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Introduction

Recently developed rapid quenching techniques made possible the
production of amorphous alloys in a ribbon form of practically
unlimited length and allowed to study easier their elastic and
plastic properties. It has been found that the magnetic proper-
ties of Fe-Ni-base glasses are superior to those of the conven-
tional crystalline Fe-Ni alloy, but for practical applications
it is very important to use materials with good magnetic as well
as mechanical properties. According to above we started to inves-
‘tigate microhardness, - G of Fe-Ni base glasses. The role of me-
talloid element(s) and compositional trends of microhardness we-
re examined. Furthermore, we tried to connect the similarity in
behaviour between plastic and magnetic properties. In addition,
the changes of Hv during the annealing were investigated too.

Experimental

The samples of Fe-Ni-base metallic glasses were obtained in the
form of. long ribbons and were prepared from the master alloys of
predetermined concentrations by the use of a melt spinning devi-
ce, Isochronal annealing in vacuum was carried out for 30 min, in
steps of 50 9C over the temperature range 50-1000 %c. After each
annealing step samples were air-cooled to room temperature in or-
der to follow microhardness changes during heat treatment. For
the purpose of microhardness measurement they were glued on to a
glass slide with shiny face up. values were obtained using
Zeiss (Jena) equipment with a 136 diamond pyramid indenter and
100 ponds load. On each sample more than 20 indentations were ma-
de and the standard deviation was near to 7% of the mean values
The problem of the choice of indenter load was already discussed
/1/< Here, we investigated the influence of the sample thickness,
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t, on Hv. In Fig. 1 are shown the results for !equiuoBEO amor-
phous alloy and for three different values of applied load. It
is visible that in the explored thiclkmess range (20-50‘Fm) the
sample thickness has no significant influence on the hardness
values.
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Fige. 1 Variation in'microhardness with the sample thiclkmess
of Fe, Ni, B, metallic glass and the indenter load: 50 p- @,
100 p- O and 160 p-A. The lines in Fig are obtained by the
use the linear least square fit to the experimental data.

Results and Discussion

It was already suggested /2/ that the metalloid element(s) has
a profound influence on the strength and stiffness of the tran-
sition metal/metalloid (1M/M) glasses., Furthermore, M.Naka et al,
/3/ investigated the effects of alloying elements on the hard-
ness as a measure of atomic bonding force and crystallization
temperature of amorphous iron-base alloys F°80~xMxP1507 (M=Ti,
V,Cr,Mn,Co,Ni and Cu). They showed that the increase of the aver-
aged outer electron concentration of the metallic atoms, e/a, i.
e. the increase of the d-electron concentration weakens the stre-~
ngths of the bonds between transition metal and metalloid atoms.
These bonds are formed by the overlap of the s-p hybrid orbi-
tals of P and B metalloids and s-p-d orbitals of transition ele-
ments and play the dominant role in determining the properties

245



of TM/M alloys. Our results for Hv of FexNiBqupl#Bs and
FexNiao-xBao series as a function of e/a and of transition me-
tal composition are shown in Fig. 2a.
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It can be seen that changing the metalloid content from P14BG
to B20 leads to marked enhancement of Hv values. On the other
hand, if one replacesFe with Ni while retaining the same con-
tent of metalloid, relatively modest variation in Hv is obser-
ved. These results show that the metal-metalloid bonds are of
primary importance in determining some of the properties of T™M/
M glasses and confirm the conclusion of Naka et al./3/ about the
effect of d-electron concentration on these bonds. The influence
of metalloid extends also to their magnetic properties. It is
known from magnetic measurements that FexNiBO-xBao amorphous al-
loys exhibit both higher Curie temperature and higher saturation
induction than Fe,Nig,  P;,Bg alloys /1/. Also, the influence of
the magnetic interactions on the elastic properties is recently
reviewed /4/, Moreover, the compositional variation of the spe-
cific elastic modulus, E/ 9, for (Fe’c°)80320 and (Fe’Ni)BOBZO
has been reported /5/. It was found that E/ © behaves as if mag-
netoelastic effects stiffening of the glassy alloys is proporti-
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onal to the magnetigation squared. Taking into account the ob-
served correlation between plastic and elastic properties of
TWH glasses /6/ we tried to correlate the behaviour of % to
(a) /1/. In Fig. 2b we show our H_ data vs <s) i.e. assuming
the dependence: %_ A+B <s')2. On the basis of Fig. 2a and 2b
one cannot say whether e/a or (3)2 variation determines H_. Both
assumptions explain about equally well the microhardness varia-
tion. We note however that the continuous decrease in Bv of Fe -
Nigy ,P14Bg alloys even for x <20 (where (s) =0 at room tempe-
rature) seem to favour the first mentioned model.
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The results of our investigation of changes in % on isochronal
annealins (50- 1000 °c) of Fe4°Ni“oBao and Fe‘mNi“oqu_B are
shown in Fig. 3. The idea was to see the influence of the meta-
1l0id on the annealing morphology. The results for FeyoNiyoBog
alloy agree well with those from our earlier work /7/ and there-
fore the same explanation is valid. The H, behaviour of Fehoﬂim
P;,Bg alloy is similar to that of 1’%0"140320 and can be divided
in three significant regions. In the first region (50400 °C) the
variation in % is due to structural relaxation of still amorph-
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ous alloy. The onset of crystallization and the formation of
small crystallites of metastable phases leads to a strong in-
crease in Rv' The subsequent change in the volumefratio; of pre-
sent phases gives a strong maximum in Hv centered around 50000.
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Fig. 3. Microhardness changes
during isochronal annealing of
metallic glasses: Fell-ONill-OBZO_

0y FougNiyoPyyBe = O°

15)-

05

i 1 T P
0 200 m3 600 800 T(°C)

Finaly, the apearance of the stable phases leads to a decrease
in : in the range 600 % ¢ Taé 1000 °C. This decrease is consi-
derably slower in PewN14°P14B6 alloy than in F°#0Ni40320 one
vhich is probably due to more complex crystallization sequence
in this system. We also note that the final % values (Tar-’ 1000
°O) are higher for Fe,‘oNi‘wqu_Bs alloy which indicates that the
number of crystalline phases and their volume ratios determine
Q of crystallized samples, Further work on the change of Hv in
several alloys from both alloy systems is now in progress.

We thank Dr. F.E.Luborsky for giving us some of the amorphous
~ibbons.
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