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Two kinds of boron phosphate manufacture, which give high acidity catalysts 
are described. One is based on an excess of H,PO, in the starting mixture of HIBO, 
and H,PO,, the other is based on reacting equimolar amounts of the acids in a 
boiling organic medium. The catalysts, so obtained, were tested in the gas-phase 
hydration if ethylene. 

. 

As reported in literature, boron phosphate 
presents a remarkable catalytic activity 
for a number of reactions. It has been em- 
ployed as catalyst in dehydration (l-10), 
hydration (11-18) ) polymerization (19-21)) 
hydrocarbon conversion (22, 23) and desul- 
phurization (24), methylation (25)) isom- 
crization (2628), nitration (29)) pyrol- 
ysis (SO), organic acids synthesis (Sf), 
amination (32, 33), amides (S4), and ni- 
triles (35-38) manufacture reactions. 

Physicochemical properties of boron 
phosphate, related to its catalytic activity, 
have been investigated by Freidlin et al. 
(9)) MO&t and Goltz (39), Giorgini and 
Lucchesi (14 1. 

Recent studies in our laboratory were 
carried out, on the application of boron 
phosphate in the catalysis field. Investiga- 
tions were directed to improve either its ac- 
tivity (14) or its manufacture technology 
(40. 41). The present. paper reviews results 
which appeared relevant to this aim. 

CATALYST MANUFACTGRE 

=Is regards the reactants, boron phos- 
phate has been prepared from: H,BO, and 
H,PO, (4%‘. 431, B,O, and POC13, BCl, and 
P?O, (441, H,BO,F, and PCl,, PBr, or PZ03 
(45)) P,O, and molten B,O, (46)) BCI, and 
(EtO) :>PO (47)) BP and O? (48-50‘1. Lately, 
methods of preparation have been advaced 
which give cat,alpst,s wit.h high surfarc area 

(by heating a trialkylborate with HaPOd) 
(51) and catalysts with high acidity (by 
exposing boron phosphate to H,PO, solu- 
tions) (52). 

Our studies have been limited to the 
manufacture of boron phosphate from 
H,BO, and H,PO,, which reactants were 
selected from an economical standpoint. 
Two kinds of boron phosphate, which we 
denote by BPO, (a) and BPO, (b) , were 
prepared. 

BPO,( a), Acidity of catalyst was im- 
proved by start’ing with H,BO, < 230 mesh 
and excess of 85% H,PO,, mixing the re- 
actants and keeping the mixture at 100°C 
up to practically constant weight. The ob- 
tained solid was crushed and successively 
calcined. 

BPO, (b ). Spherical particles of boron 
phosphate have been made by moulding 
short cylinders of HnBO, and H,PO, mix- 
ture into spheres between two plane sur- 
faces, between which there is a relative 
motion (53). An alternative method of 
granulating, which shuts out the treatment 
of crushing and the above mechanical proc- 
essing, was advanced by us. Quasi-spherical 
particles of boron phosphate were obtained 
by t,he following procedure. iz flask fitted 
with stirrer, reflux condenser with water 
separator, and H,PO, feed funnel was em- 
ployed. Finely ground orthoboric acid was 
suspended in xylene and the heating st.artcd. 
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FIG. 1. Weight of mean diameter of BPO,(b) 
granules vs. H,PO, weight concentration. 

At the boiling point of the organic medium, 
the H,PO, was added at a controlled rate. 
The water from reaction is eliminated by 
azeotropic distillation with xylene, which 
reflows to the flask after water separation. 
If the addition of H,PO, is delayed, dehy- 
dration of orthoboric to metaboric acid 
occurs (54,55) [dehydrat’ion to boron oxide 
can be achieved by higher boiling point 
organic media (56) 1, so that the B,O, con- 
tent of the boric compound may be con- 
trolled. The size of BPO, granules, which is 
given as weight of mean diameter, depends 
on either reactants propert,ies, as H,PO, 
concentration and B,O, content of boric 
compound, or processing conditions, as 
H,PO, addition rate. Figures l-3 show ex- 
periments which were performed in a 3-liter 
flask with H,BO, < 230 mesh and equi- 
molar amounts of reactant,s corresponding 
to 0.73 moles of boron phosphate. The ob- 
served behavior may be interpreted by pic- 
turing the reaction occurring when a drop 
of H,PO, strikes against a particle of boric 
acid. In the first steps of reaction, the prod- 
uct is less viscous, the lower the H3P04 
concent,ration or B,O, content of boric com- 
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FIG. 2. Weight of mean diameter of BPO,(b) 
granules vs. B,O, weight content of boric 
compound. 

FIG. 3. Weight of mean diameter of BPO,(b) 
gra,nules vs. H,PO, addition rate. 

pound. It follows, as an effect of agitation, 
a smaller size of the final granules of boron 
phosphate. Of course, a less initial viscous 
product is also obtained with an higher 
H,PO, addition rate. 

CATALYTIC ACTIVITY 

The two kinds of boron phosphate above 
described were employed as catalyst in the 
gas-phase hydration of ethylene. The cat- 
alytic activity was related to the amount 
of acid sites of catalyst. 

The acidity of BPO,(a) was measured 
by titrating the solid in anhydrous benzene 
with 0.1 X n-butylamine in the presence of 
Hammctt indicators (57, 58). The indica- 
tors used: phenylazonaphthylamine (pK, = 
+4 to -3)) dicinnamalacetone (pK, = 
-3 to -5.6), benzalacetophenone (pK, = 
-5.6 to -8.2) and anthraquinone (pK, < 
--8.2) point out the different acid strength 
of the acid sites. No acid sites with pK,, < 
-8.2 have been revealed. The strong 
(pK,, = -5.6 to -8.2) and intermediate 
(pK, = -3 to -5.6) acidity has been 
measured by the change of color of solid 
after 5 hr, the weak one (pK,, = +4 to -3) 
after 20 hr. For BPO,(b), which is a little 
dark for the presence of organic residual 
products, the above method was extended 
by mixing the samples with BPO, (a) of 
known acidity (59). The acidity of the cat- 
alysts with sizes in the range 1.2 to 1.5 mm 
and calcined 4 hr at 3OO”C, is illustrated in 
Table 1. The weak, intermediate, and 
strong acidity of BPO, (a) increases with 
the P,O,/B,O, molar ratio in the starting 
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TABLE 1 
ACIDITY OF BORON PHOSPHATE 

Acidity BrtNH, (mmoles/g of cat) 

Phenylazo- Dicinnamal- Benzalaceto- 
naphthylamine aretone phenone 

Catalyst ph’, = +4 to -3 pK, = -3 t,o -5.6 pK,, = -5.6 to -8.2 l’otal 

BPO?(a) 
P&,/B&, = 1 .O 0.03 0.15 0.12 0.30 

1.1 0.67 O.Yi 0.29 1.93 
1 :2 1.10 1.4i 0 83 3.40 
1 .:; 1.62 1.7’7 1.06 4.45 
I .?I 1 .65 2.1i I.21 5.03 

BP04(bI from 
BzO3 . Hz0 1.10 1.02 0.69 2.81 
BzOa 3HK-J 0.95 0.x 0.04 1.26 

mixture of reactants and BPO, (b) prepared paratus equipped wiLh thermal conductivity 
from metaboric acid results more acid than detector), where ethyl alcohol and water 
BPO, (b) prepared from orthoboric acid. could be determined. A 2-m column of 20% 
Both BPO, (b) , which were manufactured Carbowax 1500 on Teflon was used. The 
using equimolar amounts of reactants column was kept at 120°C and the rate of 
(P,OJB,O, = l.oj, are more acid com- helium gas flow, as a carrier gas, was about 
pared with the corresponding BPO, (a), 3 liters/hr. 
which has the same initial P,O,/B,O, molar Cracking reactions, which are likewise 
ratio. catalyzed by acid catalysts, occur to some 

The catalytic activity was tested in a extent, causing deactivation of boron phos- 
fixed bed differential reactor at 3OO”C, fed phate due to carbon deposits. Further de- 
with ethylene-steam mixture from an evap- activation may be ascribed to the loss of 
orator in the molar ratio of 1: 1.5 at atmos- phosphoric and boric components from the 
pheric pressure. BPO, (a) and BPO, (b) , catalyst, which alters the active surface 
with sizes in the range 1.2 to 1.5 m, have (6, 14). The weight loss of catalyst after 
been previously calcined 4 hr at 300°C. The 50 hr (the age is measured from the time 
gas mixture from the reactor was condensed the boron phosphate is put into contact 
and the solution was analyzed by a gas with t.he reaction mixture) is reported in 
chromatograph (Carlo Erba Model C ap- Table 2; the loss of catalyst, analogously 

to the fouling, increases with its acidity. 

TABLE: 2 
WEIGHT 1.0s~ OF C.\T.\I,YST AFTER 50 hr 

Cat,alyst 
wt loss 

(73 

BPOr(a) 
P,O,/BzOz = 1 .O 3.91 

1.2 9.78 
1 .s 12.24 

BPO,Cb) from 
BzOa Hz0 5.14 

6.83 
FIG. 4. Reaction rate vs. catalyst age. 
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phosphate in the ethylene hydration. Never- 
theless, the more acid the catalyst, the more 
rapid its deactivation results, so that a fur- 
ther increase of acidity in very acid cat- 
alysts may mask a likely corresponding in- 
crease of activity, lowering the maximum 
reaction rate obmserved. This occurrence may 
be supposed for BPO, (a), when the P,OJ 
B,O, molar ratio is higher than 1.2. 

FIG. 5. Reaction rate vs. catalyst age. 

The results of ethylene hydration are 
given by the reaction rate, r, which is de- 
fined as ethylene moles converted to ethyl 
alcohol per hour and liter of catalyst pellets. 
The reaction rate, as visualized in Figs. 4 
and 5, which represent 3 and 2 runs, re- 
spectively, varies with the age of the cata- 
lyst, and after a maximum value, it de- 
creases owing to the catalyst poisoning. The 
maximum catalytic activity of BPO, (a), 
diagrammed in Fig. 6, increases sharply, in 
the range 0.8 to 1.2, with the P20JB203 
molar ratio. With higher values of the ratio, 
the reaction rate decreases. The same be- 
havior has occurred in high pressure hydra- 
tions (15). Compared to the maximum value 
achieved by the reaction rate, BPO,(b) re- 
sults are more active compared with the 
corresponding BPO, (a), but its activity 
decreases sooner. 

It is plain that high catalytic activities 
are obtained with catalysts having initial 
high acidities, to which, therefore, we may 
ascribe the catalytic behavior of boron 
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