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Melting has  bedn obse rved  for  w i re s  of Cu, Au, Cd, Zn, Pb, Pt, and Ni in r e sponse  to cu r r en t  pulses  
of durat ion 100-450 #sec.  The voltage and cu r r en t  w a v e f o r m s  have been used to calculate  the r e s i s t a n c e  
and enthalpy of the solid and liquid phases  nea r  the melt ing point; the r e su l t s  for  all  the meta ls  except  l e a d  
agree  well  with published values .  It is  found that w i re s  of Pt,  Ni, Au, and Cu begin to mel t  f rom the s u r -  
face,  the melt ing front  moving rad ia l ly  towards the axis with a mean speed of s e v e r a l  m / s e c .  The o ther  
meta l s  have the in te rphase  boundary moving radia l ly  and axial ly.  It is found that  solid Pb becomes  supe r -  
heated,  and also that superhea t ing  occurs  when some liquid is p resen t ,  the excess  t e m p e r a t u r e  being about 
40~ 

The mel t ing of meta l s  a t  high heating ra te  can give valuable informat ion  on the melt ing kinet ics ,  
about which litt le is known [1]. We have used continuous pulse heating of a wi re  spec imen  with wave fo rm 
record ing  for  the cu r r en t  and voltage [2]. The cu r r en t  pulses were  obtained by d i scharge  of banks of e lec -  
t ro ly t ic  capac i to r s  o r  by line shaping; in the l a t t e r  case ,  the wave fo rm was near ly  rec tangu la r .  

Figure 1 shows the cu r r en t  I and voltage U for  zinc as  r eco rded  with a doub le -beam osci l loscope type 
DESO-1 when a bank of capac i to r s  was d i scharged  a t  the wire .  The voltage w a v e f o r m  has kinks c o r r e s -  
ponding to the following points in t ime:  f4 onset  of melt ing,  t 2 end of melt ing,  and t 3 s t a r t  of fa i lure  of the 
liquid spec imen .  The mel t ing range was s i m i l a r l y  identified for  the other  me ta l s .  

Table 1 gives the p a r a m e t e r s  of the spec imen  (r 0 is radius and l is length at 25~ together  with the 
p a r a m e t e r s  of the pulse heat ing,  which include not only h and t2 but also I1 and the heating power Pi at the 
s t a r t  of melt ing.  The behav ior  of re during the mel t ing in te rva l  t2 -  h may s e rve  to c h a r a c t e r i z e  the mean 
speed of the in te rphase  boundary.  

The w a v e f o r m s  were  p r o c e s s e d  with a Minsk-22 computer ,  which printed out not only the t ime depen- 
dence of the re la t ive  r e s i s t a n c e  R/R 0 (R0 is the initial  r e s i s t ance  of the spec imen  a t  25~ and the enthalpy 
H re la t ive  to 25~ but a l so  the plot of the f i r s t  aga ins t  the second. The coeff icient  of var ia t ion  in H was 
6% and that  in R /R  0 was 4%. 

Table 2 gives the values  for  R1/R0 and Hi for  t ime tl and cor responding  values for  t2; the f i r s t  se t  of 
values  r e f e r s  to the solid s ta tes ,  while the second r e f e r s  to the liquid during melt ing.  Here  also we give 
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the latent  hea t  of fusion H2--H l and the ra t io  y = Ri /R  2, which cha r -  
a c t e r i z e s  the r e s i s t ance  change in the meta l  on melt ing and a lso  
the specif ic  r e s i s t ance  P0 of the meta l s  at 25~ as measu red  in 
the usual way. The values for  all the meta l s  except  Pb agree  well  
with those given in [1, 3]. 

We examined the mode of mel t ing f r o m  the waveforms  f r o m  
tl to t 2 (Fig. 1); the following assumpt ions  were  made: 

1) the heat  goes only to me l t  the meta l  during melting; 

2) one can neglect  the volume change during melting; 
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TABLE 1 

~,mm ~o P,, MW/ Metal r0. mm h. ~sec h, gsec ~ ----~ ' r, kA 
m/see g-atom 

Ctl 
Au 
Cd 
Zn 
Pb 
PL 
Ni 

0.t55 
0.245 
0.255 
0.25 
0.597 
0.245 
0.25 

54 108 
50 ,t98 
54 70 
54 95 
84 354 
60 320 
60 350 

165 
2~0 
90 

125 
446 
395 
420 

2.72 
5.75 

12.8 
8.33 
6.5 
3.27 
3.57 

2.7 
3.4 
2.65 
2,75 
2.50 
1.55 
1,75 

240 
260 
350 
265 
46 

280 
210 

TABLE 2 

Metal 

Cu 
All 
Cd 
Zn 
Pb 
Pt 
Ni 

Purity 

99.95 ] 
99.95 t 
99 .95  I 
99.975 I 
99.99951 
99.93 
99.93 

po, 

ga cm 

t. 73 
2.29 
7.84 
6.10 

2i .22 
10.89 
7.50 

RI 

5.8 
5.4 
2.4 
2.8 
2.4 
5.7 
8.0 

Rs 

11.5 
12.0 
4.25 
5.75 
4.38 
8.5 

tt .2 

/{1 

0.487 
0.450 
0. 563 
0.487 
0. 548 
0.670 
0.7i4 

Ht, 
kJ/g- 
atom 

30 
29.0 
8.7 

l t . l  
9.6 

H2, 

k / g  - 
atom 

43.7 
4t .8 
t5 
18.5 #5 
67 

Hz - -  Htt 
kJ/g- 
a t o m  

13.7 
12.8 
6.3 
7.4 
4.9 

22 
t7 

8,J O.~V / ~ -  
0 o.5 s o o.J 4.0 

Fig.  2 

3)' the e l e c t r i c  f ield l ines  wi th in  the s p e c i m e n  a re  a l m o s t  
p a r a l l e l  to the ax i s .  

It i s  a s s u m e d  that  a so l id  beg ins  to me l t  f r o m  the s u r f a c e ,  
s ince  nuc l ea t ion  of the l iquid  phase is  not  a c c o m p a n i e d  by an i n c r e a s e  
in  the Gibbs f ree  e n e r g y .  On this  b a s i s  we a s s u m e  that  the s o l i d -  
l iquid i n t e r p h a s e  takes  the f o r m  of a c y l i n d e r ,  whose r ad ius  r v a r i e s  
smooth ly  f r o m  r 0 to 0 (mel t ing  mode l  1). Then  r for  a g iven t ime  t 
is  e x p r e s s e d  in  t e r m s  of R by 

(r~ - r 2) I ~ r  ~ 

- ~ - :  p,l -}- pzl 

where  Pl and P2 a r e  the spec i f ic  r e s i s t a n c e  of the so l id  and l iquid  phases ,  r e s p e c t i v e l y ,  Then 

ro  
i' r w --  r (1) 

The e x p r e s s i o n  for  r in  t e r m s  of H i s  

1t 1tl r = ro I/1 
1t~. - -  H1 r (2) 

We equate  the r igh t  s ides  in (1) and (2) to get  

zz ( l r  ]~r--H, ) (3) 
g - -  t - - ( 1 - - 7 )  x Y =  162--ll------'~ ' x - -  H . , _ - - l l i  

where  y is  the r e l a t i ve  r e s i s t a n c e  change on mel t ing ,  while  x is  the r e l a t i ve  hea t  c o n s u m e d  in  me l t i ng  in 
t ime  t - h .  

Analogous a r g u m e n t s  may  be appl ied  when the i n t e r p h a s e  b o u n d a r y  moves  only a long the axis  (mel t -  
ing mode l  2), which g ives  the l i n e a r  r e l a t i o n s h i p  be tween  y and x: 

~ ~ X  

F i g u r e s  2 and 3 show y =f(x)  in  the m e l t i ng  r eg ion  for  Zn, Au, Pt ,  and Ni; cu rve  1 has  been  ca l cu -  
la ted  f r o m  (3), while  curve  2 has  been  de r i ve d  f r o m  (4) with the va lues  for  RI, R2, Hi,  I-t 2 of Table  2; the 
points  c o r r e s p o n d  to y = f(x)  in  the me l t ing  r eg ion  as de r i ve d  f r o m  the w a v e f o r m  p r o c e s s i n g .  One can  

(4) 
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Fig. 3 
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compare  curves 1 and 2 with the exper iment  to show that the observed 
points for Cd and Pb resemble  those for Zn (Fig. 2) in lying between 
curves  1 and 2; i .e. ,  the melting in these metals  does not follow ei ther  
model.  This means that Cd, Zn, and Pb wires  melt  with the interphase 
boundary moving axially as well as radial ly,  because the nuclei of the 
liquid phase can ar ise  at different points of the surface at different 
t i m e s .  Also, it is possible for liquid nuclei to a r i se  within the volume, 
e.g. ,  at  boundaries between gra ins .  This mode of melting may be due 
to films of oxide on the surface,  which would represen t  an energy 
b a r r i e r  for surface nuclei. 

An analogous compar ison for Pt and Ni (Fig. 3) gives good 
agreement  with (3), which means that these metals  begin to melt  f rom 
the surface,  and the melting front moves towards the axis with a speed 
roughly the same in all parts  of the specimen~ This is possible on 
account of the absence of an oxide film on these metals .  This mode 
of melting predominates  for Au and Cu (Fig. 2). 

Then the melting of Pt, Ni, and Au allows one to determine the 
speed v = dr /dr  for the interphase boundary,  which can be derived by 
differentiating the r - t  relat ionship found f rom experiment  by means 

of (1); Fig. 4 shows the resul ts ,  where r = (t--tt)/(t2-tl) is the relative melting time; v > 10 m / s e c  at the 
end of melting. On this basis one finds the ratio r0 / ( t2 - t  1) (Table 1) for Pt, Ni, Au, and Cu as a mean, 
while the values for the other  metals  are  purely nominal. 

The solid--liquid sys t em has to be heated above the phase equil ibrium tempera ture  T m in o rder  to 
maintain a high speed in the interphase boundary; this superheating [4] is defined by 

T - - T  _ an~-k%u (5) 
T n / (H=, - -  H1) 

where )~ is the length of the jump performed by an atom on passing through the interphase boundary, V is 
the viscosity of the melt at superheating T, N is Avogadro's number, and f is the proportion of sites in 

which one gets elementary axial transition. Satisfactory agreement has been obtained [4] between this 

formula and observed (T--Tm)/T m and v for melting of P205 crystals on the assumption that f = 1 and that 
)~ = the length of a P-O bond. If by analogy with this we assume thatf = I and }~ -- a, where a is the inter- 

atomic distance at T m, then for Ni, Cu, and Au with v = i0 m/sec we get (T- Tm)/T m of the order of unity, 
which conflicts with the experimental results (Table 2). Comparison of the H 2 for Ni and Cu with the re- 

sults of [3] gives for (T--Tm)/T m a value not more than 3%, which lies within the limits of error of mea- 

surement for H. If we assume for Ni and Cu that (T-- Tm)/T m = 3%, we need in order to get such a value 

from (5) to assume for ~ a value equal to about half the vibration amplitude Aa for the atoms at T m [5]. 

The H i for Pb exceed the results of [3j by 1.14kJ/g-atom,while forH 2 they exceedthe latter by 1.27 in 
those units, these discrepancies being larger than the experimental error for H. The first difference in- 

dicates scope for heating of the solid Pb above T m, which is possible if nuclei of the liquid phase have dif- 

ficulty in arriving, e.g., on account of a film of oxide. The magnitude of the superheating can be estimated 

from the excess enthalpy ofl.14kJ/g-atomand the specificheatnear T m at about 40~ The excess H 2 indi- 
cates that the solid-liquid system has about this superheating during the melting of lead. 
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