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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 
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Fig. 1. Block d i ag ram  Of the s y s t e m  for  de te rmin ing  indica tor -swi tch ing  
point :  1) oven; 2) quar tz  crucible  containing indicator;  3) quar tz  crucible  
containing s tandard substance;  4) different ia l  t h e r m o e l e c t r i c  t h e r m o m e t e r ;  
5) photoelec t ronic  ampl i f i e r ;  6) se l f -ba lanc ing  po ten t iomete r ;  7) t h e r m o -  
e l ec t r i c  t h e r m o m e t e r ,  

Fig. 2. Record ing  for  de te rmin ing  ind ica tor -swi tch ing  point; AT in r e l a -  
t ive units and T in~ 

TABLE 1. Mel t ing-Point  Resu l t s  for  T I - 1 t 0  Indicator  
M~thod Method 

1 2 3, 1 2 3 

111 
107 
109 
112 
107 

ll0 
t09 
lI0 
lI0 
111 

109 
109 
110 
109 
IIO 

108 
111 
109 
108 
108 

108 
108 
109 
110 
109 

t09 
110 
1t0 
109 
110 

cmmected to the X input of  the PDS-021. The other  junction is p laced in a quar tz  crucible  containing the indif- 
f e r en t  ~ a c e ,  which was e x t r a - l m r i t y  a lumina powder.  

The two $ubstmt~ces a r e  heated toge ther  and the di f ferent ia l  signal is constant  outside the mel t ing  range 
of  t h e  i n d i c a t o r  (the record ing  is pa ra l l e l  to the absc i ssa ) .  The indicator  abso rbs  heat  as  it me l t s ,  which r e -  
suits  in a change in the d i f fe rent ia l  e m f  and a cor responding  stepout  on the recerd ing .  The t e m p e r a t u r e  c o r -  
rerponding to the on~et  is the  switching point of the indicator.  F igure  2 shows the cha r ac t e r i s t i c  f o r m  of a 
recording.  

The onse t  of mel t ing  is indicated by a sharp  stepout  if the substance is of high t he rma l  conductivity or  ff 
the e n t i r e  volume mel t s  a lmos t  s imul taneously .  The powder used in our  technique does not give such a sha rp  
stepout;  ins tead,  the onset  is m o r e  or  less  smooth (Fig. 2, region 1). This  is due to t e m p e r a t u r e  d i f fe rences  
between the cen t ra l  and o ther  pa r t s  of the spec imen .  The deflect ion curve becomes  r ec t i l i nea r  in the s teady 
s t a t e  {part 2). The t rue  mel t ing  point is deduced f r o m  the s t a r t  of this l inear  p a r t  [5]. 

During the cal ibrat ion of cer ta in  indica tors ,  the different ia l  t r a ce  shows a sl ight  kink around 100~ (part  
3}. Th i s  is  due to evapora t ion  of wa t e r  in the powder.  

T ~  ~ M u ~  was cmlibrated t ~ o u g h o u t  the working t e m p e r a t u r e  range  before m e a s u r e m e n t s  were  
r a m i e  area k t ~ h  ef  lmtoaLors ;  the ~ r d s  in the ca l ibra t ion were  e x t r a - p u r i t y  subs tances  with exac t ly  lmown 
m l m h g ~ .  

The di f ferent ia l  couple indicates the mel t ing  point with high p rec i s ion  (to 0.01~ and this impl ies  much 
m o r e  accura te  m e a s u r e m e n t  (by compar i son  with visual  definition of the change in s ta te  of aggregat ion) .  Also ,  
the char t  r ecord ing  e l imina tes  subject ive  e r r o r .  The appara tus  can provide  v i r tua l ly  any heating ra te  (up to 
hundreds of degrees  pe r  second).  

Table  1 gives resu l t s  for  TI -110  fusible indicators  examined by the following methods :  1) with the indica-  
tor  on a meta l  plate  bea r ing  a single t h e r m o e l e c t r i c  t h e r m o m e t e r  [1]; 2) with the spec imen  on a shaped plate  
bear ing  s e v e r a l  t h e r m o e l e c t r i c  t h e r m o m e t e r s  [4]; and 3) with a different ia l  t he rmoe l ec t r i c  t h e r m o m e t e r .  

4 5 6  



The ins t rumental  e r r o r  in each case was not more  than 1%, but the table does show that the spread in the 
resu l t s  is over  1%, which is due to the random e r r o r s  a r i s ing  f rom visual  determinat ion.  

The s tandard deviation may be employed [6] to de te rmine  the purely  random e r r o r  of measu remen t  in 
each method: one assumes  that the data f rom a s e r i e s  of measu remen t s  f i tStudent ' s  dis tr ibut ion,  and a c o u f i -  
dence l imit  ~ of 0.99 is adopted (a is the probabi l i ty  that the t rue  resu l t  fal ls  in the confidence range) ,  in which 
the resu l t s  for  the TI-110 indicator  a re  as follows: f i r s t  method (109 + 1.8~ second method 109.5 �9 I~ and 
third method 109.5 �9 0.5~ 

The theory of e r r o r s  [6] shows that not less  than 25 measu remen t s  are  requi red  in the f i r s t  method to 
obtain the melt ing point with an e r r o r  of not more  than 1%, as against not less than ten measu remen t s  in the 
second method,  whereas  the third method does not give a sp read  over  1% in any case.  

This  method was used to measure  the switching points of indicators  developed at  the All-Uni0n Lumino-  
phor  R e s e a r c h  Inst i tute ,  as well  as fo r  ex t r a -pu r i ty  substances with melt ing points in the range 50-1200~ [7]. 
These  indicators  have been used to advantage in r e s e a r c h  on the the rmal  p ro ce s se s  in the VV-12 high- through-  
put glass-blowing machine.  
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T H E O R Y  OF  A C A P I L L A R Y  V I S C O M E T E R  

N.  G.  S a g a i d a k o v a  UDC 532.517.2 

P rob lems  in the theory  of a capi l lary  v i s co m e te r  a re  considered where  the tes t  fluid flows 
through the capi l lary  under  a vary ing  p r e s s u r e  drop. The effect  of t rans ien ts  on the flow is 
evaluated.  

Calculation of the v iscos i ty  according to the capi l lary  method is based on the dependence of the volume V 
of incompress ib le  fluid which during t ime r flows through a capi l lary  of radius R and length L on the constant 
p r e s s u r e  d i f fe rence  ~ P  between both ends ,  namely 

nR%P~ (1) 
8VL 

Relat ion (1) was f i r s t  es tabl ished exper imenta l ly  [1] and then confirmed theore t ica l ly  on the basis of the 
s teady-s ta te  solution to the N a v i e r - S t o k e s  equation [2]. 

In p rac t i ca l  v i s come t ry  one often uses  ins t ruments  where  the tes t  fluid flows through the capi l lary  under 
a vary ing  p r e s s u r e  drop Ap(T). Most common among such ins t ruments  ~s the G o lu b ev -  Pe t rov  v i scomete r  [3]. 
With it has been measured  the v iscos i ty  of wa te r ,  ammonia ,  carbonic  acid,  noble gases ,  a lcohols ,  and other  
fluids over  wide ranges of s ta tes .  A ccording to the conventional method by which tes t  data obtained with a 

Trans la t ed  f rom Inzhenerno-Fiz icheski i  Zhurnal ,  Vol. 36, No. 4, pp. 689-694, Apri l ,  1979. Original 
a r t ic le  submit ted Apri l  6, 1978. 

0022-0841/79/3604- 0457507.50 �9 Plenum Publishing Corporat ion 457 


