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Resu l t s  a r e  p r e s e n t e d  f rom the m e a s u r e m e n t  and ca lcula t ion  of t he r m a l  conduct iv i t ies  for 
th ree  a luminum a l loys  in the t e m p e r a t u r e  range 2 9 3 - 6 7 3 ~ .  

The purpose  of these  e x p e r i m e n t s  was to ver i fy  the poss ib i l i t y  of using exis t ing  theo re t i ca l  r e l a t i o n -  
ships  to ca lcula te  the t h e r m a l  conductivi ty of s l ight ly  al loyed m a t e r i a l s ,  p rov ided  that the t he r m a l  and e l e c -  
t r i c a l  eonduct iv i t ies  of the bas ic  component a r e  known, in addit ion to the e l e c t r i c a l  conductivi ty of the a l loys .  
The t e s t s  were  p e r f o r m e d  on a luminum and i ts  a l loys  f rom the A 1 - M g  sys t em (AMG-3, AMG-5,  AMG-6).  

The e l e c t r i c a l  r e s i s t a n c e  p of the spec imens  was m e a s u r e d  in accordance  with a wel l -known po ten -  
t i o m e t r i c  p r o c e d u r e .  

The e r r o r  in the m e a s u r e m e n t  of p did not exceed  0.5% in the t e s t .  The r a t h e r  high a c c u r a c y  of these  
m e a s u r e m e n t s  was ach ieved  through the unique design of the furnace in which the spec imen  was kept .  The 
t e m p e r a t u r e  d i f fe rence  a c r o s s  the working a r e a  of the furnace did not exceed I~K. F o r  the potent ia l  leads  
we used  a Chromel  wi re  which oxidizes  s l ight ly  when heated to 800~ in a i r  and which develops  a low the rma l  
emf  in the vapor  with the a luminum spec imen  when a t e m p e r a t u r e  d i f ference  develops  a c r o s s  the s p e c i -  
men .  The Chromel  wi re  was c lamped in b r a s s  mounts by means  of which the vol tage drop a c r o s s  the s p e c i -  
men was r e c o r d e d .  Specia l  t e s t s  were  p e r f o r m e d  to de te rmine  the pos s ib i l i t y  of an addi t ional  t he r ma l  emf 
because  the Chromel  wi re  is  not in d i r ec t  contact  with the spec imen .  No t e m p e r a t u r e  d i f ference  was noted 
between the wi re  and the spec imen  (at the point  of spec imen  contact  with the c lamps) .  The t e m p e r a t u r e  of 
the spec imen  was m e a s u r e d  with C h r o m e l - A l u m e l  the rmocouples  mounted next to the potent ia l  c l a mps .  
The m e a s u r e m e n t s  involved opposed cu r r en t  in the spec imen ,  on the o r d e r  of 1 A.  The spec imens  were  100 
m m  in length and exhibi ted a d i a m e t e r  of 4 mm.  

The the rma l  conductivi ty k of the spec imens  (52 m m  in length and 8 mm in d i ame te r )  was m e a s u r e d  
on a Rozhdes tvenski i  ins ta l l a t ion  [1] which employed  a r e l a t ive  method of measu r ing  the rma l  conduct ivi ty.  
The tes t  spec imen  is t ightly c lamped in this  ins ta l la t ion  between two spec imen  s t anda rds  (made of 1Kh18N9T 
s tee l ) .  This a s s e m b l e d  spec imen  is pos i t ioned between h e a t e r s  of d i f fer ing t e m p e r a t u r e .  The side s p e c i -  
men sur face  is su r rounded  with s e v e r a l  s c r e e ns  between which is poured  a t he r m a l  insula t ion.  The t e m p e r -  
a tu re  d i s t r ibu t ion  on the s c r e e n ,  s i m i l a r  to the t e m p e r a t u r e  d i s t r ibu t ion  on the spec imen ,  is achieved with 
above-ment ioned  h e a t e r s .  The ins ta l la t ion  can s imul taneous ly  tes t  4 ident ica l  a s s e m b l e d  s pe c i m e ns ,  which 
s igni f icant ly  r a i s e s  the m e a s u r e m e n t  accu racy .  The expe r imen t s  a r e  conducted with heat  flows moving 
in opposi te  d i r e c t i o n s ,  i . e . ,  in i t ia l ly  one of the he a t e r s  exhibi ts  a h igher  t e m p e r a t u r e  than the o ther ,  and 
then, vice v e r s a .  The e r r o r  in the m e a s u r e m e n t  of the t he rma l  conduct ivi ty did not exceed 6%. 

The l i t e r a t u r e  contains numerous  data  on the t he rma l  conductivi ty of pure  a luminum.  However ,  the 
va lues  range f rom 14 (at room t e m p e r a t u r e )  to 40% (at 800~ with the data of c e r t a i n  au thors  indicat ing 
that  the t he rma l  conduct ivi ty i n c r e a s e s  with a r i s e  in t e m p e r a t u r e ,  while accord ing  to the data of o ther  
au thors  it  d imin i shes .  The r e s o r t  to any l i t e r a t u r e  data for  the ca lcula t ions  p roved  the re fo re  to be i m -  
p o s s i b l e .  We inves t iga ted  the t he rma l  conductivity of 4 spec imens  of 99.946% pure  a luminum.  Our data  
on the t he rma l  conduct ivi ty of pure  a luminum,  in c om pa r i s on  with the data of o ther  au tho r s ,  and the r e s u l t s  
obta ined in measu r ing  the t h e r m a l  conduct iv i t ies  of a luminum a l loys  a re  p r e s e n t e d  in F ig .  1. 
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TABLE i. Chemical Composition of the Alloys (%) 

j l Brand Mg Mn Ti Fe Other elements 
I no more than 

AMG-3 
AMG-5 
AMG-6 

0,210,5:--0,8 0,5 ~ 0,05 3,2--3,8 0,3--0;6 -- --  
0,05/4,8--5,8 O, 5--0,8 0,2 0,4 0,02--0,1 0,4 0,0001--0,005B( 

~O,1 ]5,8--6,8 0,5--0,8 0,20,4 10,02--0,110,410,0001--0,005Br 

Not~: The alloys were annealed for i h at a temperature of 583-623~ IG 

0,1 2.67' 
0,1 2,64 
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Fig. 1 Fig. 2 
F i g .  1. R e s u l t s  f r o m  the m e a s u r e m e n t  of the t h e r m a l  c onduc t i v i t y  of p u r e  a l u m i n u m :  1) 
a c c o r d i n g  to [2]; 2) [7]; 3) [3]; 4) [4]; 5) [6]; 6) [5]; 7) o u r  da ta ;  in a d d i t i o n ,  the r e s u l t s  
f r o m  the t h e r m a l - c o n d a c t i v i t y  m e a s u r e m e n t s  wi th  A M G - 3  ( a ) ;  A M G - 5  (b); A M G - 6  (c); 
(X in W / m - d e g ;  T in OK). 

F i g .  2. R e s u l t s  f r o m  the m e a s u r e m e n t  of the e l e c t r i c a l  r e s i s t a n c e  of p u r e  a l u m i n u m :  
1) a f t e r  [4]; 2) [2]; 3) [3]; 4) o u r  da t a ;  and the r e s u l t s  ob t a ined  wi th  A M G - 6  (a); A M G - 5  
(b); A M G - 3  (c ) ; (p  in t 2 . e m ;  T in ~ 

The m e a s u r e m e n t s  of the e l e c t r i c a l  r e s i s t a n c e  fo r  the p u r e - a l u m i n u m  s p e c i m e n s  m a d e  f r o m  p r e -  
c i s e l y  tha t  p o r t i o n  of the a l u m i n u m  ingot  f r o m  which  we p r e p a r e d  the s p e c i m e n s  fo r  the  d e t e r m i n a t i o n  of 
the t h e r m a l  conduc t i v i t y  a r e  shown in F i g .  2. H e r e  we have  p r e s e n t e d  the r e s u l t s  f r o m  the m e a s u r e m e n t s  
of  the  e l e c t r i c a l  r e s i s t a n c e s  of the A M G - 3 ,  A M G - 5 ,  and AMG-6  a l u m i n u m  a l l o y s  whose  c h e m i c a l  c o m p o -  
s i t i on  i s  g i v e n  in T a b l e  1. 

The  da t a  d e r i v e d  in the  t e s t s  can  be c h a r a c t e r i z e d  in the fo l lowing  m a n n e r .  

1. The t h e r m a l  c o n d u c t i v i t y  of p u r e  a l u m i n u m  d i m i n i s h e s  wi th  a r i s e  in t e m p e r a t u r e ,  in f a i r l y  s t r i c t  
a c c o r d  wi th  the  fo l lowing  law:  

B 
L (7) = A -~- - - .  (i) 

T 

2. At the same time, the thermal conductivity of aluminum alloys increases with a rise in tempera- 
tu re. 

3. The electrical resistance of the aluminum increases linearly with a rise in temperature, which 
is in good agreement with the data of other researchers. 

4. The electrical resistance of the alloys is higher than that of pure aluminum, and it increases with 
an increase in the impurity content. 
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Fig. 3. Experimental values (a) of 
the thermal conductivity of "the al- 
loys and aluminum in comparison 
to the theoretical values (b): 1) AI; 
2) AMG-3; 3) AMG-5; 4) AMG-6; 
(3. in W/m �9 deg; T in ~ 

5. The curves showing the electrical resistance of the alloys as a function 
of temperature are virtually equidistant from the pure-aluminum curve, which 

attests to the validity of the Matthiessen rule for these alloys: 

Pallo? PAl "@ Pimp. (2) 

Strictly speaking, the Matthiessen rule is valid for solid solutions weakly con- 
centrated. An analysis of the state diagrams for the A1-Mg system [8] de- 
monstrates that the solid solution of the magnesium in the aluminum (the a -  
solution) is the base of these alloys, with the magnesium content rather small. 
It is precisely in this way that we can, in our opinion, explain the experimental 
confirmation of the Matthiessen rule that we achieved in our tests. 

We know from the theory that the resistance of the alloy in this case can 
be written in the form 

/T/* Y/l* 
Palloy~ Nq2.~Al -t- - - - - . N o  2 Timp �9 (3) 

The f i r s t  t e r m  in the r ight-hand m e m b e r  of Eq.  (3) r e p r e s e n t s  the r e s i s t a n c e  
of the pure  a l u m i n u m ,  whi le  the s econd  t e r m  r e p r e s e n t s  the r e s i s t a n c e  that i s  
due to the addit ional  s c a t t e r i n g  of e l e c t r o n s  by the impur i ty  a t o m s .  

It f o l l o w s  f r o m  Eq.  (3) that 
pAl 

T i m V  Ta lo  - - a  " (4)  
' altoy v.nl 

The total  e l e c t r o n  r e l a x a t i o n  t i m e  in the a l loy  can be ca lcu la ted  f r o m  the 
f o r m u l a  

1 1 I 
- + - -  ( 5 )  

"~alloy TAI Timp. 

For  the e l e c t r o n  component  of the m e t a l  t h e r m a I  conduct iv i ty  w e  have  the f o l l o w -  
ing re la t ionsh ip  : 

H 2 N i ~ T ' ~  
k e - -  (6) 

3 m 

Consequent ly ,  the e l e c t r o n  c o m p o n e n t s  of the thermM conduct iv i ty  in the pure  
m e t a l  and in the a l loy  w i l l  d i f fer  only to the extent  that there  e x i s t s  a d i f f erence  
in the c a r r i e r  concentra t ion  N and in the r e l a x a t i o n  t i m e  T. We can e x p e c t  that 

1 2 5 8  



the predominant  effect on the change in the e lec t ron component of the thermal  conductivity in our alloys 
will be exerted by a change in the relaxation time for the free e lec t rons .  Equation (6) for these conditions 
can thus be modified in the following manner:  

he alloy ~-~eAl "~allpy. (7) 
"~A1 

The ratio 0-alloy/TAi) can be found for alt of the alloys and at each of the t empera tures  by means of r e l a -  
tionships (4) and (5) f rom the measuremen t  resul ts  for the e lec t r ica l  res is tance  of the alloys and the pure 
aluminum. 

To find the e lectron component of the a l loy ' s  thermal  conductivity we have to isolate the e lectron 
component f rom among the experimental  data on the thermal  conductivity of the pure aluminum. 

We know that 

L = Z e q" ~, 1at. �9 (8) 

Here the theoret ical  e lec t ron  component is independent of t empera ture ,  while the lattice component is in-  
ve r se ly  proport ional  to the t empera ture ,  i .e. ,  

Ze= A, 

S (9) 

~'lat. T 

As was pointed out above, our relationship between the thermal  conductivity of the pure aluminum and 
the tempera ture  is fairly adequately descr ibed by Eq. (1). The average value of the e lectron portion of 
the pure-a luminum thermal  conductivity calculated f rom the experimental  data with the aid of formula (1) 
amounted to 197, while the magnitude of B was equal to 9593. 

We should take note of the fact that the Lorentz  number  for the determined electron component of the 
thermal  conductivity is less than the theoret ical  and at a tempera ture  of 420~ (the Debye tempera ture  
for A1) amounts to 1.96 �9 10 -8, varying only slightly (by approximately 6.5%) to 670~ The relative con-  
s tancy of the Lorentz  number and the change in the pure-a luminum thermal  conductivity according to fo r -  
mula (1) may indicate that the existing theoret ical  relat ionships are  valid for aluminum, but that the coef-  
ficients in formulas  (3) and (6) may be slightly different,  which plays no par t i cu la r  role in the given ca l -  
culation method. 

The values of the e lec t ron component of the alloys (Table 2), calculated according to Eq. (7), show 
that the Xe of the alloys is substantially lower than the XeAI and increases  with a r i se  in t empera ture ,  i.e., 
if for  relat ively low tempera tu res  the impuri t ies  play a significant role in the t ransmiss ion  of energy in 
the al loys,  decelerat ing the motion of the e lec t rons ,  with an increase in the tempera ture  their  influence 
diminishes substantially.  

The magnitude of the lattice component of the thermal  conductivity is determined f rom the formula 

~lat. = +cvv-l. (10) 

The magnitude of the lattice component of the alloy may thus vary  if there is a change in the volume heat 
capacity c V of the alloy relat ive to that of the pure metal and if there is also a change in the mean free path 
l of the phononso 

According to the l i tera ture  data [8], the specific heat capacity of the aluminum alloys does not change 
with smaI1 concentrat ions (up to 10%) of magnesium.  The specific weight of the alloys diminishes slightly 
with an increase  in the magnesium content in the alloy (see Table 1). Consequently, the volume heat capae-  
ity diminishes slightly, but at the same time the lattice constant and, consequently,  the mean free path l 
of the phonons increases  slightly with a r ise  in the magnesium content in the aluminum [8]. 

In f i r s t  approximation it can thus be assumed that in a l u m i n u m - m a g n e s i u m  alloys with a small  content 
of magnesium the lattice component of the thermal  conductivity is equal to the Xlat.of the pure aluminum 
at the same tempera ture .  

The thermal-conduct iv i ty  calculations ca r r i ed  out on the basis of the above-ci ted considerat ions for 
the alloys AMG-3, AMG -5, and AMG-6 in compar ison with the experimental ly  measured  values of the 
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t h e rma l  conductivity a re  shown in Table 2 and in Fig. 3. The max imum divergence  between the theoret ica l  
and exper imen ta l  curves  does not exceed 9.2% at 293r and 5.5% at 420~K. At 670~ (i.e.,  when T >> TD) 
the deviation does not exceed  2%, which is l e s s  than the e r r o r  in the thermal -conduc t iv i ty  m e a s u r e m e n t s  
p e r f o r m e d  in our  instal la t ion.  

N andq 

~'AI and ~-imp. 

k e and k lat. 
V 

TD 

N O T A  T I O N  

is the effect ive  m a s s  of the f ree  e lec t rons ;  
a r e  the i r  concentrat ion and charge;  
a r e  the re laxat ion  t imes  of the e lec t rons  on the a luminum a toms  and on the impur i ty  a toms ,  
r e spec t ive ly ;  
a r e  the e l ec t ron  and lat t ice components  of the t he rma l  conductivity;  
is the speed of sound; 
is the Debye t e m p e r a t u r e .  
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