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M agnet izati on mea surements on zero Ùel d cooled (M Z F C ) and Ùeld cooled
( M F C ) w it h tem perature T w ere made on Fe0 : 7 À x M x A l 0 : 30 allo ys (w here
M = C o or M = V ). C ompared to Co and V free alloy Fe0 : 7 A l0 : 30 , our re-

sults revealed that an addition of small amount of M = C o w ith 0 x 0: 10

show s linear decrease in the transition temp erature T f as x increases. A ddi-
tion of small amount of M = V w ith 0 x 0: 1 show s gradual decrease in
T f w ith increasi ng x . T he relative changes in T f show that an addition of V

atoms is of more signiÙ cance than addition of C o atoms. There is a tw ofold
decrease which could be attributed to the ferromagnetic nature of Co atoms

and to the random Ùelds.

PAC S numb ers: 75.50.Bb

1. I n t rod uct io n

Soon after the nat ure of spin glassesbegan to be identi Ùed in di lute m agneti c
al loys, whi ch exhi bi t paramagneti c to spin-glasstra nsiti on [1, 2] m ore concentra ted
m agneti c al loys were discovered to have an even more unusua l sequence of phase
tra nsiti ons as the temperature is lowered. Som e of these system s were found to
underg o a param agneti c (PM) to ferrom agneti c (FM) tra nsi ti on then fol lowed by
tra nsiti on into a spin glassstate as the tem perature is lowered where we refer to thi s
tem perature as freezing tem perature . Thi s re-entra nt sequence of tra nsi ti ons
wa s found in crysta l l ine [3, 4], amorpho us [5, 6] and ionic crysta ls [7].
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In Fe1 À x Al x , studi es of the m agneti c behavi or research were focused on com -
positi on of x = 0 : 3 0 . It was reported tha t the Fe0 :7 Al 0 :3 exhi bi ts re-entra nt spin
glass behavi or. It goes f rom PM to FM at 430 K fol lowed by PM state
below new 170 K and then tra nsiti on to spin glass state at tem peratures
below 90 K [8{ 11]. The di sappearance of the sponta neous m agneti zati on in
al loys near thi s concentra ti on was Ùrst observed in 1959 [12, 13]. Ko uvel pointed
out a co-exi stence of ferrom agneti c and anti ferrom agneti c phases[14]. Later neu-
tro n di ˜ra cti on m easurements revealed no evidence f or anti ferromagneti c orderi ng
above 4.2 K f or Al concentra ti on in the range 30{ 50 at. % [9].

Lo w Ùeld ac susceptibi l ity and dc m agneti zati on measurements as functi on
of tem perature ( ) and concentra ti on ( ) further establ ish the phase di agrams
and the nature of ato m ic orderi ng in Fe{Al al loys [15]. Careful studi es of ato m ic
order in Fe Al al loys wi th near to 0.30 revealed both FeAl and Fe Al typ e
order wi th di ˜erences in Fe and Al arrangements in the two cases[16, 17]. One of
the m ost unusua l aspects of thi s work was the establ ishment of the existence of
a PM thro ugh FM to PM fol lowed by spi n glass (SG) phase as menti oned above.
Ho wever, both di ˜use and polarized neutro n scatteri ng perf orm ed on Fe Al
al loy indi cated FM clusters at tem peratures in the range 10{ 500 K [18]. Further-
m ore, the data suggested tha t the intera cti on of spin cl usters givesri se to m agneti c
tra nsiti ons.

Several studi es were done using X- ray and neutro n di ˜ra cti on on FeAl T
al loys wi th solutes T of V, Cr, Ti , Mn, and Co [19, 20]. Al so, M �ossbauer studi es
were perform ed on FeAl al loys [21] and FeAl T wi th solutes of V and Mn [22].
R ecently our studi es of the M�ossbauer spectra of Fe Ti Al wi th
and Fe V Al showed tha t al l sam ples keep CsCl ( ) structure and change
from ferrom agneti c phase to param agneti c phase as increases[23, 24]. In the case
of FeCoAl al loys it was found tha t Co ato m s exercised a preference for Fe sites
and ferrom agneti c behavi or was onl y found for Co concentra ti on above .

In thi s wo rk we have inv estigated the magneti c behavi or of Fe M Al
where M = Co , V wi th . We perform ed zero Ùeld cooled (ZFC) and
Ùeld cooled (FC) m agneti zati on m easurement as functi on of tem perature.

Since the cri ti cal value of in Fe Al , we focused on the e˜ect of
addi ng smal l am ount of of Co and V in the FeAl al loy.

Our sam ples of Fe M Al wi th M = Co, V were prepared for
using elements of at least 99.99% puri ty . Sto ichiom etri c elements were

arc melted in a wa ter cooled copper boat in a Ûowi ng argon gas. Al loys were
m elted several ti m es to ensure hom ogeneity . The sampl eswere wra pped separatel y
in ta nta lum foi l and heat trea ted in a vacuum furna ce (l ess tha n Torr)
at C for 24 hours and subsequentl y quenched in wa ter. They were cut wi th a
di amond slicing wheel to various sizes of order 0 5 m m 0 5 m m 3 5 mm .
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3. R esul t s an d d iscu ssio n

The magneti c m easurements were carri ed out using a comm ercial supercon-
ducti ng quantum interf ace devi ce m agneto meter (Qua ntum Design) SQUID m ag-
neti c properti es m easurement system (MPMS) equipped wi th a low Ùeld opti on.
The m agneti zati on m easurements were m ade by Ùrst demagneti zati on of the who le
system at room tem perature using Ûux gate. The sam ple wa s then cooled down
to 10 K in zero Ùeld (ZFC). A magneti c Ùeld of 100 Oe wa s then appl ied at thi s
tem perature. The sampl e tem perature wa s ra ised slowl y to 300 K and the m agne-
ti zati on M versus the tem perature T was recorded at every 2 K. Af ter reaching
300 K the sam ple was then Ùeld cooled (FC) down to 10 K and M versus T was
recorded.

W e have m ade m easurements of the m agneti zati on M versus T on Fe0 : 7 Al 0 :3

al loy to determ ine the freezing tem perature , where we found tha t the tra nsi ti on
to spi n glass phase occurs at 70 K and the tra nsiti on to ferromagneti c phase
occurs at K. Thi s is consistent wi th earl ier work done on thi s com pound
[9]. In wha t fol lows we wi l l use the value of 70 K as a reference to study the
e˜ect of addi ti on of Co ato ms and V ato m s on the freezing tem perature . The
resul ts of and versus for the Fe Co Al are shown in Fi g. 1.
The Ùgure shows the data for and 0.08. The departure between
and gives the value of . For thi s parti cul ar concentra ti on 60 K for

and 55 K for as can be found di rectl y from the Ùgure. The
sam e sort of behavi or was found f or the other values of . Getti ng for each
we pl ot the resul ts in Fi g. 2 of versus . The Ùgure shows a l inear decrease in

as increases. The relati ve changein is almost of 30% at com pared
to the free Co al loy. Even an addi ti on of smal l amount of showed a very
signiÙcant decrease in of about 9%. These relati ve changes are shown in Fi g. 5
whi ch can be easily Ùtted by a stra ight l ine.
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Fig. 2. The transition temp erature T f versus x for the Fe0 : 7 À x C ox A l 0 : 3 alloy .

Fig. 3. Magnetizati on M versus T for Fe0 : 7 À x V x A l 0 : 3 for x = 0: 02 and x = 0 :10 .

A rrow s indicate the increase in T for the M ZF C and the decrease in T for M F C .

The sam e measurements were repeated in the case of the Fe0 : 7 À x V Al .
Our resul t is shown in Fi g. 3 where, as a typi cal , behavi or of versus is shown
for . The same behavi or was found for the values of . The depicted
values of are shown in Fi g. 4; there is plotted versus . The Ùgure shows
gradual decrease in as increa ses. The change in is very fast at lower values
of . It is 20% for and 56% at . These relati ve changes of are
shown in Fi g. 5. In fact, in Fi g. 5 we pl ot both data for Co and V for com pari son.
Co mparing the relati ve changes in for both sam ples indi cates tha t an addi ti on
of smal l am ounts of V is suppressi ng m ore tha n the addi ti on of Co. Thi s may
be attri buted to the ferrom agneti c nature of Co ato m s.

The competi ti on between the param agneti c clusters and the ferrom agneti c
cl usters whi ch exists both in the Co free and V free al loy is responsible for the
di sappearance of the ferromagneti c clusters and appearance of a param agneti c
phase where the ferrom agneti c structure breaks up into Ùnite sized clusters. In
thi s wo rk the change in the freezing temperature , whi ch is sensiti ve more to the
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Fig. 4. The transition temp erature T f versus x for the Fe0 : 7 À x C ox A l 0 : 3 alloy .

Fig. 5. The relative change in T f versus x . C losed circles for Co addition and open

circles for V addition .

addi ti on of the V ato m s tha n Co ato m s, may be attri buted to the ferrom agneti c
nature of the Co ato m s whi ch has m ore e˜ect in the ferrom agneti c phase. The V
ato m s have more e˜ect on the paramagneti c phase. It is worth m enti oning tha t
our M�ossbauer study in the Fe0 : 7 À x V Al al loy revealed param agneti c pha ses
above and deÙnite m agneti c order exists at [24].

Fi nal ly, we suggest tha t neutro n scatteri ng studi es wi l l give more insight into
the magneti c envi ronm ent where one can look to spin clusters behavi or.

In thi s study we f ound tha t there is a signiÙcant e˜ect on the freezing tem -
perature when we add smal l am ounts of Co or V to the Fe M Al al loy.
Thi s e˜ect is associated wi th l inear decrease in in case of Co substi tuti on and
gradual decrease in in case of V substi tuti on. At the smal l values of , the e˜ect
of V addi ti on is of m ore signiÙcance on tha n Co. Thi s addi ti on of V ato m s is
associ ated wi th m ore tha n twof old decrease in compared to the addi ti on of Co
ato m s.
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