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Interfacial effects in a metallic-glass ribbon 
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The effect of temperature on the interfacial effects in a metallic-glass ribbon reinforced 
glass-ceramic matrix composite was investigated. The metallic-glass ribbon present in this 
composite was found to be significantly affected at elevated temperatures, owing to the 
diffusion of lead and zinc from the matrix. The presence of the matrix in the vicinity of the 
ribbon enhanced the formation of an oxide layer on the ribbon surface. The oxide layer 
decreased the interfacial bond strength between the ribbon and the matrix, affecting the failure 
mode of such composites at elevated temperatures. 

1. In t roduct ion 
The potential of using metallic-glass ribbons as re- 
inforcements for a brittle glass-ceramic matrix has 
been demonstrated [1-8]. The studies carried out so 
far have indicated the tremendous potential of devel- 
oping such composites for structural applications. The 
elevated temperature strength of the metallic~lass/ 
glass-ceramic matrix composites has also been 
studied [5]. The results indicated that the interface 
behaviour had a significant effect on the overall 
strength and also the failure mode in such 
composites. Alteration of the interface changes the 
interracial bond strength, and thereby affects the fail- 
ure mode as a function of temperature. A proper 
understanding of this phenomenon would make it 
possible to tailor the interface in such composites for 
optimum strength and toughness for high temperature 
applications. 

The thermal shock resistance of such composites is 
also of concern since they have significant implications 
on the feasibility of using such metallic-glass ribbon 
reinforced glass-ceramic matrix composites for eleva- 
ted temperature structural applications. 

2. Experimental  procedure 
2.1. Specimen preparation 
The composite specimens used were fabricated using 
METGLAS 2605S-2 as the reinforcement and Cor- 
ning Glass 7572 as the matrix. The rectangular bar- 
shaped specimens were prepared using conventional 
wet pressing techniques. The process of making the 
composite resulted in crystallization of the parent 
glass matrix. Details of the specimen fabrication pro- 
cess are provided elsewhere [8]. 

2.2. Interfacial s tudies  
The purpose of these tests was to observe the interface, 
and if possible provide an explanation for the ob- 
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served decrease in the interfacial bond strength as a 
function of temperature. The fractured surfaces of the 
samples that were heated to various temperatures for 
90 min, were studied using scanning electron micro- 
scopy (SEM). Temperatures of 450, 400, 300 and 
200 ~ were used for this purpose. These temperatures 
were selected based on observations from earlier 
studies, and were also similar to the ones used for the 
thermal shock testing. Energy dispersive analysis 
(EDAX) studies were also carried out on these sample 
surfaces to determine compositional differences across 
the ribbon-matrix interface. The crystalline phases in 
various sections were determined by X-ray analysis. 

2.3. Thermal shock testing 
Tests to evaluate the thermal shock resistance of both 
the matrix and Composite specimens were carried out 
using procedures described in the literature [9-11]. 
The surfaces of the specimens were ground to a 600 
grit paper finish. The specimens were then heated in a 
resistance furnace for a total period of 90 min at 
temperatures of 200, 250, 300, 400 and 450 ~ After 
heating, the specimens were quenched in water (at a 
temperature of 42 ~ The specimens were allowed to 
cool for a period of 5 to 10 min prior to mechanical 
testing. Three point bend tests were performed on the 
thermally shocked specimens using an Instron 
machine with a cross head speed of 0.05 cm per 
minute. 

3. Results and discussion 
The micrographs of the fractured surfaces of the three 
point bend tested samples maintained for 90 min at 
temperatures and quenched in water are provided in 
Figs 1, 2 and 3. Fig. la is the fracture surface of a 
sample in the fabricated condition without any addi- 
tional thermal exposure. The interface between the 
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Figure I Fractured surface of the composite sample in the as fabricated state. (a) The ribbon matrix interface; (b) enlarged view of a region in (a). 

Figure 2 Scanning electron micrograph of a composite sample exposed to 300 ~ for 90 min. (a) Indicating the ribbon matrix interface; 
�9 (b) enlarged view of the same. 

Figure 3 Fractograph of a composite sample heated to 400 ~ for 
90 min. 

matrix and the ribbon appears to be continuous with- 
out any evidence of debonding, and can be clearly seen 
in the enlarged view provided in Fig. lb. Similar 
features were observed on the sample heated to 
200 ~ Figure 2a corresponds to a sample heated to 
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300 ~ for 90 min, and the ribbon-matrix interface in 
this case appears to have changed significantly. A 
layer has formed on the ribbon surface. The region in 
the ribbon adjacent to the ribbon-matrix interface also 
has changed significantly as shown in Fig. 2b. How- 
ever, the centre of the ribbon does not appear to have 
undergone any change. For the samples heated to 
400~ (Fig. 3), in addition to a similar layer being 
present at the interface, the entire structure of the 
ribbon is altered. The structure of the ribbon heated to 
450 ~ (Fig. 4) has features which seem to be similar to 
those of the sample heated to 400 ~ 

X-ray studies carried out indicated that the regions 
of the ribbons (in the composites treated at 400 and 
450 ~ which exhibited features differing from the 
others, had actually crystallized. This was unusual 
considering the fact that the composite samples were 
not heated above the crystallization temperature of 
the metallic-glass ribbon itself. The ribbons had also 
been subjected to a much higher temperature (450 ~C) 
during the fabrication process itself. The fabrication 
steps did not seem to have any effect on the ribbon 
structure. The crystallization behaviour of this 
metalli~glass ribbon studied earlier indicates that the 



Figure 4 Scanning electron micrograph of the fractured surface of a 
sample heated to 450 ~ for 90 rain. 

temperature and time used in the present study were 
inadequate to initiate crystallization in the ribbon 
]-12]. Hence the only viable explanation that could be 
given is that the crystallization process in the ribbon 
was being initiated externally. The layer present on the 
surface of the ribbon was also identified as primarily 
consisting of iron oxide. The phases detected in vari- 
ous regions of the ribbon, matrix and interface are 
schematically shown in Fig. 5. 

EDAX was carried out on various locations of the 
ribbon and interface to investigate the cause of the 
crystallization process of the ribbon. The layer formed 
on the surface of the ribbon indicated the presence of 
lead and zinc. Some lead and zinc were also present 
within the ribbon in regions near the interface. These 
elements were found to be diffusing out of a region of 
the matrix very close to the ribbon surface. A schema- 
tic of the lead and zinc profiles in the ribbon, matrix 
and the interface is provided in Fig. 6. From these 
results it can be deduced that the diffusion of lead and 
zinc was probably the cause of crystallization of the 
metallic-glass ribbon. Once the crystallization was 
initiated at the ribbon surface, the entire ribbon crys- 
tallized in a short period of time. 

The results of the experimentally measured strength 
of the thermally shocked matrix and composite speci- 
mens are given in Fig. 7. The effect of thermal shock- 
ing on the modulus of rupture is similar to that 
predicted by Hasselman [9] with some variations. The 
strength of both the matrix and composite did not 
change up to a temperature difference of about 200 ~ 
While the strength of the unreinforced specimens 
levelled off at about 260 ~ the strength of the com- 
posites specimens levelled off at about 300 ~ How- 
ever, the drop in the strength of the composite 
specimens was very steep in the 200-300 ~ temper- 
ature range. The "critical temperature difference" for 
the reinforced specimens, though slightly higher com- 
pared with the unreinforced matrix specimens, was 
not significantly different. The "critical temperature 
difference" is the temperature difference necessary to 
cause critical crack propagation in the sample. 
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Figure 5 Schematic of the phases detected in the ribbon, matrix and 
interface regions of the sample heated at 300 ~ for,90 min. 
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Figure 6 Schematic of the diffusion profiles of lead and zinc across 
the ribbon-matrix interface�9 

The lack in the increase in the "critical temperature 
difference" due to the reinforcement, can be partially 
attributed to the diffusion of zinc and lead, and associ- 
ated crystallization of the metallic glass ribbon (and 
hence a decrease in the strength of the ribbon itself). 
This would also explain the precipitous decrease in the 
strength of the composite after the thermal shock. 
Once the ribbons have crystallized, they do not play a 
significant role in preventing crack growth in the 
matrix. Hence the thermal shock response of the 
composite samples for a temperature difference ex- 
ceeding 250~ is very similar to that of the matrix 
itself. 

The changes observed in the failure mode of these 
composites (single matrix crack versus multiple matrix 
cracks) as a function of temperature is due to the oxide 
layer formed on the ribbon surface. The oxide layer 
probably aided in the debonding process. The equa- 
tion derived in an earlier study has the form [5] 

Vm O* cot 
X 

Vr 2r(m + t) 
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Figure 7 Experimentally measured strength of the thermally 
shocked matrix and composite specimens as a function of increasing 
temperature difference. ( 0  matrix, �9 composite containing 0.8 
volume percent of ribbons.) 

where x is the length of the blocks into which the 
matrix cracks, V m is the volume fraction of the matrix, 
V~ is the volume fraction of the ribbons, m is the width 
of the ribbon, t is the ribbon thickness, c~* is the 
matrix cracking stress and z is the interfacial shear 
strength. 

This equation can be used to predict the mode of 
matrix failure. A lower z leads to an increased x, 
and makes multiple matrix cracking more viable. The 
oxide layer on the ribbon surface probably reduces the 
interracial strength between the ribbon and the matrix. 
It is interesting to note that the interfacial bond 
strength measured in an earlier study [5] exhibited a 
steep drop in the temperature range corresponding to 
the onset of oxide formation in the present study. The 
same metallic-glass when heated to elevated temper- 
atures (as high as 500 ~ for prolonged periods of 
time, did not form any oxide layer [12]. It can be 
concluded that the presence of the oxide glass matrix 
in the vicinity of the metallic-glass ribbon enhanced 
the oxidation of the ribbon itself. 

4. Conclusions 
1. Decrease in the interfacial strength of Metglas 

2605S-2 reinforced Coming 7572 composite at eleva- 
ted temperatures can be attributed to the formation of 

an oxide layer on the ribbon surface. Such a layer aids 
in the sliding process of the ribbon relative to the 
matrix. 

2. In such composites, lead and zinc appear to 
diffuse from the matrix into the ribbon at elevated 
temperatures. This diffusion initiates crystallization of 
the amorphous metallic-glass ribbon, which sub- 
sequently leads to degradation of the ribbon strength, 
and eventually the composite strength. Such a diffu- 
sion process was observed to be more pronounced at 
temperatures above 300 ~ 

3. The thermal shock resistance of the matrix was 
not enhanced by the presence of the metallic-glass 
ribbons. This can be attributed to the interracial effects 
that occur at elevated temperatures. 

Acknowledgements 
The authors would like to thank M. Brykalski for 
some of the supporting information. 

References 
1. R.U. VAIDYA and K. N. SUBRAMANIAN, J. Mater. Sci. 

25 (1990) 3291. 
2. R.U. VAIDYA and K. N. SUBRAMANIAN, J. Am. Ceram. 

Soc. 73110] (1990) 2962. 
3. R.U. VAIDYA and K. N. SUBRAMANIAN, Proceedings of 

the Fifth Annual ASM/ESD/ACCE Conference, Detroit, 
October 1989, (ASM, Metals Park, Ohio) p. 227. 

4. R.U.  VAIDYA, T. K. LEE and K. N. SUBRAMANIAN, 
Proceedings of the Fifth Annual ASC Conference, East 
Lansing, June 1990 (Technomic Press, Pennsylvania) pp 902. 

5. R.U. VAIDYA and K. N. SUBRAMANIAN, J. Mater. ScL 
26 (1991) 1391. 

6. R.U. VAIDYA and K. N. SUBRAMANIAN, Comp. Sei. and 
Tech. 43 (1992) 245. 

7. R.U. VAIDYA and K. N. SUBRAMANIAN, J. Mater. Sci., 
(in press). 

8. R.U. VAIDYA and K. N. SUBRAMANIAN, Materials and 
Manufacturing Processes, 6 (1991) 605. 

9. D. P. H. HASSELMANN, "Ceramics in severe environ- 
ments", Materials Science Research, Vol. 5, edited by 
W. Kriegel and H. Palmour (Plemnum Press, New York, 
1972) p. 89. 
J. R. G. EVANS, R. STEVENS and S. TAN, J. Mater. ScL 19 
(1984) 3692. 
D. L EW I S, "Fracture mechanics of Ceramics" Vol. 6 edited by 
A. G. Evans, D. P. H. Hasselmann and F. Lange (Permagnon 
Press, New York 1984), p. 487. 
M. BRYKALSKI, private communications. 

10. 

11. 

12. 

Received 14 May 
and accepted 20 September 1991 

4960 


