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Theo r i e s  desc r ib ing  the p r o c e s s  of separa t ion  by t he rma l  diffusion in gas mix tu res  a r e  con-  
s idered .  I t  is known that such thermodiffusion can be found in mix tu re s  of ideal gases .  

Exper imen ta l  data demons t r a t e s  that  in noniso thermal  s y s t e m s  consis t ing of s e v e r a l  components  m a s s  
t r a n s f e r  occu r s  because  of a t e m p e r a t u r e  gradient  which produces  "separa t ion"  in an init ially homogeneous 
mix tu re ,  i . e . ,  leads to a nonequil ibr ium distr ibut ion of components over  space.  Th i s  t r a n s f e r  phenomenon 
has  been t e r m e d  thermodiffusion.  

A number  of studies [1-15] have cons idered  thermodiffusion separa t ion  in gas mix tu re s ,  but the question 
of the nature  of this p r o c e s s  has  st i l l  not been answered  decis ively .  

In con t ras t  to other  t r a n s f e r  phenomena,  thermodiffusion is significantly dependent on the nature  of i n t e r -  
mo lecu la r  in teract ions  [6, 7, 16]. As a ru le ,  this dependence is deal t  with by commencing  f r o m  the fact  that 
to de te rmine  the thermodiffusion constant  a l a r g e r  number  of coll ision in tegra ls  a re  used than in d e t e r m i n a -  
tion of other  t r an s f e r  p rope r t i e s .  The poor  ag reemen t  between exper imen ta l  and theore t ica l  r e su l t s  on t h e r -  
modiffusion is usual ly re la ted  to the significant  dependence of the l a t t e r  on the nature  of in t e rmolecu la r  in-  
t e rac t ions  [7]. 

A specia l  place in thermodiffusion theory is occupied by the question of the absence of thermodiffusion 
separa t ion  in mix tu res  of gases ,  the molecules  of which in te rac t  by a law inverse ly  propor t iona l  to the fifth 
power of dis tance (Maxwell molecules) .  This  fact  a l so  explains the s t rong  dependence of thermodiffus ion on 
the nature  of the in te rmolecu la r  in teract ions .  

Meizner  [17, 18] and Haase  [19-21] feel that thermodiffusion ex is t s  in mix tu re s  of ideal gases .  Kotousov 
[6] has demons t ra t ed  that thermodiffusion and the diffusion the rmoef fec t  d i sappear  in such mix tu res .  

Grew and Mundy [22], in an exper imen ta l  study of the t e m p e r a t u r e  dependence of the thermodiffusion con-  
stant  in a constant mix ture  of argon and neon, found a min imum in this dependence (anomalous behavior)  at  a 
t e m p e r a t u r e  of 149~ This  can be re la ted  to the theore t ica l  t e m p e r a t u r e  dependence of the thermodiffus ion 
constant of an equ imolar  mix tu re  of H e 3 - H e  4, which has a solution at T ~ 0.2~ (Fig. 1) [25]. A number  of in-  
ves t iga to r s  [23, 24] have re la ted  the p r e s ence  of a min imum in the t e m p e r a t u r e  dependence of the thermodi f fu-  
sion constant of the constant  A r - K r  mix ture  to fo rmat ion  of d imer s  - "products"  of in t e rmolecu la r  i n t e r ac -  
tion. All these facts  indicate that the thermodiffusion separa t ion  p r o c e s s  is dependent on the nature  of i n t e r -  
mo lecu la r  in te rac t ions ,  s ince the t e m p e r a t u r e  dependence of the thermodiffusion constant  is r ega rded  as a 
cha r ac t e r i s t i c  of the in te rmolecu la r  in teract ion p r o c e s s .  

Such d ivergence  in opinions on the t he rma l  separa t ion  p roce s s  in gas mix tu res  is aggrava ted  by the ab-  
sence of any c lear  explanation of the nature of the thermodiffusion separa t ion  p r o c e s s  [1]. We should note that 
a c lea r  explanation of the m e c h a n i s m  of any t r a n s f e r  p roce s s  impl ies  descr ip t ion  of its e l e m e n t a r y  m o l e c u l a r -  
kinetic theory.  Filrth [26] has developed such an e l e m e n t a r y  theory ,  us ing the assumpt ion  of the exis tence of 
two molecu la r  f ree  path lengths for  t r a n s f e r ,  of mean  numer ica l  densi ty (/i) and mean veloci ty  (lI) of molecu les ,  
such that l[ = a l i ,  with the quantity a en ter ing  the express ion  cha rac te r i z ing  the thermodiffusion constant  of 
the gas mixture .  L a r a n j e i r a  [27-29] t r ea ted  a as a c h a r a c t e r i s t i c  of the degree  of influence p o s s e s s e d  by the 
nature  of i n t e rmolecu la r  fo rces  on the thermodiffusion p roce s s .  In the l imit ing case of an ideal one-component  
gas ,  his e l e m e n t a r y  kinetic theory indicates the p re sence  of a flow of molecules  at  constant  gas p r e s s u r e  f a r  
f r o m  the s tate  of r a re fac t ion ,  which is not supported by e i ther  the the rmodynamics  of i r r e v e r s i b l e  p r o c e s s e s  
or  s t r i c t  mo lecu la r -k ine t i c  theory  of gases .  

Monchick and Mason [30] t r ea ted  the mechan i sm of thermodfffusion separa t ion  in gas mix tu res  in t e r m s  
of the theory of " f ree  flight" of molecules .  In the i r  opinion, thermodiffusion develops only as a consequence of 
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a dependence of molecular  collision frequency upon velocity. While giving a formally c o r r e c t  explanation of 
the p rocess  of thermodiffusion separat ion,  the authors of [30] gave an incorrect  graphic interpretat ion of the 
mechanism,  based upon the existence of two "wings" in the molecular  distribution function over velocity (Fig. 2). 
The two "wings" of this function were treated in [30] as two flows of molecules moving in opposite directions 
relative to the tempera ture  gradient,  leading to thermodiffusion separation of the gas mixture.  However it 
should be noted that Af i / IVlnT[ is not a molecular  flow, and the p resence  of a "ne gative" wing in the molecular  
distribution over velocity indicates that within the gas mixture there has occurred  a redistr ibution of molecules 
over  velocity due to the presence  of a tempera ture  gradient,  which leads to development of a molecular  flow. 
We note that this theory does not support the absence of thermodiffusion in the mixtures  Ne 22-NH 3 (x 1 = 0.38) 
and Ne2~ (x~ = 0.72) [8]. 

Dickel [31] notes that the effect of thermal separation appearing in a mixture with temperature gradient 
conditions is composed of two components: a) thermodiffusion, which causes the appearance of a concentration 
gradient in the mixture; b) thermal concentration shift, developing in mixtures of real gases because of excess 
thermodynamic functions. 

Thus in Dickel's classification thermodiffusion is an effect observed only in ideal mixtures. 

The review presented above demonstrates that the literature cited is not of a single opinion on the nature 
of the rmodiffusion separation in gas mixtures, and that the concept of the greater sensitivity of thermodiffusion 
to the nature of intermolecular interactions, as compared to other transfer properties, relies upon the assump- 
tion of the existence of two free path lengths, and absence of thermodiffusion in mixtures of Maxwell molecules. 

In [6] it was shown that the presence  of thermodiffusion and the diffusion thermoeffect  charac te r izes  the 
nonidealness of the mixture components.  This fact  was proved in [6] in the following manner.  Since in the 
s tat ionary state the condition div$~ = -J tVa~/~cl ,  where J~t = Jq - 0V~/OctJ1, then by specifying stat ionary 
boundary conditions for tempera ture  or  concentrat ion,  we can find a stat ionary state such that V(8~/8cl) = 0, 
so that divJ~ = 0 also. The condition V(ah20c0 = 0 permits  determination of the unique rat io gT/~c l  at which 

V c' c~lOTOct 

Using these conditions and the relationship 

J , :  pDl2 ~z~c,cz V-~ T_ + VCi) 
T ' 

we can find 

~h Ox~ =(0"5--1) cr T nDi2 ~ M~--Mi 
~| \ M~xt § M~x2 
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F i g .  2. M o l e c u l a r  d i s t r i b u t i o n  o v e r  v e l o c i t y :  a) H 2 -  

H e ,  T = 500~ 1) xt = 0.1; 2) 0.25; 3) 0.5;  4) 0.75; 5) 
0.9;  b) H e - A r ,  T = 80~ 1) x 1 = 0.25; 2) 0.5; 3) 0.75. 
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Fig .  3. T h e r m o d i f f u s i o n  
c o n s t a n t  of H e - A  r m i x t u r e  
v e r s u s  t e m p e r a t u r e ,  xl  = 
0.512. 

A c c o r d i n g  to th is  e x p r e s s i o n ,  t h e r m o d f f f u s i o n  in m i x t u r e s  of i d e a l  g a s e s  i s  a b s e n t ,  s i n c e  in th i s  c a s e  02h/0x~ = 
0. C a l c u l a t i o n s  wi th  th i s  e x p r e s s i o n  show tha t  fo r  an e q u i m o l a r  H e - A r  m i x t u r e  a t  T = 300~ and p = 1 a t m  
]o~71 = 10 -2. C a l c u l a t i o n  of a* r wi th  e x p e r i m e n t a l  da t a  on the e x c e s s  t h e r m o d y n a m i c  func t ions  h E [6] shows  
tha t  Io~rl ~ 0.4,  which  i s  c o n f i r m e d  by the da ta  of  [32] (F ig .  3). 

We wi I l  now t u r n  to  an  e v a l u a t i o n  of  the t e m p e r a t u r e  d e p e n d e n c e  of the  t h e r m o d i f f u s i o n  c o n s t a n t  of an 
a r g o n - k r y p t o n  m i x t u r e .  L a t e r  e x p e r i m e n t a l  da t a  [33] ob ta ined  f r o m  the t e m p e r a t u r e  d e p e n d e n c e  of the t h e r -  
modf f fus ion  c o n s t a n t  of th i s  m i x t u r e  d e m o n s t r a t e  tha t  the p r e s e n c e  of a m i n i m u m  in th i s  funct ion  i s  r e l a t e d  
to c o n d e n s a t i o n  of the  h e a v y  c o m p o n e n t  in the m e a s u r e m e n t  c e i l ,  whi le  the " s h a r p "  m i n i m u m  in the  t e m p e r a -  
t u r e  dependence  of  the  t h e r m o d i f f u s i o n  cons t an t  of  He 3 - H e  4 at  v e r y  low t e m p e r a t u r e s  is  in ou r  op in ion  r e l a t e d  
to the fac t  tha t  the  m e a n  f r e e  pa th  length  of  m o l e c u l e s  in He 3 t ends  to inf in i ty  a s  T -* 0~ and a cont inuous  
h y d r o d y n a m i c  d e s c r i p t i o n  of t r a n s f e r  p r o c e s s e s  is  i m p o s s i b l e .  I t  is  then n e c e s s a r y  to d e s c r i b e  the  t r a n s f e r  
p r o c e s s e s  wi th  the  a id  of  q u a s i p a r t i c l e  ( e l e m e n t a r y  exc i t a t i on )  c o n c e p t s  [31, 36]. 

We wi l l  now c o n s i d e r  the  m e c h a n i s m  of t h e r m o d i f f u s i o n  s e p a r a t i o n  in gas  m i x t u r e s  [37]. We  l i m i t  our  
d e s c r i p t i o n  of the t h e r m o d i f f u s i o n  p r o c e s s  to the  f r a m e w o r k  of  the  p h e n o m e n o l o g i c a l  t h e r m o d y n a m i c s  of i r -  
r e v e r s i b l e  p r o c e s s e s .  In a c o o r d i n a t e  s y s t e m  m o v i n g  a t  the m e a n - m a s s  v e l o c i t y ,  

.. d ~  .I OK (VCt+ Jq-- - - .hc l -~ l  c% + i - - ~ -  t - -Z |  , J l = - - p D , z  u T c t c ~ - ~ ) .  

We r e w r i t e  the e x p r e s s i o n s  fo r  h e a t  and m a s s  f luxes  in the f o r m  

J~ = - -  ~'V T = Ji ~cica ~ -~ ~ ~'| T = q*Ji - -  ~| V T, 

w h e r e  q* = 0* + 0~ /Sc t  i s  the  t r a n s f e r  e n e r g y ;  0* = wrclc202g,/Scl is  the  t r a n s f e r  hea t .  
m a s s  f l u x i s  

F r o m  t h e s e ,  the  t o t a l  

~ - -X=  Z Z| 
J l  = - -  v T  = V T 

Oq 8ci 
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We define the t he rm a l  conductivity coefficient  in the nonstat ionary s ta te  

X = ~= + LD~ exp ( - -  t#c). 

F o r  the total hea t  flux 

ah xl,~ = M_ ~| = (%q o~1 + __&_[_t ) eD,, ---T-- G. 
F o r  the reduced flux 

~D~=%ci ~O~t PDmT kr  

With the aid of these expe r imen t s  we obtain 

Ji = pD] exp (--  t/z) vT; J~ = pD: exp ( - -  t]z) vT.  

The same  resu l t s  may  be obtained With the methods of s t r i c t  mo lecu la r -k ine t i c  theory of gases .  

F r o m  this it is evident that  thermodiffus[on separa t ion  in a binary mixture  is re la ted  to the development  
of two m a s s  f lows,  moving in opposite d i rec t ions  under  the influence of the t e m p e r a t u r e  gradient.  

We will now offer  an e l e m e n t a r y  molecu la r -k ine t i c  theory  of thermodiffusion [37]. 

We a s sume  that a binary gas mix ture  of weakly in teract ing molecules* is located between two infinite 
hor izonta l  p lanes ,  the t e m p e r a t u r e s  of which a re  constant ,  but unequal,  with the t e m p e r a t u r e  gradient  being 
sufficiently smal l .  It  is obvious that both the t e m p e r a t u r e  and concentrat ion of the mix ture  will be functions 
of the/coordinate .  We define the molecu la r  flow of the f i r s t  so r t  through a unit a rea  moving at  the m e a n -  
numer ic  veloci ty  in the plane z = 0. The molecu la r  flow of the f i r s t  so r t  through one side of e l emen ta ry  a rea  
is equal to 1/4 iV1, and each molecule  t r a n s f e r s  its m a s s  and veloci ty  on the ave rage  not to the plane z = 0, 
but to the plane z = - u i l i ,  where  there  exis ts  a probabi l i ty  of encountering another  molecule  before a r r iv ing  
in the plane z = 0. Here  ui is a numer ica l  fac tor .  Then 

1 1 ( On1 
I , + =  y (nlvO+=-.,t, -= T ni uit, o r  

1 - ( Oni a T  
-~  vt nl--  udi aT Oz 

o r  .'~(i_ 1 , I OT 
Oz / 7"'"Tg)  
1 niulIi 1 OT ) .  
2 T Oz 

The plus index in the notation for  the molecu la r  flow of the f i r s t  component indicates that  it is considered :in 
the d i rec t ion f rom the negative to the posi t ive side.  S imi la r ly ,  

l , _  , 1 -( On, OT t I OT ) 
-4- vi nl + udt o r  Oz '+ -2  niudl . T Oz . 

The total  flux of molecu les  of the f i r s t  component  is equal to 

1t = I 1 + - -  I ~_ 1 uili O ni _j_ ntulli _. : - - -  V 1 ~ = 0 ,  
2 ol" Oz T aT n~ 2 ] Oz 

since in the case of a gas of solid spheres as T ~ 0o 

( V Y ) - '  n = o k 
n dT 

o r  

, nl dT 

*The solid sphere  model  de sc r ibe s  weak  molecu la r  in teract ion well  at high t e m p e r a t u r e s  where  mutual  a t t r a c -  

tion of the molecules  becomes  insignificant:  B{T) = -27r~ ~ {exp (-~0(r)/kT)-1}r2dr ~ 0 as T --* r 

]This same resu l t  follows f r o m  L a r a n j e i r a ' s  theory  [27-29] at l i = l I. 
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Similarly,  

( 1 ~ OT 0 Da= I u, l ,~ I u21e ~ 12 ~ n~D,2 0,% T ~_ 2--]---~z---- ' rae 
T OT n~ z = ' ~  r 

If the p res su re  in the mixture is constant,  then the condition dp/dz = 0 must  be satisfied. In the case of 
an ideal gas considered here  f rom the condition dp/dz = d(nkT)/dz = 0 we obtain 

xi l q- dn] T _~ - -  x2 I +  
�9 dT ni dT "% 

sincext(1 +(dn~/dT)T/n~):=T.  dx,/dT =ST (inthe stat ionary state ST = k T and kT1 = -kT2 = kT). Here  k T is the 
thermodiffusion rat io,  charac ter iz ing  the p rocess  of thermodiffusion separat ion in the s tat ionary state;  s T = 
k T �9 f(t/r) is the thermodiffusion rat io charac ter iz ing  the same process  in the nonstat ionary state. Then 

l ,  = - -  nD~ f( t /~)-~z , Iz = nD~ f (t/z) aToz 

According to the s t r ic t  molecular -k inet ic  theory of gases [1-2], the dynamics of the molecular  collision 
p roces s ,  which are  related to the nature of the in termolecular  fo rces ,  affect the t ransfer  p rocesses  through the 
so-cal led  collision integrals  

.~tt,S) = l / 2 ~ k - T  i ~ e-r~ v2s+a (l --cost ~) bdbd3h~ , I / - ~ , j  -" 
0 0 

where  

b 
dr/r z 

YU = ~ ~t~j/2kT (v~ --  vi), Z = a --  2b w~J~r~ b z ' 
/ 1-- 

y ~g 
l"g 0 

which appear in the form of dimensionless  groups in the express ions  for the t ransfer  coefficients 

A = ~(2.2)/~(,,1~, B ---- (5f~t,,2) 4Q(z,a))/~(2,1), C---- ~2(1.2V~2(1,1). 

In the case of an ideal gas ~0(r) - -  0, r m = b, • = 7 r - 2 a r c s i n l  = 0. It can be shown, for  example,  that 

C~__ o o  

0 0 

and the value of this quantity should be close to unity. Consequently, the t ransfer  coefficients of a mixture of 
ideal (weakly interacting) gases depend only on the magnitude of the molecular  mass  of the components,  the 
composition of the mixture ,  the tempera ture ,  and the p ressure .  

We will now consider a binary mixture of real gases located under a tempera ture  gradient condition. 
Limit ing ourselves  to consideration of collisions of only two molecules for the sake of simplici ty,  we write 
the equation of state of the gas in the form 

p v = k T ( l q -  B(T, x,) 

Since the gas mixture is under constant p r e s s u r e ,  the constant p re s su re  condition (Vp = 0) leads to the express ion 

x, 1+ a----T- lq-nb o n, l q - 2 n B - - B n ,  x2 1+ aT lq-nb o n~ 

?A s imi la r  relationship can be obtained for the equation of state 
I ~ = k T [ i } - B ( T ' x I '  ~ - c ( T ' x l }  ] 

iI 0 2 -~- "" " 
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where 

and 

b o = B (T, xl) + T OB (T, x,) 
OT 

Bn =ni OB(T, xt) 
' . " O X f  

] i +nb o 
xl 1+ dnidT 1 +lnbo niT (I+2nB--B'.,). X 1 +2nB--B'.,,. 

In the stat ionary state kT1 = -kT2 = kT, while 

d In ndn~ 
n (b0 - -  2B) + (I + 2nB) d In T 

kre' =krreal --kTideal =X~ 1 + 2nB - .  B'.t 

= T Oxl = k , .  
OT 

d In n~ 
+ B:, (1-}- dln-----T--) 

charac te r izes  the thermal  concentration shift produced by the excess  thermodynamic function. 

We will now consider  the concept of an ideal gas. Strictly speaking an ideal gas is a set of mathematical  
(imaginary) points of infinitely small  dimensions.  There  are  no interaction forces  between these points,  i .e. ,  
an ideal gas is a mathemat ical  abstract ion.  In s tat is t ical  physics  the concept of an ideal gas implies a gas 
which has interactions between molecules so weak that they may be neglected. Physical ly ,  such neglect is 
possible ei ther  when the molecular  interaction is weak at any molecular  separat ion,  or  when the gas is suffi-  
ciently ra ref ied  [38]. 

The examination of the p rocess  of thermodiffusion per formed here  treated the case of weak interaction 
between the gas molecules ,  when the equation of state pv = kT is valid, and the case where binary molecular  
collisions are  considered and the equation of state contains a t e rm considering the "nonidealness" of the gas. 
It has been shown that thermodiffusion does not depend on the nature of molecular  interact ions and occurs  in 
mixtures  of both ideal and real  gases.  

We note that in the case of a thermal ly  inhomogeneous Knudsen gas there is no thermodiffusion,  since 
the lat ter  t r ans forms  to thermoeffusion. In such a gas at an inhomogeneous tempera ture  the p re s su re  is no 
longer constant but sat isf ies the condition p T/r~--~const and mass  flows of each component are  absent [3]. 

Unfortunately, it appears  impossible to obtain the condition for  absence of thermodiffusion and the diffu- 
sion thermoeffect  in mixtures  of real  gases at the present  time. 

The authors regard  it their  pleasant  duty to thank P r o f e s s o r  L. S. Kotousov for his valuable r emarks  
made in evaluating the p resen t  study. 
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NOTATION 

m the tempera ture ;  
m the molecular  f ract ion of l ighter component; 
m the mass  concentration; 
is the thermal  flux in m e a n - m a s s  velocity sys t em;  
Is the reduced thermal  flux; 
m the specific enthalpy; 
is the thermodiffusion constant; 
is the thermodiffusion ratio;  
m the chemical  potential of i - th component; 
ts the density of mixture;  
is the numerica l  density of component molecules ;  
is the mutual diffusion coefficient; 
is the Bol tzmann 's  constant;  
ts the volume; 
are  the second and third vir ia l  coefficients;  
is the mass  flow of f i r s t  component; 
is the par t ic le  flow of f i r s t  component; 
are  the mixture thermal  conductivity coefficients in s tat ionary state,  at initial t ime,  and 
in nonstationary state; 
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XD T is the contribution of diffusion thermoeffect to mixture thermal conductivity'; 
t is the time; 
~- is the time for establishment of stationary state in system; 

is the mean velocity; 
l is the mean molecular free path length; 
D~ is the thermodiffusion coefficient of f i rs t  component; 
p is the pressure;  
~ij is the reduced molecular mass; 
Yij is the reduced velocity; 
X is the angle of inclination; 
b is the impact parameter; 
rm is the distance of closest molecular approach; 
r is the intermolecular distance; 
~a(r) is the intermolecular interaction potential; 

is the relative velocity; 
is the excess enthalpy; 

N is the Avogadro's number. 
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M E T H O D  OF C R I T I C A L - T E M P E R A T U R E  D E T E R M I N A T I O N  

FOR I N D I C A T O R  M A T E R I A L S  

B .  G. A b r : a m o v i c h ,  V. V .  Mat  v e e v ,  
a nd  V. V.  G a v r i l o v  

UDC 536.522.3 

A method is described for measuring the switching temperature of an indicator coating in the 
range 50-1200~ 

Temperatures  can be monitored by means of temperature-sensi t ive coatings, which provide rapid, fairly 
simple, and exact monitoring of thermal processes  [1, 2]. Sometimes such coatings are used in conjunction 
with traditional temperature transducers to provide additional information on the thermal state, but some- 
times they are the only devices that can be employed. 

Previously,  these indicators were used only when high accuracy was not necessary or when other meth- 
ods could not be used, but nowadays new types make it possible to measure temperature very precisely,  and 
the e r r o r  may be comparable with that of many thermometers .  For  example, the TI indicators [3] clearly 
allow one to measure a temperature to 0.01 degree. However, the practical accuracy iS dependent on the 
e r r o r  involved in measuring the critical temperature of the indicator itself. 

There is therefore a need for precision methods of measuring switching temperatures ,  since this is the 
only way the devices can be fully utilized; the phase transition in such an indicator always occurs at the same 
temperature ,  no matter  what the conditions of use. The problem is therefore to determine the melting point 
with the highest precision. 

Current  methods of switching-point measurement employ visual definition of the melting boundary or 
color transition in conjunction with temperature measurement  at the boundary [1, 4]. There is a subjective 
e r r o r  in visual measurements ,  and this results  in a substantial spread in the resul ts ,  even though it is usual 
to perform a series  of measurements in order  to obtain a reliable result. 

We have developed an objective method of switching-point definition that provides very precise melting- 
point measurement over a wide temperature range. 

The indicator is heated along with a thermally indifferent substance, and the melting is detected from 
the temperature difference as recorded with a differential thermocouple. The temperature difference is plotted 
as a function of the temperature itself :o~r a chart recorder .  

We used standard instruments made in this country; for example, the T PP thermoelectr ic thermometer  
was used with a PDS-021 XY recorder ,  an F-116 photoelectronic amplifier, and an SUOL oven. 

Figure 1 shows the block diagram; the s igna i f rom the differential couple passes to the amplifier 5 and 
then to the Y input, while the X input receives the heating temperature ,  which is provided by one of the junc- 
tions in the differential couple. 

The indicator (temperature-:sensitive substance and bonding agent) is placed in the quartz crucible and 
compacted; the crucible is then placed in the oven along with one junction of the differential couple, which is 

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 36, No. 4, pp. 685-688, April 1979. Original 
art~ble submitted June 15, 1978. 
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