Design of a pressure cell for 1 GPa heat treatments of
ferropnictide (BaFe,As,) superconductors

Marcos Corchado?l; Jeremy Weiss?; Eric Hellstrom?
lUniversity of Puerto Rico - Mayagliez
2Applied Superconductivity Center, NHMFL

Abstract: Pressure cell designh and components: Critical stresses when under load:
Critical current density (J.) In ferropnictide wires Is oush Rod 4 after load ied

shown to increase as heat treatment temperature ush Rod (removed after load is applied)

decreases, illustrated in Figure 1. Below 550°C however,

J. decreases as a result of the material’s low density, ) Screw

where voids present in wires act as insulators that block
off current. The focus of this project Is to design a
pressure cell capable of exerting 1 GPa of pressure on a
ferropnictide sample at 550°C. The added pressure will
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help increase the density of the material, thus enhancing
ItS superconductlve propertles. Fig. 4 Hoop stresses (purple) and radial stresses (red) on insert (left)
= Sample and body (right)
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P (K) Material selection and design: Assumptions for stress analysis:

Fig 1. Critical current density as a function of heat Stainless steels were chosen given

treatment temperature. All heat treatments done at NOE Metals | Ceramics . : their high strengths at a wide range 1. Stresses on body and insert were modeled as

200 MPa - ailess stosl| and alloys — of temperature and their relative - - -
- stresses on pressurized thick walled cylinders
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2. For material properties at 600 °C:

Primary Objectives:

| Table 2. Material selected for each component A. Coefficients of thermal expansion at 600 °C
. . £ were found through material data sheets
* Design a small pressure cell capable of heat treating §'°° Component Material B Vield strenath atg600 °C was estimated 1o
samples at 600°C under 1 GPa of pressure = N 410 Stainless ' J .
= | 14 Body be half the vyield strength at room
* Pressure cell must be able to: B 1 P o Ste-el temperature (estimation based on data of
1. Withstand stresses due to applied load of 1 GPa at | “Polymers Screws 410 Stainless . _p .
room temperature “"\ \/ Rubbers Steel similar steels)
. . = : k 1~ Wood anc TungSten Tl
2. Withstand additional thermal stresses that develop : | \}\ s s 1 | Push Rods Carbide C. m(r)r?z:xjilnuin;:aneg;zzmlty was assumed to
at higher temperature due to thermal expansion } ol L L = — | Sressure Pads ngrgbsigeen
3. Resist creep deformation MAXIMUM SERVICE TEMPERATURE (°C)
Insert M4 Steel .
Fig 3. Strength of various materials at maximum o _ 17-4 PH Stainless ACknOWledg ments:
Results: service temperatures Retaining Rings Steel
. . (http://www.materials.eng.cam.ac.uk/mpsite/interac- This work was supported by the National Science
Table 1. Safety factors for stresses on various components (stresses at 600°C) tive_charts/strength-temp/NS6Chart.html) Foundation under award numbers DMR-1157490, DMR-
Type of stress Component Safety Factor 1006584 and DMR-1306785 and by the State of Florida.
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