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A new model of diffusion in porous cata lysts  is proposed,  namely  a macropore  model. A 
compar ison between tes t  resu l t s  and calculations indicates a c lose agreement .  

The pe r fo rmance  p a r a m e t e r s  of a react ion with heterogeneous ca ta lys is  a re  l a rge ly  affected by the 
p roces se s  of heat and mass t r an s f e r  [1]. 

The mass  t r ans fe r  in porous mater ia ls  used as ca ta lys ts ,  because of the i r  large  internal  surface  
which par t ic ipa tes  in the react ion,  is de t e rmined  not only by such p a r a m e t e r s  as the t empera tu re  and the 
p r e s s u r e  in the liquid but also by the pore  s t ruc tu re .  

The s t ruc tu re  of most  porous mater ia ls  is so complex and i r regula r ,  however,  that its mathematical  
descr ipt ion becomes  ve ry  difficult. It would be of in teres t ,  t he re fo re ,  to consider  models which have been 
proposed during the las t  decade for the calculation of the effect ive diffusivity in porous mater ia ls  [2-5]. 
An analysis  of the resu l t s  of studies on the subject  shows that the purpose of such studies was both to 
broaden the applicabil i ty of these models by appropr ia te  modifications [2-5] and, at the same t ime,  to 
r evea l  which model would be most  suitable for any par t icu la r  type of ca ta lys t  [6-11]. 

La tes t  developments in computer  techniques have made it possible to solve problems of diffusion 
in mult icomponent gas mixtures  [12-15]. 

Concerning the exper imenta l  studies of diffusion p roces se s  in porous ma te r i a l s ,  it is to be noted 
that various t rans ien t  methods of test ing have been used m o r e  extensively.  They have also been compared  
with s teady-s ta te  methods,  while a few of them have been compared  with one another  [16-21]. 

In this study the authors  deal essent ia l ly  with the problem of diffusion models. Inasmuch as the 
method of analyzing such models has been a l ready  descr ibed  thoroughly in [21, 22] and i l lustrated on the 
S a t t e r f i e l d - C a d l e y  model with paral le l  pores  [23], we will l is t  here ,  without any fur ther  explanation, 
all the equations needed for this analysis :  

pa ra l l e l -po re s  model [23] 

amax 
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r andom-pore s  model [3] 
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modified r andom-pores  model [19] 
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Fig. 1. Schemat ic  d i a g r a m  of the appara tus  for  parahydrogen 
convers ion:  1) r educ to r ;  2) hydrogen purif icat ion;  3) capi l la ry ;  4) 
ins t rument  for measu r ing  the dynamic p r e s s u r e  head; 5) m e r -  
cury  manome te r ;  6) conve r t e r  No. 1; 7) ins t rument  for measu r ing  
the soap film; 8) chamber  for heat  conduction measu remen t ;  9) 
r eac to r ;  10) conve r t e r  No. 2; 11) m e r c u r y  manomete r ;  12) cap i l -  
lary;  13) coo le r  t rap;  1 4 ) v a c u u m  pump; NV) needle valve; H) 
t h r e e - w a y  tap; solid line follows the reac t ion  flow path; dotted 
line follows the r e f e r e n c e  path. 

e f f ic iency and Tiehle  modulus [24] 

p e r m e a b i l i t y  fo rmula  [22] 

k ~ "- I I ] 
#~ ,h ! tanh3h 3h j 

h. A [" ~,,,S~.k, )r/,~. 

(4) 

(s) 

Tp ' ~ ' r  - - ~ ,  ' :  -87,-.- ) ~"=w~' ~,,. (61 ALto_ ~ . . . . . .  

We will a lso  use the V a k a o - S m i t h  equation [3] or the Cunn ingham-Geankop l i s  equation [9] for 
the r a n d o m - p o r e s  models .  Only data on the poros i ty  and the s ize  dis tr ibut ion of pores  in the ca ta lys t  a r e  
needed for de te rmin ing  the effect ive  diffusivi ty on the bas i s  of these  models ,  while exact  diffusion and 
pe rmeab i l i t y  m e a s u r e m e n t s  a r e  r equ i red  for de te rmin ing  the s inuosi ty  factor  ~-p in the S a t t e r f i e l d - C a d l e y  
p a r a l l e l - p o r e s  model .  In this s tudy we have t r i ed  to develop a method which would d i spense  with such 
m e a s u r e m e n t s .  This can be achieved on the p r e m i s e  that the diffusion p roce s s  and the reac t ion  occur  
s imul taneous ly ,  with the distr ibution of m i e r o p o r e s  and m a e r o p o r e s  a s s u m e d  to be s ta t i s t i ca l .  Such a 
s ize  distr ibution will be d i f ferent  in ca t a lys t  powder and ca ta lys t  pe l le t s ,  however ,  and not the s a m e  ha a 
compac t  pe l le t  as in a f l imsy  pel let .  ~ 

In such a s y s t e m ,  t he r e fo re ,  one mus t  cons ider  two opposing effects  a s soc ia t ed ,  during the diffusion 
p r o c e s s  and the reac t ion ,  with a changing r a t io  of m a c r o p o r e s  to m i c r o p o r e s ,  inasmuch as the diffusion 
in impeded more  in pel le ts  of a higher densi ty ,  while,  on the other  hand, the reac t ion  is impeded less  in 
a volume with a l a r g e r  per  unit internal  su r face .  

With this in mind,  we p roceed  as  follows. The internal  su r face  formed by m i c r o p o r e s ,  in pel le ts  
as well as in a powder bed, will be d is t r ibuted  over  cor responding  m a c r o p o r e  volumes.  On such a bas i s ,  
the equi l ibr ium equation is now 

Dp,~, ( O"-c 2 5c )  ,, ~ + 9pkO c = O. (7) 
Oa ~ a Oa , 
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Fig. 2. Glass- type heat-conduction meter :  1) measur ing  chamber;  2) 
tungsten feeder  wire;  3) hea te r  wire; 4 )g l a s s  bead; 5) spacer ;  6) cool-  
ing coil; 7) evacuated glass tube; 8) gas inlet; 9) outlet. 

Fig. 3. Reac to r  with s t i r r e r :  1) cooling jacket;  2) basket  of copper -  
wire  mesh; 3) iron rods .  

The diffus ivity Dpm here is calculated according to Eq. (1) for the pa ra l l e l -po res  model.  

Con t r a ry  to e a r l i e r  derivat ions which have led to Eq. (5), not the "diffusion" t e r m  is co r r ec t ed  here  
by introducing the s inuosi ty  factor  and thus the effective diffusivity but, instead,  the "source"  t e rm.  As 
a resu l t ,  the react ion ra te  constant is r e f e r r e d  to the f ree  volume of macropores  ra the r  than to the ca ta-  
lys t  sur face .  The relat ion for k~' is then 

0 

s  v~ (s) 

In Eq. (7) V a denotes the volume of macropores  in pel le ts ,  while Va~ ha (8) denotes the volume of m a c r o -  
pores  in powder.  All this applies a lso to the respec t ive  internal  sur faces  Sg and S~. The volume of 
mac ropore s  in a powder mass  Va ~ is found in the course  of conventional poros i ty  measurements  by the 
m e r c u r y - p o r o m e t e r  method. 

According to (7), the Tiehle modulus can be defined as 

' x 1/2 

h = ~ \  L'~,,~zv,z / 
(9) 

This express ion ,  in turn,  together  with (1) and (5) yields for  the s inuosi ty factor  

0 
2 v~Sg ( 1 O) 

v ~S~ 
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Fig. 4. Size distribution of pores :  I) m i e r o p o r e r a n g e ;  II) m a c r o -  
pore range; 1, 2, 3) pellets; r ,  A. 

This expression indicates that any difference in internal surface  between powder and pellets is compensated 
by the cor responding  rat io  of macropore  volumes.  

UnI ike in the ear l ie r  method based on the Sa t t e r f i e ld -Cad ley  model, here the sinuos ity fac tor  can 
be determined from the s t ruc tura l  pa rame te r s  of the catalyst .  

Insofar  as it is evident now that the lower efficiency of catalyst  pellets produced under higher mold-  
ing p r e s s u r e  is essent ia l ly  due to a reduced volume of macropores ,  we are  calling the model based on 
Eqs.  (9) and (10) the "mac ropo re s "  model. 

As the control  react ion for the study of the diffusion model we used the conversion of parahydrogen.  
Such a react ion seemed par t i cu la r ly  suitable for this purpose,  because:  1) the reactant  and the product  
a re  chemical ly  identical; 2) no side react ions  occur;  3) the equation for the react ion rate  is simple; 4) the 
kinetics of this p rocess  a re  simple; and 5) the change in enthalpy at the accommodat ion tempera ture  is 
minimal.  

Apparatus and Catalyst .  For determining the react ion rate constant we used the following apparatus 
schemat ica l ly  shown in Fig. 1. Normal  hydrogen for the measurements  was purified in a s i l v e r - p a l l a d i u m  
diaphragm cell and converted to 50% parahydrogen in conver ter  No. I .  The nickel oxide catalyst  for the 
conversion process  was immersed  in this conver te r  and cooled down to -196~C with liquid nitrogen. The 
parahydrogen was completely  inverted to s tandard gas in conver ter  No. 2, for the determination of the vol- 
ume reaction in the reac to r .  Here we used platinum as the catalyst .  The p res su re  was set to various 
levels by means of a needle valve. 

The hydrogen mixture was analyzed with a heat-conduction meter  (Fig. 2) which had been special ly 
designed and installed for this purpose,  because other available gas analyzers  were not sensitive enough. 

The heater  wire was a spiral  fi lament from an incandescent lamp, with a res is tance  of 35 ~2. This 
fi lament and the leads were made of tungsten. 

In order  to reduce the fluctuations in p r e s su re  and drag which could occur during measurements  
of the liquid level in the cooling tank, the top par ts  of the instrument were ei ther  evacuated or  protected 
with a glass  "jacket" which had also been evacuated. 

For  the r eac to r  we used a catalyt ic  reac to r  with a s t i r r e r  (Fig. 3) s imi lar  in construct ion to the 
r eac to r  descr ibed in [25, 26]. Its capaci ty  was 225 cm 3. The catalyst  was placed in a basket made of a 
copper -wi re  mesh. For  replacing the test  specimens ,  the s t i r r e r  shaft could be taken out of the reactor  
and its upper two blades could be removed.  The r eac to r  was placed in an a i r  thermosta t ,  the lat ter  heated 
with various incandescent lamps.  

The tempera tu re  was measured  with a c o p p e r - c o n s t a n t a n  thermocouple which, without a protective 
sheath, had been mounted at the cata lyst  level. The maximum fluctuation did not exceed +0.2~ throughout 
the test ,  

The cata lyst  for the conversion of parahydrogen was a mixture of a luminum-s i l i con  oxide and nickel 
oxide, as the active component,  with an admixture of 2.5~/0 graphite as binder. The s t ructura l  c h a r a c t e r -  
ist ics of the cata lyst  powder were:  internal sur face  225 • 10 m2/g, volume of micropores  0.400 �9 0.020 
cm~/g, volume of mae ropo re s  in the loose powder bed 0.710 • 0.020 em3/g, t rue density 2.52 ~ 0.06 g / c m  3, 
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TABLE 1. Structural Characterist ics  of Catalyst Pellets 

Characteristics 

Molding pressure, tons/em 2 
Diameter era_ 
Density, g/em ~ 
Internal surface, m2/g 
Volume of maeropores, emS/g 
Volume of mieropores, em3/g 
Maeroporosity 
Microporosity 

g 

Most frequent radius of macropores, A 

Grade of pellets 

1 2 3 

1.72 
0.495 
1.085 
225 

0,184 
0.400 
0.200 
0.435 

2800 

2A5 
0.49 
1.t94 
225 

0.136 
0.400 
0.162 
0.478 

i900 

3.!8 
0.49 
1.255 
225 

0.104 
0.364 
0.131 
0.457 

I500 

TABLE 2. Reaction Rate Constant Determined Experimental ly,  10 ~ 
e m / s e e  

Pressure,ITe mper - 
tort lature, * K 

[ i 

760 

355 

120 

393,2 
378,6 
364,5 
348,6 
333,5 
378.6 
364,5 
348,6 
333,5 
364,5 
348,6 
333,5 

Powder 

16,60 7,1 
12,90 6,5 
9,40 8,3 
6.45 8,1 
4,55 8,0 

!5.90 6,7 
11,60 7,7 
8.25 8,9 
5,45 9,0 

16,35 5,2 
11,80 7,7 
7,65 9,8 

Grade ] Grade 2 

ko :f:% 

5,65 3,0 
4,68 3,0 
3,92 4,5 
3.02 5,5 
2,43 10,1 
6.66 -I, 0 
5.28 5,0 
4,21 6,5 
3.30 10,0 
7,90 5,0 
6,19 6,5 
4,92 10,2 

Grade 3 

3.90 7,2 
3.21 8,0 
2,58 9,2 
1,99 ~0,6 
1,52 [2,8 
3,98 6,4 
3,18 5,1 
2,63 6,2 
1,91 5,6 
4,45 8,5 
3A5 10,4 
2,61 10,3 

2,76 
2,27 
1.81 
1,39 
1,09 

3.11 
2,46 
1.91 
1.45 

3,32 
2,65 
2,02 

10,3 
9,7 
9.7 
9.6 
8.8 

12,5 
13.2 
11,9 
12,1 
i3,3 
12.2 
13,2 

o o 

the  m o s t  f r equen t  r a d i u s  of m i c r o p o r e s  16.5 A ,  the  m o s t  f r e q u e n t  r a d i u s  of m a c r o p o r e s  13,000 A; the  
s t r u c t u r a l  c h a r a c t e r i s t i c s  of c a t a l y s t  p e l l e t s  w e r e  a s  l i s t e d  in T a b l e  1. 

The  s i z e  d i s t r i b u t i o n s  of p o r e s  have  been  p lo t t e d  in F ig .  4 f r o m  m e a s u r e m e n t s  by  the B E T  m e t h o d ,  
and  f r o m  p o r o m e t r i c  t e s t s  fo r  m a c r o p o r e s  in the  s i z e  r a n g e  f r o m  100 .~ up. In F ig .  4 is a l so  shown the 
s i z e  d i s t r i b u t i o n  of m a c r o p o r e s  in a l o o s e  p o w d e r  b e d  of  p a r t i c l e s  s m a l l e r  than 80 ~,  The  c u r v e s  h e r e  
i nd i ca t e  c l e a r l y  how the  p e a k s  d e c r e a s e  as  the  m o l d i n g  p r e s s u r e  is  r a i s e d ,  i . e . ,  how the v o l u m e  of m a c r o -  
p o r e s  and t h e i r  e f f ec t i ve  r a d i u s  d e c r e a s e  under  h ighe r  m o l d i n g  p r e s s u r e .  

K ine t i c  M e a s u r e m e n t s .  In the  a p p a r a t u s  for  the c o n v e r s i o n  of  p a r a h y d r o g e n  we d e t e r m i n e d  the 
c o n v e r s i o n  l e v e l ,  a s  a funct ion of the  t e m p e r a t u r e  and the p r e s s u r e  a s  wel l  as  of the  p e r m e a b i l i t y  and the 
p e l l e t  d e n s i t y .  The t e m p e r a t u r e  was  v a r i e d  f r o m  60 to 120~C and the c o n s u m p t i o n  r a t e  was  v a r i e d  f r o m  
3.7 to 18.5 l i t e r s / h .  The  m e a s u r e m e n t s  w e r e  made  a t  t h r e e  p r e s s u r e  l e v e l s :  760, 350, and 120 t o r r .  
The  d e n s i t y  of the  t h r e e  g r a d e s  of p e l l e t s  was 1.086,  1 .195,  and  1.255 g / c m  ~, r e s p e c t i v e l y .  P o w d e r s  w e r e  
m e a s u r e d  wi th  p a r t i c l e s  s m a l l e r  than 100 # and s m a l l e r  than 80 p. 

T h e  p r o c e s s  r a t e  c o n s t a n t  was  d e t e r m i n e d  g r a p h i c a l l y  f r o m  the in i t i a l  r e a c t i o n  r a t e ,  by the method  
of p o w e r  s e r i e s .  F o r  th is  p u r p o s e ,  the  l o g a r i t h m  of the  r e a c t i o n  r a t e  was  p lo t t ed  v e r s u s  the  l o g a r i t h m  
of  the  u n c o n v e r t e d  r e m a i n d e r  m a s s .  The  s l o p e  of  the  r e s u l t i n g  s t r a i g h t  l i ne  d e t e r m i n e d  then the o r d e r  
of  the  r e a c t i o n ,  which in th is  c a s e  was  equal  to uni ty .  

The  e x p e r i m e n t  has  r e v e a l e d  tha t  the l a m i n a r  b o u n d a r y  l a y e r  has  no s i g n i f i c a n t  e f f ec t  on the r e s u l t s  
of k ine t i c  m e a s u r e m e n t s ;  owing to the high r a t e  of  h y d r o g e n  d i f fus ion ,  a s t i r r e r  b e c o m e s  p r a c t i c a l l y  un-  
n e c e s s a r y  h e r e .  

T h e  t e s t  v a l u e s  of  the  r e a c t i o n  r a t e  c o n s t a n t  a r e  shown in T a b l e  2. The  a p p a r e n t  a c t i v a t i o n  e n e r g y  
in the  p r o c e s s  was  c a l c u l a t e d  f r o m  the  k ine t i c  m e a s u r e m e n t s  and found to b e ,  on the a v e r a g e ,  3.9 kca l  
/ m o l e  for  c a t a l y s t  p e l l e t s  and  5.8 k c a l / m o l e  for  c a t a l y s t  p o w d e r .  

The  v a l u e s  of the s i n u o s i t y  f a c t o r  shown in T a b l e  3 w e r e  c a l c u l a t e d  on the b a s i s  of  the  S a t t e r f i e l d  
- C a d l e y  p a r a l l e l - p o r e s  m o d e l  (Tp) and a l s o  on the b a s i s  o f  o u r  p r o p o s e d  , ' m a c r o p o r e s "  m o d e l  (Tm). F o r  
the  c a l c u l a t i o n  of  Tp a c c o r d i n g  to Eq.  (6) we p e r f o r m e d  a p p r o p r i a t e  p e r m e a b i l i t y  m e a s u r e m e n t s  on t h r e e  
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T A B L E  3. Sinuos i ty  F a c t o r  B a s e d  on the  M a c r o p o r e s  Mode l  and  on 

P e r  meab[1 i ty M e a s u r e m e n t s  

I 0 t ] Difference, 
Grade ~ ~'~ i Sg Sg T.,~ Tp I% 

, ; ] 

�9 Powder 
t 
2 
3 

Powder i 
1 
o 1 

.t, 7, 8 

! 0,709 
i 
I 
J 

0,672 

0,184 
0,136 
0, I03 

0,302 
0,25:{ 
O, I ~;4 
O,Obl 
0,033 

Conversion of parahydrogen 

225 1.00  
} 225 1,96 

225 2,28 
205 I 2,50 

Decomposition of cumene 

280 / i ,00 
t 280 1,49 

280 i 1,63 
:, 280 1.9t 
{ 250 i 2,73 
J 175 i 3,56 

1,87 
2,00 
2,03 

i .80  
1 .!15 
2,80 
3,10 

4.6 
12,3 
183 

IOA 
2.1 
2.8 

12,9 

/ -  

/ /(./ 
, /  

#o 

o ,. f 

I - 2 

. t  if" �9 u- 'I 

,',5 

6,5 ~ 

I 

4,5 o 

_. 

1 
'k__,_ 

2 

3\ 
r 

o 2 4 $ 8 z 10 20 

Fig.  5 Fig.  6 

Fig.  5. S inuos i ty  f ac to r  +m as a function of  the molding  p r e s s u r e  
p. 1) C o n v e r s i o n  of  p a r a h y d r o g e n ;  2) decompos i t i on  of  cumene ,  

Fig.  6. Dif fus iv i ty  D e f  t (102 c m 2 / s e c )  as  a function of the m a c r o -  
p o r e s  r ange  (grade  1 pel le ts ) :  1) T = 60.3~ and p = 120 t o r r ;  2) 
60.3 and 120 [sic]; 3) 120.0 and 355. 

g r a d e s  of c a t a l y s t  pe l l e t s .  The  r e su l t i ng  values  of the s inuos i ty  f ac to r  w e r e  1.87, 2.00, and 2.03,  r e -  
spec t i ve ly  - in comple te  a g r e e m e n t  with the tes t  r e s u l t s  obta ined by  Graehev  [20], Ki r t l lov  [21], and 
S a t t e r f i e l d - C a d l e y  [23]. 

F o r  the ca lcu la t ions  of T m a c c o r d i n g  to Eq. (10) we used data  on the c a t a l y s t  s t r u c t u r e .  The d i s -  
c r e p a n c y  between Tp and Tm values was found to be within 4.6-18.8%. 

In o r d e r  to e s tab l i sh  the feas ib i l i ty  of  us ing the " m a c r o p o r e s "  model  for eva lua t ing  o ther  r eac t i ons  
as  well ,  we ana lyzed  the r e s u l t s  which Jus t  had obtained in his s tudy  of  c u m e n e  decompos i t i on  [27]. The 
data  shown in the l ower  pa r t  of Table  3 indicate  a c lose  a g r e e m e n t  between r p  and Tm values  for  this p r o -  
c e s s .  

The  s inuos i ty  fac to r  7 m in pe l l e t s ,  as  a function of  the molding p r e s s u r e ,  is shown in Fig.  5 for  
both r e a c t i o n s .  The l i n e a r i t y  of  this re la t ion  makes  it feas ib le  to s e t  up an equat ion for  ca lcu la t ing  the 
s i nuos i t y  f ac to r .  In o r d e r  to this ,  however ,  it is s t i l l  n e c e s s a r y  to s tudy  va r ious  o the r  types  of  c a t a l y s t s .  

Knowing the s i n u o s i t y  fac to r  of  p o r e s ,  one can ca lcu la te  the e f fec t ive  d i f fus iv i ty  a c c o r d i n g  to the 
S a t t e r f i e l d - C a d l e y  model  (Eq. (1)) and then,  on the bas i s  of the obtained va lues ,  evaluate  the r e s u l t s  of 
m e a s u r e m e n t s  pe r t a in ing  to the kinet ic  p a r a m e t e r s  of  a r eac t ion .  A c c o r d i n g  to the V a k a o - S m i t h  model 
o r  the C u n n i n g h a m - G e a n k o p l i s  model ,  the d i f fus iv i ty  depends on the n u m b e r  of  s i ze  r a n g e s  into which the 
m a c r o p o r e s  a r e  subc la s s i f i ed .  

In this s tudy  we a l s o  c o n s i d e r e d  the ef fec t  which such  a subdivis ion  of  the m a c r o p o r e s  s i ze  s p e c t r u m  
wil l  have on the r e s u l t i n g  values  of  d i f fus iv i ty .  F o r  this p u r p o s e ,  the m a c r o p o r e s  s i ze  s p e c t r u m  was s u b -  
divided s u c c e s s i v e l y  into two,  t h r e e ,  five, and m o r e  r a n g e s .  
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The resul ts  a r e  shown in Fig. 6. Already a subdivision into two ranges makes a la rge  difference,  as 
compared  with the original value, but fur ther  subdivisions make only small  further differences�9 

Compar ison  between Tested Values and Theoret ical  Values of Efficiency. The theoretical  efficiency 
was determined on the basis of the Vakao -Smi th  model, the C unningham-Geankopl is  model, and the 
Sa t t e r f i e ld -Cad ley  model. 

The t empera tu re  charac te r i s t i cs  of efficiency, both measured  and calculated according to the three 
diffusion models ,  a re  shown in Fig. 7. It is quite evident here  that the Vakao-Smi th  model [3] yields a fair 
agreement  with test  data. 
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As to the Cunningham-Geankopl is  model [19], it should be used only when the pores  size spec t rum 
is wide; otherwise ,  the unwieldy calculat ions he re  lose the i r  validity. 

The eff ic iency of the cumene decomposit ion reac t ion ,  based on tes t  as well as calculated according 
to the "ma c ropo re s "  model and the V a k a o - S m i t h  model,  is shown in Fig. 8. Both models yield a close 
agreement  with test  values.  The di f ferences  between tes t  values and those based on the "macropores"  
model a re  within 6.3-20.2%. 

The comparison between values based on the S a t t e r f i e l d - C a d l e y  model and on the nmacropores ,  
model,  respec t ive ly ,  indicates that the l a t t e r  model developed by us yields a much c lose r  agreement  with 
tes ts .  It must be considered ,  moreove r ,  that this model minimizes test ing t ime and labor:  it makes 
permeabUi tyanddi f fus ion  measurements  unnecessary .  
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L 
M 
N 
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P 
Pt, P2 
R 
Sg 
So ?g 
vo 

Vg(a) 

Pp 
Tp 
T m 

N O T A T I O N  

is the 
is the 
is the 
is the 
is the 
pores  
is the 
is the 
is the 
is the 
is the 

pore  radius ,  cm; 
par t ic le  radius ,  cm; 
molar  concentra t ion,  mole /cm3;  
effect ive diffusivity,  cm2/see;  
diffusivity r e f e r r e d  to the macropores  range (a,  n, j), to the m i c r o -  
range (i, ii), or  to the transi t ion range (ni), respec t ive ly ,  cm2/sec;  
normal  diffusivity, cm2/sec;  
diffusivity according to the pa ra l l e l -po res  model, cm2/see;  
c ro s s - s ec t i o n  a rea ,  cm2; 
Tiehle  modulus, cm2; 
ra te  constant of a f i r s t - o r d e r  react ion at ca ta lys t  pel le ts ,  c m / s e c ;  

is the ra te  constant of a f i r s t - o r d e r  react ion,  the diffusion effect  d i s regarded ,  
c m / s e c ;  
is the react ion ra te  constant,  e m 3 / g . s e c ;  
is the react ion ra te  constant defined according to Eq. (8), cm3/g . sec ;  

is the par t ic le  length, cm; 
is the molecular  weight; 
is the t r anspor t  ra te ,  cm3/sec;  
is the p r e s s u r e  di f ference (Pl, P2), t o r r ;  
is the mean p r e s s u r e  , t o r r ;  
a r e  the penetrat ion p r e s s u r e s ,  before and behind pel lets ,  respec t ive ly ,  t o r r ;  
~s the gas constant ,  t o r r .  cm3; 
LS the internal  sur face  of cata lys t  pel le ts ,  em2/g; 
~s the internal  sur face  of cata lys t  powder,  cm2/g; 
ts the absolute t empera tu re ,  ~ 
~s the volume of macropores  in cata lys t  pel le ts ,  cm3/g; 
~s the volume of macropores  in catalyst  powder,  em3/g; 
Ls the volume of pores  with any one radius a ,  cm3/g; 
,s the poros i ty ;  
,s the dynamic viscosi ty ,  t o r r .  sec; 
,s the pel le t  densi ty,  g /cm3;  
Ls the s inuosi ty  factor  according to the pa ra l l e l -po re s  model; 
,s the s inuosi ty factor  according to the "m ac ro p o re s "  model. 
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