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T H E R M A L  C O N D U C T I V I T Y  OF  C D 3 O H  , 

C 2 D 6 ,  C2H 6 IN T H E  G A S E O U S  P H A S E  

L.  V.  Y a k u s h ,  N.  A., V a n i c h e v a ,  
a n d  L.  S. Z a i t s e v a  

C H 3 O H ,  

UDC 536.22 

Resul ts  of measurements  of the thermal  conductivity of CD3OH, CH3OH, C2D6, and C2H 6 in the 
gaseous phase are  presented.  

The presen t  study is a continuation of a ser ies  of experiments  on the thermal  conductivity of deuter ium-  
and hydrogen-containing isotopic compounds [1-3]. 

Exper imenta l  data are  available for  the thermal  conductivity of methanol CH3OH and ethane C2H 6 [4]. 
It was thus of in teres t  to study the thermal  conductivity of CD8OH and C2D 6 in the gaseous phase using the 
same apparatus.  The measurements  were  pe r fo rmed  by the heated f i lament method. The major  par t  of the 
exper imental  apparatus consisted of a quar tz  measu remen t  tube. Tube pa rame te r s  were :  internal  d iameter  
Din = 4.07 ram, external  d iameter  Dex = 5.69 ram, platinum wire  d iameter  d = 0.10 ram. 

In determining the thermal  conductivity coefficient,  cor rec t ions  were  considered for  radiation f rom the 
measu remen t  wi re ,  for  t empera tu re  drop in the measu remen t  tube wall ,  and for  heat loss f rom the ends of 
the apparatus.  

TABLE 1. Exper imental  Data on CH3OH Thermal  Conductivity 

r, OK q,W rf -7 w. ~ ~rq , ~ aT,~ x 10,, 
g w/{m.'lq 

308,28 
318,89 
342,52 
367,45 
382,99 
436,51 
490,94 
503,25 
516,81 
529,59 
547,79 
558,65 
589,75 

0,1464 
0,2255 
0,3782 
0,0707 
0,2340 
0,3784 
0,1365 
0,3894 
0,6748 
0,2634 
0,3922 
0,3936 
0,4108 

26,37 
39,56 
58,75 
9,89 

31,03 
39,90 
11,80 
31,83 
52,70 
19,70 
27,52 
27,!2 
26,07 

0.04 26,33 
o, 07 39,49 
o,II 58,64 
0,02 9,87 
0,06 30,97 
O, 10 39,80 
0,04 11,76 
O, 10 31,73 
O, 17 52, 53 
0,07 19,63 
0,t0 27,42 
O, 10 27,02 
0,10 25,74 

177 
182 
206 
229 
241 
300 
364 
385 
402 
421 
448 
454 
499 

Trans la ted  f rom Inzhenerno-Fiz icheski i  Zhurnal ,  Vol. 37, No. 3, pp. 472-474, September ,  1979. Original 
ar t ic le  submitted December  6, 1976. 
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Fig. 1. Experimentally determined thermal conductivity of CI~DH: 1) MAI 
data; 2)[4]; and CDsOH: 3) MAIdata, ingasem~s phase versus temperature. 

Fig. 2. Experimentally determined thermal conductivity of C2I-Is: 1) MAI 
data; 2) [4]; andCzDs: 3)MAIdata, ingaseous phase versus temperature. 

TABLE 2. Experimental Data on CD~OH Thermal Conductivity 

r.'K I Q W rf -rw,'K 6rq ,*Z ~rg:K Wlra.X*~ 

306,85 
32!,14 
336,21 
349,52 
383,30 
408,45 

483,04 
487,76 
496,97 
517,05 
570,29 
586,96 

0,1056 
0,2223 
0,0960 
0,2317 
0.0490 
0,3681 
0,0846 
0,1784 
0,3885 
0,7298 
0,1904 
0,6709 

17,52 
35,71 
16,86 
32,53 

5 , 9 2  
39,46 
7,10 

14,84 
30,01 
53,57 
12,01 
38,31 

0,03 
0,07 
0,03 
0,~ 
0,01 
0,10 
0,~ 
0,05 
0,t0 
0,19 
0,~ 
0,t6 

17,49 
35,64 
16,83 
32,46 
5,91 

39,36 
7,68 

14,79 
29,91 
53,38 
11.96 
38,15 

193  
t99 
212 
2 2 8  
265 
'295 
376 
379 
409 
430 
498 
549 

TABLE 3. Exper imenta l  Data on C2H~ Thermal  Conductivity 

. ~,. I 0 ' ,  
r,~ Q, W rf ,--r w , K ~rq ,~ Arg,'K W/~n. "K 

3t8,8 
327,54 
344,24 
379,6 
462,4 
580,5 
590,2 

0,1885 
0,1361 
0,3340 
0,2013 
0,3457 
0,3494 
0,3520 

28,46 
19,07 
44,31 
22,75 
28,1 
19,48 
19,88 

0,04 
0,04 
0,09 
0,05 
O, 09 
0,08 
0,08 

28,3 
18,87 
44,06 
22,69 
27,9 
19,81 
20,2 

249 
258 
275 
322 
460 
672 
675 

To determine the effect of t empera ture  variation,  exper iments  were  pe r fo rmed  at varying gas p r e s s u r e s  
close to 1 bar  (from 50 to 600 mm Hg). It proved that the tempera ture  change cor rec t ion  was negligibly small  
(tenths of a percent) .  The experimental  data obtained on thermal  conductivity of methanol vapor  CH3OH were  
in good agreement  with the resul ts  of [1], with a divergence of less than 1%. The same may be said of the ~. 
data for  ethane. The maximum deviation f rom the resul ts  of [2] was 0.5%. 

Tables  1, 2 and Fig. 1 p resen t  exper imental  data on the thermal  conductivity of conventional methanol 
CH3OH and deu te r ium-bear ing  CD3OH in the tempera ture  range (300-690)~ 

Resul t s  of ~ measuremen t s  in conventional ethane C2H 6 and deu te r ium-bear ing  C2D6 are  shown in Tables 
3, 4 and Fig. 2. 

It is c lea r  f rom Figs. 1 and 2 that over  the tempera ture  range studied for  CH3OH , CDsOH , C2H6, and 
C2D 6 the the rmal  conductivity of the deuter ium-conta ining compounds is higher than that of the hydrogen-con-  
taining compounds. 

1072 



TABLE 4. Expe r imen ta l  Data on C2D 6 T h e r m a l  Conductivity 

~.10 (, 
T,'K Q, W 7 f --T w ,'K 8Tq ,~K A~ ~ W /m .  ~ 

315,32 
329,12 
381,69 
402,21 
440,67 
531,34 
551,68 
555,13 

0,1840 
0,3283 
0,3331 
0,5487 
0,3391 
0,3427 
0,3436 
0,4476 

25,21 
41,82 
31,84 
57,69 
25,99 
19,27 
18,15 
23,47 

0,05 
0,09 
0,09 
0,17 
0,09 
0,08 
0,08 
0,08 

24,96 
41,53 
31,45 
57,22 
26,1 
19,59 
18,37 
23,69 

266 
284 
388 
418 
478 
663 
709 
716 
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T H E R M A L  C O N D U C T I V I T Y '  O F  C A R B O N  B L A C K  

P .  E .  K h i z h n y a k ,  A .  V .  C h e c h e t k i n ,  
a n d  A .  P .  G l y b i n  

UDC 536.21 

Expe r imen ta l  data a re  p resen ted  on the effect ive  t h e r m a l  conductivity of carbon black in pa r t i c l e  
s i zes  f r o m  0.1 to 0.5 m m  in an a i r  medium over  the t e m p e r a t u r e  range 350-475~ under  p r e s -  
s u r e s  of 0.04 to 0.42 MPa. 

Var ious  branches  of industry make  wide use of t e chn i ca l -g r ade  ca rbon  black as a technological  ingredient ,  
t h e r ma l  insu la tor ,  t he rmos tab l e  m a t e r i a l ,  etc.  The carbon b lack  used in the t i re  industry is in the f o r m  of 
po lyd i spe r sed  granules  0.2-3.0 m m  in s i z e ,  which a r e  f o rmed  in granula tors  f r o m  amorphous  carbon black 
by the addition of a binder  solution of m o l a s s e s  in w a t e r  us ing 3% m o l a s s e s  by weight. The granules  a r e  then 
dr ied at  t e m p e r a t u r e s  on the o r d e r  of 350-500~ In this and cer ta in  o ther  p r o c e s s e s ,  in calculat ing hea t -  
t r a n s f e r  p r o c e s s e s  it is n e c e s s a r y  to know the effect ive  t h e r m a l  conductivity coefficient  of such carbon black 
pa r t i c l e s .  In [1-3] some informat ion is provided on the t h e r m a l  conductivity of l amp black,  but these  data 
r e f e r  to other  brands  of carbon b lack  and were  obtained in di f ferent  gaseous media .  

The p r e s e n t  study made use  of the s ta t ionary  compara t ive  method of de te rmin ing  t h e r m a l  p r o p e r t i e s  
of m a t e r i a l s  in an inorganic  plane l a y e r ,  desc r ibed  in [4, 5], fo r  de te rmina t ion  of the t h e r m a l  conductivity 
of type PM-15 carbon black.  

Using this method,  the carbon b lack  to be studied was f i r s t  mi l led  into a powderl ike  s ta te  and p r e s s e d  
into the f o r m  of a re la t ive ly  thin c i r cu l a r  p la te ,  with th ickness  l ess  than 0.1 m m  d i a m e t e r .  The p la tes  were  
produced between two r e f e r e n c e  spec imens  by pour ing carbon b lack  on the top of the lower  spec imen ,  which 
was bounded by a co rk  r ing  sl ipped over  its upper  par t .  The poured powder was leveled by light taps  on the 
r e f e r e n c e  spec imen  and a second r e f e r e n c e  spec imen  p laced  on top of it within the co rk  ring. Slight p r e s s u r e  
with s imul taneous  twist ing of the r e f e r ence  spec imens  toge ther  provided a final equalizat ion of the carbon 
black l aye r  height. The t r a n s f e r  p a r a m e t e r s  of the co rk  r ing  a re  approx imate ly  the s ame  as those of the 
carbon b lack  studied,  so  that  the r ing  was mainta ined in p lace  fo r  al ! expe r imen t s  as mechan ica l  protect ion 
and an aid in e l iminat ing  t h e r m a l  flux loss  through the l a t e r a l  su r face  into the sur rounding  medium.  The 
height of the r e f e r e n c e  spec imens  toge ther  with the carbon b lack  l aye r  was m e a s u r e d  by a m i c r o m e t e r  to an 
accuracy  of ~0.01 ram. The ba r - t ype  expe r imen ta l  appara tus  with beam landing s y s t e m  used in the p r e s e n t  
s tudies was desc r ibed  in detai l  in [6]. 
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