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Abstract

NaZn)s-type La(Fe,Al),; alloys are one of the promising candidates for
magnetic refrigerant due to their magnetocaloric effect, low cost and
friendly environment. Recently,it has reported that the magnetic phase
diagram of La(Fe,Al,.),; alloys can be divided into three distinguished by the
behavior of the magnetic susceptibility .( 1) In the first region 0.46 < x <
0.62, the ferromagnetism is a distinct predominance and ferromagnetic
exchange to paramagnetic with second order phase transition ;(I[ ) (II') In the
range of 0.62 < x < 0.86, the Curie temperature 7¢ increase first with
increasing x up to a maximum and then decreases. This indicates that the soft
ferromagnetic regime is being destroyed and a reentrant mictomagnetic state
appeared for x > 0.84; (III) 0.86 < x < 0.92, the susceptibility has an
antiferromagnetic character. In this paper, we discuss the magnetic phase
diagram of La(Fe,Al,.y)3 alloys in the ( I ) regime by alterable preparation. In
order to improve these advantages, we have systematically investigated the
magnetic properties and magnetcaloric effect in La(Fe,Al);3 compounds by
introducing interstitial atom B and substituting Fe atoms by Ge atoms.
LaFe,;,AL(x=1.75, 1.85, 2.50, 2.75, 3.25, 3.75 and 4.0) were successfully
prepared by arc melting the raw material with high purity for LaFeq75Al;25B,
(»=0,0.03, 0.10, 0.20, 0.31), LaFe;3.,Al,Booi(y =0, 1.75, 2.25,2.50, 3 and
3.25), La; 1Fey;.4Si; 55Geg o5 and LaFeq 75.,Ge,Al3 55 (x =0, 0.05, 0.1 and 0.12)
alloys. The structure, magnetic properties and magnetocaloric effect have
been investigated by means of x-ray diffraction (XRD), Scanning electron
microscopy (SEM), Vibrating sample magnetometor (VSM) measurements

and the direct measurement of the adiabatic temperature change.



-~ It is found that the LaFe,; Al(x =l.75, 1.85, 2.5, 2.75, 3.25, 3.75, 4.00)
~ stabilized in NaZn3-Type cubic structure (space group is Fm-3c) and a small
amount of the a-Fe phase are found for low Al content in the compbunds. The
Curie temperature (7¢) of the compounds increases from 210 K (for x = 1.75)
to 255 K (for x = 3.25) and then decrease, the magnetic entropy present the
same behavior also. The process adopted to compar with crystall structure
with prolonged annealing time for 20h and 30h at 1373K. |

The annealing time of LaFeg 7sAl; 5B, (=0, 0.03, 0.1, 0.2, 0.3 and 1)

alloys can be reduced obviously by introducing interstitial atom B. The lattice
parameter slightly increases with increasing B content. By changing the boron
concentration from 0 to 0.03,0.1 the Curie temperature (7¢) increases from
253K to 260K and there is no thermal hysteresis between heating and cooling
curves for these alloys, but the thermal hysteresis is not affected by B addition.
The maximal magnetic entropy change decreases from 1.45 to 1.3J/kgK by
changing y from 0.03 to 0.5 and from 1.3 to 1 J/kgK for y=1, respectively. It
is not clear that the itinerant electron metamagnetic (IEM) transition for low B
content above the Curie temperature;but decreasing Curie temperature for
y=0.3
XRD analysis show that the LaFey;.,Al,Bgo(x=0, 1.75, 2.25, 2.50, 3.00

and 3.25) alloys can be stabilized with Al changing in the NaZnl3-type
structure and minor amount of a-Fe phase . The T¢ can be tuned to room
temperature by changing the Al concentration. The maximal magnetic entropy
changes is 2.7 J/kgK for a magnetic field change from 0 to 1.5 T for
x=3 ,specially. Also take over the structure and preferred site occupation of B
in the compound LaFe;3 ,Al,B,

The La, jFe;;4Si; 55 Gegos alloy were prepared by annealing in an evacuated
quartz tube for 10 days at 1273K .XRD analysis show that the alloy can be
stabilized with Ge substitution in the NaZn,3-type structure and minor amount

of o-Fe phase . The curves of M-T and Arrott indicate that the metamagnetic



transformation is second-phase between ferromagnetism and paramag

- -netism .On the magnetic field change with 0 ~ 1.5T,Maxwell relation was
employed to calculate; —as™==9 J kg K. The Curie temperature of

La, 1Fe;1.4Si; 55Geo.0s alloy is enhanced both the full width at half maximum of
isothermal magnetic entropy change -AS™ , and increasing the relative
cooling power RCP(s) of La; jFey; 4Si; 55Gegs alloy '

After arc melting the LaF e§.7;xGexAl3_25 (=0, 0.05, 0.10 and 0.12) alloys were
vacuum annealed for 30h at 1373K. X-Ray diffraction analysis showed that
singlephase sample of the cubic NaZn);-type of structure . But the
LaFeg7s.,Ge,Alz2s (x=0, 0.05, 0.1 and 0.12) alloys did not appear the

speciality of increasing Curie temperature and invariable magnetic entropy

change as La, jFey; 4Si; 55 Geg os alloy

Keywords:  Structure,Curie  temperature,Magnetic  entropy change,

Magnetocaloric effect, Magnetic refrigeration
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