
c r y s t a l  volume;  J la f ( r )dr ,  in tens i ty  of m a s s  t r a n s f e r  f r o m  c a r r i e r  phase  to ~ phase in unit volume p e r  anit 
t ime;  J/~tf(r)dr, in tensi ty  of m a s s  t r a n s f e r  f r o m  ~ phase  into c a r r i e r  phase;  Pt, mean densi ty  of c a r r i e r  phase,  

Pt = P ~ I ;  a i, volume content of  c a r r i e r  phase,  at+f(r + Y a)[ ( r )dr=l ;R ,  volume of l a rges t  c rys ta l ;  Cki , concen t ra -  
0 

tion (mass fraction) of component in i - th  phase;  vt, v2(r), ve loci ty  of c a r r i e r  phase  and par t i c le  of d imension 
(volume) r;  P, p r e s s u r e ;  fl2, force  of in te rac t ion  between c a r r i e r  phase  and par t i c le  of d imens ion  r, r e f e r r e d  
to pa r t i c l e  mass ;  ui, speci f ic  energy  of i - th  phase  Fi, mass  force  acting on i - th  phase;  E, su r f ace - t en s io n  coef-  
ficient; qkr, heat  flux f r o m  the i - th  phase  to the ~ phase;  ii, enthalpy of the i - th  phase;  Ti, t e m p e r a t u r e  of the 
i - th  phase;  #ki, chemica l  potent ia l  of the component in the i - th  phase;  ~7ql, heat  flux due to heat  conduction in 
the f i r s t  phase;  Qi, ex te rna l  heat  flux in the i - th  phase;  S, si, speci f ic  en t ropy of the whole mixture  and the i - th  
phase,  respec t ive ly ;  J, flux of t he rmodynamic  fo rces ;  X, t he rmodynamic  force;  R, un ive r sa l  gas constant;  ~, 
act ivi ty  coefficient;  D, diffusion coefficient,  LIa  , Lot , L2cr, Lo2, kinetic Coefficients; SS, su r face  of the c rys ta l ;  
d, step height; u, osci l la t ion f requency of a tom; Ua, ac t ivat ion energy  of t r ans i t ion  between two neigh, boring 
equ i l ib r ium posi t ions  of  the molecule  at  the sur face ;  fi M, m a s s - t r a n s f e r  coeff icient ;  Cs, equil ibrium concen-  
t ra t ion  at t e m p e r a t u r e  T2; a, cha r ac t e r i s t i c  radius of par t ic le ;  Nu = (/3 m2a)/D;  Re= (p%~2a)/~ ; # ~, v i scos i ty  coef -  
f icient of the solution; A, constant.  Subscr ip ts :  1, c a r r i e r  phase;  2, d i spe r se  phase;  ~, a phase;  k, component;  
p, solvent;  s, s ta te  of sa tura t ion;  S, sur face .  

2. 
3. 
4. 
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E L E M E N T A R Y  K I N E T I C  T H E O R Y  O F  D I F F U S I O N  I N  G A S E S  

N. D. K o s o v  UDC 533.15 

The r e su l t s  of r e s e a r c h  on the descr ip t ion  of diffusion using the e l e m e n t a r y  kinetic theory  a re  
genera l ized.  It is  shown that  for  thermodif fus ion  and barodiffusion,  this theory,  b r i n i n g  to 
light the phys ica l  e s s ence  of the phenomenon, leads to the same  bas ic  d i f ferent ia l  equations as 
the r igorous  theory .  

Introduction. The e l e m e n t a r y  kinetic theory  f i r s t  pe rmi t t ed  exp re s s ing  the t r a n s p o r t  coefficients  (dif- 
fusion, v i scos i ty ,  and t h e r m a l  conductivity) in t e r m s  of the mo lecu l a r  c h a r a c t e r i s t i c s  of the gas.  But, a l r eady  
with the desc r ip t ion  of the diffusion of a mixture  of two gases ,  this  theory  encountered a number  of difficult ies.  
Bol tzmann [1] obtained equations for  the coeff icients  of diffusion of the sepa ra t e  components  of b inary  mixtures ,  
f r o m  which it  followed that  under  i s o b a r i c - i s o t h e r m i c  conditions each component has i ts  own coefficient  of d i f -  
fusion, which leads to different  flows of molecules  in opposite direct ions.  This  should not occur  with diffusion 
of gases  in closed volumes  (for example ,  in a pipe or  in two volumes  connected by capi l lar ies) .  In this  connec-  
tion, Bol tzmann a s s um ed  that  the equations he obtained were  not co r rec t .  Mayer  [2] e l iminated the contradict ion 
by dec rea s ing  the flux of one type of molecule  and inc reas ing  th e flux of the other  by an amount  so that  the two 
fluxes would equalize.  The equations obtained by Mayer  resul ted  in equal  diffusion coeff icients  for  components  
in a b inary  mixture ,  which is  conf i rmed exper imenta l ly .  Howe~er,  Maye r ' s  equation gave a s t rong  concentra t ion 
dependence of this coefficient,  l a t e r  called the coefficient  of mutual  diffusion, which is not observed  expe r i -  
mental ly.  The s t rong  concentra t ion dependence of M a y e r ' s  diffusion coefficient  was explained by the effect  of 
homogeneous coll isions of molecules .  Maxwell [3], analyzing Loschmidt ,  s exper iments ,  a l r eady  used an equa-  
t ion for  the coefficient  of mutual  diffusion which did not contain a t e r m  that takes  into account the effect  of 
homogeneous coll is ions on the mean f ree  path Iength. In al l  l a t e r  theor ies ,  including a lso  in the r igorous  kinetic 
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TABLE 1. Comparison of the Measured True Coefficients of Dif- 
fusion with the Values Calculated according  to (11) at T = 298.2~ 
and P = 1 atm 

System 
1-2 

H 2 - - N  2 
H~--O2 
H2--Ar 
H~--CO2 
He --N2 
He--02 
He--Ar 
He--CO~ 

~, cm 2 �9 sec-1 
expt. theory 

1,54 1,34 
1,29 1,38 
1,49 1,35 
1,27 1,17 
1,19 1,20 
1,25 1,23 
1,31 1,21 

" 1,09 1,03 

D"~, CiTI 2 , SeC "1 

expt. theory 

0.43 0,37 
0,48 0,38 
0,40 O,35 
0,25 0,27 
0,41 0,36 
0,44 0,36 
0,40 0,33 
0,34 0,22 

3,74 
3,98 
4,46 
4,60 
2,65 
2,82 
3,16 
3,32 

D r ,  

3,6 
3,7 
3,7 
5,1 
2,9 
2,8 

, 3,3 
3,2 

theory, when examining the mutual diffusion, only heterogeneous collisions are  taken into account (the effect 
of homogeneous collisions in these theories  is manifested only in higher o rder  approximations).  

Analyzing the e lementary  kinetic theory, Jeans [4] came to the conclusion that when molecules collide, 
the velocities do not change discontinuously, but there  is a cer tain conservat ion (persistence) of their  direct ion 
of motion before the collision. By introducing the pers is tence  of velocit ies,  Jeans was able to decrease  con- 
s iderably some of the contradictions between Bol tzmann's  theory  of diffusion and experiment  (according to 
Boltzmann, the magnitude of the rat io obtained for the t race  coefficients of diffusion was higher). However, 
introducing pers is tence  of velocit ies could not affect the negative attitude toward Boltzmann's  theory of diffusion, 
which is based on the concept of a mean free path length. 

Af te r  the d iscovery  of the phenomenon of thermodiffusion in gases  by Enskog and Chapman, it appeared 
that the e lementary  kinetic theory could not descr ibe  thermodiffusion (see, for  example, [5, 6]) and this theory, 
being a primit ive theory, in the best case descr ibes  some t ranspor t  phenomena only qualitatively. Later ,  a 
number  of invest igators ,  for example, Fyur t  (cited in [7]), Laranje i ra  [8], and others,  obtained, withthe help of 
different mean- f ree  path lengths for t ranspor t  of part icle  number  and thermal  velocity in the e lementary  kinetic 
theory, introduced by Jeans [4], equations for the thermodiffusion ratio and thermodiffusion constant which 
agreed with experiment.  

In the last  decade, in teres t  has increased  in the e lementary  kinetic theory,  which has great  heur is t ic  pos-  
sibilities and provides a c lear  physical  interpretat ion of phenomena. A number of papers  have appeared in 
which various problems of diffusion, incfuding thermodiffusion, are  examined f rom the point of view of the 
mean- f ree  path length, while the equivalence between the e lementary  and r igorous kinetic theor ies  is demon-  
s t ra ted in a paper  by Monchik [9]. 

In this paper,  we general ize the resul ts  obtained previously and show that the e lementary  kinetic theory 
even in its s implest  form (i.e., without introducing the concept of different mean-f ree  path lengths) not only 
descr ibes  diffusion in gases,  including thermodiffusion and barodiffusion, but also reveals the physical  m e c h a -  
n i sm for  phenomena under i so thermal  and nonisothermal  conditions. 

1. I s o b a r i c - I s o t h e r m a l  Diffusion. In the Maxwel l -Bol tzmann theory  of diffusion, the flux of the number  
of molecules through a fixed a rea  in a gas, which is s tat ionary as a whole, is calculated based on the principle 
of local equil ibrium and the concept of the mean free path length. Let us examine a binary mixture. Under 
i s o b a r i c - i s o t h e r m a l  conditions, the flux of molecules will result  only f rom random thermal  motion, while the 
coefficient of diffusion, defined by F ick ' s  f i rs t  law, will be a proper ty  of the molecular  t ranspor t  and in the 
e lementary  kinetic theory equals 

1 D~ = - ~ -  kivl, i =  l, 2 .  (1) 

Substituting in (1) X i and vi, we obtain the coefficient of diffusion of the i - th  component in a binary mixture 
of gases i and j 

]/'8 kT]~xm~ (2) 
D i =  

3~x [V2-n~o~ q- njo~ i ]/'(m~ q- rnl)/mjl 

Equations (2) for D 1 and D 2 were obtained by Boltz mann [1], and thei r  derivation can be found in a number  of 
handbooks on the theory of gases (see, e.g., [10]). 
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It follows f rom (2) that DI~ D2, i.e., the flux of molecules of the f irst  gas is notequal  to the opposite flux 

of molecules of the second gas. In exper iments  with a closed pipe or  with two volumes connected by a capil- 
lary, identical diffusion coefficients are  obtained and the t ranspor t  of molecules in opposite direct ions is the 
same (as follows f rom the law of conservat ion of the number  of molecules).  This forced Boltzmann to assume 
that his theory  of diffusion was inaccurate.  Mayer [2] el iminated the contradiction by making the gas fluxes 
sat isfy the condition that they be equal and obtained an identical  diffusion coefficient for both components (coef- 
ficient of mutual diffusion) 

Dt~ = D~ ntD'2 + n:Di = ciD2 @ c~Di . (3) 
n i - ~  n 2 

The dependence of the coefficient of mutual diffusion on concentrat ion in the f i rs t  approximation and a 
ve ry  high, not corresponding to experiment,  rat io of the t race  coefficients of diffusion, equal to the inverse  
of the rat io of molecular  masses ,  follow f rom Mayer ' s  equations (3). 

Jeans [4], analyzing the mechanism of collisions between molecules in e lementa ry  kinetic theory,  came 
to the conclusion that in a collision, the velocit ies do not change suddenly, but there  is some conservat ion of 
veloci t ies  (persistance of velocities) and that, therefore ,  the mean- f ree  path lengths will be equal 

~- '  = ~ [K2-n,,~ (1 --ran) -I- n.Ja~] (1 - -  (oii) V(m~ + m~)/m;], (4) 

where 

1 1 1 

1 M ~ +  1 M2Mi 2 ln[(Mi-O @I)/M~--]; Mi=mi/(m~+tnj);  (5) ,el; = i 

m u -- 0,406. 

Taking into account the dependence of h on v and substituting (4) into (1), we obtain [11] 

D~ = 1,051 V ~ T t z t m i  
3~ [K2-niaY (1 - -  mu) + nja2i (1 - -  m~i) V-(tnf + mj)/mA 

Seperating out the coefficient of self-diffusion in (6), we obtain 

(6) 

where 

Di = Du , (7) 
(1 - -a , ; )  e, + a o 

0.3754 ]ff" kT (8) 
Du -- na2 nm----~- ; 

1 --r ( a l i  12 V (rnl -J- m~)/2rt~. (9) 

The coefficient of self-diffusion (8), obtained within the f ramework  of Boltzmann's  diffusion theory, coin- 
cides with the coefficient of self-diffusion, obtained in a r igorous kinetic theory  for  models of solid elast ic  
spheres  [5]. 

It should be noted that the coefficients D 1 and D 2 in gases  were identified for a long t ime with the coef-  
ficients of self-diffusion, while Mayer ' s  equation (3) was ve ry  often writ ten in a distorted form (see, e.g., [12, 
13]). 

In 1943, Kr amer s  and Kis temaker  [14] d iscovered that in the p roces s  of diffusion, a p r e s s u r e  difference 
a r i s e s  at the ends of the capi l lary connecting two volumes with the diffusing gases.  This effect, l a te r  r e fe r red  
to as the diffusion baroeffect  [15], demonstra ted that the p rocess  of diffusion in a closed apparatus is compli-  
cated: a t ranspor t  of a component by hydrodynamic flow of the gas mixture is superposed on the in t r ins ic  dif- 
fusion t ranspor t .  In this connection, the coefficient of diffusion measured by Loschmidt ' s  method or  the two- 
container  method is a cha rac te r i s t i c  of the total  mass  t ranspor t ,  t r anspor t  by random thermal  motion of mole-  
cules and hydrodynamic flow of a mixture, a r i s ing  with the diffusion process .  The initial i sobar ic  nature of the 
conditions is destroyed by the diffusion p rocess  i t se l f  so that the given methods, in the form in which they exist, 
are fundamentally inadequate for  measur ing D 1 and D 2. 
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The coefficients of diffusion under s t r ic t  i sobar ic  conditions (the deviation f rom isobar ic  conditions is 
much less than the magnitude of the baroeffect) were measured  [16] by a s ta t ionary flow-through method, the 
essence  of which is as follows. Nbnpulsating gas flows with constant bulk velocity move along two pipes. The 
pipes a re  connected by a capil lary (or by a collection of capil laries with identical d iameters  in o rder  to in-  
c rease  the diffusion flow), along which gases diffuse in opposite direct ions.  After  the diffusion, the mixture of 
gases is analyzed and the diffusion coefficient is calculated accorded to F ick ' s  f i rs t  law. The same p re s su re  
is maintained at the ends of the capil lary by a special  method. The coefficient of diffusion measured  in this 
ease will be i sobar ic  and integral ,  i.e., measured  over  a cer tain range of concentrations.  In o rde r  to compare 
the measured integral  coefficient of diffusion Di with the computed value, it is necessa ry  to find, using well- 
known rules,  the mean value, for the given range of concentrations,  of the diffusion coefficient, i.e., 

4 
1 f (10) Di = c~-- c~ . O2 (c~) dc~. 

0 
c i 

Substituting into (10) the express ion for D i f rom (7), we obtain af ter  integrat ion 

0,3754 VkT/aml In (1 - - a q )  e}q- aq (11) 
D "  = (el l  - -  C o) (1 ---: O~ti) (1 - -  r c ~  ~z i  " 

Table 1 shows a compar ison of the measured [17] i s o b a r i c - i s o t h e r m a l  (true) diffusion coefficients of 
some binary mixtures,  sealed to normal  p ressure ,  with the values calculated using Eq. (11). The e r r o r  in the 
measurements  for  the light component was 1-5% and 6-10% for  the heavy component. The effective diameters 
of the molecules were calculated f rom data on self-diffusion and viscosity.  

As can be seen f rom Table 1, the best agreement  with experiment  is observed for  diffusion coefficients 
for the light component and the wors t  agreement  is for the heavy component, which is explained by a number of 
reasons  (the rough approximation of the hard sphere model, nonadditivity of effective diameters ,  low accuracy  
in measur ing self-diffusion). The true diffusion coefficients differ considerably f rom the self-diffusion coef-  
ficients, while their  rat io is close to the square root of the rat io of the molecular  masses  (see the last two 
columns of the table). 

In [18], the true diffusion coefficients were measured by a quasis tat ionary two-vesse l  method with the help 
of a ballast gas (a gas, whose diffusion proper t ies  are s imi la r  to those of one of the diffusing gases) in o rder  
to determine the quantity of the component t ranspor ted  by the hydrodynamic flow of the mixture during the dif- 
fusion process .  Values of the coefficients of diffusion, agreeing (within the limits of e r r o r  of the experiment) 
with those measured by the s ta t ionary method, were obtained for the  systems H e - A t  and t i e - C O  2. 

Naturally, the technique for measur ing the true diffusion coefficients is far  f rom perfect ,  which is in- 
dicated by the comparat ively large e r r o r s  in the measurements ,  but f rom the data obtained, it is c lear ly  evi-  
dent that they can by no means be identified with the coefficients of self-diffusion e i ther  in the physical  sense 

or  in magnitude. 

In [19, 20], equations were obtained for the true coefficients of diffusion using Chapman's  method for dif-  
ferent  in te rmoleeular  interact ion potentials and different o rders  of approximation. Calculations using these 
equations gave results" that agreed with experiment.  For  the hard sphere model, these equations descr ibe  the 
experiments  just as does ]3oltzmann's theory.  

We note that af ter  the d iscovery  of Kirkendals '  effect in 1946, a theory of diffusion was created in solid-  
state physics,  in which the diffusion of each component is charac te r ized  by its own coefficient of diffusion 
(partial), through which the coefficients of mutual diffusion are  expressed by Darken ' s  equation, which coincides 
in form and in physical  sense with Eq. (3), obtained by Mayer ~70 years  before Darken (see, e.g., [21]). 

2. Mutual Diffusion. The t e r m  mutual diffusion is usually used to r e f e r  to diffusion of a single gas in 
another in a closed volume. In this case, the diffusion of both gases is charac ter ized  by a single coefficient: 
the coefficient of mutual diffusion (CMD). It was assumed that in the p rocess  of mntiml diffusion the initial 
i sobar ic  conditions are  maintained. It was experimental ly  shown by Kramers  and Kis temaker  that i sobar ic  
conditions are  destroyed.  The magnitude of the p re s su re  difference, ar is ing at the ends of the diffusion capil- 
l a r y  with a d iameter  of the o rder  of a single mi l l imeter  at a tmospher ic  p ressure ,  is 10 - s - 1 0  - 7  aim. Such a 
smal l  change in the uniformity of the p res su re ,  as a rule, was not considered, since it  is assumed a fort iori  
that it does not lead to appreciable changes in the magnitude of the diffusion flux. This point of view turned out 
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to be er roneus ,  since d i rec t  measurements  have shown [22] that the amount of gas t ranspor ted  by the hydro-  
dynamic flow ar is ing in the diffusion p roces s  is of the same order  of magnitude as the t ranspor t  by the diffusion 
p rocess  itself. In this connection, CMD appears  as a charac te r i s t i c  of the total  mass  t ranspor t :  t r anspor t  of 
molecules by random the rmal  motion and hydrodynamic flow. 

In the e lementary  kinetic theory,  under different assumptions,  many equations were obtained for the CMD 
(some of these are  presented in [23[). The most  r igorous equation is Mayer ' s  equation (3), which was rejected 
without any ser ious experiment,  a l  ver if icat ion of this equation, since the coefficients D 1 and D2, which were 
often identified with the coefficient of self-diffusion, were not measured.  

After the experiments  of Kram er s  and Kis temaker  [14], the physical  picture of the mutual diffusion of 
two gases in a closed volume can be represented  as follows. Initially (i.e., the t ime at which the b a r r i e r  
separat ing the gases is removed), due to the difference, under the i s o b a r i c - i s o t h e r m a l  conditions, in the 
the rmal  veloci t ies  of the molecules,  the flux of molecules of one kind will notbe equal to the  flux of molecules  of 
the other  kind. In one gas,  the number  density of molecules inc reases  (compared to equil ibrium before dif-  
fusion), while in the other it decreases .  A p re s su re  difference, which could resul t  in the appearance of a hydro-  
dynamic flow of the gas mixture,  a r i ses  between the diffusing gases.  The hydrodynamic flux of the mixture will 
decrease  the t ranspor t  of a single component and increase  the t r anspor t  of the other. A quasis ta t ionary state 
will appear  in which the total  t r anspor t  of a single component in one direct ion will equal the t r anspor t  of the 
other component in the opposite direction. The observed t ranspor t  of a component will represent  the sum of 
the diffusion and hydrodynamic flows, i.e., 

Ji ~ Jt (D) + Ji (hp) ~- - -  Divn  t + nlV ~ - -  Dt2vnl ,  (12) 

j.,. = j~ (D) + J2 (Ap) = - -  D.,.Vn 2 + n,.V ~- - -  Dz~vn,.. (13) 

The fluxes (12) and (13) sat isfy the law of conservat ion of the number  of par t ic les  in a closed volume 

J, + h = 0. (14) 

Solving (12) and (13) simultaneously under the condition (14) and assuming that due to the weak breakdown 
of i sobar ic  conditions 

we obtain 

n~ + n2 = n = const, Vn~ + vn2 = O, (15) 

V - -  D I - - D ~  Vni. (16) 
Pc t -~- n 2 

Substituting the hydrodynamic flow velocity (16) into Eqs. (12) and (13), we prove the equality of the coef- 
ficients of diffusion Di2 and D21 and obtain Mayer's equation (3). 

The first verification of Mayer,s equation by an independent measurement of all three diffusion coef- 
ficients was carried out [24]. It turned out that within the limits of error of the measurements (6-10%) the left 
side equals the right. 

In order to check Eqs. (3) rigorously, it is necessary to obtain first the integral expression, since the 
experiment gives an average over the concentration value of the diffusion coefficient. Substituting Eq. (3) into 
(I0) with the true coefficients taken from (7) and integrating, we obtain [25] 

- -  Oi' {[(1--a,2)(c~--c~)] - l  In (1--cq,) cl r + r __ 1} 
D i 2 : 1 - - a i 2  . ( 1 - - a l ~ ) c ~ + c q ~  

+ 

.. c 2 , a~ 1 (17) -t 1--a~D~ [(1 - -  ~ )  (c L --- c~)] -1 In (1 - -  a2~) c~ -t- cz2~ " 

In (17), Dii and a i j  are  defined by express ions  (8) and (9), respectively.  

Equation (17) was checked according to data in the l i te ra ture  for 12 binary gas sys tems  over  a wide t e m -  
pera ture  range in [26]. The average deviation of the CMD computed using (17) f rom the measured values did 
not exceed 1-2%, which lies within the range of the experimental  e r ro r .  

The explanation of the concentration dependence of CMD has a long and confused history.  The exper i -  
mental data are often contradictory,  since the CMD depends weakly on concentration. In o rde r  to study this 
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dependence,  it is n e c e s s a r y  to have methods that p e r m i t  measur ing  the local coefficients.  Care  must  be 
exe rc i sed  in ex t rac t ing  the concentrat ion dependence f r o m  m e a s u r e m e n t s  of in tegra l  coefficients,  e.g.,  by a 
t w o - v e s s e l  method, since the r e v e r s e  p r o b l e m  (finding the local  coefficient  accord ing  to the in tegra ld i f fusfon  
coefficient) is not fundamental ly a unique problem.  Measur ing the concentrat ion dis t r ibut ion along the diffusion 
path, local  diffusion coefficients  for  different  concentrat ions were  obtained in [27, 28] for  some pa i r s  of gases .  
An apprec iable  dependence of the CMD of s y s t e m s  invest igated in [27, 28] is revealed  only for  low concen t ra -  
tions of the heavy components.  

The ra t io  of the t r ace  diffusion coefficients,  i .e. ,  when the concentrat ion of the diffusing component  is 
low, is of spec ia l  in teres t .  In BoltzmannTs theory  of diffusion, the t r a c e  coefficient  is complete ly  defined 
physical ly:  t r a c e  coefficients  a r e  cha rac t e r i zed  by diffusion under  conditions when coll isions between different  
types  of molecules  play an impor tan t  role,  while coll isions between molecules  of the same  kind can be neglected. 
The ra t io  of the t r a ce  coefficients  in the C h a p m a n - E n s k o g  theory  of diffusion [5] is s m a l l e r  than in Bol tzmann 's  
t heo ry  [4, 11]. Exper iments  for four sys t ems ,  containing he l ium as one of the components,  showed [11] that the 
measu red  ra t io  is  c lo se r  to that computed using Bol tzmann ' s  theory.  This is explained p r i m a r i l y  by the fact 
that  in the C h a p m a n - E n s k o g  theory  coll isions between like molecules  do not affect  the mutual  diffusion in the 
first approximat ion.  

A genera l  analysis  of the concentrat ion dependence of the CMD leads to the conclusion that  Bol tzmann 's  
theory  co r r ec t l y  de sc r ibe s  the concentrat ion dependence of the CMD as well. 

3. Diffusion Baroeffect .  The d i f fus ionbaroeffec t ,  viz. ,  the appearance  of a p r e s s u r e  di f ference at  the 
ends of a diffusion path, was predic ted by Boltzmann [1], but observed  exper imenta l ly  much l a te r  [14]. The re  
a r e  two points of view on the nature of the diffusion baroef fee t  (see, e.g.,  [29]). According to one point of view, 
the" baroeffec t  appea r s  due to d i f fe rences  between the diffusion veloci t ies  of components,  which lead to an in-  
c r ease  in the number  densi ty of pa r t i c l e s  in one volume and to a d e c r e a s e  in the  other.  The p r e s s u r e  di f ference 
that  a r i s e s  leads to a volume flow (the analog of the Kirkendal l  effect  [21]) with veloci ty  (16). According to the 
second point of view, the baroef fec t  is explained by a mean mass  veloci ty  that  d i f fers  f r o m  ze ro  with the mutual  
diffusion of two gases .  The baroef fec t  is studied in a number  of paper s  [15, 30, 31]. 

If it is a s sumed  that the re  is a Po i seu i l l e ' s  flow in the capi l la ry  connecting the ve s se l s  with the diffusing 
gases ,  then we obtain the d i f ferent ia l  equation for  finding the magnitude of the baroef fec t  Ap [32] by equating 
the veloci ty  (16) with the veloci ty  of this flow: 

' 8~] 
VP (Di - -  D2) VQ. (18) /-2 

Using the re la t ion  between the t rue  coefficients of diffusion of the b inary  mixture  in CMD, obtained in [33], 

D~ = ~ Di~ (19) 

+ V %  ' 

we rewr i t e  (18) in the f o r m  

8 ~l (]/'m2-- V-m~) Di2 (20) 
VP = /-2(VW~_ V-~,) ci ~ V ~  vci. 

In tegra t ing (20) over  the ent i re  diffusion path f r o m  c o to c L and assuming  that  the CMD is constant in mag-  
nitude, we obtain 

hp = p L  _ _  pC 8 ~lD~ In (21) 
r 2 - - 

Most expe r imen t s  on studying the baroeffect  a r e  c a r r i ed  out under  conditions when the vo lumes ,  s epa ra t ed  
by  the capi l lary,  contain pure  gases ,  i .e. ,  when c~ = 1, clL=0. Under  these  conditions, (21) takes  the f o r m  

hp == p L  _ _  p0  = (4  ~l--DiJr2)/ln (m2/mi). (22) 

Equations (21) and (22) have been conf i rmed by expe r imen t s  on the study of the concentrat ion dependence 
of the magnitude of the baroeffec t  for  a number  of b inary  mix tures  [34]. 

4. Diffusion in Multicomponent Mixtures .  In the e l e m e n t a r y  kinetic theory,  the densi ty  of the diffusion 
flux of the i - th  component under  i s o b a r i c - i s o t h e r m a l  conditions depends on the concentrat ion gradient  of only 
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this  component,  while the coefficient  of diffusion (the t rue  coefficient  of diffusion) is de te rmined  by Eq. (1). 
Substituting into (1) the value of the m e a n - f r e e  path length of molecules  of the component  in the mixture,  we 
obtain 

D~ = 1.051 ] /8  kT/~mi/3 ~ ~ ( 1 -  toni) nj(r~.]/im ~ + ms)/m ~. (23) 
i 

If  the diffusion occurs  in a closed volume,  then the re  a r i s e s  a diffusion baroeffect ,  which is explained by 
the equali ty of the c h a r a c t e r i s t i c  diffusion fluxes [35]. A hydrodynamic  flow of the mixture  of gases  a p p ea r s  
and the component flux obse rved  in this case will r e p r e s e n t  the sum of the cha r ac t e r i s t i c  diffusion and h y d ro -  
dynamic  t r anspor t :  

j~ = - -  DNei + ciV, (24) 

which grea t ly  compl ica tes  the in te rp re ta t ion  of the resul t .  

Analyzing diffusion in mul t icomponent  mixtures ,  T o o t  [36] came to the conclusion that in these  mixtures ,  
the re  appea r  cha r ac t e r i s t i c s  which a re  not c h a r a c t e r i s t i c  of diffusion in binary mixtures .  Toor)s  effects  a r e  
eas i ly  explained by dif ferent  ra t io  of the t e r m s  in (24) [22]. The diffusion b a r r i e r  (the component is not in 
equi l ibr ium, but i ts  t r a n s p o r t  veloci ty  equals zero)  co r responds  to equal  absolute magnitudes of opposi tely 
d i rec ted  t r a n s p o r t  of  c h a r a c t e r i s t i c  diffusion and hydrodynamic  flow. In the case  of osmot ic  diffusion, the 
t r a n s p o r t  of the component,  with its gradient  equal to zero ,  occurs  by hydrodynamic  flow. And, finally, the 
most  pa radox ica l  case,  viz. ,  antidiffusion ( t ranspor t  of the component  along its  concentrat ion gradient) ,  c o r r e -  
sponds to diffusion conditions when t r a n s p o r t  by hydrodynamic  flow is g r e a t e r  than the t r a n s p o r t  by diffusion. 

It follows a lso  f r o m  (24) that in a c losed volume t r a n s p o r t  of a given component  is  de te rmined  by the 
gradients  of (n - 1) of the components ,  which is  demons t r a t ed  by e l iminat ing the veloci ty  V with the help of the 
c losure  condition (14), extended to mul t icomponent  diffusion, and taking into account the fact  that the sum of 
the re la t ive  concentrat ions equals unity. 

The m e a s u r e m e n t  of the t rue  diffusion coefficients of mult icomponent  mixtures  p resen t s  g rea t  methodo- 
logical  and expe r imen ta l  difficulties.  The true diffusion coefficients ,  measu red  [37] for  a single p a r t i c u l a r  
case using the bal last  gas method, for a t r ip le  s y s t e m  consis t ing of h e l i u m - a r g o n - c a r b o n  dioxide coincided, 
within the l imits  of e r r o r  of the expe r imen t  (~6-10%), with the computed values.  

In the descr ip t ion  of mult icomponent  diffusion, effect ive diffusion coefficients a re  often used (see, e.g. ,  
[38]), fo rma l ly  defined by F i ek ' s  f i r s t  law 

~eff 
j~ = - -  ~ Vci- (25) 

The effect ive diffusion coefficient  (EDC) is a function of composi t ion and concentrat ion gradients  of all  
components .  The EDC are  measured  by the usual  methods, used for  measu r ing  CMD, and are  compl ica ted  
functions of t hem [39]. The EDC desc r ibe  the expe r imen ta l  resu l t s  on nonsta t ionary  diffusion well  [40, 41]. 

The physica l  meaning of EDC is c lea r ly  revea led  by Bol tzmann ' s  theory.  Compar ing  (24) and (25), 
e l iminat ing V, and assuming  that the diffusion is one-d imens ional ,  we obtain [42] 

~ieff = Dz - -  ci "~ Dj (c~ - -  c~ )/(c/r - -  c o ). (26) 
] 

The t rue  diffusion coefficient  is always posit ive,  so that sign of EDC is de te rmined  by the re la t ion  between 
the f i r s t  and second t e r m s  in Eqs. (24) and (26). If the t r a n s p o r t  by hydrodynamic  flow is g r e a t e r  than mole-  
cular  t r anspor t ,  then the resul t ing  t r a n s p o r t  will  occur  along the concentra t ion gradient ,  i .e.,  it will be an ant i -  
diffusion t r anspor t .  In this case,  the EDC will be negative.  When both types of t r a n s p o r t  balance one another,  
then the EDC will equal  ze ro  and the to ta l  t r a n s p o r t  will equal ze ro  for  a nonzero concentrat ion gradient  (dif- 
fusion ba r r i e r ) .  F o r  a un i formly  d is t r ibuted  component (its concentra t ion gradient  equals  zero),  its t r a n s p o r t  
(osmotic diffusion) will occur  by hydrodynamic  flow, a r i s ing  due to p r e s s u r e  d i f fe rences  fo rmed with the di f -  
fusion of other  components.  

5. Diffusion Under Noniso thermal  Conditions. We shal l  examine one-d imens iona l  diffusion under  noniso-  
t h e r m a l  conditions with constant  p r e s s u r e  along the diffusion path. Let the t e m p e r a t u r e  i nc r ea se  in the posi t ive  
d i rec t ion along the absc i s sa  axis,  which is perpendicu la r  to the a rea  dS being examined. We shal l  denote physi-  
cal  quanti t ies cha rac te r i z ing  the gas to the left of the sur face  by a single p r ime  above the var iab le ,  to the right 
of the su r face  by two p r i m es ,  and on the sur face  i t se l f  without any marks .  
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We shal l  examine a s ing le-component  gas, The resul t ing flow of molecules  ove r  t ime  dT will equal  

dN = dN'-- dN" = t~ (n'v'-- n"v") dSd~. 
5 

(27) 

Taking into account the fact that  p =nkT and v = ~/8kT/Trm, we rewr i te  (27) in the f o r m  

(2 8) 

The t e m p e r a t u r e s  T '  and T" are  e x p r e s s e d  in t e r m s  of the t e m p e r a t u r e  T in e l e m e n t a r y  kinetic theory  as 

follow s: 

T'= T--  L --dT , T"~ T+ )~ __dT (29) 
dx dx 

Substituting (29)into (28), we obtain 

d N : +  / 8 1 [ / 1~ dT 1///-i 1L dT ] "  
~km V T  1 T dx + T dr, 

(30) 

The second t e r m  under  the square  root sign in (30) is  much less  than unity. Ext rac t ing  the root approxi-  
mately, t r ans fo rming  to n and v and keeping in mind (1), we obtain 

d N =  1 nvL d l n T  �9 1 D~n d l n T  dSd'~=Dr~n d l n T  dSdT. (31) 
6 dx 2 dx da: 

It is evident f r o m  (31) that  in a s ingle-component  gas under  noniso thermal  conditions, the re  is diffusion 
t r a n s p o r t  of molecules  in the d i rec t ion of the t e m p e r a t u r e  gradient.  In analogy with self-diffusion,  this t rans~  
port ,  d i scovered  expe r imen ta l ly  in [43, 17], was called thermoself-diffusion_ It is  evident f r o m  (31) that in the 
aoproximat ion being examined,  the coefficient of the rmose l f -d i f fus ion  equals one-hal f  the se l f -d i f fus ion coef-  
ficient. 

The diffusion flow of molecules  out of the cold region of gas  into the hot region leads  to the appea rance  
of a thermodif fus ion baroef fee t  [43, 17]. 

Let us examine a mixture  of gases  under  i sobar ic  conditions. In. analogy to (27), we write 

1 (n; v~ - -  n~ vT) dSdT. (32) = , t N ;  = , t N ;  : 

Carry ing  out the same operat ions  with (32) as with (27), we obtain 

1 d l n T  1 d l n T  D[nl d l n T  
dx 2 dx dr, 

dSdT. (33) 

I t  is evident f r o m  (33) that each component of the mixture under  i sobar ic  conditions will diffuse along the 
t e m p e r a t u r e  gradient  with a par t i a l  thermodif fus ion coefficient equal  to one-hal f  the t rue  diffusion coefficient.  

Let  us find the magnitude of the thermodiffus ion separa t ioni 'n  the binary mixture  in the t w o - v e s s e l  ap-  
para tus ,  often used in thermodif fus ion  studies_ In the s ta t ionary  state,  the resul t ing t r a n s p o r t  of each com-  
ponent equals zero,  since the thermodif fus ien  flow is balanced by the r e v e r s e  t r a n s p o r t  resul t ing f r o m  hydro-  
dynamic flow, a r i s ing  as a resu l t  of the fo rmat ion  of the therrnodiffusion baroeffec t ,  andby the concentrat ion 
diffusion flow, a r i s ing  due to the appearance  of a concentrat ion dif ference in the p r e sence  of thermodiffusion,  

i .e . ,  

Jr = n~ Dr V In T+ n~V-- nDi2vc i = 0, (34) 

jr = n2Dr2 V In T+ n2V ~ nD12vc2 = O. (35) 
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TaMng in to  aceoun t  the  fac t  tha t  the  c o n c e n t r a t i o n  d i f fu s ion  f lows a r e  equa l  in  magn i tude ,  but  oppos i t e  in 
d i r e c t i o n ,  we ob ta in  f r o m  (34) and (35) 

V --  niD~ + n2D~ V In T. (36) 
/ / i  -]- rt2 

Subs t i t u t i ng  (36) in to  (34) o r  in to  (35), we ob ta in  a d i f f e r e n t i a l  equa t ion  f o r  d e t e r m i n i n g  the  sh i f t  in con-  
c e n t r a t i o n  with  t h e r m o d i f f u s i o n  

dc i n~n2 D T - -  Dr  d In T. (37) 
n 2 D~ 

A s s u m i n g  tha t  the  r a t i o  ( D T - D T ) / D I 2  i s  c o n s t a n t  and i n t e g r a t i n g  (37), we ob ta in  

At, hot cold In (Tho t/~o1~' C 1 ~ - -  C 1 ~ C t C 2 ( % T  (3 8) 

Equa t ion  (38) c o i n c i d e s  wi th  the  w e l l - k n o w n  equa t ion  in  [34], i f  we a s s u m e  tha t  the  t h e r m o d i f f u s i o n  
cons t an t  i s  g iven  by 

Di T -- D r D, -- D~ 

aT --  D~2 - -  2 D~2 
(39) 

Let  us  f ind the  d i f f e r e n c e  in the  a v e r a g e  v e l o c i t i e s  of c o m p o n e n t s  in  the  b i n a r y  m i x t u r e ,  owing to the  non-  
i s o t h e r m a l  cond i t ions .  U n d e r  i s o b a r i c  cond i t ions ,  the  a v e r a g e  v e l o c i t y  of a componen t  c o i n c i d e s  with the d i f -  
fus ion  v e l o c i t y ,  s o  tha t  

.r Dir - -  .r --  ji = v l n T ~ n i v ~ ,  .12 = D ~ v l n T ~ n 2 V o .  (40) 

The fo l lowing  equa t ion  fo l lows  f r o m  (40) u n d e r  the  cond i t ion  (39): 

v~ - -  v~ = arDl~ v In T, (41) 

which  a g r e e s  wi th  the w e l l - k n o w n  equa t ion  in  [5, 44]. 

Thus ,  the  e l e m e n t a r y  k ine t i c  t h e o r y  l e a d s  to  the  s a m e  b a s i c  equa t i ons  (Eqs. (38) and (41)) a s  the  r i g o r o u s  
k ine t i c  t h e o r y .  H o w e v e r ,  in d e s c r i b i n g  c e r t a i n  a s p e c t s  of the  phenomenon ,  d i f f e r e n c e s  a r i s e  be tw e e n  t h e s e  
t h e o r i e s .  The b a s i c  d i f f e r e n c e  r e d u c e s  to  the  fac t  t ha t  in the  e l e m e n t a r y  k ine t i c  t h e o r y  t h e r m o d i f f u s i o n  e x i s t s  
in  a s i n g l e - c o m p o n e n t  gas  as  we l l  ( t h e r m o s e l f - d i f f u s i o n ) ,  whi le  a d i s p l a c e m e n t  in  c o n c e n t r a t i o n s  in  a b i n a r y  
m i x t u r e  a r i s e s  due to  the  d i f f e r e n c e  in  the  t h e r m o d i f f u s i o n  v e l o c i t i e s .  In the  e l e m e n t a r y  k ine t i c  t h e o r y ,  t h e r m o -  
d i f fu s ion  wi l l  a l s o  e x i s t  when the  v e l o c i t y  d i f f e r e n c e  (41) v a n i s h e s .  In  th i s  ca se ,  D 1 = D2, a T  =0, and t h e r e  i s  no 
d i s p l a c e m e n t  of the  c o n c e n t r a t i o n  (componen t s  move  with  i d e n t i c a l  v e l o c i t i e s ) .  A c c o r d i n g  to  a r i g o r o u s  k ine t i c  
t h e o r y ,  when the v e l o c i t y  d i f f e r e n c e  (41) v a n i s h e s ,  t h e r e  i s  no t h e r m o d i f f u s i o n .  In the  e l e m e n t a r y  k ine t i c  
t h e o r y ,  the  t h e r m o d i f f u s i o n  flux u n d e r  i s o b a r i c  cond i t ions  i s  a lways  d i r e c t e d  a long  the t e m p e r a t u r e  g r a d i e n t ,  
s i n c e  the flux of m o l e c u l e s ,  owing to the  r a n d o m  t h e r m a l  mot ion ,  out of the  cold  r e g i o n  i s  g r e a t e r  than  out of 
the  hot r e g i o n  [43, 17]. 

6. Ba rod i f f l l s ion .  F o r  a s i n g l e - c o m p o n e n t  gas  u n d e r  i s o t h e r m a l  cond i t ions ,  i t  fo l lows f r o m  (27) tha t  

d N  = -  1~- ~.v dn d S d ' ~ = - - D l i n  dln____pp dSd'~. (42) 
3 dx dx 

It  i s  ev iden t  f r o m  (42) tha t  in a s ing le  componen t  gas  t h e r e  wi l l  e x i s t  a d i f fus ion  t r a n s p o r t  of m o l e c u l e s  in  the  
d i r e c t i o n  of d e c r e a s i n g  p r e s s u r e :  b a r o s e l f - d i f f u s i o n .  F o r  the  i - t h  componen t  of the  m i x t u r e ,  u n d e r  i s o t h e r m a l  
cond i t ions ,  we ob ta in  f r o m  (32) 

j~ = - -  D i v n i  : -  - -  Din~V In Pi (43) 

It  fo l lows  f r o m  (43) tha t  e ach  componen t  of the  m i x t u r e  has  a d i f fus ion  v e l o c i t y  d i r e c t e d  oppos i t e  to  the  
g r a d i e n t  in  i t s  own p a r t i a l  p r e s s u r e ,  which  in  g e n e r a l  m a y  not co inc ide  with  the  g r a d i e n t  in the  t o t a l  p r e s s u r e .  

Le t  us  e x a m i n e  a b i n a r y  m i x t u r e  fo r  which  n 1 = n 2 =n/2 and,  t h e r e f o r e ,  Pl = P2 = p / 2 .  I n t h i s  c a s e ,  the d i f -  
f e r e n c e  in  the  v e l o c i t i e s  of componen t s  w i l l  e q u a l  

vl - -  v2 -- - -  (DI - -  D2) V In p ---- - -  gpDt~v In p, (44) 
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where the barodiffusion constant is 

a p  = ( D  i - -  D2)/D~2 . (45) 

For  this b inary  mixture,  the barodiffusion constant is twice as grea t  as the thermodif fus ion constant, which is 
evident f rom (45) and (39). 

Equation (44) coincides with the analogous equation in s t r ic t  kinetic theory  and was obtained prev ious ly  
[45] within the scope of Be l tzmann ' s  theory  of diffusion by another  method. 

T ranspo r t  phenomena a re  usual ly examined in the center  of mass  sys tem.  In this case,  (44) must  contain 
the difference of the par t ia l  diffusion coefficients in the center  of mass  sys tem,  t r a n s f o r m i n g  which in t e r m s  of 
CMD [34], we obtain the equation 

n (m~ -- ml) 
vi -- v2= ~ . Dt2 V In p, (46) 

Hit~ i ~- n~In~ 

which agrees  with the analogous equation in [5, 44]. 

It is evident f r o m  (43) and (44) that in e l e m e n t a r y  kinetic theory,  barodiffusion of components  will a l so  
occur  in the case  when the di f ference of veloci t ies  (44) vanishes ,  but in this case,  the re  will be no baridiffusion 
separat ion.  

Conclusions. The e l e m e n t a r y  kinetic theory,  even in its s imples t  form, explains f r o m  a unified point of 
view diffusion, a r i s ing  due to nonuniformity of the composit ion,  t e m p e r a t u r e ,  o r  p r e s s u r e ,  reveal ing  the phys i -  
cal mechan i sm of this mo lecu la r  t ranspor t .  According to this theory,  diffusion t r a n s p o r t  a l so  ex i s t s  in a 
s ingle-component  gas: self-diffusion,  thermoself-dif fusion,  and barose l f -d i f fus ion .  The  theory  explains 
s imply  and c lear ly  the appearance  of baroef fec t s  with diffusion in closed volumes:  diffusion and the rmod i f -  
fusion, as well  as the cha rac t e r i s t i c s  of mult icomponent  diffusion. 

An impor tant  cha r ac t e r i s t i c  of diffusion t r a n s p o r t  is the i s o b a r i c - i s o t h e r m a l  diffusion coefficient  (the 
t rue  diffusion coefficient), in t e r m s  of which all  other  t r a n s p o r t  c h a r a c t e r i s t i c s  a re  actual ly  expressed .  

Refining the e l emen ta ry  kinetic theory  and compar ing  it with expe r imen ta l  r e su l t s  ~ i l l  show in g r e a t e r  
detai l  its weak and s t rong points. 

N O T A T I O N  

p, overall pressure; Pi, partial pressure; T, time; S, area; T, temperature; v, arithmetic mean velocity; 
~i, average velocity of a component; Ji, flux density of the molecules; ji T, thermodiffusion flux density of mole- 
cules; jP, barodiffusion flux density of molecules; Di, true diffusion coefficient; D T, partial eoeffieiepf of ther- 

i eft 
modiffusion; D i , effective diffusion coefficient; DII , self-diffusion coefficient; D T, coefficient of thermo- 
self-diffusion; DI2 , coefficient of mutual diffusion; m, mass of the molecules; n, number density of molecules; 
if, effective diameter; 7~, mean-free path length; c, relative number density of molecules; ~/, coefficient of vis- 
cosity; r, radius of a capillary; N, resulting flux of molecules; k, Boltzmann's constant; ST, thermodiffusion 
constant; ~p, barodiffusion constant. The lower index i indicates that the variable corresponds to the i-th com- 
ponent; a bar above a coefficient indicates the average value of the coefficient. 
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T H E  D R Y I N G  M E C H A N I S M  F O R  P E A T  M O D I F I E D  

BY S U R F A C T A N T S  

A.  M. A b r a m e t s ,  I .  I .  L i s h t v a n ,  
A.  A.  T e r e n t ' e v ,  a n d  N.  V. C h u r a e v  

UDC 661.12 :: 662.730 + 631.8 

A study has been made of the effects  of sur fac tan ts  SA of var ious  types on the drying kinetics 
and s t ruc tur ing  in peat. 

It is becoming inc reas ing ly  impor tan t  to manage the drying of rheologica l ly  complicated d i spe r sed  ma te -  
r ia ls .  However,  at p resen t  there  a re  no new theore t ica l  approaches  that would enable one to use phys ica l  
methods to modify the drying of peat  s y s t e m s  considerably.  R e s e a r c h e s  based on phys icochemica l  methods of 
a l te r ing  the peat  appea r  p romis ing  [1-6] because sur face  phenomena and capi l la ry  ef fec ts  a re  dominant for  
these semicol lo ida l  m a c r o m o l e c u l a r  sy s t ems ,  and they la rge ly  de te rmine  the s t ruc tur ing  and the mass  t r ans fe r .  
A peat  s y s t e m  has the p rope r t i e s  of a po lye lec t ro ly te  [2] as well  as a high specif ic  surface ,  and it is ve ry  sens i -  
t ive to var ious  compounds, pa r t i cu l a r l y  sur fac tants ,  which dif fer  f rom other  compounds in acting s imul taneous ly  
on the p r o p e r t i e s  of the liquid and solid phases .  One cannot consider  the m a s s  t r a n s f e r  and s t ruc tu r ing  sepa-  
ra te ly  for a s y s t e m  that de fo rms  on drying. This  applies also to ma te r i a l s  modified by SA, as tl~e p rope r t i e s  
a re  ve ry  different  f r o m  those of the ini t ial  ones. 

There  a re  many papers  [7-11] on the drying mechan i sms  for  chemical ly  modified peat  sy s t ems ,  which 
r e p r e s e n t  the comprehens ive  studies on the s t ruc tur ing  and mass  t r ans fe r .  There fo re ,  in what follows we 
cons ider  only the effects  of SA on the drying mechanism.  

The appara tus  descr ibed  in [9] was used to examine the m e c h a n i s m  of r a d i a t i v e - c o n v e c t i v e  drying of peat  
modified by-SA; the ma te r i a l  was lower  sedge peat  with a nominal  speci f ic  sur face  of 320 m2/kg. The modif ica-  p 
tion was produced by SA of var ious  types,  in pa r t i cu l a r  sulfonol anionic ones, E -4  cationic ones, neonol nonionic 
ones, etc. [12]. The SA were  introduced into the peat  by spray ing  as 0.01-0.2%aqueous solutions at a ra te  of 
0.01-0.5% on the basis  of the dry  mate r ia l .  Af ter  careful  mixing into the peat,  fiat spec imens  of d i a m e t e r  100 m m  
and thickness  20 m m  were  formed.  A constant t e m p e r a t u r e  of 30~ was maintained in the appara tus ,  along with 
a constant speed of 0.33 m / s e c  a i r  and a constant humidity of 0.86, while the radiat ion flux was constant  at 0.3 
k c a l / m  2" sec. 

Radioact ive t r a c e r s  were  used to examine the in terna l  mass  t r a n s f e r  during the drying [13]; we used 
Na2804($35). The production of the wa te r -con ten t  pa t te rn  was examined by dividing the spec imens  into l aye r s  and 
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