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η2/16  = εL/(g θm cp)  Bi       (7)

Given below are calculations specific to the spherical geometry.  For the slab and self freezing cases, the operator is replaced with the appropriate form. Dirichlet b.c.’s similar to the foregoing were used with similarity variable  η = x/2(αt)0.5 | Non dimensional forms for the variables are used throughout, which can easily by reverted to the dimensional forms, regardless of the units preferred. | 3.2:Computational method

4.1  Dirichlet  Boundary conditions, no heat source or sink apart from molten zone.

•  Using the conditions: A2 = A3 =0
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Perturbation Analysis of glassy alloy film formation
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Abstract: A coupled set of equations describing heat and mass transfer during phase transformation is formulated incorporating surface convective effects. These equations which are nonlinear due to the moving interface are linearised and decoupled. Effects of the Biot, Fourier, and Stefan numbers are analyzed through small parameter expansions. Solutions obtained via this artifice allow closer examination of surface effects on the boundary layer of the phase transformation. A relation is found for the effect of the glass transition temperature versus the boundary layer thickness for several alloys in various groups of the Periodic Table. Earlier work is analyzed in light of the present analysis.
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  Novel analysis for amorphous film formation

  Correlations and validation with published data

  Breakthrough in the modeling of glassy transformation

  Perturbation analysis of constitutive equations

  Boundary layer thickness estimation

  Coupled partial differential equations transformed to solvable form
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A coupled set of equations describing heat and mass transfer during phase transformation is formulated incorporating surface convective effects. These equations which are nonlinear due to the moving interface are linearised and decoupled. Effects of the Biot, Fourier, and Stefan numbers are analyzed through small parameter expansions. Solutions obtained via this artifice allow closer examination of surface effects on the boundary layer of the phase transformation. A relation is found for the effect of the glass transition temperature versus the boundary layer thickness for several alloys in various groups of the Periodic Table. Earlier work is analyzed in light of the present analysis.
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INTRODUCTION:

The first reports of amorphous alloys obtained by rapid quenching ( splat cooling) were from the Duwez group at Caltech (1). Since then for about 30 years, amorphous alloys were invariably formed as foils or thin ribbons, the formation of bulk amorphous alloy remaining elusive. However, via the copper mold technique (2), it has been reported that amorphous alloys of macroscopic dimensions (mm size) could be formed.

Chen reported that mm size samples were obtained by quenching (3).

In most of these, high cooling rates were essential to “freeze in” the glassy structure.

The analysis of the formation of such alloys has defied analytical methods for long, due in part, to the variability of results and the existence of similar phenomena in long-chain organic compounds where the glass transition is common and documented. For example, PVC is flexible and used in film, pipes, and hoses because the glass transition (85 C) occurs outside normal temperatures. Similarly, thermoset materials use the Tg to mold into rigid shapes. Most analyses of the Tg phenomenon rely on activation energy approaches. Chen (4) was among the earliest to formulate a thermodynamic approach. At this time, certain features relating to the glass transition in metal-based alloys, such as the occurrence of glass formers in various groups of the periodic tables, misfit, and properties of eutectic regions were given (4,5). However, for a time the thermodynamic approach was not pursued because the glass transition is strictly a nonequilibrium or quasi-equilibrium phenomenon in phase diagram parlance. Ichitsibo (6) has shown that crystallization transition influences the glass

region and hence the glass region is a precursor to the equilibrium solvus line. Thus, the glassy region may be considered as a Band around the solvus line. Physically this would be the mushy zone occurring ahead of the freezing front.

The approach here is to examine this transition region and relate it to the properties of the combined heat and mass diffusion equation. A boundary layer can be extracted from the resulting equations through mathematical analysis.

Recent activity by Johnson (7) and earlier by Zhang (8) has mentioned various salient points about the transition zone. Glass transition as a phase transition was also discussed by Belostotsky (9). Glass science has traditionally viewed the phenomenon as viscosity driven where increasing viscosity controls the reordering of atoms in crystalline patterns. At most, empirical rules were stated for the favouring of alloys with amorphous structures.
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2. ANALYSIS:

A planar geometry is assumed. This is done to preclude favouring the formation of spherical or cylindrical nuclei in the form of spheres or whiskers.

	The equations are:

	

	Heat

	k d2T/dx2 + εL dc/dt= ρcp dT/dt

	(1)


	Mass

	dc/dt  = αmd2c /dx2 + αm δm d2T/dx2

	(1,2)



Transformation to non dimensional form by combining x and t  by η = x/(ατ).5

	T” + η/2 T’ - ( eL/ρcp) η/2 c’ =0

	(3)



At this point, the concentration decoupling may be done via the solvus line slope g

	In the eutectic case g is negative in the L- α  region

	

	Relating c’ to T’, c’= T’/g

	

	T’= dT/dη = (ατ) -0.5 dT/dx

	(4)





	Substituting back in the differential equation,

	

	T” + η/2 T’  - (εL/ρcp) η/2 c’ = 0

	(5)


	η = x/ (αt)0.5

	


Divide through by Tm to normalize T, and normalize c with ρ to get a non-dimensional form ,

	T” + η/2 T’ - (εL/cpTm) η/2  c’ = 0

	(6)
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	T” +η/2T’(1+ εL/cpTn g ) =0 , 

with c’ = T’/g

	(7)



The parameter [L/cpTm] may be replaced by the Stefan number, with T the fusion temperature. of the substance.

	Hence T” + η/2[ 1+ ε/g Ste] T’ =0

	(8)


	Regard 1/[1+ ε/g Ste] = μ as the small parameter

	

	Then  μ T” + η/2 T’ =0

	(9)


	Let T(0)=A

	


The approximation in the thin film is that Fo is constant, so this equation can be easily

solved to give the solution passing through A at η= 0

––––––––
[image: ]


T(η) = (A-C) exp( - Fo η/μ) +C where C is an arbitrary constant. (10)

This analysis gives the boundary later thickness as μ//Fo, where

μ= 1/[1+ε/gSte] (11)

To analyze the effects of the surface, the Biot number is introduced by the film cooling relation, and T' replaced by T. The resulting equation is

	T’ + η/2[ εL/ρ cp] c’ + η/2 T’ =0

	(12)


	Relating c’ to T’ by T/c=g

	

	T” +η/2[ εL/gρcp] T’ + Bi/2 T = Bi/2 T0

	(13)


	Taking  ν= g/εSte

	(14)


	νT” + η/2 T’ + [ν Bi/2]T = Const =BiTo/2

	(15)



The solution that appears outside the B.L is large compared to the second order term and hence consider only the T’ and T terms. The outer solution is then evaluated

from T’/ν + Bi/η T = const/ν 
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	Or T’ + Bi ν/η T = K. The solution is

	(16)


	T= K η/(Bi ν+1) + C1 η −νΒι  C1

	(17)


	is obtained by matching the two expansions.

	


(The main objective here is to derive the small parameter controlling the transition part of the inner solution )

Results: In the following, the Stefan numbers are computed for various amorphous alloys and correlated with Tg. The results are given in Table 1



Table 1: computed Stefan numbers at fusion

	Metal

	Latent heat

	Melting Pt.  Tm

	1/Ste

	[1/ρSte]

	Tg


	
	
	
	
	
	

	Co [10]

	66

	1770

	.042

	6.635 x10-3

	746


	Pd [11]

	38.2

	1827

	.029

	1.903 x10-3

	630


	Pt  [12]

	24

	2045

	.017

	1.017x10-3

	522


	Ge [13]

	114

	1210

	.239

	.045

	980


	Si  [14]

	430

	1685

	.609

	1.429

	1000-1473


	

	As[15]

	72.67

	648

	.048

	.02

	446


	

	
	
	
	
	
	


	[image: ]
	 	[image: ]


[image: ]

3 Discussions
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The initial work by Duwez was inspired by reports of Turnbull( 16-19 ) on the production of amorphous alloys. The analysis of splat cooled foils showed that the radial distribution functions obtained by X-ray diffraction were very similar to the liquid phase (Waseda 5). The earliest combinations were AuSi, Pd Si, and Cu Zr. Initially, and for some time, the amorphous to glass transition was considered a viscosity and kinetically driven one ( 9,20). Na Chen mentions that short-range order clusters may exist. The addition of other alloying elements appears to enhance the formation of the glass, by adjusting the composition towards the eutectic and helping the formation of local atomic structures (21). Rapid cooling near Tm causes precursor aggregates to form awkwardly and prevent crystallization. Such precursors would appear in the "Mushy zone" in a region bordering the equilibrium phase solvus line. Mathematically this would be expected to occur in the boundary layer, with non stoichiometric compositions. The small times associated with rapid quenching would prevent the equilibrium interface formation. Additionally, if “glass formers” with large misfit atoms aiding a miscibility gap are present, then the tendency to form the equilibrium crystalline phase would be retarded by control of the assembly process.

Spaepen (22) used pico second laser quenching on Fe-B alloys. The velocity of the isotherm and the temperature gradient were estimated give a “lifetime” for the

melt as τ = Tm/T’, where Tm is the melt temperature and T’ = Dth (▽T/d), with

crystal growth velocity being controlled by the interface kinetics and thermodynamic driving force. However, the effect of the boundary conditions affect the temperature field and the stability of the solution for the moving L-S interface appears to be

related to a coupled MBP for which eigenvalues for the velocity can be derived ( 23 ) for various geometries. Hence a stable L-S interface would enhance formation of a crystalline phase, whereas if stability was not ensured, the breakup of the nucleating interface would ensue. The thickness of the boundary layer where the transition occurs depends on the Stefan number, related to the latent heat and the undercooling.

Thus ΔH/Cp ΔT which is the Stefan Number relates the ratio of heat evolved during phase change to that associated with the transition or glass forming layer, and has been mentioned by many as (Tx-Tl)/Tg, Tm/Tg ( 24,25) and other combinations. By

expressing ΔH as Cp (ΔT), several of these can be derived.
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Angell (26) discusses several approaches to glass formation and introduces the concept of “fragility”. The case of water and order-disorder transition is mentioned. Water, however, is a most unusual liquid with the highest specific heat capacity, and peculiar anomalous characteristics near the critical point. Johnson (7) obtained several correlations for Trg (reduced glass temperature Tg/Tm) and fragility m with the Fourier length. For thin films, the Fourier number (x/sqrt(Dt)) can be taken as constant. Simmons (27) ) suggests that most of the glass formers consist of larger aggregates with complex structures rather than simple radicals.


4  Results

Based on the perturbation analysis, the boundary layer
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