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The microstructure of melt-spun AI-17.3at% Cu eutectic alloy ribbons with dif- 
ferent thicknesses have been revealed by means of electron microscopy and X-ray 
techniques. Thick ribbons (> 20/~m) consist of finely-dispersed ~-AI and AI2Cu 
equilibrium phases showing lamellar or irregular morphology. In thin ribbons a con- 
siderable fraction of supersaturated c~-AI solid solution and the metastable AI4Cu9 
phase have been detected. The experimental facts on the identity of the phases, 
their morphology and particle size for given processing conditions are discussed 
within the framework of a heat flow model including the solidification process as 
well as post-solidification transformations. The microstructural features are con- 
sidered to be determined by local and time variations of the ribbon-wheel contact. 

1. Introduct ion  
Although the melt-spinning technique is widely 
used for the production of  amorphous and 
microcrystalline alloy ribbons, the solidification 
process is not fully understood because of  the 
many influencing factors. On the other hand it is 
well known that much information concerning 
the rapid solidification process is available from 
the microstructural features of  rapidly- 
quenched crystalline foils such as lamellar spac- 
ing in eutectic alloys, dendrite arm spacing and 
extended solid solubility [1, 2]. 

In particular the microstructure of splat- 
quenched A1-Cu alloy foils has been investi- 
gated extensively [3-6] and several conclusions 
were drawn on the cooling conditions. 

No such investigation for melt-spun ribbons is 
known except for transmission electron micro- 
scopic (TEM) results for some electron-trans- 
parent thin regions observed near the centre of  
the ribbons [7]. These results may not be 
representative of  ribbons with overall thick- 
nesses of 20 to 50 ktm. 

The purpose of this paper is a detailed investi- 

0022-2461/85 $03.00 + .12 

gation of the microstructure of AI-17.3 at % Cu 
eutectic alloy ribbons produced by the melt- 
spinning technique as a function of  process 
parameters. Special care was taken with respect 
to the influence of the melt-wheel wetting con- 
ditions on the local microstructure of the ribbon. 
The results are discussed in the framework of  a 
solidification model described in a previous 
paper [8]. This allows some conclusions to be 
drawn from the observed microstructural 
features concerning the freezing process. 

2. Experimental procedures 
Pure (99.999%) aluminium and copper were 
used to prepare the Al -17 .3a t% Cu eutectic 
master alloy. Casting was carried out under 
13.3 Pa vacuum. The ribbons were produced by a 
melt-spinning apparatus of  the Liebermann- 
Graham type [9] v~ith a 160 mm diameter copper 
roller and a quartz tube with a circular orifice of  
0.8 mm diameter. The substrate-orifice distance 
was about 1 mm. Ribbons of  1 to 5 mm width 
and 8 to 40 #m thickness were obtained by vary- 
ing the linear surface speed and the ejection 
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pressure within the ranges of 20 to 80m sec -1 
and 1.0 x 104 to 1.5 • 10Spa respectively. The 
morphology of the wheel side of the ribbons, 
which results from the melt-substrate wetting 
conditions and depends sensitively on the 
process parameters [10], was investigated by 
optical and scanning electron microscopy 

(SEM).  
The microstructure of selected ribbons was 

characterized by the following methods: 

(a) SEM studies of wheel-side, air-side and 
fracture surfaces of as-cast ribbons; 

(b) transmission electron microscopic (TEM) 
investigation of replicas made from polished and 
etched ribbon cross-sections; and 

(c) X-ray phase analysis and X-ray micro- 
diffractometer [11] investigations of as-cast and 
annealed ribbons. 

In some cases the temperatures of ribbons after 
separation from the wheel were measured by a 
calorimetric method in order to relate the micro- 
structure with some features of the cooling 
process. 

3. Results 
3.1. Morphology of wheel-side surface 

and fracture surfaces of ribbons 
It has been shown that the wetting pattern, 
which itself depends on several processing con- 
ditions such as wheel surface topology and linear 
surface speed, considerably influences the 
ribbon-wheel interfacial heat transfer [10]. 
Therefore it may be expected also to determine 
the microstructure of the ribbon. 

In Fig. 1 typical morphologies of wheel-side 
surfaces of A1-Cu ribbons are shown in the case 
of a longitudinally polished wheel surface. For 
linear surface speeds v, < 60 m sec-1 the lift-off 
areas form channels arranged in a fishbone pat- 
tern on the ribbon surface (Fig. 1 a). The charac- 
ter of lift-off areas is transformed into single air 
pockets with further increase in vs (Fig. lb). The 
lift-off area fraction is about 30% of the whole 
surface. The lift-off morphology on the wheel- 
side surface is superposed by a coarse network of 
regions which are lifted off from the substrate 
although exhibiting the impression of the wheel 
profile (bright regions in Fig.~l c). A pecularity of 
these regions are small nearly circular hillocks 
which are partially flattened on top. Probably 
these regions originate from an initial melt- 
wheel contact which was lost in a later stage of 
the solidification process. The surface rfraction of 
permanent ribbon-wheel contact (dark regions 
in Fig. lc), which is about 20% at v, = 
20msec -1, is increased by increasing v~. At 
v~ = 80msec -1 no sign of this network was 
observed. An air screen behind the melt puddle 
effectively reduced the lift-off area fraction, 

Figure 1 Wetting pattern at the wheel-side surface of ribbons 
for different linear surface speeds vs (the arrows indicates the 
direction of  spinning): (a) SEM micrograph showing chan- 
nels at v s = 20 m sec-~ (d ~ 40 #m); (b) SEM micrograph 
showing pockets at vs = 70 m sec- l (d ~ 15 #m); (c) optical 
micrograph showing coarse network at v s = 50rnsec -t 
(d ~ 20ttm). 
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Figure 2 Optical micrograph showing grain structure on fracture surfaces of ribbon cross-sections (the wheel-side surface is 
at the bottom): (a) near a localized ribbon-wheel contact area; (b) for more homogeneous ribbon-wheel contac t .  

giving rise to the presumption that they are 
mainly formed by air trapping at the back of the 
melt puddle [10]. 

The importance of the melt-substrate wetting 
pattern for the solidification process is demon- 
strated by some cross-sectional fracture surfaces 
of  ribbons. The main portion of the ribbon, 
except for a thin layer of globular grains in the 
immediate vicinity of the wheel-side surface, is 
occupied by columnar grains (Fig. 2). The 
columnar grain direction is mainly determined 
by the heat flow, although an influence of  the 
fluid flow in the melt puddle has been reported to 
cause an overall inclination of the growth direc- 
tion of some 10 ~ to the ribbon plane normal [12, 
13]. The latter effect is only visible on longitudi- 
nal ribbon sections. Therefore the observed 
spread in the columnar grain inclination on the 
cross-section of  the ribbon (perpendicular to the 
casting direction) is essentially due to the 
inhomogeneous thermal contact (Fig. 2a). The 
columnar grains seem to originate in the contact 
areas, which is consistent with the heat flow 
calculated previously [8]. For  more homo- 
geneous contact the columnar grains are 
directed almost parallel to the ribbon plane nor- 
mal (Fig. 2b). 

3.2.  M i c r o s t r u c t u r e  of  a s - q u e n c h e d  
r i b b o n s  

In accordance with the observations of  other 
authors [1, 3-6] the local microstructure of 
rapidly-quenched foils was found to be non- 
uniform. Two distinct types of microstructures 
were observed, depending on the ribbon thick- 

ness d. For  d > 20#m (corresponding to 
vs < 50 m s e c  - l  at a fixed ejection pressure of 
p = 150 kPa) the ribbon consists of the equilib- 
rium phases e-A1 and A12Cu as revealed by X- 
ray methods. The topology of the microstruc- 
ture essentially depends on its distance from the 
ribbon-wheel interface as shown in Fig. 3. Two 
regions of different topology can be dis- 
tinguished. A coarse cellular duplex structure 
with typical particle sizes of 0.1 to 0.15#m is 
predominant in a layer about 10 #m thick at the 
wheel-side of the ribbon. This region is suc- 
ceeded by a lamellar eutectic structure with 
lamellar spacings 2 varying from about 0.035/am 
through a maximum of about 0.060 #m to again 
smaller values of  about 0.035 #m with increasing 
distance from the wheel-side surface. 

This sequence of  topology and lamellar spac- 
ings was found to be typical for all ribbons 
investigated, though the values of 2 depend on 
ribbon thickness and local scatter within a given 
ribbon. The different nature of  the microstruc- 
ture of the air-side and the wheel-side of  the 
ribbon exhibiting lamellar eutectic and cellular 
duplex topology, respectively, is also demon- 
strated in Fig. 4 (bright regions correspond to the 
AI2Cu phase). 

Above large lift-off areas, where the heat flow 
direction is expected to deviate from the ribbon 
plane normal, coarse lamellae were observed at 
the wheel-side surface of the ribbon which con- 
trast with the cellular duplex topology on the 
remaining ribbon surface. The lamellae are 
directed from the edges to the centre of the 
lift-off region (Fig. 4c). This would correspond 
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Figure 3 TEM replica micrograph of a cross-section of a 
30/~m thick ribbon showing the sequence of microstructures 
through the cross-section. The bottom edge of the micro- 
graph corresponds to a distance of 5 ~m from the wheel-side 
surface of the ribbon, 

to a solidification front velocity which is 
essentially directed parallel to the ribbon-wheel 
interface, as is expected when the heat is not 
directly conducted into the chill block but 
instead extracted via neighbouring r ibbon-  
wheel contact points [8]. One reason for the 
decrease of  lamellar spacing from the edges to 
the centre of the lift-off region should be the 
decreasing ratio of  solidifying volume to solidi- 
fication front area during the solidification of 
such insulated domains. Another conceivable 
factor causing the solidification front velocity to 
increase is the steadily decreasing melt superheat 
during the solidification process. 

In thin ribbons (d ~< 20 #m) supersaturated 
ct-A1 solid solution and the metastable vacancy- 
ordered Al4Cu 9 phase which was previously 
reported to occur in rapidly-quenched 
AI-45 at % Cu foils [14] were detected by X-ray 
diffraction in addition to the equilibrium phases 
~t-A1 and A12 Cu, Comparing the lattice constant 
of the supersaturated ~-A1 solid solution 
a = 0.397 nm with that of  Predel and Duddek 
[15] the copper concentration is concluded to be 
approximately 17 at %, i.e. it corresponds to the 
eutectic composition of the melt. From the 
intensity of  the corresponding X-ray diffraction 
lines the volume fractions of  supersaturated ~-A1 
solid solution and of  the metastable AI4Cu9 
phase in an as-quenched ribbon with d ~ 8 #m 
were roughly estimated to be of  order of  60% 
and about 1% respectively, Furthermore, the 
intensity of the corresponding X-ray diffraction 
lines of  the supersaturated ~-A1 solid solution 
continuously decreased during a heat treatment 
of  15 h at 423 K, whereas that of  the metastable 
AIaCu9 phase passed through a maximum. This 
gives rise to the opinion that the A14Cu 9 phase 
should be a solid state decomposition product of  
the highly supersaturated ~-A1 solid solution. 

In TEM replica micrographs of  the cross- 
sections of thin ribbons a featureless zone near 
the wheel-side surface was observed in analogy 
with that found in rapidly-quenched A1-Si foils 
[16]. It probably corresponds to the super- 
saturated ~-A1 phase. Near the air-side surface a 
fine-grained lameUar structure with the smallest 
observed value 2 ~ 0.016#m occured. 

The fraction of supersaturated ~-A1 gradually 
decreases with increasing ribbon thickness. Near 
d ~ 20 #m localized single-phase ~-AI regions 
were detected above contact areas by means of  
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Figure 4 SEM micrographs of  (a) wheel-side surface; (b) 
air-side surface of  a 30/~m thick ribbon; (c) wheel-side sur- 
face over a large lift-off area. 

X-ray micro-diffractometry [14]. The striking 
difference between the X-ray diffraction patterns 
of ribbon sections above a contact area A and a 
lift-off area B, which were obtained only in the 
back scattering direction for technical reasons, is 

illustrated in Fig. 5. In the diffraction pattern of 
Section B only diffraction lines of the ~-AI and 
AIzCu equilibrium phases are obtained. The dif- 
fraction pattern of  Section A essentially contains 
a very smoothed (3 1 1)-~-A1 diffraction line 
which is considerably shifted toward greater 
Bragg angles. The maximum intensity corre- 
sponds to an average lattice constant of a 
= 0.3989 nm, equivalent to some 13 at % Cu in 
the supersaturated ~-A1 solid solution. The con- 
siderable line broadening can be related to a 
spread of  the copper concentration of  about 
_ 7 at % in the ~-AI solid solution. Moreover it 
can also be caused by the small crystallite sizes, 

A 

65 70 75 78 80 
(b) Bragg angle (~ 

Figure 5 X-ray micro-diffraction investigation of ribbon sections with different ribbon-wheel contacts (d ~ 20/~m): (a) SEM 
micrograph showing the wheel-side surface of  the ribbon with circles indicating the regions investigated over a contact area 
(A) and a lift-off area (B); (b) X-ray (Cr-Ka) diffraction patterns of  ribbon sections over the areas A and B (full lines) and 
of pure aluminium for comparison (dashed line). Reflex positions of ct-Al(Cu) and 0-AI2Cu are indicated. 
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4. D i scuss ion  
According to previous workers [1, 8] the 
observed microstructure should be either a 
direct result of  the solidification process, of  post- 
solification transformations, or of both. Suppos- 
ing the fine lamellar microstructure to originate 
primarily from the solidification process we use 
the relation 22v = 88.1 x 10-18m3sec -1 [1, 3] 
for the estimation of  the solidification front 
velocity v from the observed lamellar spacing. 
With 2 = 0.035/~m determined near the air-side 
surface of a 30 #m thick ribbon (see Fig. 3) one 
obtains v = 0.072 m sec -1 corresponding to a 
cooling rate T = 1.0 x 106Ksec -l [3]. This 
solidification front velocity is compared with the 
predictions of  rapid solidification models [8, 17]. 
We obtain a ribbon-wheel heat transfer coef- 
ficient h = 1.7 x 105Wm-2K -1 and a Nusselt 
number Nu = 0.062 (Nu = hdkg ~, where ks is 
the thermal conductivity of  the solid ribbon). 
The Nusselt number is almost within the range 
of Newtonian cooling Nu < 0.015 [18]. In that 
case rapid solidification models predict an 
almost constant solidification rate throughout 
the ribbon [8, 17, 18]. Apparently, this con- 
tradicts the experimentally observed sequence of  
lamellar spacings with distance from the wheel- 
side surface (see Fig. 3). In particular the narrow 
region of relatively coarse lamellae must be 
associated with a minimum in the local solidifi- 
cation rate. Such a kind of  minimum was pre- 
dicted to exist by model calculations [8, 17] for 
Nu > 1 if superheating [8] or supercooling [17] 
were taken into account. Both the Nusselt num- 
ber determined from the experimentally 
observed lamellar spacings, as well as the 
expected depth of the minimum, conflict quan- 
titatively with the model conditions. 

One way out of  these difficulties is to assume 
a time-dependent heat transfer coefficient during 
the solidification process [8]. The calculated 
solidification front velocity of a solidifying melt 
layer of  the A1-17.3 at % Cu eutectic alloy on a 
copper substrate is illustrated in Fig. 6. 

The details of the mathematical model as well 
as the physical parameters are given elsewhere 
[8]. The initial temperature of  the melt was 200 K 
above the melting point. As the solidification 
front reached one third of  the foil thickness the 
foil-substrate heat transfer coefficient was 
reduced from an initially high value by a factor 
of  30. Indeed a distinctly marked minimum in 
the solidification front velocity is predicted in 
the transient stage after the reduction of  heat 
transfer. This surprising behaviour is explained 
as follows. Steep temperature gradients exist 
both in the solidified foil as well as in the remain- 
ing melt layer during the first stage of  the 
solidification process, determined by a high heat 
transfer coefficient. On suddenly reducing the 
foil-substrate heat transfer the temperature 
gradient is first decreased in the solidified layer 
near the substrate, whereas the heat flow from 
the superheated melt to the liquid-solid interface 
remains unaffected. The solidification front 
velocity is therefore decreased. In extreme cases 
a remelting of the solidified layer may occur [8]. 
After this transient stage the temperature 
gradient in the melt gradually attains a smaller 
value and the solidification front velocity is 
again increased. 

The possibility of an abruptly decreased heat 
transfer during the solidification process, as a 
consequence of a partial ribbon-wheel separ- 
ation, is strongly supported by the existence of  
the coarse network at the wheel side of the 
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Figure 6 Predicted local solidification rate v 
(full line) and effective diffusion length l~  
(dashed line) plotted against r ibbon-wheel  
interfacial distance X o f a  r ibbon with d = 30 
/~m. The r ibbon-wheel  interfacial heat transfer 
coefficient is reduced at tj = 1.05 • 10-4sec 
f r o m h  I = 4.2 x 1 0 6 Wm-2 K l toh2  = 1.26 
x 1 0 5 Wm-2 K 1. Effective diffusion length 

lef t for two different post-solidification modes:  
(1) Persisting thermal r ibbon-wheel  contact  
(h2), (2) air cooling (h3 = 3.5 x 102Wm -z 
s -1) of  the solidified r ibbon for t > 6.3 x 
10 2sec. 
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ribbon discussed in Section 3.1. The observation 
of  the impression of  the wheel profile at lifted-off 
regions of the ribbon surface leads us to assume 
that even those regions must have had an 
intimate substrate contact in an early stage of 
ribbon formation. The considerable difference 
between the fine-grained layer adjacent to the 
wheel-side surface and the columnar grains in 
the remaining part of  the ribbon, known from 
the fracture surfaces (Fig. 2), may also be due to 
some sudden transition of the ribbon-wheel 
interfacial heat transfer. 

At first glance the observation of  the layer of 
rather coarse irregular two-phase structure on 
the bottom side of  the ribbon seems to argue 
against a high solidification front velocity in that 
region. But it should be considered that this kind 
of microstructure might originate from solid 
state transformation in the ribbon during the 
subsequent cooling process [19]. For  high 
solidification front velocity two types of primary 
structures could be expected: a very finely spaced 
eutectic [7] or alternatively a homogeneous 
supersaturated solid solution [5]. According to 
Sellger et al. [8] we can describe processes like 
coarsening of  eutectic structures or precipitation 
from a supersaturated solid solution by an effec- 
tive diffusion length: 

An Jr rhenius  law was assumed for the diffusion 
coefficient D(T). Results of  le~ are also shown in 
Fig. 6. The sudden change in heat transfer 
during the solidification process has no par- 
ticular influence on this quantity. A rather small 
lo~ of order 0.01 #m is predicted if the r ibbon-  
wheel contact persists during the further cooling 
process of the solidified foil (Line 1 of Fig. 6). If 
the much slower air cooling dominates after 
solidification, e.g. because of  ribbon-wheel 
separation, le~ may be increased by nearly one 
order of  magnitude (Line 2 of  Fig. 6). 

Air cooling must be taken into account 
because we determined by calorimetric measure- 
ments that the temperature of  the ribbons was 
still between 620 and 720K after separation 
from the wheel. Replacing the quantity D(T)t 
(where t is annealing time) in the well-known 
formulae for isothermal transformations by l~fr 
leads to the following characteristic size para- 
meters, the lamellar half-spacing [20] 

{z" 12 "~1/3 
2* - t,~l,~fr~ (2) 

2(O/2)ont 

and the precipitate radius [24] 

r= {,,r: ( r$ ) J j  (3) 

of the coarsened irregular two-phase structure. 
We used C1 = 81~3MTceqI(RTl@) = 2.37 x 

10-3#m (molar weight M = l l 7 .5kgkmol  -~, 
surface free energy y = 0.1 J m 2, equilibrium 
solute concentration Ceq = 1 .7at%,  universal 
gas constant R = 8317Jkmol ~K -I, mean 
coarsening temperature T~ = 773 K, mass den- 
sity ~o = 3.25 x 103kgm -3) and/7 = (c 0 - %) /  
( % -  % ) =  0.5 (solute concentration c0 = 
17.3 at %, solute concentration in the precipitate 
cp = 33.0 at %) and ((I)/5)o~t ~ 1 in the calcula- 
tions. The latter parameter was calculated by 
van Suchtelen [20] and depends in general on the 
mode of coarsening and the volume fraction of 
the affected phase. All parameters were taken at 
a fixed temperature, because it can easily be 
verified that they are much less temperature- 
dependent than the diffusion coefficient. The 
results are shown in Fig. 7. Some different values 
of the mean precipitate spacing r s were used 
(4~r~Npl3 = 1. Where Np is the number of pre- 
cipitates per unit volume). 

Notwithstanding the uncertainties of  the 
models as well as the values used for the para- 
meters it is predicted that the cellular duplex 
structure with observed mean particle size of  
approximately 0.15 #m, which is greater than 
that of  the as-grown eutectic structure, is mainly 
due to precipitation processes from super- 
saturated solid solution during the relatively 
slow air-cooling after the ribbon-wheel separ- 
ation. Only in that case we get lee ,~ 0.1 #m for 
reasonable parameters (Fig. 6). 

The morphology and the particle size of the 
cellular duplex structure are nearly identical 
with that observed after isothermal annealing 
(600 sec at 300 ~ C) of  splat-quenched foils consist- 
ing originally of  supersaturated solid solution 
[19]. For those conditions we calculated 
l~fr ~ 0.16#m. 

In thin ribbons the supersaturated solid solu- 
tion was at least partially conserved. It is 
probably located near the wheel-side surface. 
The upper part of  the thin ribbons consists of  a 
finely-spaced eutectic microstructure. The 
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Figure 7 Particle size r (2*) for different modes of  
post-solidification transformations plotted 
against lee. Precipitation from supersaturated 
solid solution with (1) r~ = 0.2pro, (2) r~ = 
0.1 Nm, (3) coarsening of a eutectic microstruc- 
ture. 

question arises of  whether the segregationless 
solidification in the layer adjacent to the 
ribbon-wheel interface may be described by a 
heat flow model where the solidification front 
velocity is mainly determined by the r ibbon-  
wheel heat transfer, or alternatively occurs 
unrelated to the external heat extraction because 
of  a prior supercooling of the melt during recal- 
escence from some nucleation temperature well 
below the melting temperature. 

From the dynamic T0-criterion the critical 
solidification front velocity and supercooling to 
achieve segregationless solidification of  an 
Al-18 at % Cu alloy were predicted to be vc = 
0.052msec -l and ATe = 27.6K, respectively 
[21]. These values seem to be more realistic than 
those estimated from the Mullins-Sekerka 
absolute stability criterion (see [2]) which leads, 
for example, to a one order of  magnitude greater 
value of  v~ [21]. It has been suggested that com- 
plete rapid solidification during recalescence 
may occur without external heat extraction if the 
prior supercooling is at least L/c (L = latent 
heat of fusion, c = specific heat capacity of  the 
melt) [22]. Lower supercoolings allow only a 
portion of solidification to occur during recal- 
escence, the remainder occurring at a rate deter- 
mined by external heat extraction. 

Comparing the ratio L/c, which amounts to 
some 440 K for the AI~Cu eutectic alloy with the 
predicted AT~ necessary for achieving segre- 
gationless solidification, we suppose solidifi- 
cation during recalescence to be of  minor 
importance, i.e. the solidification process is 
essentially determined by external heat extrac- 
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tion as was presumed to be the case in our heat 
flow model [8]. With the solidification front 
velocity v = 0.34msec -L determined from the 
smallest observed lamellar spacing 2 = 
0.016/~m we obtained a heat transfer coefficient 
h = 8.5 x 105Wm 2 K-~ and Nu = 0.053 
(d = 8/~m). These values are considered to be 
lower limits of the solidification process in thin 
ribbons and in the layer adjacent to the r ibbon-  
wheel interface of thick ribbons, respectively. 

Although the effective ribbon-wheel inter- 
facial heat transfer coefficient was shown to 
increase with increasing substrate velocity [23], 
this increment can hardly explain the drastic 
differences between thick and thin ribbons 
because the solidification front velocity is only 
proportional to h and virtually independent of 
the ribbon thickness. The differences rather 
occur because of the post-solidification trans- 
formations. Calculations performed with the 
same parameters used for Fig. 6, but with an 
uninterrupted good thermal contact (h~) until t2 
for a 10#m thick ribbon, result in left = 2.42 x 
10 3ktm. This value of l~fr is nearly of the order 
of the atomic distance. Hence we expect no pre- 
cipitation in that case. The importance of  an 
uninterrupted thermal contact for maintaining 
the as-solidified microstructure was also 
emphasized by the detection of localized sections 
of supersaturated solid solution surrounded by 
coarse two-phase microstructure in ribbons of  
medium thickness (up to 22 #m). The wheel-side 
surface in those regions exhibited the impression 
wheel profile with no sign of lifting off from the 
wheel. 



5. Conclusions 
Comparing our experimental results on the 
microstructure of melt-spun A1 17.3at% Cu 
eutectic alloy ribbons with theoretical predic- 
tions from a heat flow model, we conclude that: 

(a) During a first period of the solidification 
process there exists an intimate contact between 
ribbon and substrate interrupted on a micrometre 
scale only by air pockets. A layer of up to 10/~m 
is formed consisting mainly of supersaturated 
solid solution. This structure is preserved down 
to room temperature if the overall thickness of 
the ribbon is in the same range. 

(b) In a second period of ribbon formation 
leading to thicker ribbons the heat transfer to 
the substrate is abruptly decreased in larger 
regions. Because of the resulting reduced 
solidification, front velocity-coupled eutectic 
growth becomes possible. The interlamellar 
spacing and the growth morphology are a direct 
measure of the local solidification front velocity. 
The already-solidified layer is partly re-melted 
and heat treated, resulting in the observed 
irregular precipitation structure on the wheel 
side. The eutectic structure is only slightly modi- 
fied during cooling down. 

These general conclusions should be helpful for 
an understanding of the solidification process 
and properties of other microcrystaltine or 
amorphous ribbons as well. 
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