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ST UDY OF Al-RICH A l -Sn ALLOYS RAPI D LY QUENCHED FROM 
THE VAPOUR PHASE 

D . Kunste l j  and A .  Bonefacic 
Insti tute of Physics of the University of Zagreb, Yugos lavia

Introduction 

By app lying the " two p iston" method(l ) ,  highly extended sol id solubi l ity was 

obtained in AI -Sn (2) system . The sol ubi lity of t in i n  aluminium was extended to 

0 ,26 at . %  Sn , i .e .  e leven times the equ i l ibrium sol ubl l i ty at 6 1 0
°C (3) ,  as

reported by A .  Kirin and A .  Bonefclci c .  

The "freezing effect" is expected to increase with · the quenching rate, so that 

i ntimate mixtures of atoms of unfavourable stacking factors can be real ized by 

app lying suffic iently high quenching rates . This can be we l l  demonstrated by the 

use of the "vapour quenchi ng "  technique (4) in which the components are 

co-evaporated onto a cold substrate . The substrate is kept at such a low 

temperature that the mobi l ity of the arriving atoms is greatly reduced . When 

different atoms arrive succesive ly at the substrate, they are forced to mix · at 

random and homogeneously.  The quench ing rates are considered to be of the 

order of 1 07 to 1 08 deg/s(5) 1 which I� approximate ly a hundred times the rates

obtained by sp lat-cool ing techniques (l , 5) , 

This paper reports on the results of an investigation of vapour quenched Al.-rich 

Al -Sn a l loys by means of e lectron probe analysis and hot-stage e lectron microscopy .

Experimental 

Carefu l ly weighed batches of Al -Sn a l loys of 2 , 5  and 19 wt . %  Sn nominal 

concentrations were prepared by i nduction me lting in  vacuum at 3 · 1 0-5 Torr and 

800°C .  Pure Al and the Al-Sn ·al loy fi lms were obtained by deposition onto

pol ished copper substrates, coated with an amorphous SiO layer approximalely 

300 P.. thick . The temperature of · the l iquid-nitrogen-cooled copper substrate was 

83°K ,  and its Increase . during-evaporation 6 deg . maximum . The al loy was 
I o -6 evaporated from a single source at 1 OOO C and at a pressure 3 • l O Torr In the 
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evaporat ion un i t .  The depos ition rate was ca l cu l ated to be 10-20 Jl./s approx imatel y .  

The concentrat ions o f  t i n  i n  quenched al loy fi l ms were calcu l ated with the he lp of 

the Langmuir-Raoult expression (6) , us ing the vapour, pressure values given by 

Dushman (7) . 

Results and discussion 

These conce ntrations were measured and determ i ned by means of the e lectron probe 

analysis, using the method developed by Hutch ins (B) and Djur16 and Cerovi6 (9) . 

The results of calcu l�tlons ate shown I n  Table I .  Comparing the ca lculated 
NC ME . • 

(c ) and measured (c ) va l ues ,  one can see that the concentrations of t in  In  

TAB LE 

N NC ME c , c and c are nomina l ,  
calculated and measured 
concentrations, respec t ive ly . 
p -vapovr pressure ,  M-atomlc mass , 
I -characteristi c  X-ray Intensity In  
the probe analysis . 

Vapour �nched Al�Sn alloys 
Concentration calculation 

and meCl!iu rement , 
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a lum in ium can be predicted with great 

accuracy vsiry evaporation from a s ing le 

source and taking Into account the vapour 

pressure effect . 

Al and Sn reference Fi lms,  evaporated onto 

a glass .substrate . at room temperature ,· 

together with the quenched Al and Al -Sn 

fi l ms were investigated by means of an 

e lectron microscope using the hot stage . 

The as-obta i ned Al and Al -Sn quenched fi lms

were observed to be crystal l i ne ,  with the 

grain size of the order of 1 00 $. . (F ig . I) .

Visual inspection of the intensi t ies of 

diffracted e lectron beams showed that the 

texture , if any, Is very weak .1 The 

Al -5 . 1 wt . %  Sn al l oy electron d iffraction 

pattern showed no tin reflect ions (F ig . 2) .  

After anneal ing the fi lms i n  the microscope 

applying an isochronal anneal ing process, 

an exaggerated grain growth of quenched Al and Al -Sn a l l oys was observed . The l ow 

index axes of the grains were observed to be perpend icular to the supporting 

amorphous SiO layer, as shown In F l g . 3, and determi ned from a �umber of 
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Vapour quenched (VQ) a l u min ium 
th in fi lm,  as obtained . 

F IG . 3 
Aluminium th i n  fi l m ,  VQ 

0 
and annealed up to 200 C .  
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F IG . 2 

VQ Al -5 . 1  Wt . %(1 . 26 at . %}Sn 
th in  fi lm , as obtai ned . 
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Al -5 . l  wt . %  Sn a l loy, VQ 
0 and annea led up to 300 C .  
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diffraction patterns . Rap id grain growth i n  pure Al films was observed to start at 

about 200°C and continue to 400°C when the entire polycrystal l ine fi lm was 

consumed by a few big grains of 4 JJm or more in lateral size . Rapid grain growth 

in the Al -Sn a l loy fi lms was observed to start at about .250°C and to continue to

400°C (Fig . 4) .  The su bl lmation of the films out of the SiO substrate took p lace at

approximate ly 450°C. 

Examination of  several diffraction patterns of  the Al-5 .  1 wt . %  Sn al loy showed 

that the /J -Sn {2oo} reflections ate at a definite orientation to the matrix (Al )

reflections, i .e .  c lose to  { 1 1 1} . (Fig .4) .  The analysis of  possible orientation 

re lationsh ips between Al matrix and j!, -Sn precipitates showed the 

{1 1 1} All {1 0o}Sn and (1 1 0) Al II < 001}Sn orientation relationships
as the most probable . 

We attribute the exaggerated growth of the low Index zone axis grains to the 

influence of amorphous SiO substrate , as no such grai n growth was observed In the 

a luminium and tin fi lms evaporated onto the glass substrate and annealed in the 

microscope . 

The appearance of /) -Sn precipitates after anneal ing, and the absence of tin 

d iffraction rings in  the as-obtained al loy fi lms, we take as arguments for the 

statement that a solid solution of tin in a luminium was obtained . The maximum 

concentration of solid solution was estimated to be 5 .  I wt . %  (1 . 26 at . %) S n .  

This Is approximate ly sixty times the equi l ibrium solubi l i ty .  We have not as yet 

found an upper l imit of tin sol id solubi l ity in a luminium obtainable by this 

technique . 
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DISCUSSION 

What do you mean· by temperature as app l ied to a single 
atom moving in a straigh t l ike through a vacuum ? 

I haven' t mentioned the temperature of atoms in my report .
The a l loy· was evaporated from a single source at 1 000°C .
The vapour pressure of A l  at th is temperature is 3 · 1 0-4 torr
and that of Sn 2• 1 0-4 torr (see Dushman } . The temperdture
rise of the substrate during the evaporation I have reported 
to be 6° max . (Radiation of the heated source + kinetic energy
transfer from arriving atoms + heat of crystal l lsation) . .  

How did you estimate the rate of vapour quench ing 1 07- 1 08 

0c/sec ?

A l l  I have said was that it ' is considered that the C . R .  Is 
1 ol-108 °C/�ec , and this was reported by L . M .  Burow and
A . A .  lakunln (Zh . Fiz . Himii 42't( 1968) 1 028/z ).-




