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INVESTIGATION OF THERMAL CONDUCTIVITY OF LIQUID 

FORMATES AT HIGH TEMPERATURES AND PRESSURES 

R. A. Mustafaev and T. P. Musaev UDC 536.6 

Exper imen ta l  data on the t h e r m a l  conductivity of butyl fo rma te  and octyl fo rma te  in a wide range 
of t e m p e r a t u r e s  and p r e s s u r e s  a re  given.  

The expe r imen ta l  investigation of the t he rma l  conductivity of liquids at high t e m p e r a t u r e s  and p r e s s u r e s  
involves cons iderable  technical  diff icult ies .  The conduction of invest igat ions at high p r e s s u r e s  and high t e m -  
p e r a t u r e s  neces s i t a t e s  the design of spec ia l  and complex appara tus .  

The data in [1] mainly  c h a r a c t e r i z e  the t e m p e r a t u r e  dependence of the t he rma l  conductivity of fo rma te s  
at a tmospher i c  p r e s s u r e .  It is only in r ecen t  t ime that invest igat ions of the t he rma l  conductivity of fo rma te s  
in re la t ion  to t e m p e r a t u r e  and p r e s s u r e  have been under taken.  In [2], e . g . ,  the r e su l t s  of m e a s u r e m e n t  of 
the t he rma l  conductivity of f o r m a t e s  in re la t ion  to t e m p e r a t u r e  at re la t ive ly  low p r e s s u r e s  (1-49 MPa) are  
given. 

In the p r e sen t  pape r ,  which r e p r e s e n t s  the continuation of previous  r e sea rc l l  [3-9], we give the r e su l t s  
of an expe r imen ta l  invest igat ion of the t he rm a l  conductivity of butyl and oetyl f o rma te s  at t e m p e r a t u r e s  f rom 
room to 620~ and p r e s s u r e s  up to 147 MPa.  The m e a s u r e m e n t s  were  made by the steady heating method on 
a newly designed vers ion  of a cyl indr ical  b i c a l o r i m e t e r .  

The theory of the method and the m e a s u r e m e n t  p rocedure  are  descr ibed  in detail  in [6, 91. 

The b i c a l o r i m e t e r  cons is t s  of two coaxial  cy l inders .  The gap between the cyl inders  is filled with the 
liquid under  invest igat ion.  The inner cy l inder  (core) is made of M1 copper .  The working su r faces  of the core  
a re  thoroughly ground,  ch rom e-p l a t ed ,  and polished.  The outer  cyl inder  is a m a s s i v e  copper  block,  into 
which a tube of 1Khl8N9T s ta in less  s teel  is p r e s s e d .  As dist inct  f rom the previous  design [61, lens seal ing 
was used to mainta in  the high p r e s s u r e .  

The main  dimensions  of the b i c a l o r i m e t e r  a re :  inner  d i a m e t e r  of copper  block 9.99 • 0.01 m m ,  d i ame te r  
of copper  core  9.010 • 0.002 m m ,  length of m e a s u r i n g  section 80 m m .  

The expe r imen ta l  de terminat ion  of t he rma l  conductivity reduces  to m e a s u r e m e n t  of the t ime lag of the 
core  t e m p e r a t u r e  re la t ive  to the block t e m p e r a t u r e .  Fo r  these  m e a s u r e m e n t s  we used an R-345 po ten t iometer  
and a 51-SD t i m e r ,  and for  crea t ion  and m e a s u r e m e n t  of the p r e s s u r e  we used an MP-2500 loaded-pis ton gauge 
and a set  of s tandard  gauges .  In the calculat ion of the t h e r m a l  conductivity we introduced all the co r rec t ions  
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Vol. 37, No. 2, pp. 324-328, August,  1979. Original  ar t ic le  submit ted  November  22, 1978. 

0022-0841/79/3702-0967507.50 �9 1980 Plenum Publishing Corpora t ion  967 



T A B L E  1. 

F o r m a t e s  

P r e s s u r e  

Experimental Values of Thermal Conductivity of Liquid 
(~.10 -4 W/m.degK) in Relation to Temperature and 

T~ *K 

3OO 
312 
324 
336 
361 
379 
391 
397 
409 
421 

4 2 7  
445 
481 
487 
5O0 
512 
518 
524 
549 
574 
58O 
592 
6OO 
618 

306 
324 
336 
366 
373 
385 
397 
415 
421 
433 
439 
451 
463 
481 
493 
512 
518 
531 
543 
555 
562 
58O 
592 
6O0 
612 
618 

0,098 

1357 
1324 
1309 
1250 
1204 
1144 

1347 
1317 
1281 
1215 
1217 
1186 

q 

19,6 l 39,2 

1465 
1434 
1400 
t400 
1319 
1280 
1290 
1234 
1232 
1209 
1174 
1124 
1055 
!074 
1034 
1000 
0976 

990 
934 
9OO 
904 
874 
9OO 
85O 

1438 
1406 
1395 
1342 
1310 
1294 
1275 
1240 
1225 
1192 
1188 
1176 
I132 
lll5 
1085 
1040 
1020 

1015 
975 
980 
95O 
945 
925 
920 
9OO 

1569 
1535 
1500 
1495 
1439 
1395 
1374 
1398 
1338 
1339 

1254 
1200 
1176 
1150 
1145 
1125 
1109 
1074 
1045 
1017 
999 

1001 
1009 

1522 
1487 
1475 
1432 
1400 

1~5 
1315 
1325 
1288 
1286 
1250 
1245 
1210 
1180 
1155 
1135 
1135 
1115 
1100 
1075 
1065 
1045 
1030 
1025 

�9 1020 

P, MPa 

[ 5 8 , 8 [ ' 7 8 , 4  

Butyl formate 

1648 1750 
1689 1749 
1599 1705 
1599 1688 
1538 1650 
1504 1614 
1508 1598 
1474 1575 
1474 1550 
1428 1534 
1409 1514 
1378 1498 
1324 1426 
1323 1403 
1297 1398 
1260 1374 
1245 1370 
1227 1350 
1185 1320 
1150 1314 
1134 1283 
1134 1255 
1154 1270 

I 1110 1230 
Oetyl formate 

1599 1677 
1575 1635 
1545 1626 
1502 1555 
1480 1565 
1465 1552 
1450 1525 
1420 1513 
1406 1482 
1385 1490 

�9 1365 1455 
1348 1445 
1325 . 1435 
1295 1390 
1295 1375 
1265 1320 
1245 1345 
1220 1325 
1215 1338 
1215 1306 
1170 1285 
1165 
1140 1255 
1155 1262 
1130 1245 
1125 1236 

98,0 

1839 
1834 
1778 

1745 
1684 

1675 
1670 
1645 
1609 
1589 
1534 
1544 
1500 
1484 
1475 
1470 
1425 
1400 
1405 
1404 
1399 
1384 

1725 
1712 
1695 
1654 
1648 
1630 
1610 
1580 
1588 
1575 
1556 
1540 
1520 
1495 
1486 
1448 
1446 
1415 
1420 
1385 
1395 
1365 
1350 
1362 
1345 
1390 

117,6 [ 1 4 7 , 0  

1924 
1924 
1900 
1874 
1834 
1803 
1781 
1780 
1755 
1749 
1731 
1704 
1635 
1650 
1650 
1619 
1610 
1600 
1564 
1534 
1541 
1507 
1524 
1510 

1812 
1775 - 
1769 

1725 
1695 
1695 
1672 
1675 
1665 
1647 
1638 
1604 
1584 
1573 
1562 
1547 
1534 
1540 
1497 
1498 
1467 
1464 
1423 
1454 ] 
1447 

2025 
2019 
1999 
1975 
1943 
1927 
1924 
1900 
1875 
1858 
1804 
1844 

1799 
1778 
1745 
1754 
1724 
1699 
1682 
1685 
1674 
1655 
1645 

1885 
1890 
1876 
1840 
1823 

i~o 
1786 
1719 
1765 
1755 
1745 
1747 
1718 
1687 
1697 
1682 
1667 
1652 
1638 
1632 
1624 
1609 
1599 
1599 
1595 

a p p r o p r i a t e  t o  t h i s  � 9  [9]. No r a d i a t i o n  c o r r e c t i o n  w a s  i n t r o d u c e d ,  s i n c e  we  h a d  no  d a t a  on the  a b s o r p t i o n  

s p e c t r a  of  t he  i n v e s t i g a t e d  s u b s t a n c e s .  The  c a l c u l a t e d  m a x i m u m  e r r o r  of  the  m e a s u r e m e n t  w a s  2%. The  r e -  

p r o d u c i b i l i t y  of  the  e x p e r i m e n t a l  d a t a  o b t a i n e d  w i t h  t h e  s a m e  s t a t e  p a r a m e t e r s  w a s  w i t h i n  1%. The p o s s i b l e  

e f f e c t  of  c o n v e c t i o n  w a s  c h e c k e d  by  c o n d u c t i n g  a s e r i e s  of  e x p e r i m e n t s  a t  d i f f e r e n t  c o r e  h e a t i n g  r a t e s  ( t e m -  

p e r a t u r e  d i f f e r e n c e s ) .  The  g o o d  c o n v e r g e n c e s  of  t he  r e s u l t s  of  m e a s u r e m e n t  i n d i c a t e d  t h a t  c o n v e c t i o n  h a d  n o  

e f f e c t  on the  r e s u l t s  of  m e a s u r e m e n t ,  

The  o b t a i n e d  e x p e r i m e n t a l  r e s u l t s  a r e  g i v e n  in T a b l e  1 and  w e r e  u s e d  to  c o n s t r u c t  i s o b a r s .  F o r  t h e i r  

i n t e r n a l  m a t c h i n g  we a l s o  p l o t t e d  i s o t h e r m s  b y  c o r r e s p o n d i n g  s e c t i o n s .  F i g u r e  1 s h o w s  t h e  t h e . r m a l  c o n d u c -  

t i v i t y  i s o b a r s  a n d  i s o t h e r m s  f o r  o c t y l  f o r m a t e .  The  t h e r m a l  c o n d u c t i v i t y  i s o b a r s  a n d  i s o t h e r m s  f o r  b u t y l  

f o r m a t e  w e r e  s i m i l a r .  

A s  F i g .  1 s h o w s ,  the  i s o b a r s  a n d  i s o t h e r m s  a r e  c u r v e d  l i n e s  a n d  a r e  a r r a n g e d  in a d e f i n i t e  s e q u e n c e  

w i t h o u t  i n t e r s e c t i n g  one  a n o t h e r .  T h e  e f f e c t  of  p r e s s u r e  on the  t h e r m a l  c o n d u c t i v i t y  d e c r e a s e s  a t  h i g h  p r e s -  

s u r e s .  The  t e m p e r a t u r e  c o e f f i c i e n t  of t h e  t h e r m a l  c o n d u c t i v i t y  d e c r e a s e s  w i t h  i n c r e a s e  in p r e s s u r e .  
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Fig.  1. I soba r s  (a) and i s o t h e r m s  (b) of t he rma l  conductivity of 
octyl fo rmate :  a: 1) 0.098; 2) 19.6; 3) 39.2; 4) 58.8; 5) 78.4; 
6) 98.0; 7) 117.6; 8) 147.0 MPa.  b: 1) 300; 2) 330; 3) 360; 4) 390; 
5) 420; 6) 450; 7) 480; 8) 510; 9) 540; 10) 600~ ~, W / m . d e g K ;  
T,  ~ P, MPa.  

It is of in te res t  to compare  the r e su l t s  that  we obtained with those avai lable in the l i t e r a tu r e .  A com-  
par i son  with the data of [1] at a tmospher i c  p r e s s u r e  shows that  for  butyl fo rma te  they a re  2-3.8% higher  than 
ou r s ,  and fo r  octyl fo rma te  2-3.4% higher .  A compar i son  of the r e su l t s  of [2] at 39.2 MPa with ours  shows 
that the data of [2] are  1-2.8% higher  than ours .  

To de te rmine  the effect  of p r e s s u r e  on the t he rma l  conductivity of the liquids we used the Missenard  
fo rmula  [10]. However ,  as invest igat ions showed, it r e p r e s e n t e d  the expe r imen ta l  data with an e r r o r  of 5%, 
which inc reased  with inc rease  in t e m p e r a t u r e .  

Descr ip t ion  of the t he rm a l  conductivity in t e r m s  of the p a r a m e t e r s  m e a s u r e d  d i rec t ly  in the expe r imen t s ,  
i . e . ,  in t e r m s  of the p r e s s u r e  and t e m p e r a t u r e ,  is the bes t  approach .  Hence,  in recen t  t ime wide use has  been 
made of the method proposed  by Rivkin [11] for  descr ip t ion  of the t he rma l  conductivity of ord inary  and heavy 
wate r .  According to this method the l ines  of constant  t h e r m a l  conductivity in 19- T coordinates  are  s t ra ight  
l ines .  

An analys is  of our expe r imen ta l  data shows that the l ines  h = const  for  the inves t igated fo rma te s  a re  not 
s t ra igh t ,  but curved ,  espec ia l ly  in the region of high t e m p e r a t u r e s .  

�9 An analys is  of the obtained t he rm a l  conductivity data for  f o rma te s  shows that the i soba r s  in coordinates  
1/5 hn C = F(T) a re  s t ra igh t  l ines ,  i . e . ,  for  each i sobar  for  the same  reduced t e m p e r a t u r e s  T = T / T  b the condi- 

tion h n ~  5 = const  is fulfil led. 

The las t  condition enabled us to obtain the genera l  equation 

1 [(0.285 -~ 3.52.10-sP) - -  (0.1165 --  3.10-5p) ~l 
;~ = n~l--- ~ 

for  the calculat ion of t t lerma[ conductivity in a wide range of t e m p e r a t u r e s  and p r e s s u r e s .  

F igure  2 c o m p a r e s  the obtained expe r imen ta l  data with the values  calcula ted f rom this  equation in a 
wide range of p r e s s u r e s  at 420 and 570~ As Fig.  2 shows,  the p roposed  equation r e p r e s e n t s  fa i r ly  accu-  
r a t e ly  the re la t ion X = F (P ,  T), and the mean  deviation of the ca lcula ted  t h e r m a l  conductivity values  f r o m  the 
expe r imen ta l  va lues  is  2-3%. 

: |  

a - - !  

0 _ _  2 a 

7a ~ 1~ 7~o 

I ..... 

f 
'~ 39,2 

Z~ 

oi  Ib 
o II5,6 l~,Z,O 

='+ i p 
Fig.  2. Compar i son  of expe r imen ta l  t h e r m a l  conductivity 
data for  butyl fo rma te  (I) and octyl f o rma te  (2) with ca lcu-  
la ted values  at: a) 420; b) 570~ 
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N O T A T I O N  

Tb,  n o r m a l  boil ing point of liquid at a tmosphe r i c  p r e s s u r e ;  n C, number  of ca rbon  a toms  in molecule .  
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C O N D U C T I V I T Y  IN A L L O T R O P I C  P H A S E  T R A N S I T I O N S  

G .  N .  D u l ' n e v ,  I .  K .  M e s h k o v s k i i ,  
V .  V .  N o v i k o v ,  a n d  I .  A .  S o k o l o v  

UDC 537.311.33 

A method is given fo r  calculat ing the r e s i s t iv i ty  as a function of t e m p e r a t u r e  in the p re sence  of 
s t ruc tu ra l  phase  t r ans i t ions  in sol ids .  

Many studies have been p e r f o r m e d  [1-3] on the conductivity in the p r e sence  of al lotropic phase t r a n s i -  
t ions ,  which is  a subject  r e la ted  to the design of c r i t i ca l  r e s i s t o r s .  However ,  the bas ic  c h a r a c t e r i s t i c ,  v iz . ,  
the e l ec t r i ca l  r e s i s t a n c e  R as a function of t e m p e r a t u r e  T,  has  so f a r  been desc r ibed  only by approximat ion .  

Here  we p r e s e n t  a quanti tat ive theory  that  employs  the init ial  and final c r i t ica l  eonductivi t ies  with the 
heat  of phase  t rans i t ion  and the t e m p e r a t u r e  range of the t rans i t ion  to calculate  the r e s i s t ance  as a function of 
t e m p e r a t u r e .  Real i s t ic  objects  a re  c h a r a c t e r i s t i c  c r i t i ca l  t h e r m i s t o r s  with s t ruc tu ra l  phase  t rans i t ions  of 
different  kinds:  the m e t a l -  semiconduc tor  t rans i t ion  in VO 2 [4-8] and the f e r r o e l e c t r i c -  p a r a e l e c t r i c  t r a n s i -  
tion in BaTiO3 c e r a m i c  [1]. 

The initial  model  concepts  include the exis tence  of a s t ruc tu ra l ly  homogeneous phase below the t r an s i -  
tion point ,  which is c h a r a c t e r i z e d  by a specif ic  conductivity al and a t e m p e r a t u r e  coefficient  of the conduc- 
t ivi ty (~ t .  

As the t e m p e r a t u r e  r i s e s ,  deviat ions f rom c~ 1 as c o r r e c t e d  by  a 1 begin to appea r  at T = Ti; in the range 
f r o m  T i to Tf there  is a change in the e l ec t r i ca l  conductivi ty,  and above Tf there  is  a s t ruc tu ra l ly  homogeneous 
phase  with conductivity a 2 and t e m p e r a t u r e  coeff icient  of conductivity c~ 2. 

There  is  a phase  t rans i t ion  in the range  T i - T  f which is  due to the di f ference in chemica l  potential  be -  
tween the two phases .  The new phase  a r i s e s  in the old m a t r i x  in the theory  of he terogeneous  t rans i t ions  [9], 
which occurs  by nucleation and growth of the new phase .  We as sume  that the m a j o r  changes in concentra t ion 
a re  due to the growth,  which occu r s  at the nucle i .  In turn ,  nucleat ion is  due to he te rophase  f luctuations.  The 
nucleation probabi l i ty  is  r e l a t ed  to the pa r t i c l e  mobi l i ty  via the f ac to r  exp ( - U / K T ) ,  in which U is  an activation 
energy  [9]. The ove ra l l  concentrat ion of such nuclei  is p ropor t iona l  to the in ternal  energy  of the solid,  so the 
t e m p e r a t u r e  dependence of the concentra t ion tends to run pa ra l l e l  to the t e m p e r a t u r e  dependence of the specif ic  
heat .  
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