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The paper emphasizes the importance of amorphous metallic alloys thin films for magnetic coatings as well as their
characterisation with respect to the mineral acid medium in a more qualitative way. The kinetics and mechanism of the
interaction of Fe-Ni—B amorphous alloys films with various concentrations of mineral acids (o-phosphoric acid, sulfuric
acid, hydrochloric acid, nitric acid,) were studied. On the basis of the weighing method used we deduced that the overall
physically and chemically complicated process consists of simultaneous formation of oxides on the surface of the thin
films, their dissolution and moreover dissolution of the metal (Fe, Ni) and metalloid (B) elements through a tendency of
all of them to react with hydrogen ions. It should be stressed that dissolution of the two-dimensional amorphous metallic
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alloys-ribbons significantly differs from such dissolution of the metal bulk systems.

Although many problems associated with amorphous
metallic alloys (AMAs) are not fully understood, it is al-
ready clear that AMAs have mechanical, magnetic, electri-
cal and chemical properties suitable for numerous applica-
tions. In additions to the many desirable physical properties,
ANAs also appear to have unusual chemical properties such
as corrosion resistance which may lead to applications in,
for example, a cable that is resistant to sea water and as
new biomaterials. In spite of the evident technological im-
portance of the metal-metalloid alloys, our understanding of
their physico-chemical behaviour is still at a surprisingly low
level. The key to progress seems to be in resolution of their
physico-chemical behavior under various conditions. Aque-
ous corrosion oxidation phenomena of metals have been well
studied, but about oxidation of AMAs in the mineral acids
little is known. For this reason the investigation of AMAs
in the mineral acid media seems both interesting and pur-
poseful. The aim of the present research was to investigate
the kinetics and mechanism of interaction between a reactive
surface layer of AMA and dilute or concentrated solution of
mineral acids resulting in either oxidation of them followed
by dissolution or simultaneous oxidation.

Traditional theories of metallic oxidation' suppose the for-
mation of an effectively uniform and continuous coating of
oxide upon the metal. Exceptions, at least in the initial stages
of oxidation, are those metals in which the molar volume of
the oxide is less than that of the pure metal. The oxide coating
of many metals, however, behaves as though it was continu-

ous, like a film of paint. On the other hand, it appears that the
anticorrosion properties of AMAs depend upon the alloying-
metallic and amorphising-metalloid elements.>* It has been
shown, for example, that the anticorrosion stabilities of the
AMAs type FeMP3C;, where M is an alloying element, in
aqueous solution of 0.1 M HCI (1 M = 1 moldm—?) at the
ambient temperature can be arranged in order of their rela-
tive anticorrosion stability as follows: Co<Ni<V <Cr<Ti
Cu < Mn. In addition the influence of amorphising elements
on the corrosion stability of the AMAs, e.g. Fe;0CroBi3Xs
and Fe;oCroP3X7, where X is B, P, Si, or C, in an aqueous
solution of 0.05 M H,SO4 at 30 °C can also be arranged
in order of their anticorrosion stability P < C < B < Si. In
the case of FeyNiggByy AMAs prepared in the oxygen at-
mosphere it was found that the rate of adsorption of oxygen
on the surface of AMAs which is followed by the creation
of an oxide film is much slower in comparison with the Fe-
alloys in which Ni was not present.* On the other hand it
has been well established that various macroscopic chemi-
cal properties of the AMAs prepared by the rapid quenching
method are dependent to a considerable extent on the physi-
cal and chemical state of their surface.>~® Unfortunately the
time-stability of the desired properties of AMAs appears to
be inferior to those of the more classical types of materi-
als, however, coating the AMAs with a thin surface layer
of either an organic or an inorganic material simultaneously
increases their electroinsulating, anticorrosive and magnetic
properties.” 1
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Experimental

Sample Preparation and Measuring Condition. The amor-
phous Fe4oNisoB2o ribbons used in this experiment were prepared in
the Institute of Experimental Physics, Slovak Academy of Sciences,
Kogice, Slovakia, by the method of extremely rapid quenching of
the melt onto a rotating disk. The manufactured ribbons originat-
ing from the melting procedure, designated as No. 1 and No. 2,
were of 40—60 meters long and were prepared under the following
technological conditions: The melting temperature was 1250 °C,
working pressure—tension 150 kPa, linear velocity of the cooling
disk 24 ms™!. The melt was fired under argon pressure against the
quartz crucible slit with dimensions 0.4x4 mm. The master anal-
ysis was carried out on the AMA ribbon JCX 733 (JEOL, Japan).
The chemical composition of the master AMA, and the ribbons
prepared from it, were practically the same. The materials were
supplied by Johnson Matthey (UK).

The width of ribbons No. 1 was 4.9 mm, whereas that of No.
2 was 5.0 mm; the thickness of both was 42+2 yum. From these
ribbons, sections from 1.0 to 5 cm long were cut and subsequently
weighed on a semimicrobalance SARTORIUS type 2674 (BRD).

In the present work, two different approaches were employed and
mutually compared concerning the estimation of statistical char-
acteristics of the measuring quantities, e.g., the classical mathe-
matical-statistical point estimation approach,'’ and the procedure
allowing estimation of all the analysed parameters.'?

Weight Measurement.  The thickness of a ribbon is among
the first attributes quoted, since the magnetic properties of thin
films and other behaviour depend on their thickness. In addition to
ribbon thicknesses, other important film attributes such as structure
and chemical composition are also important. Measurements of the
weight of the ribbon appears, at a first glance, to be an easy and
direct way to determine film thickness, d. Knowing the ribbon mass
m, the area A, and the film density p, then

d=m/Ap. (1)

This simple method has been often used in laboratories where pre-
cision mass balances are more common than interferometers or
stylus instruments. Value of d so obtained are imprecise because
the ribbon density is not known with certainty; however, to a good
approximation, if A is const. and p is const., then d ~ m and there-
fore we have chosen a gravimetric method for the evaluation of
the film thickness through weight-changes of the ribbons during
mineral acid treatment of sample surface layers.

The Methodology of the Measurement. Consider a large
two-phase AMA solid-liquid system at a given temperature, both
phases being separated by a plane surface of area A in the interface
region. The solid will be assumed to be completely rigid with a
mass m. The solid-liquid system interacts through so-called wet-
ting, including phenomena such adhesion, lubrication, immersion,
and flotation. The samples of length 1—5 cm were prepared from
the manufactured AMA ribbons; then they were washed in ace-
tone, dried, weighed, and finally fixed in a continuously stirred
tank reactor (CSTR) of volume V =30 cm®. The procedure was
repeated before every weighing and the appropriate acid of a given
concentration was added until the samples were submerged in the
thermostatic CSTR at a temperature of 25+0.1 °C. The frequency
of stirring was 270420 rotations min~'. After a certain time in-
terval, the ribbon samples were taken out from the CSTR, rinsed
with water, then with organic solvent, and finally dried and weighed
again. The mineral acids used were 0.33 M H3POy, 0.5 M H,SOq4,
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0.1 and 1.0 M HCI, then 0.1 and 1.0 M HNOs3; the measurements
were carried out in atmospheric air.

Results and Discussion

Oxidation Kinetics. In this treatment of a very simple
model, we assume a flow of oxygen parallel to the plane
of the AMA surface located in the CSTR. The universal
response of a metal surface exposed to oxygen either in the
atmosphere or in a liquid medium is to oxidize. The oxi-
dation product may be a thin adherent film that protects the
underlying metal from further attack or a similar but porous
layer that may either be removed from the metal surface of
allow the diffusion of oxygen to the metal surface and thus
offer no protection. What thickness of oxide will from and
at what rate are questions which depend on complex kinetics
and microstructure considerations, and not on thermodynam-
ics, although from the standpoint of thermodynamics all of
the structural metals exhibit a tendency to oxidize." In order
to form the metal oxides at the AMA surface, the following
sequential steps are assumed to occur

1) Oxygen is transported from the bulk of the solution via
diffusion up to the AMA-solution interface.

2) On reaching the AMA surface, it reacts with the metal
atoms Fe, Ni and the metalloid atom B and forms oxides.

The respective mass fluxes corresponding to these two
steps can be expressed by

Jaigr = D(co — )/ 0, 2)
J= kCi, (3)

where ¢¢ and ¢; are the concentrations of oxygen in the bulk of
the solution, and at the AMA-solution interface respectively.
The quantities D and & represent the diffusion coefficient of
oxygen in the adsorbed liquid layer, and the chemical reaction
rate constant, respectively. Assuming steady state growth
implies that d is the effective thickness of the adsorbed liquid
layer including the diffusion layer. The oxidation rate of the
AMA ribbon sample in oxygen containing liquids is much
slower in comparison with that in gaseous oxygen-bearing
medium, due to the relatively low solubility of oxygen in
liquid."

By assuming a steady state oxidation process implying
Jaiese & J = Jox the above equations can be solved to give

Jox = keo /(1 + 8k/D). @)

Under steady state conditions ¢y is constant, further, in the
so-called limit case D> Sk, then

Jox = ke = kox. )

Oxidation Reactions. Most metals react rather slowly
with oxygen at ordinary temperature in a dilute solution of
a mineral acid. The more active the metal is, the stronger
reducing agent itis, and it is therefore preferentially oxidized.
Thus for the iron and nickel in contact with oxygen in a
mineral acid medium, the oxidation proceeds according to
the general reactivity scheme:'
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3Fe(s) + 202(ads) — FeO(s) + Fe; 0s(s) (6)

and
Ni(s) + 1/20;(ads) — NiO(s) 7

and finally the metalloid boron oxidizes:
2B(s) +3/20,(ads) — B20s(s) ®)

The theory predicts that these three reactions proceed in-
dependently of each other, except insofar as they are both
governed by the potential drop at the AMA surface. On
the basis of this, resulting rate of the AMA oxidation, then
Jox = Jox(Fe) +Jox (N1)+Jox(B) or

Jox = [kox(Fe) + kOX(Ni) + kox(B)]CO =koxco = kox, (9)

where kox 1s the effective rate constant representing the sum
of three rate constants of the diffusion-oxidation processes.

Here, diffusion is assumed to be very rapid through the
AMA film, since the bottleneck for growth is the interfacial
chemical reactions. Thus the kinetics of oxidation of metals
in thin film is the zeroth order. Such a situation results
when some factor besides concentration limits the rate of
reaction or when the concentrations of reactions are naturally
maintained constant, as in our case.

Dissolution Reactions. = Among the commonest types
chemical reaction which take place between a metal and
a solution containing ions of mineral acids are deposition,
corrosion and dissolution. The driving force for the two si-
multaneous processes, €.g. oxidation for a given amorphous
metal alloy and its dissolution, depends on the free-energy
change for oxide formation and its simultaneous dissolution.
The dissolution of metals in acid can be regarded as con-
sisting of the processes of formation of ions and discharge
of ions at a metal surface. The reaction between oxidized
AMA surface layer and the mineral acid is a typical irre-
versible heterogeneous reaction. This can be expressed by
the united heterogeneous reaction scheme:

FeO(s) + Fe,03(s) + NiO(s) + 10H;0" (aq)
— Fe**(aq) + 2Fe** (aq) + Ni**(aq) + 15H,0(1)  (10)

When as metalloid boron oxide B,O5(s) reacts with adsorbed
H,0(1) to form boric acid, the presence of H;0*(aq) ions acid
medium makes the reaction more rapid, i.e.

B,0s(8) + 3H,0(ads) — 2H3BOs(ads), an

where H,O(ads) and H;BO;3(ads) are present in the adsorbed
surface-layer. The adsorbed orthoboric acid H3BOjs(ads)
dissociates'> as

H3BOs3(ads) — H3BOs(aq) + 3H,0(1)
— 3H30%(aq) + BO* ™ (aq) 12)

It is evident that the BO3>~ anions slow down any crossing
of metallic ions into the solution.

On the other hand, for reactive ribbon-metal components
such as iron and nickel, the dissolution reactions that occur
in the mineral acids are more rapid. In sulfuric acid
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M(s) + 2H;07 (aq) + SO4>~ (aq)
— M**(aq) + SO4*~ (aq) + 2H,O() + Ha(g) 1 (13)

Where M(s) is Fe or Ni’(s). Similarly in nitric acid is
expected

M(s) +2H;0"(aq) +2NO; ™ (aq)
— M2+(aq) +2NO3™ (aq) +2H,0() + Ha(g) T (14

Since BY dissolves in the non-oxidizing hydrogenchloride
acid:"’

B(s) +3H30"(aq) +3Cl ™ (aq)
— B3+(aq) +3Cl (ag) +3H0() +3/2Hx(g) T (15)

It would be expected to dissolve also in the oxidizing sulfuric
and nitric acid, too:

2B(s) + 6H30% (aq) + 3504~ (aq)
— 2B (ag) +3804> " (ag) + 6H,0() +3Hy(g) ~ (16)

and

2B(s) + 6H;0" (aq) + 3NO; ™ (aq)
— 2B>*(aq) + 3NO3 ™ (aq) + 6H,0(1) + 3Ha(g)  (17)

On the other hand, as is known, boron is one of the most
difficult elements to prepare pure; however, its behavior in
interactions with mineral acids seems similar with the behav-
iors of the metallic elements such as iron and nickel.'® This
conclusion can be supported on the basis of the standard po-
tential values of the oxidation reactions E° of the elements
forming AMA material: Fe®—Fe?*(aq)+2 e~, E° = 0.440
V, Ni®=Ni?*(agq)+2 e, E° =0.230 V, B°>=B3**(ag)+3 ¢,
E° =0.730 V. These E° values demonstrate the tendency
of all the three elements to react with 1 M-H3;O% ions in
a 1 M solution of Fe?*(aq), Ni**(aq), and B**(aq) ions at
298 K to form Hy(g) at 1 atom.'s For the present we sim-
ply wish to point out that not all acids yield hydrogen when
they react with metals (Fe®, Ni°®) and metalloid (B°) and also
that an acid may be either a (i) non-oxidizing or an (ii) oxi-
dizing agent. The mechanism and kinetics of o-phosphoric
acid solution influencing the electrotechnical and magnetic
parameters of amorphous alloys was object of study in.!"!7!8
Dissolution Kinetics of Ribbons.  As we already men-
tioned, one of the commonest types of chemical reaction
which takes place between an AMA surface layer and a
solution containing ions of mineral acid is deposition, corro-
sion and simultaneous dissolution. All these processes are
governed by the complex kinetics. The growth and diminish-
ing kinetics of ribbon of roughly 42 pm thickness described
above depends on the several factors associated with the min-
eral acid—substrate interface, including:
a) Transport of reactants (oxygen and hydronium ion)
through the boundary layer to the substrate,
b) Adsorption of reactants at the substrate,
¢) Atomic, ion, and molecular surface diffusion, chemical
reaction-oxidation, and incorporation into the lattice,
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d) Transport of substrate-dissolution away from the substrate
through the boundary layer into the mineral acid solution.

To research every individual processes of them and more-
over to search every component of the amorphous Fe-Ni-B
ribbons, one must use for example, an on-line atomic spec-
trometer, or the other instruments.

Whenever a material system is not in thermodynamic equi-
librium, driving forces arise naturally to push it forward
equilibrium. Among such processes one can include the dis-
solution of solid system. The rate at which these processes
take place has been discussed by numerous authors.'® Nernst
established the phenomenological connection between disso-
lution of material system and diffusion as controlling factor.
Applying it to the resultant diffusion transport of molecular
species through the two ribbons’ interface layers of the mag-

nitude of surface areas A = 2A’, one finds that dissolution

flow is
Jais = dm/AdT = D(mog — m)/V (18)

and dissolution rate
vais = dm/dT = AD(mo — m)/V S = kais, (19)

where (mo—m)/ V3 is the difference mass concentration gra-
dient in a thin ribbon interface surface layer of thickness &,
closely adhered to the amorphous ribbon surface of area A,
m/V is the mass concentration of the dissolved species in
volume V of CSTR at time 7, and my/V is the saturated
mass—concentration of dissolved species in the interface lig-
uid surface layer in the same volume V. If both ribbons’
surface areas change smoothly during a dissolution process,
we can consider area A as constant and equally D, my, V, 0
also constant. Then we can put in Eq. 18 Jg;s = kgis, Where
kgis 1s the effective dissolution rate constant at a given tem-
perature. The net weight m(7) of the ribbon’s sample at time
7 is given by the difference of the flows in Eqs. 9 and 18,
e.g. Jox—Juis = kox —kais, where kgis > Kox, OF

m(7) = mo — A(kdis — kox) T = mo — AKT (20)

where my is the initial weight of the sample and x>0 is the
effective oxidation—dissolution rate constant. Later m(7) will
be statistically evaluated. In Fig. 1, two simultaneous proc-
esses, e.g. oxidation and dissolution in the mineral acids, in
agreement with the Egs. 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
and 17, are represented. At the amorphous metal-oxygen
interface, the neutral metal (Fe, Ni) and metalloid (B) atoms
interacting with H3O" ions lose electrons and became metal
ions. Under the influence of the intensive electric field gen-
erated by the anions in solution, these migrate through the
metal oxide to the oxygen surface layer into the solution.

The applied steady state condition in which the concentra-
tion gradient (mg—m)/V§ is time independent rarely occurs
in the case of the dissolution bulk-solids. So the kinetics
and mechanism of interaction of the AMAs ribbons as two
dimensional system are different from those in the bulk metal
system.?02!
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Fig. 1. Mechanisms of oxidation: M° =2e™ +M?*; 0%+
2e” =07

(a) oxide growth at oxide—ambient interface, (b) oxide
growth at oxide—metal interface.

Comparison with the Experimental Results

Dissolution Rate and Weight-Loss.  The effect of the
stirring rate on the reaction is essentially to change the thick-
ness of the diffusion surface layer. From the dependence of
the total dissolution rate on the stirring rate it is concluded
that the oxidation process occurring simultaneously with dis-
solution of ribbon samples at the temperature 25 °C is con-
trolled by the diffusion process. Therefore, before accessing
a constant rate stirring regime it was necessary to determine
the experimental conditions under which the rate of weight-
loss of the AMA sample was constant. The effect of stirring
on the dissolution rate is demonstrated in Fig. 2. The rate of
the oxidation reaction occurring on the AMA surface is slow,
e.g. in the case of H,SOy4 acid. In contrast, for example, in
the case of 1.0 or 0.1 M-HNOs acid solution, the dependence
dissolution stirring rate is smooth. Statistically evaluated
data describing weight-loss of the AMA sample in 0.5 M-
H,SO, are summarized in Table 1 and losses in 0.1 M-HNO;
in Table 2 and Fig. 3. The data fit a linear time dependence
and this fit confirms our theoretical view on the problem,
represented by Eq. 20. The statistical parameters character-
ising the accuracy of measurements in various mineral acids
are shown in Table 3. The weight—time dependence de-
crease of the sample om 0.5 M-H, SOy is relatively small and
the obtained value of the dissolution rate, vgis = 4.1x 1072
mgmin~ ! confirms the slow course of the dissolution proc-

45 A A 73
a0l —
‘.‘c 35| / —a—pB
Eaol A —+—C
—a—D
E25
020+
20 - ° )
ctere «—
61,0+
205
Bool » = ] » ]
0,5 |-
1,0 L—— ! | ! | L
50 100 150 200 250 300

stirring rate-turns/min™’

Fig. 2. The dissolution rate va;s vs. stirring rate-turns for the
some samples of amorphous FesoNisBoo alloys (B : 0.5 M-
H,S04, C:0.1 M-HNO;3, D: 1.0 M-HNO3).
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Table 1. The Statistical Parameters Characterising the Weight-Loss vs. Time in 0.5 M-H;SO4 for the Amorphous FesoNisoB2o
Alloys (A =4.9 cm?, 1 =25 °C, Melting No. 1)

7/min

m (meas)/mg m (calc)/mg

5% (meas) 5% (calc) d% (meas) d% (calc)

0
5
15
35
65
95

53.07
52.81
52.04
52.12
50.53
48.82

53.22
53.01
52.61
51.79
50.56
49.32

0.30 0.36 0.29 0.45
0.40 0.36 0.40 0.45
0.95 0.36 1.01 0.46
1.44 0.36 0.63 0.46
1.39 0.37 0.06 0.47
1.79 0.37 1.03 0.47

The number of samples for each set N = 3, 7 is time, m (meas) is the measured weight, m (calc) is the calculated
weight by the least square method, s% (meas) is the point estimate from the relative value of the standard
deviation of individual measurements, s% (calc) is the functional estimate of the relative value of the standard
deviation of individual measurements, d% (meas) is the point estimate of the relative error value, d% (calc) is
the functional estimate of the relative error value, A is the surface area.

Table 2. The Statistical Parameters Characterising the Weight-Loss vs. Time in 0.1 M-HNOs for the Amorphous Fe4oNi4B2o
Alloys (A =4.9 cm?, ¢ =25 °C, Melting No. 1)

T/min

m (meas)/mg m (calc)/mg

s% (meas) 5% (calc) d% (meas) d% (calc)

0

5
10
15
20
25
30

5342
45.13
35.46
25.11
17.39

8.92

4.75

53.26
44 .46
35.66
26.86
18.06

9.26

0.46

0.02 0.41 0.30 0.92
0.60 0.81 1.49 1.02
0.13 0.91 0.56 1.15
0.51 1.04 2.95 1.31
3.44 1.26 3.71 1.59
0.88 1.73 3.67 2.19
3.48 8.69 2.61 10.98

The number of samples for each set N = 3. The meaning of the symbols is the same as in the Table 1.
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Fig. 3. The weight-loss m vs. time 7 for the some samples of
amorphous Fe4oNisB2o (B:0.1 M-HNO;, C: 1 M-HNO3).

10 15
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ess. Tables 1, 2, and 3 list the errors in experimental data
determined by the liner regression analysis. We can conclude
that it is useless to reduce random errors with uncalibrated or
inaccurate equipment. However, from the date summarised
in Table 2 it follows that in the case of 0.1 M-HNO; the
dissolution weight loss is much higher, even though the con-
centration of H3O" ions is 10-times lower, in comparison
with the effect of H,SO4 acid. The corresponding dissolu-
tion rate vgis = 1.76 mgmin~—' (Table 3), but it was found
that weight decreases linearly only up to a time of roughly
ca. 25 min. Similar data were obtained also in the case of
1.0 M-HNO; vgis = 4.62 mgmin~! is higher in comparison
with the dissolution rate corresponding to 0.5 M-H,SO4 at
the same experimental measurement conditions. The lowest
dissolution rate is observed in the case of 0.1 M-HC1 and the
rate is little higher in 1.0 M-HCL.

Table 3. The Statistical Parameters Characterising the Liner Time Dependence of the Dissolution Rate vy in Various Mineral
Acids for Amorphous-FesoNisBao (A = 4.9 cm?, £ =25 °C, Melting No. 1) -

Medium N Vais/mg min ™! Sy a Sa TA? r

0.5 M-H;S04 18 0.041 0.001 53.22 0.080 0.6361 0.9900
0.33 M-H3PO4 18 0.040 0.001 53.28 0.034 0.1572 0.9941
1.0 M-HCl1 21 0.018 0.001 53.24 0.027 0.0720 0.9825
0.1 M-HCl1 18 0.008 0.001 53.22 0.034 0.0963 0.9493
0.1 M-HNO; 18 1.76 0.01 53.26 0.23 1.4529 0.9995
1.0 M-HNO; 15 4.62 0.02 53.03 0.15 1.3689 0.9999

N is the total number of measurements taken for the calculation, vg;s is the dissolution rate, sy-intercept decisive deviation of vgis, @ is the intercept,
sa is the intercept decisive deviation, A ? is the sum of the squared deviations between the measured and by the least squares method calculated
values of weight m, r is the correlation coefficient.



1932 Bull. Chem. Soc. Jpn., 72, No. 8 (1999)

The Rate Constants and the Surface Area of Ribbons.
Dependence of dissolution rate vg;s on the magnitude of sur-
face area A in the case of 1.0 M-HNO; is summarised in
Table 4, where all data are statistically evaluated. It is re-
markable that the dissolution rate at a given temperature
and stirring rate decreases with the decreasing surface area
of the ribbon samples from 4.72 to 0.92 mgmin~!. From
the analysis of the relationship between the weight-loss of
samples versus time dissolution in 1 M-HNOs, it has been
found that the extrapolated time interval corresponding to the
zero weight sample (m = 0) tends to ca. 11.5 min, which can
be considered as the overall dissolution time (Fig. 3). We
can conclude that this extrapolated time interval reasonably
correlates with the residuals, e.g. the differences between ob-
served and calculated sample-weight (Table 4). On the other
hand, for the purpose of illustration, the dissolution time for
the set of ribbon samples weights lying in the interval; 1—6
mg, corresponds roughly to 15 min dissolution time. From
this we can conclude that, if more that 85 wt% of the sam-
ple is dissolved, the oxidation—dissolution reactions proceed
with great velocity (Fig. 4). It is evident that the overall rate
of dissolution in general depends not only on the concentra-
tion of the mineral acid, but also on the concentration of all
the ions present in the solution (Egs. 19 and 20).

We mention, that the various weighings were accurate to
four decimal places and were realised to a level of precision
that clearly differentiates one ribbon sample from another. In
addition it can be seen that the error in the weight-loss mea-
surements is sufficiently small in comparison with a variation
in ribbon sample weight. Statistically evaluated dissolution
rate vgis as a function of the ribbon surface area A is repre-
sented by the linear Eq. 19 (Fig. 5):

vais/mgmin~" = (0.0120 & 0.0021) + (0.9427 £ 0.0064)A
N=15u=5,r=0.9997,54%=0.0162, 21
A=(1.0-5.0) cm®.

From the high value of the correlation coefficient, r it can be
concluded that the dissolution rate vg4;s as a function of surface
area A is linear, in harmony with Eq. 19. The calculated
values of vy;s as well as all the statistical parameters in Table 4
support this conclusion.

However, we can state that, at constant temperature and
stirring rate, the dissolution flow Jgs is not constant, but
apparently decreases with increasing surface area (Tables 3
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Fig. 4. The weight-loss m vs. time 7 for the some samples
of amorphous FeyNigBap in 1 M-HNOs. Area (B) 1 cm?,
(C) 2 cm?, (D) 3 cm?, (E) 4 cm?, (F) 5 cm?.
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Fig. 5. The dissolution rate vg;s vs. the ribbon surface area A
of the amorphous Fe4oNisBy alloys in 1 M-HNOs.
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and 4). This has all the appearances of an edge effect, pos-
sibly due to an unequal distribution of ribbon surface inho-
mogeneities, such as the small pits. This effects is more
predominant for smaller areas than for larger ones, thus ac-
counting, at least qualitatively, for the apparently greater rate
of dissolution of the smaller surfaces. For this reason it is
recommended that in future experiments a complete deter-
mination of the rate constants as a function of stirring rate
should be carried out for each sample.

Table 4. The Statistical Parameters Characterising the Dependence of the Dissolution Rate vgis on the Surface Area vgis =f(A) for
the Amorphous-Fe4oNisB2o Alloys in 1.0 M-HNO; (¢ =25 °C), Melting No. 2)

Alcm? Vais/mg min ! Sy a Sa TA? r T (m—0)/min
1.0 0.917 0.04 9.65 0.24 3.030 0.9943 9.81
2.0 1.881 0.06 18.71 0.62 7.656 0.9944 10.81
3.0 2.820 0.11 29.09 . 0.65 21.767 0.9931 10.36
4.0 3.772 0.13 39.61 0.61 34.147 0.9940 10.61
5.0 4723 0.12 50.88 0.80 34.375 0.9972 10.73

7 (m—0) is the extrapolated value of time for dissolution rate of the whole sample, the meaning of the other symbols

is the same as in the Table 3.
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Conclusions

Here we present the influence of a mineral acid medium
on the Fe4oNiqgB,g ribbon surface. Our important conclu-
sion is that the kinetics and mechanism of interaction of the
amorphous ribbons as a two-dimensional system differs in
comparison with the bulk metal system. This interaction is
manifested through series of complicated physical and chem-
ical processes. The dominant ones are oxidation processes,
represented by the set of reactions, Egs. 6, 7, and 8, and the
dissolution reactions—the Egs. 10, 11, 12, 13, 14, 15, 16,
and 17, which occur simultaneously and both are controlled
by the diffusion process. We have not considered reducing
reactions since these to be hardly carried out, taking into
account the relatively lower solubility of hydrogen in liquid
and neglecting its partial hydrogen pressure under the high
frequency of stirring in comparison with the favourable com-
ponent of oxygen. We suppose that oxidizing of the AMA
ribbons has two principal advantages: (a) by adjusting the
composition of the oxidation products on the surface layer,
one can also improve the magnetic characteristics, and (b) an
optimally chosen oxide layer on AMA ribbon surface can im-
prove the chemical stability of the AMA and hence stability
of their magnetic properties. Comprehensively speaking, a
knowledge of the reaction mechanism and influence of min-
eral acid media on the AMA will enable us to choose accel-
erating or inhibition conditions for optimisation of oxidation
processes and thus influence their magnetic characteristics,
too. In addition to the many desirable physical properties of
AMA glasses, unusual chemical properties such as corrosion
resistance sometimes appear which by the influence of min-
eral acid medium could be improved. This paper together
with many unanswered questions about the chemistry and
physics of AMAs promises a stimulating forthcoming work
on the subject.

This work has been supported by grant No.1/4208/97 to
P. Simon from the Slovak Grant agency for Science.
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