
Catalysis Letters 13 (1992) 137-142 137 

The pore structure of chrominophosphate catalysts 
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A series of chrominophosphates (CrPs) with various P/Cr  ratios were prepared by the 
precipitation method. The pore structures of these catalysts were characterized by nitrogen 
adsorption and mercury-penetration porosimetry. The results indicated that the micro-pores 
with diameters less than 20 nm were due to the dehydration process and had a slit-shaped 
geometry. There were two types of large pores (meso- and macro-) with diameters greater 
than 20 nm. These pores had a cylindrical pore-shape. The meso-pores can be attributed to 
the packing of particles and the macro-pores are essentially due to the packing of the 
aggregates of the particles. 
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1. Introduction 

T h e  catalyt ic  p rope r t i e s  of  phospha tes ,  bo th  s to ich iomet r ic  and nons to ich io-  
metr ic ,  have excel lent ly  been  rev iewed by Mo f fa t  [1]. A l th o u g h  cons ide rab le  
work  has b e e n  done  on  mater ia ls  con ta in ing  phosphorus ,  especial ly on a lumina-  
a l uminum  p h o s p h a t e  [2-4],  re la t ively few repor t s  of  s tudies on the cat ion 
c h r o m i u m  in such  mater ia ls  have appea red .  

C h r o m i n o p h o s p h a t e s  (CrPs)  have porous  surface  character is t ics  and relat ively 
large sur face  areas  and po re  vo lumes  [5-12].  T h e y  have  b e e n  used  as solid acid 
catalysts  in m a n y  reac t ions  such as dehydra t ion ,  dehyd rogena t i on ,  hydrolysis,  
i somer iza t ion ,  alkylat ion,  and oxidat ion.  Howeve r ,  the  s tudy of  the p o re  struc- 
tu re  of  CrPs  has rece ived  little a t t en t ion  in the  o p en  l i te ra ture .  T h e  p re sen t  
invest igat ion was to s tudy the po re  size dis t r ibut ions  and po re  geomet r i e s  of  
CrPs.  
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2. Experimental 

A series of chrominophosphates with various P / C r  ratios were prepared by 
mixing aqueous solution of Cr(NO3)3.9H20 (Merck) and H3PO 4 (85 wt%, 
Merck) with aqueous ammonia as a neutralizing agent. Chromium nitrate and 
phosphoric acid were dissolved in a common solution which was added together 
with an aqueous ammonium hydroxide solution into a well-stirred container. 
The rate of addition of the two solutions was regulated to maintain a constant 
pH of 8.0 (___0.1). The precipitation was carried out at 298 K. After allowing the 
obtained gel to settle, it was filtered, washed, ground, oven dried at 373 K, and 
then calcined in air at 773 K for 16 h. 

The elemental analysis was carried out by inductively coupled plasma-atomic 
emission spectroscopy (ICP-AES). The results indicated that the P / C r  ratios of 
the precipitates were the same as those of the starting materials within the 
experimental error ( < 2%). 

The composition of the chrominophosphate catalyst is denoted throughout 
this paper by use of stoichiometric shorthand CrA.CrP, where A is the molar 
ratio of chromia to chrominum phosphate. For example, a sample with P / C r  = 
0.2 is chemically equivalent to a stoichiometry of 2Cr20>CrPO 4. It will be 
denoted as Cr2.CrP. 

The surface areas (SA) of these catalysts were measured by the B.E.T. 
method using a Micromeritics 2600. Pore size distributions of these catalysts 
were determined by the mercury-penetration measurement and the nitrogen 
adsorption method. The pore size distribution can be divided into two parts. 
The first part is the small pores (micropores) having diameters less than 20 nm 
and it was adopted from the nitrogen adsorption measurement results. The 
second one is the large pores (meso- and macropores) having diameters greater 
than 20 nm and it was adopted from the mercury-penetration results. 

3. Results and discussion 

Pore size distributions 
The pore size distributions of these catalysts are shown in figs. 1 and 2 in 

terms of dV/dDpo (the differential increase in pore volume with increase in 
pore diameter). Fig. 1 is the distribution of micro-pores of CrPs around a 
diameter of 4 nm for each CrP. There was a peak in the range of 7 and 15 nm. 
The value of the pore diameter, at which the peak is a maximum, increases as 
the A value increases. It is clearly shown that the pore volume of the small pore 
(<  20 nm) is decreased with increasing A values. The large pores of these 
samples as shown in fig. 2 are widely distributed around diameters of 102-103 
nm (mesopores) and 105 nm (macropores). The pore volumes of the large pores 
reach a maximum at A value of 2. 
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Fig. 1. Pore size distribution of small pores of chrominophosphates. (The A value is the molar 
ratio of Cr203 to CrPO4.) 

The geornetly o f  the pores 
The characteristics length is defined as the pore width for a slit-shaped pore 

and pore diameter  for a cylindrical one. The characteristic length L of a slit 
with width X, length Y and depth Z is: 

L = 2 X Y Z / 2 Y Z  = 2 V / S A  (1) 

where V is pore volume and SA is surface area. The characteristic length of a 
cylindrical pore can also be calculated from its pore volume and its surface area 
as: 

L = 4 v i s A .  (2) 

Thus one can distinguish pore shapes by these two equations. We can 
conclude that the voids of particles and aggregates are cylindrical-shaped pores 
because of the corresponding results from nitrogen adsorption and mercury- 
penetrat ion measurements .  This cylindrical idealization is widely used in many 
materials of large pores forming by the packing of particles [14]. 
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Fig. 2. Pore size distribution of large pores of chrominophosphates. (The A value is the molar 

ratio of Cr203 to CrPQ.) 

In order  to calculate the characteristic length of the small pores and verify 
their geometry, we need to find the correlation be tween pore volume, surface 
area and characteristic length. 

The experimental pore  size of small pores from nitrogen adsorption were 
listed in table 1. Calculation of the surface area of small pores is more 
complicated and the procedure  of the calculation is as follows. From the pore 
volume data of mercury penetration, we could calculate the surface area for 
each pore diameter  (4V/Dpo = SA) because mercury penetrat ion measurement  
is based on the assumption of  a cylindrical pore  model. In this way, we can 
obtain the surface area of large pores by summation of surface area at large 
pore diameter  (~SAtarg e pores)" Substracting the surface are calculated above from 
the total surface area data of BET (SABE. r --Z~rge pores), one can obtain the 
surface area of the small pores. It should be noted that the BET surface area 
measurement  is only based on the assumption of multilayer adsorption, never 



Y..-W. Chen, Y.-C Kuo / Pore Structure of CrP 

Table 1 
Comparison of measured and calculated average pore diameters of micropores 
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P /Cr  A value a surface pore size L error 
ratio area (m2/g) (nm) b (nm) c (%) 

1 0 34.8 4.7 5.0 6.4 
0.33 1 39.7 7.2 6.8 5.6 
0.20 2 36.2 10.3 9.6 6.8 
0.10 4.5 25.3 11.0 10.8 1.8 
0.05 9.5 14.2 11.2 10.8 3.6 
0 oo 10.1 12.1 12.7 5.0 

A value is the molar ratio of Cr203 to CrPO 4. 
b Experimental pore size fiom nitrogen adsorption measurement. 
c Characteristic length of the slit calculated from 2V/SA. 

dea ls  wi th  any  a s s u m p t i o n  of  p o r e  g e o m e t r y .  T h e s e  ca lcu la ted  su r face  a reas  for  

smal l  p o r e s  a re  l is ted in the  th i rd  c o l u m n  of  tab le  1. F r o m  these  data ,  the  

g e o m e t r y  o f  the  smal l  p o r e  can  be  d e t e r m i n e d  f r o m  the  above  cr i te r ia  (eqs. (1) 

and  (2)]. T h e  resu l t s  s howed  tha t  the  smal l  po re s  are  s l i t - shape  and  have  a 

cha r ac t e r i s t i c  l eng th  of  2 V / S A  with in  7 %  er ror .  

I t  has  b e e n  r e p o r t e d  t ha t  the  small  po re s  of  a l u m i n a - a l u m i n u m  p h o s p h a t e s  

and  a l u m i n a  are  s l i t - shaped  f rom the  d e h y d r a t i o n  of  w a t e r  in the  layer  s t ruc-  

t u re s  of  h y d r a t e s  [15-17] .  T h e  f r ee  m o i s t u r e  c o n t a i n e d  in the  doughs  of  the  

p r e c i p i t a t e s  was  d e h y d r a t e d  and  the  slit p o r e  was  fo rmed .  
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