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Effect of grain size on the synthesis of active alumina 
from gibbsite by flash calcination and rehydration 
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Two series of alumina have been prepared by flash calcination (FCAL) and subsequent 
rehydration of"coarse" ( > 50 ~tm) and "fine" grain size gibbsite (< 50 ~tm). The initial grain 
size of the gibbsite was found to determine the degree of amorphization, water content, rehy- 
dration ability, composition and pore structure of FCAL products. Active alumina materials 
having pore structure parameters similar to those of commercial alumina adsorbents and cata- 
lyst supports were obtained by FCAL and subsequent rehydration of fine grain size gibbsite. 
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1. Introduction 

Gibbsite, prepared as an intermediate by the Bayer process [1], provides a low 
cost route to activated aluminum oxide (AAO) for use as an adsorbent and catalyst 
support in petrochemistry. At present only a few methods for AAO preparation 
from gibbsite are known. These include dissolution followed by precipitation [2,3]; 
mechanical activation [4,5]; long-time vacuum calcination [6,7]; and short-time 
(flash) calcination at atmospheric pressure (FCAL) followed by rehydration 
[8-10]. The disadvantages of the first three methods are the large amount of energy 
and the expensive equipment required, the long activation time, and the discontinu- 
ous nature of the process. At present the FCAL/rehydration method is considered 
as a promising, low-cost and efficient method for AAO preparation. The initial 
grain size of gibbsite may affect the efficiency of the FCAL process, i.e. the mor- 
phology, rehydration ability, composition, and pore structure of the product. How- 
ever, the importance of grain size effects is not well investigated. The aim of the 
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present work is to examine the effect of the initial grain size of gibbsite on AAO 
preparation by flash calcination and subsequent rehydration. 

2. Experimental 

A course grain gibbsite from Tuzla, Yugoslavia (designated as CG) having 84% 
of the particle sizes larger than 50 ~tm and a synthetic fine grain gibbsite (desig- 
nated as FG) having 88% of the particles smaller than 50 ~tm were selected for 
study. Both samples were subjected to FCAL by pneumatic transport in a vertical 
tubular oven. The gibbsite mass flow was kept at 1 kg/h by a computer controlled 
dosing device. Dry air with a velocity of 2700 s was used as a transport fluid to 
ensure particle residence time in the heating zone at 550~ below 1 s. 

The FCAL samples were rehydrated at 100~ at a solid : liquid ratio (w/w) of 
1 : 10. The rehydration step was carried out at both pH 1.5; and at pH 9.0 [11 ]. 

Powder X-ray diffraction patterns were obtained on a TUR M61 diffractometer 
(Germany) using Ni filtered Cu Kt~ radiation. Scanning electron micrographs 
were taken on a PEM-100 Y instrument (USSR). DTG analysis curves were 
recorded on a MOM Derivatograph (Hungary). The particle size distributions 
were measured on a Fritsch GmbH sedimentiograph model Analisette 20 using 
benzene as the dispersing medium. 

The specific surface area of the initial gibbsite samples was determined on a 
instrument designed for low surface area measurements [12]. The full nitrogen 
adsorption isotherms were measured on a static high vacuum volumetric BET 
apparatus at -195~ The specific surface areas (asBET) and pore volumes (Vp) 
were determined according to IUPAC recommendations [13]. The prevailing pore 
sizes (dp,max) were obtained from the pore size distribution curves, calculated by the 
method of Innes [14] using the desorption branch of the isotherms. 

3. Results and discussion 

The XRD pattern of the FG-FCAL product is quite different from the initial 
gibbsite (Gb). As shown by the patterns in figs. la and lb the material almost com- 
pletely transforms to the X-ray amorphous state. In contrast the CG-FCAL sam- 
ple exhibited little structural changes, as indicated by comparing figs. le and ld. 
The appearance of the small amount of boehmite (B6) indicates that the dehydra- 
tion rate for the course grain material is very low. 

The primary particle size of the initial gibbsite, as determined from XRD line 
width remains unchanged upon FCAL (71.4 and 96.0 nm for FG and CG). How- 
ever, the secondary particle size decreases (table 1). The scanning electron micro- 
graphs presented in fig. 2 support this conclusion. The FG gibbsite (fig. 2a) consists 
of aggregates of plate-like crystals, which upon FCAL decompose to the smaller 
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Fig. 1. X- ray  d i f f rac tograms of  samples of  (a) init ial  FG,  (b) F G - F C A L ,  (c) init ial  C G  and  (d) 
C G - F C A L .  

particles of sizes 10-30 gm (fig. 2b). In contrast, the CG sample is well crystal- 
lized, constituting of monolithic blocks of different sizes and shapes (fig. 2c). An 
interesting textural change has been observed for the CG-FCAL sample (fig. 2d). 
In this case FCAL does not lead to visible decomposition of the initial crystal 

Table  1 
Par t ic le  size d i s t r ibu t ions  and  pore  s t ructure  pa ramete r s  of  the  initial,  FCAL,  

c ined F G  and  C G  samples  

r ehydra ted  and  cal- 

Sample  Par t ic le  f rac t ion  (wt%) a~SET 

10-20 pm 30-50 gtn 50-70 ~tm 70-90 gm (m2/g)  

VP dp~max 

(cm 3 / g) (nm) 

F G  21 67 12 - 1.7 - - 
F C A L  60 40 - - 148 0.09 2.5 
r ehydra t ed  a 12 88 - - 182 0.19 2.3 
calcined a . . . .  258 0.31 2.9 
r ehydra t ed  b 14 86 - - 250 0.28 2.3 
calcined b . . . .  270 0.38 3.0 

C G  3 13 42 42 0.1 - - 
F C A L  6 34 32 28 52 0.05 2.4 
r ehydra t ed  a 3 33 37 27 88 0.08 2.5 
calc ined ~ . . . .  98 0.11 2.3 
r ehydra t ed  b 4 34 37 25 93 0.08 2.2 
calc ined b . . . .  95 0.10 2.3 

a R e h y d r a t i o n  condi t ion:  p H  9.0. 
b R e h y d r a t i o n  condi t ion:  p H  1.5. 
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blocks, but only to the appearance of parallel cracks on their surface due to partial 
loss of interlayer water. 

In concordance with the above XRD and SEM results are the DTG data pre- 
sented in fig. 3. DTG curves of the initial samples of gibbsite (curves a and c) are 
similar. The first effect at 240~ is attributed to partial dehydration to B6. The 
most intensive peak at 310~ is probably due to the slow dehydration of the main 
amount of gibbsite to z-A1203, whereas the less pronounced peak at 540~ corre- 
sponds to the dehydration of B6 to y-A1203 [10]. For the DTG curve of the FG- 
FCAL sample (curve b), however, only one low intensity peak appears at 285~ In 
contrast, the gibbsite dehydration trend is retained for the CG-FCAL sample 
(curve d). TG curves for the FCAL samples show that for FG approximately 30% 
of the structural water is depleted from the structure, while for the CG sample it is 
only around 9%. Thus, in the case of the FG-FCAL sample, a metastable and 
X-ray amorphous product is obtained with a stoichiometry close to that of A1203, 
while for CG-FCAL a stoichiometry similar to the initial trihydrate is retained. 

On the basis of the above analysis, we can outline the principal differences in 
the behavior of the "fine" and "coarse" particles in the heating zone and suggest a 
mechanism (fig. 4). For the FG particles, the residence time in the heating zone 
and the heating rate are sufficient to achieve uniform temperature over the entire 
particle volume. Thus, as illustrated in fig. 4a, the water vapor diffusion takes place 
between the layers of the gibbsite crystal. The rate of migration of the water mole- 
cules toward the particle surface (direction c) is smaller than the rate of water 
vapor pressure increase. Consequently, the internal vapor pressure reaches a criti- 
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Fig. 3. D T G  curves of samples of(a) initial FG,  (b) FG-FCAL,  (c) initial CG and (d) CG-FCAL.  
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Fig. 4. Schematic representation of FCAL process of (a) FG particle, and (b) CG particle. 

cal value, sufficient to fracture the particles in direction d, perpendicular to the 
layer plane, and a chaotic rearrangement of the product (fig. 2b) with an X-ray 
amorphous structure is observed. 

In contrast, the CG particles experience a significant temperature gradient 
resulting in the establishment of an internal zone (fig. 4b). The temperature in this 
zone, denoted as T, is much lower than that of the surrounding area and the inter- 
nal water vapor pressure cannot achieve a critical value. This leads to partial dehy- 
dration and particle fracture only at sites close to the external surface area. The 
large portion of the internal particle volume, however, is locked in the T-zone, 
where the initial gibbsite structure is retained. As a result, hydrothermal conditions 
are created at the border of the T-zone leading to the formation of some B6-phase. 

On the basis of the above we can anticipate important differences in the reactiv- 
ity (rehydration ability) of the FG- and CG-FCAL samples. This can be illustrated 
by comparing X-ray diffractograms of the rehydrated products presented in 
fig. 5. Upon rehydration of the X-ray amorphous FG-FCAL sample at pH 9 and at 
pH 1.5, well-defined peaks appear that are characteristic for bayerite (Ba) and 
boehmite (B6), respectively (curves a and b). "i L~ese results are in agreement with 
the literature data [11]. However, the rehydration of the CG-FCAL sample (curves 
c and d) does not result in formation ofBa of B6 phases. The X-ray diffractograms 
are similar to those of the initial gibbsite, except for the appearance of small 
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Fig. 5. X-ray diffractograms of FG-FCAL sample rehydrated at (a) pH 9.0, (b) pH 1.5 and 
CG-FCAL sample rehydrated at (c) pH 9.0 and (d) pH 1.5. 

amount of the B8 at pH 9 (curve c). Thus, it is obvious that the rehydration of the 
FCAL samples strongly depends on the initial gibbsite grain size. 

The DTG curves of the rehydrated samples in fig. 6 further illustrate the impor- 
tance of grain size. Curve a for the rehydrated FG-FCAL sample at pH 9.0 shows 
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Fig. 6. DTG curves of FG-FCAL sample rehydrated at (a) pH 9.0, (b) pH 1.5 and CG-FCAL sample 
rehydrated at (e) pH 9.0 and (d) pH 1.5. 
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dehydration behavior typical of Ba, while curve b for rehydration at pH 1.5 is typi- 
cal for B6 [15]. The TG curves of the above samples show 27% water loss for the 
sample rehydrated at pH 9.0, and around 17% for the sample rehydrated at pH 1.5. 
The water loss is somewhat lower than expected for pure Ba (35%), due to the simul- 
taneous existence of some B6 phase. In contrast, the analogous rehydration condi- 
tions when applied to the CG-FCAL sample, afford DTG curves similar to those 
for the initial gibbsite (figs. 3c and 3d). 

Nitrogen adsorption isotherms for the FCAL, rehydrated and outgassed at 
550~ samples are given in fig. 7. Pore structure parameters are presented in table 
1. Both initial gibbsite samples, FG and CG are characterized by very low specific 
surface area ( < 2 m 2 / g). The isotherms for the FG- and CG-FCAL samples (curves 
a and a') exhibit weakly expressed type H4 hysteresis loops [13], due to the forma- 
tion of some slit-shaped mesopores upon FCAL. In addition, the specific surface 
area increase up to two orders of magnitude, and the appearance of mesopores 
(dp,max) confirm the formation of a mesoporous structure, which is not present for 
the initial samples. Remarkable differences appear in the course of the adsorption 
isotherms of FCAL and rehydrated samples. This is most pronounced for the FG 
sample as evidenced by the gradual transition of the type of hysteresis loops from 
H4 (curve a) to H3 (curve c) and to hybrid H l-H3 type (curve b). The above trend is 
accompanied by a significant increase of the particle size, asBET and lip. This 
implies that the pore structure parameters of the rehydrated FG-FCAL gibbsite 
can be varied by controlling the pH. As expected for the CG-FCAL sample, the 
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Fig. 7. Nitrogen adsorption isotherms of FG samples (a-e) and CG samples (a'-e'). Samples were 
treated as follows: (a and a') FCAL; (b and b ~) rehydrated at pH 1.5; (c and c') rehydrated at pH 9.0; 

l ! I (d and d') the same as (b and b ) plus calcination; (e and e ) the same as (c and c ) plus calcination. 
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course of the adsorption isotherms, the type of the hysteresis loops, the particle 
size, asaET and Vp is unaffected by rehydration pH (curves a t, b t, if, and table 1). 

The calcination of the rehydrated samples at 550~ results in the shift of the hys- 
teresis loop toward higher a and Pi/Po values (curves d, e and d', e') and a corre- 
sponding increase of the asBET, Vp and dp,max due to the oxide formation. Again, 
essential differences in the pore structure appear depending on the initial grain size. 
For the FG-FCAL sample, rehydrated at both pH values, AAO is obtained as char- 
acterized by predominantly H1 type of hysteresis loops (cylindrical mesoporos- 
ity), high asBET, Vp and dp,max. For the CG-FCAL sample, however, the hysteresis 
loops are much less pronounced and still of predominantly H3 type with little or no 
increase in the pore structure parameters. Therefore, the activation products of 
the CG cannot be called"active" or AAO. 

In conclusion, the porous characteristics of the prepared alumina strongly 
depend on the initial grain size of the gibbsite and to a lower extent on the rehydra- 
tion conditions chosen. Also, it should be mentioned that AAO obtained by 
FCAL of fine grain size gibbsite (< 50 ~tm), possess pore structure parameters simi- 
lar to those of the commercial precipitated alumina adsorbents and catalysts. This 
leads us to believe that AAO, prepared from fine grain size gibbsite by flash calcina- 
tion and purposeful rehydration can be used successfully as an adsorbent and cata- 
lyst support for petroleum industry. 
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