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Nature of Catalytically Active Sites on
BF;-treated Alumina

Mitsuomi Iton* Kanjiro MaTtsuura*  Akira Suzukr®

Abstract

An account was given on the surface acidic properties of a series of BFs-treated alu-
mina ranging in precalcination temperature from 300° to 1000°C. It was found that alu-
mina dehydrated at around 400-500°C were converted by BF; adsorption to solid acids
with strong Bronsted sites indicative of the maximum total acidity for each acid strength.
Their catalytic acitivities in carbonium ion-type reactions did not correspond to the n-butyl-
amine acidities as a function of precalcination temperature.

The Lewis acidity of a series of BF;-alumina was measured by means of a spectro-
photometric study of chemisorbed triphenyl chloride and an ESR study of adsorbed perylene.
The influence of the preheating temperature on the Lewis acid composition in total acidity
was examined with respect to the reaction acitivity and selectivity for dehydration of
n-butyl alcohol, and isomerization of 1-butene. From a quantitative comparison of the two
types of acid sites with the selectivity in the above reactions, it was indicated that the
Lewis acidity observed by the former method provided a better coincidence with the reac-
tion profile.

It was concluded that the acid sites on the BFj-aluminas differ, depending on the
precalcination temperature of alumina. Whereas Bronsted sites exist mainly on the surface
of catalyst calcined at relatively low temperatures up to around 600°C, the Lewis acid
sites became of important portions in total acidity when preheated above 700°C. The
concentration of hydroxyl groups and the Lewis acid sites as aluminum ions partially
exposed at a few special sites in the surface were discussed as important factors con-

tributing to the existence of the two different types of acid sites.
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Table 1 Surface Properties of Aluminas

Calcination  Surf.® Pore?) Avg. Hydroxy'l")
temperature  area volume pore dia (g)}ff/tgr;(t X-ray diffraction pattern
$®) (m?/g) (ml/g) (A) 10-20)
A-130 bayerite, some boehmite
A-300 256 0.34 27 some eta
A-400 250 0.39 31 114 some eta
A-450 238 0.42 34 10.2 essentially eta
A-500 233 0.43 37 7 essentially eta
A-600 213 0.41 39 5.1 cta
A-700 183 5.8 eta, some theta
A-800 166 0.43 52 45 eta and theta
A-900 124 2.8 theta
A-1000 78 0.30 77 1.8 theta and alpha

a) by nitrogen adsorption
b) by a convenient method described by Benesi et al. (13)
¢) by a method using CoHsMgBr described by Sato et al. (14)
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Fig. 1. Differential Thermal Analysis of Bayerite
(Rate of heating; 10°C/min)
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Table 2 Surface Properties of BFj-treated Aluminas

p(;ceiézll)c,xsrlldctlg; Sdl;;i VEI(ZI r:;e pof}:z,gc‘lia Am]%%z;t ot co%leliflge (meq/g a? icriglli?ated pKa)
temperature adsorbed . e
¢C) (m¥g)  (mljg) (&) (mmolig) (%) 56 —30 415 433
BA-300 200 0.22 25 4.1 88 003 012 016 022
BA-400 192 0.23 22 32 71 019 023 028 0.30
BA-450 190 0.30 31 2.6 59 0.16 0.
BA-500 158 0.29 35 2.2 60 016 023 027 030
BA-600 134 0.29 43 21 67 0.06 0.19 0.24 0.27
BA-700 130
BA-800 119 0.25 41 1.9 68 002 007 013 013
BA-900 111

BA-1000 67 0.17 51 1.0 58 — — 003 0.03 .




32 fREEEE - MIIERES - K E 4

I8 2% 400 ~500°C T TR OME DR S bR LT D, DEBEROMEIC o TR L T <,
BF; O BB L KB T AN TH B 1o DB AREIARETH 5 L E2 Hh b, Topchiev 59
X B EBEI-HMATYTH D FEREEEEEINLVEETHD LI T D, EEHELIL—ED
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FLI eV VORMABIL A7 Faps BEE (1540 cm™Y) & L g (1450 em™Y) TR E7azEnE U
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(-2), 7437 OFERIRED FFCONRTBBEOLDIHEANE e d, ZoHEZD,

Table 3 Acidity of BFs-treated Aluminas

Surface acidity (meq/g)

Lewis acidity

Catabyst Total acidity® Adsorbed? Perylene® Baré)ig?tt;dm
Ph;CCl radicals

BA-300 0.16 0.005 0.30x10-3 0.155
BA-400 0.28 0.039 0.32 0.241
BA-500 0.27 0.028 3.90 0.242
BA-600 0.24 0.024 1.26 0.216
BA-700 0.20 0.013 0.52 0.187
BA-800 0.13 0.028 0.62 0.102
BA-900 0.020 0.96

BA-1000 0.03 0.010 0.42 0.020

a) acidity at pKa<+1.5, each catalyst was heated at 350°C after adsorption of BFj at
room temperature.

} a method described by Leftin and Hall (18)

¢) see literature cited (17)

d) the value estimated from the difference between total acidity and the amount of

adsorbed Ph;CClL

=
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Table 4 Activity for Various Model Reactions

- Toluene
Calgere | CUmORe crmcking OIS, disproportiona- UARYIEIE
at 350°C at 500°C at 200°C
(mol %) (mol %) (mol %) k(min-1.g-1)
BA-300 56.0 8.2 0.66 457
BA-400 77.3 154 1.35 7.13
BA-450 8.44
BA-500 74.3 134 1.29 6.54
BA-600 65.5 11.6 1.17 4.38
BA-700 76.1 5.38
BA-800 835 13.8 1.36 8.15
BA-900 3.92
BA-1000 73.2 74 0.94 2.04
A-600 — — — —
SA-600 85.8 9.8 1.85
ZnS-500 — — — —_
SPA-350 19.6

* A (Al;O3), SPA (solid phosphoric acid), SA (SiO;-AlLOj)
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Table 5 Activity and Selectivity in n-BuOH Dehydration and 1-Butene
Isomerization over Various Solid Acids

Catalyst® Dehydration of n-BuOH at 270°C Isomerization of l-butene at 30°C
and - 3 -
prebeating - cony, oneion ) csrans O produet g,
°C) (%) l-butene  2-butene (min~teg—Y (cis/trans) (kcal/mol)
BA-400 98.3 24.4 75.6 0.71 0.203 0.94
BA-500 98.1 26.2 73.8 0.79 0.175 0.85 6.0
BA-600 83.8 277 72.3 0.92 0.079 1.00
BA-700 81.0 25.7 74.3 0.93 0.089 1.70
BA-800 71.1 30.1 69.9 1.10 0.102 2.06 75
BA-900 56.3 373 62.7 1.27 0.083 1.30
SPA-350 92.0 18.2 81.8 0.79
SA-500 100 215 785 0.81 0.069 0.93
AB-700 100 21.7 78.3 0.85
A-500 89.8 72.3 2719 1.72 0.0630 5.40 16.8
BA-500-P 87.0 24.6 75.4 0.85
BA-900-P 40.1 15.6 84.4 0.98
BA-5009) 100 21.1 789 0.65
BA-900 100 20.7 79.3 0.92
A-600) 100 31.1 68.9 2.32

a) AB (Al;O3-B,03), BA-500-P (perylene-poisoned BA)
by Reaction at 130°C
¢} Dehydration of sec-butyl alcohol

;
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