
JOURNAL OF CATALYSIS 31, 274-277 (1973) 

The Preparation and Some Properties of High-Surface-Area 

Boron Phosphate 

J. B. MOFFAT AND J. F. NEELEMAN 

Department of Chemidry, University of Waterloo, Waterloo, OntaGo, Canada 

Received May 29, 1973 

The preparation and some properties of high-surface-area boron phosphate have 
been studied. The effect of reaction parameters on the surface area of boron phos- 
phate produced by the reaction of tri-n-propyl borate and orthophosphoric acid has 
been examined, and some surface and bulk properties of the solid have been studied. 
A one-to-one P,O,/B,O, ratio produced a surface area of approximately 200 m’ g-l. 
Aging of the samples at room temperature for 500 days in screw cap vials and 
sealed glass tubes reduced the surface area by approximately 35 and 20%, respec- 
tively. Evacuation at temperatures up to 500°C produced a weight loss of approxi- 
mately lo%, while the surface area increased to 220 mz g-’ at 300°C. 

INTRODUCTION 

Boron phosphate has, among other 
things, some interesting catalytic proper- 
ties, particularly in reactions involving the 
loss of water (1). The most convenient 
method of preparation of this solid in- 
volves the use of boric and orthophosphoric 
acid. However, experience in this labora- 
tory suggests that surface areas greater 
than approximately 50 m* g1 are not at- 
tainable in this way, and for other studies 
high-surface-area boron phosphate was re- 
quired. The reaction of tri-alkylborate and 
orthophosphoric acid has been reported to 
produce a solid of suitable surface area 
(2, 5). Since relatively little details of this 
preparation and the properties of the re- 
sulting solid have been given previously, 
some investigations were conducted to dis- 
cover the preparation parameters which 
would produce boron phosphate of maxi- 
mum surface area. In addition, experiments 
were performed to examine the long term 
change in surface area of these high-area 
boron phosphate samples at room temper- 
ature as well as the change at higher tem- 
peratures and shorter periods of time. 
Nitrogen adsorption isotherms were mea- 
sured, and changes in weight and surface 
area on evacuation were also obtained. 

METHOD 

High-surface-area BPO, was prepared 
by mixing and heating appropriate amounts 
of tri-n-propyl borate and 85.6% ortho- 
phosphoric acid (both as received) in a 
stirred reactor contained in a heated oil 
bath. When the temperature of the bath 
reached 12O”C, the cap on the reactor was 
removed to allow the n-propanol and water 
vapor to escape. The temperature was 
maintained at 120-130°C for sh hr, or 
until the product was almost dry. It was 
then removed and dried at 110°C for 3 hr 
in a vacuum oven under aspiration. The 
product was ground, sieved through a 100- 
mesh screen, and the fines were stored in 
a screw cap vial. A variety of molar ratios 
of P,O,/B,O,, as calculated from the initial 
amounts of reactant used, were employed 
in the preparations. 

All isotherms were measured by using a 
standard calibrated quartz spring apparatus 
and surface areas were calculated from ni- 
trogen isotherms, obtained at liquid nitro- 
gen temperatures, by applying the BET 
theory. The adsorption apparatus could be 
fitted with a tubular furnace for heating 
the samples, if necessary. 

For examination of aging over long 
periods of t,ime, I/’ g samples of boron 
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phosphate were each evacuated for 15 min process was repeated by heating t,o pro- 
at room temperature and then heat sealed gressively higher temperatures with the 
in their glass containers while still under same sample 
vacuum. The surface area of t,hese samples 
was measured periodically by rupturing the RESULTS AXD T~SCUSSION 

vials as needed. For comparison purposes, The results of the cxpcriments performed 
a measurrment of surface area was also to determine the effect, of preparation con- 
performed on a large sample stored in a ditions on the surface area of boron phos- 
screw cal) vial and opened for each phate are summarized in Table 1. These 
measilrcment. results show that the maximum surface 

For measurements of weight loss and area is obtained if the P,O,/B,O, ratio is 
change in surface area on heating, a sam- approximately 1 : 1.06 with the products 
plr was placed in the quartz spring balance, being mixed at room ternperaturc and 
its surface area determined, heated at a heated to 120-130°C for about $&I hr, 
fixed tcml)eraturc in vacumn for 12-14 hr, with no refluxing. 
and it!: surface area redetermined. The The change in surface arca of boron 

TABLE 1 

~:FFI~CT OF PRI:PAK.ITION CONDITIONS ON THE SURFACP; AREA OF BOI~ON PHOSPHATE 

Sample No. 

BP(TB-2) 

BPITB-:3) 

HP(TB-4) 

BP(TB-5) 

BP(TH-6) 

BP(TB-7) 

BP(T13-8) 

BP(TB-0) 
BP(TB-IO) f 13PITB-9, IO) 

HP(TB-I 1) 

13P(TB-1’) 

Prepara- 
P*WI3& tion BET sllrface 
molar ratio temp (‘C) area (m”;g) Method of prepsratiolr* 

1.22 

1 .O6 

1 21 

1 .o’L 

1 00 

1 00 

1 00 

I 00 

1 19 

0. so 

120 54 

120 198 

120 105 

120 180 

140 180 

140 95 

120 189 

.~________ 
TB* heated 120°C in reactor, HP 

120°C in beaker, mixed, heated 
and stirred 1 hr, dried 110°C for 
2 hr 

TB mixed with HP, heated to 120°C 
40 min. Kept 10~20 min, dried 
8&9O”C for 2 hl 

Same as BP(TB-8) exc.epi dried over- 
night at 70°C 

Same as BP(TB-Y) exc,ept dried at, 
80°C for 3 hi 

Heated in 1 hr to 14O”C, dried 85°C 
under aspiration 

Heated in 1 hr to 120”(:, 1 1 ,‘L hr at 

140°C rulder reflllx. I jrieti S5YJ fol 
X hr 

Heated lo 120°C for 1 1, 2 hr, dried 
4 hr itt S.i”C. Kept 1 2 hr 

120~1BO (no immediate Heat,ed to 12O”C, 1 2 hr, heated 120~~ 
SA) 130°C for :I ~4 hr, dried :< hr at 

110°C 
120 SO Same as BP(TB-S); dried 4 hr at 

1li”C 1 , 
120--1x0 I 3s 30.0 g TB, 18.2 R HP, 2.46 g HP,d 

mixed, heated to 120°C in 3,‘4 ht., 
kept 120~1~30°C for 1 ‘2 hr, dried 

4 hr at 115°C < I 

U ii11 samples dried lmder aspiration. 
b TB: tri-n-propyl borate (K & K). 
c HP: &5.6G/; phosphoric acid (Fisher Sci. Co.). 
d HB: boric acid (Fisher Sri. Co.). 
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FIG. 1. Aging of boron phosphate BP(TB-3): change of surface area with time. (0) BP(TB-3) stored 
in screw cap vial; (A) BP(TB-3) stored in evacuat,ed vial. 

phosphate as a result of aging at room tem- 
perature is displayed in Fig. 1. It is quite 
evident that,, in terms of preservation of 
surface area, storage in sealed tubes is much 
superior to that in screw cap vials. Over a 
period of 1 yr, the sample stored in the 
screw cap vial suffered a loss of approxi- 
mately 34% in surface area, while the 
samples in the evacuated vials decreased 
205%. It is interesting to note that, although 
the most rapid decrease in surface area 
occurs within G mo, there is no evidence 
that the area has become constant even up 
to 500 days with either of the storage 
methods. Although a mechanism for the 

process by which the surface area de- 
creases is not available, nevertheless there 
is evidence (4) that the presence of water 
is beneficial to such a process. Presumably 
the process is one of sintering, a surface 
layer being rendered more mobile by the 
dissolution and/or hydrolysis of the sur- 
face of the solid in water. Nitrogen ddsorp- 
tion and dcsorption isotherms suggest that 
the high-surface-area BPO, has an open, 
but relatively nonporous structure. 

Figures 2 and 3 show the loss in weight 
and the corresponding change in surface 
area as a function of heating temperature. 
Two aliquots of the same sample were 

c’- 
c 

I_---------- 100 333 4tio 
Preheat Temp.,‘C 

FIG. 2. BP(TB-8) weight loss on heating (relative to BP(TB-8) evacuated room 
BP(TB-8) 4 days after preparation; (0) BP(TB-8) 34 days after preparat,ion. 

temperature). (0 ) 
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FIG. 3. BP(TB-8) change in slu+‘ace area on heating. (0) BP(TB-8) 4 days after preparatioll; (0) 
BP(TH-8) 34 day:: after preparation. 

stu(lird, one sclcrted 4 days, tlic other 34 
days after prqmation. The weight loss 
(wrvw of these two aliquots arc nearly 
coincident, both showing a loss of might 
as the teinpc~raturc increases to approxi- 
iuately 500°C. In hot11 cases, the weight 
tlccrcascs more r:ipidly at temperatures 
~~~10~ 2OO”C, but wcn at approximately 
500°C a constant value had not hcen at- 
t:~inetl. Prcwrnahly most, of the weight loss 
is tluv to waporatiori of water produced in 
ttic prrparatiw I)rowss, hut at higher tern- 
lwraturv FSOI~C ldlosphoric acid ior P,O,j 
muy also be clirniiiatccl. 

Tht> (wrvos illustrating the change iu 
surface area with tcqwraturc for the two 
aliquots are of tlic saine general shape, both 
showing substantial increases up to about 
200°C. follon-cd by a slower, almost, linear 
iucrcaw up to 35O”C, and, finally. at least 
for 011~~ aliquot, i1 sutmquent tlccreasc in 
~urfaw area. It is hclieved that’ the initial 
inrrcnsc of aurfacc area may tw utt’rit)uted 
to R firic strurtuw gcwcratcd as a conw- 

qucncc of the water attempting to leave 
both the surface and the bulk of the solid 
and in so doing producing n ‘j)oIpcorn” 
effect. The ercntual decrease in surface 
arw ln+ol)ahly results from :i partial de- 
struction of the fine structure as well as an 
aggloincration of ttw particles tliernselvcs. 
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