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Iron Based SuperConductors (IBSCs) are formed from pnictides (P,
@@ inenen s °""°°‘°""h.se.n As) or chalcogenides (Se, Te) interspersed with various elements
. gl and were discovered in 2008 [1]. The different combinations of
the elements lead to the formation of compounds with different
structural characteristics that are reflected in the superconducting

(a) Iron-based system

The potential of the 1144 family has not yet been
fully reached, showing possible improvements in the
production of superconducting wires using the
Power in Tube (PIT) method [2] and [3] .

The quality of policristalline powders needs
improvements (less contamination, enhanced

d..=28A

(b) Cuprates -':y::'% M’ ]
’ ‘ > » »

3“{ Jf e i - ; e m-.,so:' omgpeM?E properties and group them into different families fig 1. The critical il sintering).
» Cr - T S v\gg;g g ~ a0 | - temperatures Tc of some of these materials reach the threshold of
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B S A It has been discovered through targeted chemical
In the application perspective, IBSCs have clear advantages in terms of grain § 30 — ® A substitutions how this plays a key role on critical
boundary nature, low anisotropy and high crystallographic symmetry of the E = temperature values [5]. Now it is crucial to
superconducting phases, all of which make them advantageous in the application of E E) | understand how the chemical composition
the standard process for bonded superconductors, the PIT method, for wire and tape | G S = ® ; K o influences the intrinsic properties of the system, in
fabrication. The figure highlights the plausible application space of the Tc-magnetic £ 5 . o TR particular for example the critical current density..
field relationship. One of the main potential application areas for IBSC g . VW Simuttaneous A
superconducting wires is high magnetic fields, where they show excellent robustness | = 3_;0 o '/' 3.25 T 3_'40 ’
C/la

[4].
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AIM |: INVESTIGATION AND OPTIMISATION OF THE MICROSTRUCTURAL CHARACTERISTICS AIM 11: THE STUDY OF THE EFFECT OF CHEMICAL COMPOSITION ON THE SUPERCONDUCTIVE AND

OF POLYCRYSTALLINE MATERIAL. STRUCTURAL PROPERTIES OF SYNTHESIZED MATERIALS.

B CaKFe,As,

SYNTHESIS OF POLYCRYSTALINE MATERIALS
0 A Q:‘ase v RE have similar ionic radii to Calcium The possibility of obtaining partially
= / 114 pm substituted Ca/K-1144 compounds
£ M | 4 75 T ] | 2 83 8 with the with rare-earths (RE, Rare -
~ 600°C o f La 1»17{2 pm Re Qs | Au nNg Pbh Bi PO At Rn .
2 _,/\,\!5_(),%\__ i ‘ | Earths ) (La, Pr, Sm and Er) and with
g, ] o e o e | i e P | i e s ks Uop Gdk Uas, U RE together with A or Ae (Na and La,
L 13 m 19' prz = 1 pwm = = Ba and La) and the effects of the
@ d Pm Eu Gd Tb Dy Hon Yb Lu substitutions with the material
Elements milling  Thermal treatments ’é(l) ~ ; BN e NG A properties were investigated [7].
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Specifically, by optimizing the 1144 materials synthesis route, based on a S 5 °
mechanochemically assisted synthesis route was used to produce high- 4 - (“-;ﬁFe‘As. . : tal data sh that
quality polycrystalline materials, that were subsequently characterized 5 — s Xperimental data s OV\,’ a - 42K mua
. .. I the tendency observed in the § 0B O NaBa-1144
morpho-structurally and with Critical Temperature measurements. 7 2 : A La1144
10 20 30 40 From XRD analyses, it was trend of critical temperatures| =
ANALYSIS OF THE CHEMICAL AND MORPHOLOGICAL NATURE OF GRAIN EDGE AND ITS WEIGHT ON T, observed that La can be used as as a function of tetragonality &
substituent in Ca/K-1144 ration (c/a) is confirmed with §
compounds, giving rise to a clean Rare Earths and not only 3
phase and to a distortion of the limited to alkali and alkaline — © S ST CE S P CE R TE et
The chemical compositions in the grain boundary of CaKFe,As, show lattice [7] earth metals [7]. Pt a4 s BT B 8 A0 T2 e e s e
e . L . ] Magnetic Induction (T)
CaKFe,As,oxidized that oxygen is unevenly distributed and segregated at the grain
boundaries. The distribution of Ca indicates that Ca is also segregated Aliovalent  substitution  results in
at the grain boundaries. Ca has the highest affinity for O among Ca, K, 35 — V'A improved Jc(B) dependencies,
Fe, and As, and the segregation of Ca in grain boundaries is i < vA compared to the unsubstituted
rationalized by the formation of Ca oxides in the grain boundaries of g e . 4 CaKFe4As4 sample [8]. The chemical
CaKFe,As, [6] . :2 2hetaDe0 < A substitution brings with it both
’E La20% structural changes in the sample and a
Q
=

Critical Temperature (K)
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The image shows - JL'J\J e Ba (0.05-0.1-0.2) change in the chemical nature of the
A Na (0.1-0.2-0.4-0.6) grain boundary, since in polycrystalline
an elongatea ' mas% . Y Simultaneous samples we cannot separate the
grain  structure ¢ sr(0.1) A L .
th erain sizes, L CalK-1144 0 - % Y% Ba(0.1)La(0.1) contribution of the grain boundary on
(b) . K :\;In ing from 50 ° “WLJLUMWM <« La(0.05-0.1-0.2) the superconductive effects it is not
g o goog m and >0 40 60 _ 80 100 120 3,20 3’25 3,|40 possible to attribute this enhancement
F bricht ; ' 2theta(Deg) a effect to either factor. This remains an
g e rlg. . contrasts aspect to be investigated.
or s e clarifying
0om RN oxidations at the
boundaries [6] . CaKFe,As,oxidized THE EXPERIMENTAL EVIDENCE ALLOWED US TO OBSERVE ISSUES RELATED TO EXTRINSIC
i PROPERTIES (THE DEGREE OF AGGREGATION, DENSITY, QUALITY, AND GRAIN EDGE

ORIENTATION) OF 1144 POLYCRYSTALLINE SYSTEMS, SUGGESTING THE NEED FOR THE STUDY
OF SINGLE CRYSTALS OF 1144 SYSTEMS THAT WOULD ALLOW BY COMPARISON, TO BETTER
ISOLATE THE CONTRIBUTION OF EXTRINSIC PROPERTIES PROVIDE, AND TO ANALYZE THE
INTRINSIC PROPERTIES (THE CHEMICAL COMPOSITION, CRYSTAL STRUCTURE, AND
ELECTRONIC STATE WILL BE) AND THEIR CONTRIBUTION ON THE SUPERCONDUCTIVE
PROPRETIES OF THE MATERIAL.
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The oxidized samples show a significant broadening of the
superconducting transition. The onset does not vary — : ) :
significantly, as is evident in Fig. 5, but zero resistance is not Future developments: Growth and caracterization of variosly substituted single crystals
observed until low temperature. Considering the nature of
the resistance measurement, which probes the existence of

The synthesis of crystals of compounds 1144 is complex because unwanted secondary phases such as FeAs, KFe,As, and
CaFe,s, can be formed, and to avoid this, the experimental conditions of FeAs -flux synthesis will have to be investigated

i i 6 percolative pathways through the sample, this suggests that and studied.
T B coavr nl” oxidation phenomena promote the formation of non- Reactor design " : " | orofil
50 100150200250300 20 25 30 35 40 superconducting blocking layers through the material [6] . Phase diagram Thermal profile
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