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ABSTRACT

The crystallization of {Fel_xTMx)75+yB25_y - TM = Co and Ni ­

glasses are investigated in the 0 < x < 1, 0 < y < 10 composi ­
tion range by calorimetry, X-ray diffraction and Mossbauer spec­
troscopy. The crystalline phases are identified and t he ir r e la­
tion to possible changes in the chemical short r a nge o r de r of
these amorphous alloys is discussed.

INTRODUCTION

The study of chemical and topological short range o r der (SRO)

is one of the most important questions in the research o f meta l ­

lic glasses. In the Fe-B system it was shown [1 ] that the Fe en­

vironments in the glassy phase are remarkably similar t o those

of the tetragonal Fe
3B

(isostructural to Fe
3P)

intermetall ic c om­

pound which is formed during the crystallization. As the str uc ­

ture of Ni 3B and C0 3B (cementite type, orthorhombic) is d i ffere n t

from Fe 3B, one would expect changes in the short range orde r of

Fe-B glasses due to the replacement of Fe by Co or Ni.

In this paper the c rystallization o f {Fe,Ni) B a nd {Fe ,C o)B

glasses is investigated. The ef fec t of compos ition o n t he thermal

stability of the amorphous alloys and on the structur e of t he

stable and metastable crystall i ne phases has been a na lyzed .
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EXPERIMENTAL

The crystallization of (Fe , Ni }B and (Fe,C~ B glasses has

been investigated by a Perkin-Elmer DSC-2 d ifferential scanning

calorimeter. The structure of the crystalline phases has been

determined by X-ray diffraction and Mossbauer spectroscopy. The

results of transmission electron microscopy studies are published

separately [ 2] .

RESULTS AND DISCUSSION

The crystallization temperatures of (Fel_xNix}7SB2S'

(Fel_xCox)7SB25 and (Fel_xCox}SoB20 glasses are plotted on Fig .

1-3. The results for (Fel_xNix)SoB20 and (Fel_xNix}SSB1S glasses

were published previously [ 3 ] .
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All of the re sults i ndi c a t e t hat crysta llization temperature

of the ternary glasses i s s ome what i ncreasing compared to that of

the binaries . Th is is expected as a res u lt of t he s t a b i l i z i ng

role of the entropy of mix i ng . The i ncrease i s significantly

smal ler in the (Fe,Ni )B s y s t e m t han i n (Fe ,Co )B. I t is connected

with diffe rences in bindi ng e nergies wh i c h influence thermal sta­

bi l ity by c hang ing atomic mob i l i t y . Th e energy facto r can even

overcome t h e entropy t e r m r es ul t ing i n the decr e a s e of crystal­

lization e.g. at the subs ti t u tion o f C for B [ 4] or Cu ,Pd and Pt

for Fe [ 5] in Fe-B g lasses.

Th e stab i li t y of b inary Co-B g las se s i s l owe r than that of

Fe-B. I t is ref lected in t he appearance o f double s tage crystal­

lization in C080B 20 glass , where t he firs t s t e p i s identified by

diffract ion mea s urements a s Co precipitation, while the second

peak which appe a r es in t he temperature range expected from the

terna r ies i s t he forma t ion of or thor hombic C0 3B.
The phases appeari ng d ur ing the crystal lization of (Fe,Ni)B

and (Fe , Co )B g l a sses we re investigated b y X-ray diffraction and

M6 s sbaue r s pectro s c opy. Th e s t ructur es have be e n identified as

Fe l TM, (Fe l TM )3B and (Fe l TM ) 2B whe r e TM=Co and Ni . All- x x -x x - x x
of the (Fe l _xTMx) 2B c ompounds are isos t ruc t u r a l having a tetragonal

structure o f t he CuA1 2 t ype [6] . Th e crys t a l structur e of

(Fe l TH ) 38 i n t erme t all i c compounds changes with composition .- x x
The me t a s t ab l e Fe 3B (which decomposes to a -Fe and Fe28 at h i gh

t emperatures) i s isostruc tur al [ 7] t o t he t e t r a gonal Fe 3P. It

h as thre e crystallographically ineq u i valent Fe si t es with 28 ,38

a nd 4B nearest neighbours, t hei r r at i o is 1 :1 : 1 . Ni 3B and C0 38
are orthorhombic [6] , isostructural t o cemen t ite (Fe 3C). It has

two crystallo g r aphically inequiv alent tra nsition metal sites with

28 a nd 38 near es t neighbours in 1: 2 r atio . The c or r e s po nd i ng

M6 s s bauer spec t ra a r e shown i n [8]. The Fe l Ni and Fe l Co-x x -x x
a lloys have b . c. c . structure in the O<x <O.3 and O<x <O.7 5 con-

centr at ion r a nge , r espe c tive ly for Ni a nd Co. At t he Ni or Co

ri c h s ide t he structure is f .c.c. o r h.c .p .

The M6ssbauer spectra of c r ystallized (Fel _xNix) 808 20 sampl es

a re shown on Fig . 4 . The outer lines correspond to t he precipi­

tated Fe l Ni al loy. The spectra at low Ni c on tent (x~O.38) show- x x
t he multiple-peak structure wh i c h is characte r isti c to the three
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Fi g. 4 . M~ssbauer sp ectra
of c rystallized

(Fe1-xNi x ) 80B20 samples
0~x~0. 25 : b.c. c . Fe-Ni
and tet ragonal (Fe,Ni JJB

x = 0. 38 : f.c.c. Fe - Ni
a nd te tragonal (Fe , Ni J

3
B

0 .5~x~0 . 79 : f . c . c. Fe-Ni
and or t ho r h , ( Fe , NiJ JB

in t e r-m et a l l i c conpound

inequivalent Fe sites of the

tetragonal phase . At highe r Ni

c on t e n t ( x ~O . 5) the o r t ho r homb i c

s tructure appears. In all cases a

d i s t r i b u t i o n of t he easy directions

of magneti zation is observed which

re s ults in a broadening o f the

lines. At the crystallizat ion of

t he (Fe l _xNi x) 7S8 25 glasses the

f ormation of the orthorhombic

(Fe l Ni ) 38 compound is detected-x x
f or x ~O.33 while a decomposition

i nto (Fe l Ni )28 and Fe l Ni-x x - x x
occurs at t he Fe rich side .

The average Mo s s b a ue r para ­

meters extracted from the spectra

are plotted on Fi g . 5a , b a nd c . It

is c lear from these figures that

average hyperfine field, quadrupole

spli tting and isomer shift follows

a smooth curve , there are almost no

change s a t the tetragonal - or­

thorhombic boundary .

. The Mossbauer parameters of

t he i ne q uivalent Fe s i t e s are s hown

i n Fi g . 6a a nd b. All of the hyper­

f ine f i e ld and quadrupole spli tting

parameters show a unifo rm compos i­

t ion de pende nce whi c h is connected

wi th a homogeneou s contraction of

the lat tic e (f rom Fe to the other

TM ) which is obs e r v e d by X- r a y

measurements.

Another interest ing r esult o f

the Mo s sbauer experiments is t hat

t he d istr i bu t ion of Fe and Ni atoms

is d i sorde r ed i n t he tetragonal

(Fe l Ni ) 38 i ntermetal lic compoun~.-x x
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The observed relative intensites of the l ines in the Mossbaue r

spectra are 1:1:1 in agreement with the ratio of dif feren t crys­

tallographic sites. A similar disordered distribution i s obse r ve d

in the orthorhombic phase only at x =0 . 33, at highe r Ni concentra­

tions Fe is preferentially s ubstituted t o the sites wi th 2B nearest

neighbours. This behaviour and the similar p re ference also ob­

served in the glassy phase [ 8] may be explaine d by d i ff e r e nce s in

the Fe -B and Ni -B binding as it is suggested in [ 9 ].

The crystallization of (Fe,Co )B g l a s se s fo llows a s imi la r

pattern . The only difference is that off-s toich iometry - devia­

tion o f B content from 25 at. % - stabil izes t he te t ragonal

(Fe
l

Co )3B phase i n a somewhat larger concentration range- x x
(0~x~0 .5 ) than in (Fe l Ni ) 3B, whe re it is o bserved for 0(x~0 .38.- x x

CONCLUSION

The most important conclusion o f the p resen t wo r k i s that

t he local properties of (Fe,Ni)3B i n t e r me t a l l i c c ompound s cha nge

smoothly at the tetragonal-orthorhomb ic boundary . No d r a s t i c

changes a re therefore expected in the gl a s sy phase due to t he

variation of short range order [8] .
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