Review of

Scientific Instruments

ARTICLE scitation.org/journalirsi

Design optimization through thermomechanical
finite-element analysis of a hybrid
piston-clamped anvil cell for nuclear magnetic

resonance experiments

Cite as: Rev. Sci. Instrum. 90, 013901 (2019); doi: 10.1063/1.5059391
Submitted: 20 September 2018 * Accepted: 14 December 2018

Published Online: 3 January 2019

@ o @

N. Barbero,'? """ G. Abbiati,”

E. Enrico,® G. Amato,*” E. Vittone,”

H.-R. Ott,'© J. Mesot,'® and T. Shiroka'®

AFFILIATIONS

"Laboratorium fur Festkorperphysik, ETH Zurich, CH-8093 Zurich, Switzerland
2Department of Civil, Environmental and Geomatic Engineering, ETH ZUrich, CH-8093 Zurich, Switzerland

*Nanoscience and Materials Division, INRIM, Strada delle Cacce 91, Turin, Italy

“Dipartimento Scienze and Innovazione Tecnologica, Universita del Piemonte Orientale, 1512 Alessandria, Italy

5Physics Department and NIS Interdepartmental Center, University of Torino, Via Pietro Giuria 1,10125 Torino, Italy

SPaul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

3 Electronic mail: nbarbero@phys.ethz.ch

ABSTRACT

The investigation of materials under extreme pressure conditions requires high-performance cells whose design invariably
involves trade-offs between the maximum achievable pressure, the allowed sample volume, and the possibility of real-time pres-
sure monitoring. With a newly conceived hybrid piston-clamped anvil cell, we offer a relatively simple and versatile system,
suitable for nuclear magnetic resonance experiments up to 4.4 GPa. Finite-element models, taking into account mechanical and
thermal conditions, were used to optimize and validate the design prior to the realization of the device. Cell body and gaskets
were made of beryllium-copper alloy and the pistons and pusher were made of tungsten carbide, while the anvils consist of zir-
conium dioxide. The low-temperature pressure cell performance was tested by monitoring in situ the pressure-dependent 53Cu

nuclear-quadrupole-resonance signal of CuO.
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I. INTRODUCTION

Pressure is a versatile parameter to reversibly tune the
structural and electronic properties of numerous types of
materials, as well as to explore their phase diagrams.! From
1960s up to present, a large number of studies have shown
that pressure can induce or significantly affect superconduc-
tivity and/or magnetic order of both simple and complex
materials. For example, elemental cerium? or MnP? adopt a
magnetically ordered ground state at ambient pressure but
turn into superconductors at 5 and 8 GPa, respectively.
More recently, theoretical calculations*® suggested that, in
magnetically frustrated and strongly spin-orbit coupled
oxides, external pressure may induce a quantum-spin-liquid

state, thus triggering a flurry of experimental studies of com-
pounds such as @-RuCls,” the a- and g-phases of LiyIrO3,%°
and NapIrOs.'° Finally, pressure plays a significant role in the
attempts to achieve room-temperature superconductivity. In
particular, pressure-induced metallization and superconduc-
tivity were reported in hydrogen-based materials, such as
H3S'" and LaHjp,'? the latter exhibiting a remarkable T, of
215 K.’ From the technical perspective, record pressures up
to 1400 GPa were achieved to investigate the high-pressure
properties of diamond."*

The design of efficient pressure cells is always a chal-
lenging task.'> The most intuitive layout of a piston-clamped
device, even using the most appropriate materials, such as
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