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The bonded LayoCeFe;; 7xMn,Si;;H; ¢ materials have been prepared by
powder metallurgy. The bonded materials, which have better mechanical proper-
ties and good magnetocaloric effects, can be more effectively utilized in the
magnetic refrigerator.
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I. Introduction

La(Fe,Si);3-based alloys have attracted much attention due to their
low costs and non-toxic of raw material, and large MCEs compared to
other magnetic refrigeration materials such as Gd-Si-Ge!"! and Mn-Fe-P-
As™ compounds.

However, La(Fe,Si);3-based alloys are very brittle and not easy shap-
able. Generally, the mechanical properties of materials getting worse,
even becomes powder after hydrogenation. In present work, the bonded
LagoCeg Fei17xMn,Si; 3H; g (x=0.27, 0.29, 0.31, 0.33) are prepared and
the mechanical properties and magnetocaloric effects have been investi-
gated.

I1. Experimental details

The hydrogen concentration y of Lag¢Ceg Fe 1 7.Mn,Si;sHy was
measured to be ~1.8 by oxygen and nitrogen hydrogen analyzer (LECO
ONH-836). The hydride powder was mixed with an epoxy resin adhesive
in a proper proportion. Then the mixed powder was pressed into cylin-
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drical pieces of @10 x10mm. The crystal structure was measured by X-
ray diffraction (XRD), the phase structure of bonded LagoCeg Fei; s
Mn,Si; 3H; g is NaZn;s-type cubic structure with a minor amount of a-Fe
as impurity phase. The compression tests were performed by a universal
material testing machine. The magnetic properties were measured by
vibrating-sample magnetometer (VSM, Lakeshore 7407).

II1. Results and Interpretation

Figure 1 shows the compressive stress-strain curve for bonded
Lao,9Ceo,1Fel1,41Mn0,29$i1,3H1,g. The LaogCeo,]Fe]1,41Mn0,29$i1,3 becomes
powder after hydrogenation, so the bulk LaFe;99C0¢91Si;1Bo,, which
has been tested in a reciprocating magnetic refrigerator and shows good
mechanical and magnetocaloric properties,” is used for the compression
tests and compared with bonded material. The compressive strength of
bulk LaFe;099C00.91Si;.1Bo, is about 290 Mpa, and the stress-strain
curves drops sharply without further plastic deformation, indicating the
characteristic of brittleness for bulk LaFe;(99C0091S1;1Bo,. For the
bonded LagoCey Feq141MngoeSii3sH g, its compressive strength is 332
Mpa, 15% higher than that of bulk LaFe;99Co0091Si; 1By, compound.
Besides, the stress-strain curves of bonded LagoCeg Feq; 41Mng 2051 sH, 5
shows a short yield stage before the maximum compressive strength, this
may be the bonded material is porous architecture and thus a strain could
be observed due to the densification under stress.

The embedded graph of figure 1 exhibits magnetization isotherms of
bonded LagoCeg Fei141Mng20S1;3H; s near 7c. Studies show that
LaFe;; ;Si; 3 compound exhibits a very large magnetic hysteresis loss of
41 J/kg'™, which would strongly reduce the effective refrigeration ca-
pacity. The magnetic hysteresis of bonded Lag¢Cey1Fe;.41Mng20Si;3H g
is very small and the value is about 2 J/kg. The reasons could be: (1) the
introduction Mn and H atoms weaken the nature of first-order magnetic
transition,** and (2) the internal strain and grain boundaries are partially
removed by introducing porosity in bonded materials.
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Fig. 1 Compressive stress-strain curves for bonded
LagoCey 1 Fey1.41Mng29Si; 3H; g in comparison with that of bulk
LaFe.99Co00.91Si1;.1Bg»; embedded graph is magnetization isotherms of bonded
Lag 9Ceq.1Fe11.41Mng29Si; 3H, g near 7,

Figure 2 shows the MCEs of bonded La,¢Ce Fe;1 7.xMn,Si; 3H; g in-
cluding (a) isothermal magnetic entropy change (AS) and (b) adiabatic
temperature change (AT,,;) under magnetic field change from 0 to 1.5T.
For comparison, the MCEs of bulk LaFe;9C0q9;S1;.1B¢is also included
in Fig. 2. With increasing Mn content, the AS of bonded LagyCey Fe;; 7
Mn,Si; 3H, g slightly decreases from 7.7 (x=0.27) to 7.1 J/kgK (x=0.33),
but still remains a relatively higher value (> 7 J/kgK) than that of
LaFe 099C0091S1;; (about 5.1 J/kgK at 293K). TheAT,, of bonded
LagoCeg Fei17xMn,Si; 3H; g is obtained through a direct method for
measuring. The results show that with increasing Mn content, the 7¢ of
bonded materials linearly decreases from 287 to 275 K, while the AT,
for bonded materials have hardly any change. The AT,, of bonded
LagoCeg Fei17xMn,Si; 3H; g (2.6 K) is about 17% larger than that of
LaFe;099C0091S1;11 (2.2 K at 293 K). Thus, the bonded materials also ex-
hibit good MCE:s in a temperature range from ~275 to ~290 K.
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Fig.2 magnetocaloric effects of bonded Lay¢Cey Fe; 7,Mn,Si; 3H; g
in comparison with those of LaFe;99Co0q.91S1;.1By> compound under magnetic
field change from 0 to 1.5T

IV. Conclusions

The bonded LagoCe Fe1 7.Mn,Si; ;H; gmaterials have been prepared
by powder metallurgy. And the bonded material exhibits a better com-
pressive strength of 332 Mpa, about 15% higher than that of bulk
LaFe;099C0091S1;.1Bo2. And the magnetic hysteresis for the bonded ma-
terial is very low. By adding Mn atoms, the Curie temperature 7. can be
adjusted near the room temperature. With increasing Mn content, the
maximal AS,,of bonded materials slightly decreases, though, a relatively
high value (>7 J/kgK) remains, while the AT,, for bonded
LagoCeg Fei17xMn,Si; 3H; g is also maintained a high value (2.6 K)
compared with LaFe;99C0091Si;1Bo> compound. Consequently, the
bonded materials, which have better mechanical properties and good
magnetocaloric effects, can be more effectively utilized in the magnetic
refrigerator.
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Crieennbie Lag9Ceg Feyy 7.xMn,Si| 3H; g Matepuansl ObUTH TONTOTOBIICHBI
METOZIOM TIOpOIIKOBOW MeTayuryprud. CKileeHHBIE MaTepHalbl, KOTOpBIE
UMeIoT Ooree BBICOKME MEXaHWYEeCKHEe CBOWCTBA M XOpoIuue d(PQeKThl mar-
HETOKaJIOpPUYECKUM, MOTYT OBbITh Oonee 3(h(heKTHBHO MCIONB30BAHBI B Mar-
HUTHOM XOJOIMJIbHUKE.

Kniouesvle cnrosa: MarHUTHBIE MaTepUallbl, MArHUTOKaJIOpuYeckui 3¢ dexr,
TIOPOIIIOK.
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