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RESUMO

Neste trabalho, investigaram-se as propriedades estruturais, magnéticas e magnetocaléricas dos
compostos intermetalicos dos sistemas RMAI; (R = La, Ce, Pr e Nd; M = Ag e Cu) e
R>AgCuAls (R = Pr e Nd). As amostras foram sintetizadas em forno a arco voltaico sob
atmosfera de argonio e tratadas termicamente por 7 dias a 700 °C. A caracterizacdo estrutural,
por difragdo de raios X (DRX) e refinamento de Rietveld, e a caracterizagdo microestrutural,
por microscopia Optica, indicam que as ligas sdo monofésicas e revelam uma microestrutura
homogénea em escala micrométrica. Medidas de calor especifico (Cp) em fungdo da variagio
de temperatura e campo magnético revelaram transicdes magnéticas em CeAgAl;, PrAgAl; e
NdCuAls em aproximadamente 4,8, 5,3 e 2,21 K, respectivamente, enquanto NdAgAls,
PrCuAls e Nd2AgCuAls ndo exibiram ordenamento magnético detectavel acima de 1,8 K. Os
resultados de Cp normalizados pela temperatura evidenciaram a presenga de anomalias de
Schottky em todas as amostras analisadas, sendo mais intensas nos compostos NdAgAls,
PrCuAls, NdCuAlz e Nd,AgCuAls. A contribuicdo magnética para o Cp nos compostos
CeAgAls, PrAgAls, PrCuAls, NdAgAls e NdCuAl; foi obtida pela subtrag@o das contribuigdes
dos andlogos ndo magnéticos LaAgAl; e LaCuAls, o que permitiu determinar a entropia
magnética associada aos elétrons 4f (Ssr). A partir desses resultados, estimou-se, o nimero de
microestados acessiveis na faixa de temperatura de 1,8 a 100 K. As grandezas que quantificam
o Efeito Magnetocaloérico (EMC), variagdo de entropia magnética (-AS), variagdo adiabatica da
temperatura (AT,4) e o Potencial de Resfriamento Relativo (RCP) foram determinadas a partir
da entropia total (S). O composto CeAgAls apresentou desempenho magnetocalorico
expressivo, com valores maximos de -AS (-ASmay) € AT,q (AT™™) além de RCP da ordem de
10,32 J/kg K, 3,15 K e 56,87 J/kg, respectivamente, para uma variagdo de campo magnético
(AH) de 5 T. O PrAgAl; exibe valores reduzidos de -ASmax (~4,68 J/kg-K) e AT™ (~2.61 K),
mas mantém o RCP relativamente elevado (~62,49 J/kg), indicando contribui¢do significativa
do Campo Cristalino para o EMC, aspecto corroborado pelos resultados de PrCuAls (-ASmax =
2,71 J/kg'K, AT™* =114 K e RCP = 41,69 J/kg). Entre os compostos investigados, NdCuAl;
apresentou a melhor performance magnetocaldrica com -ASmix = 17,08 J/kg K, AT™ = 3,80
K e RCP = 159,66 J/kg. Os resultados obtidos sdo comparaveis e, em alguns casos, superiores
aos reportados na literatura para compostos intermetalicos similares, destacando especialmente
o desempenho de CeAgAl; e NdCuAl;s. Dessa forma, esses compostos mostram-se promissores
para aplica¢do em sistemas de refrigeragdo magnética a temperaturas criogénicas, baseados no
EMC.

Palavras-chave: Compostos intermetalicos. Propriedades magnéticas. Efeito magnetocaldrico.
Refrigeragdo magnética.



ABSTRACT

This study investigated the structural, magnetic, and magnetocaloric properties of the RMAI3
(R = La, Ce, Pr, and Nd; M = Ag and Cu) and RyAgCuAls (R = Pr and Nd) intermetallic
compounds. The samples were synthesized by arc melting under an argon atmosphere and
subsequently annealed at 700 °C for seven days. Structural characterization, by X-ray
diffraction (XRD) and Rietveld refinement, and microstructural analyses, by optical
microscopy, indicate the single-phase nature of the alloys and reveal a homogeneous
microstructure at the micrometric scale. Specific heat (Cp) measurements as a function of
temperature and magnetic field revealed magnetic ordering in CeAgAls, PrAgAls, and NdCuAl;
at approximately 4.8, 5.3, and 2.21 K, respectively. In contrast, NdAgAls, PrCuAls, and
Nd2AgCuAls did not exhibit detectable magnetic order above 1.8 K. The temperature-
normalized Cp results indicate the Schottky anomaly in all analyzed samples, with higher
intensities observed in the NdAgAls, PrCuAls, NdCuAls, and Nd,AgCuAls compounds. The
magnetic contribution to the specific heat of CeAgAls, PrAgAls, PrCuAls, NdAgAl;, and
NdCuAls was obtained by subtracting the contributions of the non-magnetic analogs LaAgAls
or LaCuAls. This procedure enables the determination of the 4f-electron contribution to the
entropy (Ssr) and the estimation of the number of thermally accessible microstates that
contribute to S4r over the temperature range from 1.8 to 100 K. The quantities that quantify the
Magnetocaloric Effect (MCE), magnetic entropy change (-AS), adiabatic temperature change
(ATa), and Relative Cooling Potential (RCP), were obtained from the total entropy (S) curves.
The compound CeAgAl; exhibited remarkable magnetocaloric performance, with maximum
values of AS (-ASmix) and AT,y (AT™™) as well as RCP of approximately 10.32 J/kg'K, 3.15
K, and 56.87 J/kg, respectively, for a magnetic field change (AH) of 5 T. PrAgAls displayed
lower values of ~ASmix (~ 4.68 J/kg'K) and AT™* (~2.61 K), while maintaining a relatively
high RCP (~62.49 J/kg), indicating a significant contribution of the crystal field effects to the
MCE, an aspect corroborated by the results obtained for the compound PrCuAls (-ASmax ~ 2.71
Jkg K, AT ~1.14 K, and RCP = 41.69 J/kg). Among the investigated compounds, NdCuAl;
exhibits the best magnetocaloric performance, with ~ASmsx = 17.08 J/kg K, AT™™ = 3.80 K,
and RCP = 159.66 J/kg. The obtained results are comparable to, and in some cases superior to,
those reported in the literature for similar compounds, particularly highlighting the performance
of CeAgAls and NdCuAl;s. Therefore, these compounds prove promising for application in
magnetic refrigeration systems operating at cryogenic temperatures, based on the
magnetocaloric effect.

Keywords: Intermetallic Compounds. Magnetic Properties. Magnetocaloric Effect. Magnetic
Refrigeration.



