menunjukkan penurunan pada paksi-c disebabkan peningkatan Dy-yang didopkan dan struktur kristal sampel yang di dopkan juga berubah dari tetragonal kepada ortorombik. Keputusan FESEM menunjukkan permukaan morfologi Dy yang di dopkan  lebih  lemah pautan di antara butiran berbanding dengan sampel yang tidak didopkan.

Kata kunci: Superkonduktor, BSCCO,Dy-yang di dop, Kepadatan rendah


Introduction
The dopant process is drawing much attention and pertinent findings have been published especially regarding the understanding of the relevant parameters including the nature of charge carriers, structural stability, thermal stabilities, the effect of carrier concentration on the superconducting system, and others [1]. The improvement of superconductivity system is attributed to the increased density of mobile holes in CuO2. However, sometimes the chemical doping method can cause the superconducting properties to become regressed. This is due to the decrement in the number of charge carriers (either holes or electron) in the material [2]. The substitutional studies of RE3+ at the Ca site in Bi-2212 superconductor revealed a repulsion between the CuO2 layers, thereby increasing the CuO2-CuO2 plane separation. The increment of excess oxygen incorporated in between Bi2O2 double layers resulted in the increase in rare-earth concentration [3,4]. Some of substitution of rare earth elements can make the peak shift, hence indicates that the c-axis length decreases with the increment of substitution concentration. These variations of c-axis length show that the substituted RE enters into the crystal structure [5]. In this paper, we have characterized the Dy-doped at Ca site in low-density Bi1.6Pb0.4Sr2Ca2-xDyxCu3Oy superconductor via solid state method. The low-density samples have intermediate medium, known as porous structure. Interestingly, this structure has a high space factor that can operate at high current density [6]. In addition, the porous structure slightly improved the grain boundaries compared to high-density sample. And the strength of super current depends on the proportion of grain boundaries that are strong links [1].
	
Materials and Methods
Samples were prepared by applying solid state method. The high Tc superconducting samples with nominal composition of Bi1.6 Pb0.4 Sr2 Ca2-x Dyx Cu3 Oy (where x = 0.000, 0.025, 0.050, 0.100 and 0.200) ceramic superconductor were prepared from powders of Bi2O3, PbO, SrCO3, CaCO3, Dy2O3, and CuO with 99.9% purity. The powders were weighed on a digital balance according to their stoichiometric ratio. The powders were milled together with an absolute ethanol in alumina pot for 24 hours. After milling processes, the homogenous mixture of powders was dried out in the oven at 120 OC for 6 hours. The powders were ground and pre-calcined at 800°C for 15 hours. Then the powder mixture was again calcined at  820°C  for  15  hours  to  remove  all  oxides  and  carbonates. The powders were pressed to become a pellet of 2 grams by applying a pressure of 30 MPa. To form a high-density pellet, 2 grams of mixed powder was used. While 1.95 grams of mixed powder was added to 0.05 grams of polycrytalline sucrose to form a low-density pallet. The pellets were heated to 400°C for two hours to remove the sucrose. Finally, the resulting high-density and low-density pellets were sintered at 850°C for 72 hours to form a high TC phase BSCCO superconductor. The samples (where x=0.000) were labelled as A for high density and a for low density. The substitution of low-density samples (where x=0.025, 0.050, 0.100 and 0.200) were labelled as b, c, d and e respectively. The high-density and low-density were obtained from high and low dimension and Archimedes water displacement technique using a densitometer. The samples were measured for their TC, IC, JC  using four point probe machine. X-ray diffraction (XRD) analysis of the product was carried out using Cu (Kɑ) radiation. The surface morphologies of the samples were studied using an FESEM machine. 

Results and Discussion

Figure 1 shows the temperature dependence of electrical resistivity for undoped and doped samples with various Dy concentrations. All samples showed metallic behaviour up to the onset temperature (T on), except for sample x=0.200 which showed semiconducting behaviour. For undoped samples, the TC zero was observed at 102 K and it decreased to 55 K, 66 K, 40 K and 40 K for x=0.025, 0.050, 0.100 and 0.200 respectively. At the point below and above the optimum concentration (x=0.050) of Dy where x=0.025 and x=0.100, the resistivity curve showed an inflection due to the double step transition and this means that Dy-doped at Ca site have weak links between the superconducting grains [7]. As a result, the substitution of Dy at Ca site were observed that the Dy3+ ion depressed the superconducting transition temperature.


     
Figure 1. The temperature dependence of the normalized resistance                                                                        


Figure 2. Variation of the carrier concentration with TCzero (x=0-0.20)

The variation of the carrier concentration with TC zero (x=0-0.20) are given in Figure 2. The results obviously showed that the TC zero was more sensitive to the changes of Dy concentration. The doping samples exhibited increasing values of TC towards the optimum concentration and decreased after increasing the Dy dopants further. The decreasing of TC zero values may be due to the weak link between BSCCO grains, distortions in the structure, and lattice defect of the dopant samples [8].

Table 1. Critical temperature (TC) , critical current density (JC),  and hole concentration (P) for all samples
	Sample
  code
	          Critical
      Temperature (K)
	   Critical current density
              JC (A/cm2)
	        Hole
Concentration
        (P)
	 Bulk 
density       (g/cm3)

	
	TC onset
	TC zero
	ΔTC
	   40 K
	  50 K
	  60 K
	
	

	A
	109
	102
	7
	14.471
	12.075
	10.567
	0.1303
	6.00

	a
	109
	102
	7
	13.021
	13.636
	12.120
	0.1303
	4.67

	b
	65
	55
	10
	 2.717
	1.4630
	-
	0.1168
	5.11

	c
	85
	66
	19
	 2.998
	2.418
	1.547
	0.1078
	5.27

	d
	83
	40
	43
	 0.271
	-
	-
	0.0808
	5.14

	e
	80
	40
	40
	 0.185
	-
	-
	0.0822
	5.21


Sample ‘A’ represents high density
The Archimedes water displacement technique using a densitometer was used in order to measure the density of the samples. The obtained density from this technique showed that the density of high and low density of undoped samples were 6.00g/cm3 and 4.67g/cm3 respectively. 
The critical current density, JC of low-density undoped sample at 50 K and 60 K were found to be higher than the high-density undoped sample. This means that low-density undoped sample has a large current carrying capability compared to high-density undoped sample. This suggested that the porous structure has a high space factor and can operate at high current density [6].
Table 1 shows the critical current density, JC for undoped and doped samples with various Dy concentrations. All of the results showed that the deterioration on the superconducting properties was due to the substitution of dyprosium at Ca site as compared with the undoped samples. It has been observed that the JC of low-density Bi-2223 at 60 K under zero magnetic field for Dy-free and x=0.050 (optimum doping level) were measured to be 12.120 A/cm2 and 1.547 A/cm2 respectively. The concentration value of Dy at x=0.050 was claimed as the optimum doping on the system due to the high critical current temperature, TC and critical current density, JC  compared to other doped samples. At higher levels of substitution (x=0.200), the JC values decreased. These were due to the increasing porosity, reduction of hole density, p and decreasing of inter-grain connectivity [5]. 

Figure 3. Variation of the hole-carrier concentration vs. Dy-content
The p-values of the samples have been calculated and are shown in Table 1. The variation of the hole-carrier concentration vs. Dy-content is also depicted in Figure 4. According to these results, the Dy substitution in low-density Bi-2223 system remarkably reduces the hole-carrier concentration and tends to decrease in the superconducting properties of the system. The destruction of the superconducting properties in BSCCO system extremely depends on the numbers of holein CuO2 layers [8]. The substitution of  Dy3+ ions at Ca2+ in this system reduce the number of effective holes, and usually increasing the oxygen content is not enough to compensate for the charge change. As a result, the number of holes in the CuO2 planes decreased [9]. The density of mobile holes in the CuO2 planes was associated with the high TC superconductor and on the average Cu valence.  The substitution of Dy3+ ions for Ca2+ ions leads to a decrement in the Cu valence [7].
 e   x= 0.200
A   x= 0.000
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Figure 4. The X-ray diffraction pattern. The peak indexed   represents      Bi-2212
Table 2. Lattice parameter and relative volume fraction of the samples

	Sample code
	Dy
Concentration
	    Lattice parameter (Å)
	Volume (Å3)
	Volume fraction [%]

	
	
	a
	b
	c
	
	Bi-2223
	Bi-2212

	                               
A
	
  x=0.000
	
5.384
	
5.386
	
 37.056
	
1074.558
	
83.76
	
16.24

	a
	  x=0.000
	5.384
	5.386
	 37.076
	1075.138
	84.07
	15.93

	b
	  x=0.025
	5.371
	5.427
	 36.886
	1075.168
	51.61
	48.39

	c
	  x=0.050
	5.371
	5.429
	36.970
	1078.014
	56.87
	43.13

	d
	  x=0.100
	5.379      
	5.437
	36.854
	1077.818
	31.12
	68.88

	e
	  x=0.200
	5.388       
	5.455
	36.812
	1081.961
	29.63
	70.37


Sample ‘A’ represents high density
The results of XRD patterns of all samples are shown in Figure 4. As shown in Table 1, it can be seen that the lattice parameter of the crystal structure of high and low-density undoped samples is tetragonal whereby a=b≠c. This means that the absence of organic peaks (C12H22O11) proved that the sucrose addition to create open pores was completely burned out and did not affect the crystal structure [10]. 

However, as clearly seen from the lattice parameters, all samples of Dy-doped changed the crystal structure from tetragonal to orthorhombic whereby a≠b≠c. It is found that, the volume fraction 2223 decreased with the substitution of Dy3+ and vise versa for 2212 phase. This means that the intergranular contact decreased with higher ionic size of Dy3+ (1.05Å) substitute at Ca2+ (0.99Å) and led to the decreasing of Bi-2223 phase formation in this type of samples [11]. The results showed the length of c-axis decreased with the addition of Dy-doping. It is believed that the substitution of Dy into the Bi-2223 system distorted the bond structure and it changed the unit cell parameters [6].
The increasing of a-axis and b-axis as the results of substitution is very hard to understand. Since the length of both a-axis and b-axis were controlled by the length of the plane Cu-O bond. It is believed that the increment in a-axis and b-axis may result from the decrement of the hole concentration, which weakened the Cu-O bond [12]. This is correlated with the lowering of the transition temperatures and critical current density with the increment of Dy addition [7].
The enhancement of Dy content caused the broadening of the resistance increased. The results of the FESEM measurements support this phenomenon to happen due to the existence of weak links between the superconducting grains [2].

 [image: C:\Users\user\Dropbox\fesem\pure 72h_1.jpg] [image: C:\Users\user\Dropbox\fesem\0.05g suc 72h_1.jpg]B
A


Figure 5. FESEM micrograph of the cross-section of the a) high-density and b) low-density undoped samples
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Figure 6. FESEM micrograph of the cross-section of the low density doped samples for a) x= 0.025; b) x= 0.050; c) x= 0.100; and d) x= 0.200

The FESEM images presented in Figure 5 show the morphology for the crystal of high and low density of the undoped samples. Plate-like particular structure is shown in sample A. There is a small amount of plate-like particulars, which are not crystallized and grain dimensions are not homogenous. The surface of sample a is larger with better grain boundaries. Furthermore, the grain morphology illustrates clear and flaky grains with layered growth.
Figure 6(a-d) represent the surface micrographs for the samples doped with Dy. Figure 6a and Figure 6b show the changing in grains compared to the low-density undoped-Dy sample. It was recognized that the oriented flake-like grains were obtained and some pores between the grains were observed. Figure 6c and Figure 6d show the granular formation on the surface that were obtained by increasing the Dy concentration, which have become smaller plate and randomly oriented shapes. It is suggested that the grain connectivity is worsened greatly with the increasing of Dy addition. This is related to the unstable behaviour of the Dy ions in the BSCCO system, because the Dy ions are more active than the Ca ions due to their small ionic radius [6]. 
Conclusion
The effects of Dy-doping on superconducting properties of Bi1.6Pb0.4Sr2Ca2-xDyxCu3Oy crystal have been conducted. It was found that the substitution of Dy at Ca site indicated deterioration of the superconducting properties compared to the undoped samples. The doping samples exhibited increased values of TC and JC towards the optimum concentration and decreased after further increasing the Dy dopants. The destruction in the superconducting properties in BSCCO system extremely depends on the hole numbers in the CuO2 layers [8]. The substitution of Dy3+ ions at Ca2+ in this system reduced the numbers of effective holes, and increased the oxygen content. The results showed that the length of c-axis decreased with the addition of Dy-doping. It is believed that the substitution of Dy into Bi-2223 system distorted the bond structure and changed the unit cell parameters [6]. FESEM results showed that the surface morphology changed with the addition of the Dy-atom in the low-density Bi-2223 and indicated a weaker link between grains compared to the undoped samples.
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Intensity (a.u) 
x=0.000 A	299.99499999999983	274.71899999999977	250.035	224.77299999999997	199.82700000000008	179.88600000000008	159.935	139.893	134.91399999999999	129.92100000000008	124.925	119.93	118.97199999999999	117.98099999999999	116.992	115.986	114.99400000000004	113.988	112.985	112	110.976	110.00700000000002	109.01300000000002	108.01100000000002	107.012	106.01700000000002	105.018	104.018	103.018	102.08799999999999	102	101.01900000000002	100.02	99.016800000000003	98.010099999999994	97.010300000000001	96.0137	95.014100000000042	94.012900000000002	93.013300000000001	92.013800000000003	91.001900000000006	90.009799999999998	89	88	87	86	84.962000000000003	84	83	82	81	79.962400000000002	79	78	77	76	74.975899999999982	74	73	72	71	69.881999999999991	69	68	67	66	64.905000000000001	59.933500000000002	54.948800000000006	49.968400000000003	44.982300000000002	39.981599999999993	34.979800000000004	30.002199999999981	25.005699999999983	20.328600000000002	1	0.93828871239754763	0.86974162343446593	0.79621312603305139	0.72286788628513565	0.66417962275248554	0.60398384685594231	0.53775293101345634	0.52238837663607463	0.50406770177667526	0.48867333166995525	0.46770342017685668	0.46265438093783001	0.45735808930916333	0.45209161340983517	0.44590303153973299	0.44097761849552575	0.43463486748835445	0.42776779597256426	0.41957646974637958	0.41058666374424097	0.39937885836445075	0.3873398486277238	0.36852757784068857	0.34173923584903665	0.30879430935535435	0.25407953716679743	0.16882182272861762	6.0823970042900528E-2	1.0823970042900511E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	x=0.000 a	300.07400000000001	274.72699999999963	250.018	224.77199999999999	199.82900000000001	179.91499999999999	159.92100000000008	139.88200000000009	134.90200000000004	129.905	124.90900000000002	119.92	118.94300000000004	117.96299999999999	116.97	115.96700000000004	114.962	113.97	112.98099999999999	111.99000000000002	111	110.008	109.01100000000002	108.021	107.027	106.032	105.024	104.033	103.024	102.02200000000001	102	101.024	100.02200000000001	99.020499999999998	98.0214	97.025099999999981	96.0137	95.014100000000042	94.012900000000002	93.013300000000001	92.013800000000003	91.001900000000006	90.009799999999998	89	88	87	86	84.962000000000003	84	83	82	81	79.962400000000002	79	78	77	76	74.975899999999982	74	73	72	71	69.881999999999991	69	68	67	66	64.905000000000001	59.933500000000002	54.948800000000006	49.968400000000003	44.982300000000002	39.981599999999993	34.979800000000004	30.002199999999981	25.005699999999983	20.328600000000002	1.0000000160819649	0.91733250043696646	0.84174794669728148	0.77181014079173571	0.69693998945491697	0.64222434574282372	0.5823483416008387	0.52423577479203165	0.50932223875842997	0.49315718383879698	0.47562790630649421	0.45887987921636747	0.45430504370591906	0.44995957384143398	0.44448081437886333	0.43930063802291025	0.43405188737170536	0.42720434973044924	0.4201586682645474	0.41154890630006224	0.401503794678707	0.390741185418437	0.37646453586251732	0.35956775104636601	0.33142635113255042	0.29428122568059101	0.23127200429917497	0.15099570044211216	5.2379493475115231E-2	1.04900949347511E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	x=0.025 b	299.88400000000001	275.024	249.90600000000001	224.876	199.864	179.893	159.91899999999998	139.89800000000008	129.899	119.9	114.91200000000002	109.91400000000004	104.92700000000002	99.938999999999993	94.940500000000043	89.947300000000027	84.965500000000006	79.961400000000026	77.982200000000006	75.983800000000002	73.982500000000002	71.756100000000004	69.774000000000001	67.788799999999981	65.814400000000006	63.819499999999998	61.841699999999996	59.852899999999998	57.866600000000005	55.852999999999994	53.906600000000005	51.909500000000001	49.913699999999999	47.929500000000012	45.860800000000005	43.941599999999994	41.950599999999994	39.765600000000013	37.930300000000003	35.968100000000021	33.803399999999996	31.971699999999981	30.362599999999983	28.004899999999999	26	24	22	20	1.0000000142748586	0.96154354521823149	0.92166434858824031	0.88178991024444764	0.84052129404448184	0.8075749204057675	0.77326291862807228	0.738303789927374	0.71793356671141051	0.69946189968866568	0.68877954717293566	0.67939144850321043	0.66126237808675958	0.63009560348630189	0.61718161474345501	0.60670386853426261	0.59375181350182793	0.58131841166503351	0.57972914407472065	0.56923236472073335	0.56101480445584961	0.55061794911203221	0.53516779382536206	0.51266110010625221	0.47601563477679121	0.39891617184455502	0.27755465486484837	0.15446112170887191	6.6059301569235215E-2	1.5492423142971758E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	x=0.050 c	299.99400000000003	274.952	249.84900000000002	224.797	199.81700000000001	179.86	159.92500000000001	139.87700000000001	129.90600000000001	119.91600000000004	114.95	109.94500000000002	104.962	99.981600000000043	94.979200000000006	89.969700000000003	84.976399999999998	79.973600000000005	77.982500000000002	75.980099999999993	73.976500000000001	71.810400000000001	69.8279	67.854699999999994	65.869600000000005	63.878700000000002	61.891100000000002	59.897600000000004	57.9041	55.894500000000001	53.929400000000001	51.926700000000011	49.945900000000002	47.9435	45.874399999999994	43.951899999999995	41.945700000000002	39.921700000000001	37.954599999999999	35.956199999999995	33.936500000000002	31.971699999999981	30.362599999999983	28.004899999999999	26	24	22	20	1.0000000241636033	0.96623743047149935	0.92930336394197255	0.89507562090038062	0.85716896936737819	0.82640266239405868	0.7929964818398747	0.76023063675381874	0.7433281967555172	0.72501218600682149	0.71271291229826483	0.69717107878947449	0.67977559437478685	0.66705205377633903	0.64748930805893001	0.63229644294251564	0.61318907420962554	0.5787885614096514	0.55845368166616249	0.532134081655941	0.48399837306463916	0.38429814067723217	0.2415510543999414	8.6629741057398041E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	x=0.100 d	300.11799999999999	274.78599999999983	249.83500000000001	224.82800000000009	199.83200000000008	179.85100000000008	159.91399999999999	139.874	134.90300000000002	129.92100000000008	124.929	119.935	114.94300000000004	109.96400000000004	104.958	99.966700000000003	97.989400000000003	95.998900000000006	93.992999999999995	91.987700000000004	89.987200000000044	87.978099999999998	85.987300000000005	83.98	81.988	79.973699999999994	77.972499999999982	75.967600000000061	73.966800000000006	71.830600000000004	69.830299999999994	67.842399999999998	65.851399999999998	63.856599999999993	61.877099999999999	59.874599999999994	57.882799999999996	55.868000000000002	53.899500000000003	51.896000000000001	49.924300000000002	47.909500000000001	45.880099999999999	43.910499999999999	41.9377	39.906400000000005	37.962100000000021	35.997200000000007	34.248100000000022	31.922999999999981	30.156400000000001	28.346299999999989	26	24	22	20	1	0.98548642955583221	0.96786806138060411	0.94875964609654573	0.92993900815110153	0.91447897001548784	0.89826111822152077	0.878740222085447	0.874014278680186	0.86705646213766319	0.86179333436698724	0.85455093801183402	0.84809193552291173	0.84063210740080541	0.83150636824071356	0.82136701334350004	0.8180479813714695	0.81355225983710056	0.80931553790748589	0.80339691730996354	0.79656380428084139	0.78897927264533496	0.77822919028505944	0.76381154562043052	0.74317791044171	0.72139316590852787	0.69935261929657722	0.67940964973053364	0.65738509074850582	0.6341102991064933	0.61196103661106538	0.59043529168263653	0.56481671349390172	0.53920453035713578	0.51139564686893935	0.4792125478337898	0.43961438604031788	0.38394226112218677	0.29802569717337757	0.19077268183442969	0.11218101041117659	5.9014786607187994E-2	2.8755990684839416E-2	1.1913981818675408E-2	3.8043038635802414E-3	0	0	0	0	0	0	0	0	0	0	0	x=0.200 e	300.05500000000001	274.78299999999984	249.81800000000001	224.8	199.81300000000002	179.87700000000001	159.911	139.87700000000001	129.89700000000008	119.91800000000002	114.93700000000004	109.95399999999999	104.95699999999999	99.967200000000048	94.984300000000005	89.969700000000003	84.972999999999999	79.969899999999996	77.977199999999996	75.975200000000001	73.966399999999993	71.8322	69.844300000000004	67.877499999999998	65.887200000000007	63.885899999999999	61.906400000000005	59.898000000000003	57.910399999999996	55.905500000000011	53.9313	51.934100000000001	49.950799999999994	47.929900000000011	45.8825	43.9437	41.9589	39.936700000000002	37.964100000000002	35.956099999999999	33.978500000000011	31.967099999999984	29.9344	28.241499999999981	25.836800000000011	23.966499999999986	22	20	1	1.0071072336691298	1.0154137170799458	1.0254164193254043	1.0346592769345304	1.0422231849052956	1.0490310858388998	1.0538242472064709	1.0542943531052136	1.0545879294419795	1.0528168774234559	1.0520455199896039	1.0500384556219169	1.0477454901158119	1.0447732695560175	1.0383779105335524	1.029117783728146	1.0053361816506079	0.98378230589322591	0.9485704146777274	0.89552520010345404	0.82403072750307782	0.75105877922094322	0.67794292096980702	0.60365851377037105	0.52754740936439815	0.45101608784893882	0.37529641855865281	0.30321671208433326	0.23538714669455016	0.17400666671566004	0.1192815431032328	7.5361371843461991E-2	4.1003346444043187E-2	2.0042725142877187E-2	7.5718326130575489E-3	2.3235070391258781E-3	0	0	0	0	0	0	0	0	0	0	0	Temperature (K)
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