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TRACE COEFFICIENTS OF COMPONENTS OF SOME NATURAL 

GASEOUS MIXTURES DIFFUSING INTO THE AIR 
 
Abstract. Multicomponent mass transfer process is described by an effective diffusion coefficient (EDC). 

Effective diffusion coefficients 
eff

iD
 

are introduced similar to the binary diffusion coefficient. 
eff

iD
 

is the 

diffusion coefficient characterizing the diffusion rate of component i in the mixture of other gases. It is shown that 

the effective diffusion coefficient is a complex value. It changes when transferring from a certain point of system to 

another one. This is due to the fact that the flow ji of each component depends on the concentration distribution of all 

components. The sign of the EDC will depend on the component distribution within the system. The dependence of 

the EDC on the concentration of components is considered weak. Therefore, a known solution of the corresponding 

diffusion problem for binary systems is used. We consider the special case diffusion of small impurities, i.e. the trace 

diffusion wherein 
1

eff

i iD D . The obtained expressions for the EDC will not depend on the initial concentration 

distribution of components. This method is used to study the effective diffusion coefficients of trace components in a 

number of natural gas mixtures diffusing into the air. These gases are following CH4, C2H6, C3H8, n-C4H10, n-C5H12, 

CO2, N2. 

The experiments were carried out at T = 298.0 K and P = 0.101 MPa. The calculated effective diffusion 

coefficients were compared with those obtained on basis of the solution of a system of Stefan-Maxwell equations 

and the experimental data. In the numerical experiment, the EDC of components are determined on basis of the 

Stefan-Maxwell equations and the approximate methods. Application of the EDC method gives the best quantitative 

agreement with the experimental data for the examined systems. The comparison results indicate that the calculation 

procedure of the EDC proposed by authors greatly simplifies the analysis of multicomponent mass transfer. 

Key words: diffusion process; multicomponent mass transfer; gas mixture. 
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1.  (  ) ([1] . 182).  : Air(1) – 0,7240 CH4(2) + 

0,0930 C2H6(3) + 0,0780 C3H8(4) + 0,0490 n-C4H10(5) + 0,0305 n-C5H12(6) + 0,0100 CO2(7) + 0,0155 N2(8);  
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2.   ([1] . 182).  : Air(1) – 0,8531 CH4(2) + 0,0581 

C2H6(3) + 0,0536 C3H8(4) + 0,0200 n-C4H10(5) + 0,0018 n-C5H12(6) + 0,0044 CO2(7) + 0,0090 N2(8);  

3. -XII  (  ) ([1] . 178).  : Air(1) – 0,9444 

CH4(2) + 0,0258 C2H6(3) + 0,0031 C3H8(4) + 0,0015 n-C4H10(5) + 0,0039 n-C5H12(6) + 0,0020 CO2(7) + 

0,0193 N2(8). 

       ,   .  

    -     -

 [2]   = 298,0 ,  = 0,101 .      , 

         (  

       ,    ). 

  : D12 = 0,217; D13 = 0,144; D23 = 0,151; D14 = 0,111; D24 = 0,121; D34 = 

0,077; D15 = 0,079; D25 = 0,105; D35 = 0,066; D45 = 0,050; D16 = 0,082; D26 = 0,092; D36 = 0,057; D46 = 

0,043; D56 = 0,036; D17 = 0,151; D27 = 0,165; D37 = 0,104; D47 = 0,079; D57 = 0,067; D67 = 0,058; D18 = 

0,203; D28 = 0,217; D38 = 0,144; D48 = 0,112; D58 = 0,096; D68 = 0,083; D78 = 0,151 2/ . 
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         . 

       (  Air  H4)  

  (     )  . 

1.  (  ):  
 

 1 -  ,     -  [9] 

   (  1.20  1.21) 

 

   Air CH4 C2H6 C3H8 n-C4H10 n-C5H12 CO2 N2 

  [9] 0,181 0,206 0,138 0,107 0,068 0,079 0,144 0,193 

  1.20  1.21 (  

Air  H4) 

0,172 0,188 0,141 0,110 0,0849 0,0793 0.140 0.190 

 

2.  : 

 
 2 -  ,     -  [9]  

   (  1.20  1.21) 

 
   Air CH4 C2H6 C3H8 n-C4H10 n-C5H12 CO2 N2 

  [9] 0,199 0,212 0,141 0,107 0,0645 0,077 0,146 0,198 

  (1.20)  (1.21 

 Air  H4) 

0,194 0,201 0,146 0,115 0,088 0,082 0.149 0.198 

 

3. -XII  (  ):  

 
 3 -  ,     -  [9]  

   (  1.20  1.21) 

 
   Air CH4 C2H6 C3H8 n-C4H10 n-C5H12 CO2 N2 

  [9] 0,212 0,201 0,142 0,107 0,061 0,075 0,148 0,202 

  (1.20)  (1.21 

 Air  H4) 

0,211 0,216 0,148 0,115 0,090 0,090 0,140 0,190 



ISSN 1991-346X                                                                                       - .  1. 2017 

 

125 

 

 ,      (    

)           

 ,        

  ,         

 ,          

 . 

 
 

 

[1]        .   / 

 . .,  . .,  . .  . – ., , 1980. - 320 . 

[2]  .,  .,  .  : .  . – .: , 1974. – 688 

[3]  . .        

   // . – 1969, . 1. – . 180-182. 

[4] Wilke C. R. Diffusional properties of multicomponent gases // Chem. Eng. Prog.- 1950.- V. 46, N 2. - P. 95 - 104. 

[5]  . .,  . .,  . .      //  

   . – .: -  . – 1982, . 17. – . 86-112. 

[6]  . .   -     . - .: , 1977. - 

360 . 

[7]  . .,  . .,  . .        

   //     . – - :    , 1974. – . 12-19. 

[8]  . .,  . .,  . .       

    // . – 1975. – . 49,  3. – . 706-709. 

[9]  . .,  . .,  . .,  . .     

      DELPHI //  , . . – . 

- 2006,  2 (22). – . 73-79. 

[10]  . .,  . .       , 

    // . – 1970. – . 40,  11. – . 2368-2375. 

[11] Andrew S.P.S. A simple Method of  Measuring Gaseous Diffusion Coefficient // Chem. Eng. Sci. – 1955. - V. 4. – P. 

269-272. 

[12]  . .,  . .,  . .,  . .      

           //   

  . – - , 1982. – . 3-12.  

[13]  . .,  . .,  . .,  . .,  . .   

      //  . . . – , 2007. -  2(24). – 

. 8-12. 

 

REFERENCES 

 

[1] Teplotehnicheskie raschety processov transportaire gazifikacii prirodnyh gazov. Spravochnoeposobie / Zagoruchenko 

V.A., Bikchentaj R.N., Vasserman A.A. i dr. M.: Nedra, 1980. 320 s. 

[2] Berd R., St'juart V., Lajtfut E. Javlenija perenosa: Per. s angl.  M.: Himija, 1974. 688. 

[3] Tirskij G.A. Vychislenie jeffektivnyh kojefficientov diffuzii v laminarnom dissociirovannom mnogokomponentnom 

pogranichnom sloe // PMM. 1969, Vyp. 1. S. 180-182. 

[4] Wilke C. R. Diffusional properties of multicomponent gases // Chem. Eng. Prog. 1950. V. 46, N 2. P. 95 - 104. 

[5] Kosov N.D., Zhavrin Yu.I., Novosad Z.I. Diffuzija v mnogokomponentnyh gazovyh smesjah // Teplofizicheskie 

svojstva veshhestv i materialov. M.: Izd-vo standartov. 1982, vyp. 17. S. 86-112. 

[6] Viktorov M.M. Metody vychislenija fiziko-himicheskih velichini prikladnye raschety. M.: Himija, 1977. 360 s. 

[7] Zhavrin Yu.I., Kosov N.D., Novosad Z.I. Raschet jekvimoljarnoj diffuzii v mnogokomponentnyh gazovyh smesjah 

metodom jeffektivnyh kojefficientov // Diffuzija v gazahizhidkostjah. Alma-Ata: MV i SSO KazSSR, 1974. S. 12-19. 

[8] Zhavrin Yu.I., Kosov N.D., Novosad Z.I. Opisanie nestacionarnoj diffuzii v mnogokomponentnyh gazovyh smesjah 

metodom jeffektivnyh kojefficientov // ZhFH. 1975. T. 49,  3. S. 706-709. 

[9] Zhavrin Yu.I., Zhavrin V.Yu., Kosov V.N., Pojarkov I.V. Raschet mnogokomponentnogo massoperenosa v 

dvuhkolbovom apparate s primeneniem jazyka programmirovanija DELPHI // Vestnik KazNU, ser. fizicheskaja. Almaty. 2006, 

 2 (22). S. 73-79. 

[10] Novosad Z.I., Kosov N.D. Jeffektivnye kojefficienty diffuzii trehkomponentnyh gazovyh smesej gelija, argona I 

uglekislogo gaza // ZhTF. 1970. T. 40,  11. S. 2368-2375. 

[11] Andrew S.P.S. A simple Method of Measuring Gaseous Diffusion Coefficient // Chem. Eng. Sci. 1955. V. 4. P. 269-272. 

[12] Zhavrin Yu.I., Kosov N.D., BelovS..M., Semidockaja N.I. O primenenii metodaj effektivnyh kojefficientov diffuzii k 

diffuzii v mnogokomponentnyh gazovyh smesjah pri povyshennyh davlenijah // Teplomassoperenos v zhidkostjah I gazah.  

Alma-Ata, 1982. S. 3-12.  



       

  

126  

[13] Zhavrin Yu.I., Pojarkov I.V., Egorova M.A., Kotelevskaja E.A., Toropygina A.V. Diffuzija nekotoryh 

mnogokomponentnyh uglevodorodnyh gazovyh smesej v vozduh // Vestnik KazNU. Ser. fiz.  Almaty, 2007.  2(24). S. 8-12. 

 

: 533.15; 536.25 

 

. . , . . , . . ,  

. . , . . , .   

 

-     ,  .,  

 

     

     

 

.        

.    iD      

 . iD -   i     

 .       .  

      .    ji   -

    .    

 -   . , -     . 

 ,          

.       ,   -

  1ii DD . -        

 .         -   

.   : CH4, C2H6, C3H8, n-C4H10, n-C5H12, CO2, N2. 

  = 298,0    = 0,101  .    -

 -          

 .  -    -   

      .     

        .  -

          

   .  

 :  ,  ,  . 

  


