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2V, exhibit  a linear dependence on KI rather than 
the parabolic behaviour predicted by the Dugdale 
model  (see Figs. 4a and b of  [10]) .  F rom prelimi- 
nary results discussed in our original paper,  this 
seems to indicate that  the craze formed by  the 
pre-crack was not  annealed out prior to loading. 

In conclusion, we maintain our original posit ion 
that  the Dugdale model  is not  fully adequate for 
describing craze geometries in PMMA. 
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Thermal stability of amorphous Co-Fe-B, 
Co-Si -B and Co-Fe-Si -B alloys 

Cobalt containing amorphous alloys exhibit ex- 
tremely soft magnetic propert ies  and at the same 
time show favourable mechanical properties [1[.  
Proper selection of  the composit ion affords 
materials with magnetostr ict ion approaching zero, 

e.g. alloys Co74F%Bz0, Co~sSilsBlo, 
Co7oFesSilsBl0 [ 2 - 4 ] .  Their magnetic properties 
suggest the possibility of  applying these materials 
as improved substitutes for permalloys [1, 5]. 
They are also characterized by high resistance to 
oxidat ion,  even at high temperatures and effective 
cooling of  liquid metal  can be achieved without  
any protective gas cover [6] .  

The present study concerned the crystallization 
behaviour of  these 3 alloys plus 2 more of  the 
C o - F e - B ,  type with increased and reduced boron 
(Table I). It enabled us to characterize the effect 

of  the amount and kind of  metal loid on the behav- 
iour of  amorphous cobalt-based alloys. Alloy 

Alloys were prepared from elements o f  the fol- 1. CoT~.,Fe6.2B,~ 
lowing puri ty:  Co, Si 99.9%, Fe,  B 99%. Samples 2. C%4Fe6B2o 
of 5 to 7 g in weight were remelted several times 3. Co713Fes.~B2~ 
by argon arc melting. Metallographic observations 4.CoToF%Si,sgl0 
confirmed that the resulting samples exhibited no 5. Co7~Si, sBlo 
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segregation, so were suitable for production of  
ribbons. The resulting ribbons were completely 
amorphous according to X-ray studies; they were 

20 to 30#m in thickness and several metres in 
length. 

Calorimetric studies were performed using a 
Perkin Elmer D S C - 2  calorimeter in which the 
course of  crystallization during continuous heating 
at a heating rate o f  10 to 8 0 K m i n  -1 was deter- 
mined. The values of  activation energy were 
obtained from Kissinge:s  method [7].  The 
structure of  samples both  in the initial state and 
after different crystallization stages was deter- 
mined with a Philips X-ray diffractometer,  using 

CuKc~ radiation. 
The exothermic effects associated with the 

TABLE I Calculated value of the activation energy of 
crystallization and temperature of peak I (heating rate = 
10 K rain - 1), for investigated alloys 

AE (kJ reel -1) T x (K) 

274 +- 6 718 
257 +- 2 720 
235 -+ 1 747 
324 ,+ 3 786 
328 -+ 9 792 

�9 1980 Chapman and Hall Ltd. 



J O U R N A L  O F  M A T E R I A L S  S C I E N C E  15 ( 1 9 8 0 )  �9 L E T T E R S  

C~ 

Co70Fe 

Co75SilSB10 f- 
710 I 

Figure 1 Calorimetric curves of the investigated alloys at 
a heating rate of 80 Kmin -~ 

crystallization of the investigated amorphous 
alloys are presented in Fig. 1. There were essential 
differences in the nature of the calorimetric 
records between alloys containing one and two 
metalloids. 

All three C o - F e - B  compositions (alloys 1 to 3) 
exhibited only one exothermic effect during crys- 
tallization which was shown by X-ray diffraction 
to result from the formation of aCo solid solution 
and the formation of compound Co~B. Alloys 1 to 
3 with a constant ratio of Co:Fe but with different 
contents of boron (17, 20 and 23 at%) showed that 
they were amorphous and that an increase in 
boron content enhanced their thermal stability 
(Table I). The increase in crystallization tempera- 
ture Tx between alloys with 17 and 23 at% B was 
about 30K. It is of interest that simultaneously 
the activation energy decreased; this was possibly 
due to easier nucleation of the phase CozB resul- 
ting from the higher boron content. 

Furthermore, comparison of T x for alloys 3 and 
4 pointed to a stabilizing effect on the metallic 
glass of silicon partially replacing boron. This 
introduction of silicon in alloy Co--Fe-B also 
very greatly increased the value of AxE for alloy 
4 compared with alloy 3. Moreover, comparison 
of alloys 4 and 5 indicated that introduction of 
a small amount of iron substituting partially for 
cobalt reduced Tx only slightly 

Results for the Co-S i -B  composition (alloys 
4, 5) were consistent with the literature data [8] 
in pointing: to the possibility of obtaining amorph- 
ous materials within the composition range 20 to 
30at% metalloid. These calorimetric records for 
alloys 4 and 5 showed three distinct stages of the 
process, greatly differing in the intensity and 
position. For detailed studies we selected alloy 5 
(CoTsSilsBlo) whose crystallization proceeds as 
follows, according to other authors [7] Am -+ Am + 
Ms I -+ Ms I + Ms II -* stable phases, although the 
published calorimetric records show two crys- 
tallization stages. In our case a third peak, though 
small and somewhat diffuse, appeared. 

X-ray phase analysis of samples annealed to 
temperatures exceeding each successive peak per- 
mitted identification of the phases formed. X-ray 
measurements of samples heated above peak I 
pointed to the presence of phase hcp-~Co. This 
indicated that the first exothermic effect resulted 
from nucleation and growth within amorphous 
matrix of crystals of a supersaturated solution of 
Co. Analogically, after heating to a temperature 
above peak II, X-ray diffraction indicated a phase 
Co2Si and above peak III additionally a phase 
Co2B. Upon annealing of the fully crystalline 
material to 1000K the amount of phase Co2Si 
particularly increased. The lack of a shift of X-ray 
reflections, as compared with the data given in the 
ASTM cards, indicated that the crystalline phases 
formed during the decomposition of the amorph- 
ous phase did not perceptibly differ from the 
equilibrium phases. Moreover no other phases 
appeared, in particular no ternary compounds, in 
addition to the above mentioned ones. This was 
fully consistent with published results for Co-Si -B 
alloys in the equilibrium state [9]. Therefore, it 
seems surprising that other authors [6] have 
identified as many as 7 phases during crystalli- 
zation of alloys of similar compositions. 

Acknowledgements 
We are grateful to Dr. A. Calka for his help with 
the ribbon preparation and to Dr. H. Jones for 
discussion. This work was supported by the 
Ministry of Science, Higher Education and Tech- 
nology Grant No. MR.I-21. 

2397 



J O U R N A L  OF MATERIALS SCIENCE 15 (1980)  - LETTERS 

References 
1. If. FUJIMORI, T. MASUMOTO, Suppl. to Sci. Rep. 

Research Institutes Tohoku University (RITU) A 
June (1978) 181. 

2. R.C. SHERWOOD, Arner. Inst. Phys. Conference 
Proceedings 24 (1975) 745. 

3. H. FUJIMORI, M. KIKUCHI, Y. OBI, T. 
MASUMOTO, ScL Rep. Research Institutes Tohoku 
University {RITU) A26 (1976) 36. 

4. R. C. O'HANDLEY, L. I. MENDELSOHN, E. A. 
NESBITT, IEEE Trans. Magn. MAG-I 2 (1976) 942. 

5. T. EGAMt, P. J. FLANDERS, C. D. GRAHAM Jr., 
Amer. Inst. Phys. Conference Proceedings 24 (t975) 
697. 

6. N. FUNAKOSHI, T. KANAMORI, T. MANABE, 
Jap. J. Appl. Phys. 15 (1976) 1833. 

7. H .E .  KISSINGER,J. Res. Nat. Bur. Stan. 57 (1956) 
2t7.  

8. A. INOUE, T. MASUMOTO, M. KIKUCHI, T. 
MINEMURA, Jr. ",lap. Inst. Metals 42 (1978) 294. 

9. S. OMORI, Y. HASHIMOTO, Trans. Jap. Inst. 
Metals 18 (1977) 347. 

Received 10 January 
and accepted 30 January t 980. 

J. LATUSZKIEWICZ 

T. KULIK 

H. MATYJA 

Institute of  Materials Science and Engineering 
Warsaw Technical University 

Narbutta 85, 02-524 Warszawa 
Poland 

Comment on "'Influence of  surface 
potential on the kinetics o f  glass reactions 
with aqueous solutions" 

The amount of alkali ion extracted from a unit 
area of glass sample on the effect of an aqeous 
solution is a function of time. Namely, a square 
root dependence prevails at the beginning of the 
attack while after a certain time a linear function 
can be observed provided that the rate of  network 
dissolution is sufficiently fast. The network disso- 
lution moderates and finally can stop the thick- 
ening of the surface layer formed by the ion ex- 
change and interdiffusion of alkali ion and hydro- 
gen ion. Thus the dissolution of network leads or 
may lead to a steady state in which the phase 
boundary is shifted toward the glass bulk with a 
constant velocity and the rates of all processes 
are constant. Consequently, the amounts of the 
products of  both the ion exchange and network 
vary linearly with time. 

Recently Mularie, Furth and Westwood [1] 
attributed the deviation from the square root de- 
pendence and the transition to the linear regime to 
the effect of an electric field present in the "'near 
surface region" of the glass. These authors disre- 
garded the fact of  network dissolution [2] and the 
related explanation of the time dependence of 
alkali extraction [3]. (However, the respective 
publications are cited in their reference list.) Never- 
theless their final conclusion is in accordance with 
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the experimental observation. This contradiction 
is the reason for discussing the treatment pre- 
sented in the authors' paper. 

The extended Fick's equation given by the 
authors are 

aN(x, t) + vN(x, t) ( I )  J(x, t) = -- D 

and 
~N(x, t) ON(x, t) _ D b2N(x' t) v - -  (2) 

t ~x 2 ~x 

where N is the mobile charge carrier concentration, 
J the flux of this ion, D the diffusion coefficient 
and V denotes the alkali ion velocity which is equal 
to mobility/1 times the field strength E 

v = ~ "  (3) 

By attributing a constant value to E, a solution for 
Equation 2 and a formula for amount, Q, of ex- 
tracted alkali have been obtained. Limiting cases 
of the latter are 

lira Q(t) ~ ~/t (4) 
t ~ 0  

and 
lim Q(t) r t (5) 

in agreement with experiments. 
Equations 1 and 2 apply, of course, when inter- 

stitial mechanism prevails. In this case the rate of 
an interdiffusion depends on self diffusion coeffi- 
cients of both types of ion involved. Accordingly, 
the flux and the diffusion coefficient of hydrogen 
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