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This paper is concerned with the use of various metallic oxides
and inorganic salts as catalysts in the manufacture of sulphuric
anhydride to substitute the most expensive platinum or vanadium
oxides and salts. We have already numerous literatures published
on this line of work, but our chief object is to find out some catalysts
which (1) are expected to be of low cost, (2) will be sufficiently
good as substitutes for platinum and vanadium, (3} may be found in
China in such quantities that will be available for industrial purpose.

The catalysts are generally applied in conjunction with
accelerators and carriers. The catalysts formerly used were
platinum sponge!®, iron oxide!®, nickel sulphate!®, etc. Numerous
patents have been lately registered on the use of various metallic
oxides or salts either by themselves alone or mixed in place of the
exceedingly expensive platinum'”, Unfortunately few of them, i.e.,
oxide of vanadium and vanadium salts, have been proved to be
successful®. Though the latter are also quite expensive things, they
are now preferred for their equality in efficiency and lower cost
comparing with platinum.

The accelerators are generally metallic oxides or salts, which
are employed in conjunction with the catalysts to assist the reaction
but in much smaller quantities, Oxides of iron, molybdenum, and
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tungsten etc.,_ma_gxbe used together with oxide of vanadium®, salts of
bismuth, tin, manganese etc. with sulphate of vanadium'”, and the
sulphates of iron, thorium, cerium, barium, copper etc, with platinum®
to increase the efficiency of platinum and vanadium oxides or salts,,
even they are not good catalysts by themselves.

€ Ccarfiers employed are generally asbestos, sulphate ¢
magnesia, pumice, kieselghur etc.!, the principle use of which is to
increase the surface of contact for the reacting gases. Recently the
use of silica, kaolin, and oxides of tin, aluminium, chromium etc. 4

have been patented, but have not yet been proved to be successful.

u

As far as we know presently, in the manufacture of sulphuric
anhydride by contact process, only platinum and vanadium have
been proved to be satisfactory among the numerous catalysts found.
They are, however, expensive materials and such deposits have not
yet been traced out in Chinese territories. We, therefore carried on
a series of investigations with the following oxides and salts of
which we know that we have rich deposits in China:

. salts of tungstic acid;
salts of chromic acid;

salts of phosph;)ric acid;

SN R -

oxides of various metals.

From ]. Pintsch’s patent we know that tungsten’® may be
used as a cafalyst for the manufacture of sulphuric anhydride. It
appears to be very favorable to us as we have rich deposits of
tungsten minerals., Neumann, however, pointed out its use being
unsatisfactory: the conversion of SO, into SO can hardly exceed
609%“%, Chromium oxides will give a yield over 809, hut this cata-
lyst soon loses its activity. C. Ellis and G. Bortmann showed that
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if certain accelerators are added in small quantities, its activity may
last much longer: dxides of tin, lead, antimony, cadmium, etc.**® will
serve well as such accelerators. Phosphorus compounds have been
generally regarded as catalyst poison, but it will be interesting to
know their catalytic effects when they are used by themselves. For

catalysts under investigation.

The carriers choosen for our experiments were (1) asbestos;
(2) pumice: (3) silica gel. The last named substance had been
found very difficult to dry propetly to fit our purpose. After 2 hours
drying in an air oven at 200°-300°C. to constant weight, at higher
temperature it still gave off some water which retarded the reaction.
Both asbestos and pumice could be dried properly and were adopted
throughout our experiments, the latter was the one preferred, for it

is less voluminous than the former.

i. PREPARATION OF CATALYSTS FOR USE

(a) Catalyst with asbestos as carrier: The asbestos was
boiled with sufficient HCI (! : 1) to remove all the impurities which
are soluble in this reagent. [t was filtered, washed thoroughly with
water, dried and ignited to constant weight, a definite quantity was
then weighed and soaked in water with the addition of suitable
quantity of sodium tungstate solition and well stirred. The tung-
state was precipitated on asbestos by the addition of sufficient
inorganic salt solution. After filtration, drying, heating to 300°-
400°C. and igniting as before, it was then ready for use.

(b) Catalyst with pumice as carrier: We experienced
certain difficulty in the preparation’ of catalyst when asbestos was
used as carrier. As our oxidation chamber was not big enough-to
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hold sufficient quantity of the catalyst for the bulk of asbestos, we used
pummice carrier in order to hold larger quantity of the catalyst. The
pumice was first powdered, and grains of about 3-4m/m size were
taken and a certain quantity was weighed out, soaked in a calculated
quantity of sodium tungstate solution or that of potassium chromate
or sodium phosphate. The whole apparatus was put into an

evacuating chamber to expel the air enveloped in the pores of the
pumice, so that the pumice might be saturated with the solutions.
Sufficient inorganic salt was then added to precipitate the catalyst
on the pumice, and the whole well stirred. Filtration, washing,
drying, and igniting were conduced just as in (a). When oxides were
used, the oxides were simply mixed with the pumice with the
addition of suitable quantity of water and well stirred. After
drying, it was ready lor use.

1. EXPERIMENTS ON CATALYSIS WITH THE
CATALYSTS PREPARED

The mixed gases we used consisted of about 8% of SO, and
about 929% of dried air by volume, and the rate of gas flow was

150 c.c. per sq.cm. of surface per minute. The whole apparatus_
was fitted in the following manner:

[4

H
4]

R the inlet for dry air G electric furnace

S  the inlet for 50, F  combustion tube

A calcium chloride botiles F’  catalyst

B sulphuric acid bottles H  thermoacouple .
C.K empty hottles M  sulphuric acid bottle (to absorh SO3)
D,D’,D” gas speed indicator N,O lime water and KOH bottles for »
£ bottle fof gas mixing removing 50y

1.] tubes for taking gas samples for analysis- P, outlet for waste gases.
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The air was regulated by the help of D, SO, by D', and the
mixed gases by D”. The SO, content in the mixed gases might be
determined by taking a certain volume of the mixed gases from I,
and the SO, estimated by means of Reich’s method. This consisted
of diluting 5 c.c. N/10 iodine solution diluted with 300 c.c. of

t

The mixed gases were passed through the solution until the blue
colour just completly decolourised, and the volume of the escaped gases
measured. If we let V c.c. stands for this volume, then the
percentage of SO, in the mixed gases may be calculated by the
following formula:

SO?‘%}= _5_5585—583-7 x 100,

A certain weight of catalyst was taken to fill the combustion
tube, which was then heated gently to a definite temperature, when
the mixture ot sulphur dioxide and air was passed through at a
definite rate for half an hour. Samples of gases mixtures were
taken both from the inlet and oullet of the combustive tube F at |
and ] to determine their SO, contents. This was repeated three
times after each quarter of an hour, and the average values were
taken. The effet of variation of temperature on the catalytic reaction
had also been investigated. Our experiments may be grouped

under the following seven headings.

(A) Here we used 10 gms tungstate-asbestos containing
109 tungstate,

450°C | 500°C | 550°C. | 600°C | 650°C | 700°C.
974 | 1084 .| 113 | 1668 | 2455 | 2657
c;wo; 24 cm 402" | W39 | 3131 | 2509 | 2T
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Besides the tungstate of silver and copper, we have also tried those
of barium, nickel and zinc, which were not satisfactory at all,
especially under 500°C., at which temperature the amount of
SO; formed being negligible.

(B) The catalyst was made by precipitating 20% :tungstate
on pumice, 30 gr. being taken for each experiment.

! 50’0-";:' 550°C 600°C | 650°C | 700°C

525 1omzz | 2e7 | 243 TR

1454 | 2152 | 27.93 1" 30 _32.7_'-“

‘- Al{{WO,)s 20 cra 17 - ':-5.1'7 ) .'10,92 __20.59' : 261;

‘MoWO, 9em | 874 '_‘;i6.53. 254 | 2348 | 209

. '.Isrwo'.. 1 tBem 1oer | ao.n'_“_ ,22;25_ 2219 4"-_;;9-_5”_

_ Bi,{-woq, R 18 cm '12.2_4 "zuas“; Y 32.64. | '23.22”_ 224 N

GaWO, | 16¢em 3.83 ,i'l..n'f sz - .30.59'--' 285

'-Uo,wd" ' 18em ‘ s | 538 | 1979 __244;_

" FeWO, | KL o | 2509 2835 | 4364 '3.2.62__' |

Fea(WO) | 1acm = 1715 | 3027 _'_42.3_2 3862
Tcewo, | tsem | | 133 G own o | ue

"CdWO‘- 20em . e f- 19.95 ._25.__4'3 B 27;“_
Sn(WO., | 18 cm | | 616 | 679 | 108 i
. PLWO, | j.'..l'6c.m' N | BN 8.__!'_.:,
Cr;i'vi’o.)._ _'-,'“_z'o?‘_;n;"_ il B Csar | 2205
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From the above dats we can see that the catalytic property of
tun'gstates; is much inferior to that of platinunr and vanadium.
Ferrious tungstate seems to be the best among this series, while those
of chromium arid lead show little activity below 600° C.

(C) Here we used a mixture of two tungstates in the pro-
portion of 1:1. 30 gr. of the tungstate-pumice were used for éach

experiment;
pe, . b T
Gosone s Moty | 500°C | 550°C | 600°C | 650°C | 700°C | 750°C
' CuWO, . , 0. ' _
o 1Bem <) 1571 | 29.14 | 438 | 45.45 | 36.66
Cra(WO,) - R
+ " l6em 18.35 | 2655 | 28.72 | 306 | 24.61
Alj(wo‘}! . ’ [ .
- CuWO, | ¥ T R
S I8 cm. | 2420 { 2550 | 26.65 | 40.8 | 43.07 | 3692 |
CaWO, : T | .
- FeWO; : - L
+ 18 cm . 1168 | 2637 | 3186 | 3026 | 23.42
ano‘ . ’ a . . ' .

The first and the second contained 209 tungstate, whilst the
third and the fourth 409,. They are also not gcod catalysts
although some pairs are evidently more efficient than either
of the salts acts individually. In the fourth pair, manganese salt
appears to play the part of a negative catalyst towards iron
tungstate. ‘

(D) In these experiments 25 gr. of 25% chromate on
pumice have been used as catalysts,
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e
m ) . .
Perafu' : -r s0° o .
",Q@_ oy "cl _ e00*C _-6_0C 700°C 750°C
BN~ | :
:Ag’Cr:aOIT T lﬁcm e .58 -'19._43.' . 2_!.69 . . 2395

1 ciceop | 17em | ousst | caoer | 364 |- 2994

FelCON | d6em | 1416 | 2744s | 3687 | 3406

BaCrO, ) V6em {1073 . 2942 . | 3083 | 2441

SICrO, |  16em __ 2847 | 29.05 28.99
ZnCrO, - 16em 11.47 ‘ { - 27.05
—_— e - - — i I - . ’ —_— - —_— — % -
Sn(Cr,0), | 16em - | 3129 ’ o832 | 3298

All chromates, with the exception of that of tin which converted
about 19% of SO; into SO; at 550°C. show little activity below 600°C.__

(E) 25 gr. of 25% phgsphates on pumice were used for the
following experiments:

T e, | P
oy Lo ture | 550°C 600°C | 650°C 700°C | .750°C
o gy ™ Fifffng' : ! L L o
Ag,PO, Bem | - 12.64 1897 | 27.7 30.38 ‘ 27.44
Cua(PO,), 17 cm - 27,06 3431 | 3675 . 38.06 } 32.85
Bas(PO,), 17 cm . 4.68 1733 | 2128 25.55
" FePO, - Zem | 110" 244 | 4468 | 3888 | 3676
Cas(PO,), | 18em . i 5.25 - 136 | 1333
| AIPO, | Mem | 1501 1 191 | 2386 278
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It is interesting to see that phosphates, a catalyst poison are equally
active catalysts themselves as tungstates.

(F) 30 gr. of oxides on pumice were used here:

o~ TTafye |- S00°C | 350°C | 600°C | 650°C | 700°C | 750°C |
. Var N ‘.”!rgg' - L] ' : . .
 MnO, I8 em 1234 | 2483 | 2827 | 29.16
TiO, | - '
+ ol 18om 23.47 | 37.33 | 36.41 | 343
) &203 . o | ’
- — R e e I
. T, 18 cm 1033 | 1584 | 253 0 3202 |
ShOp | 19¢m ) 14.75 | 16.93 | 188 | 23.56
Sb,0; | R b
e 18 cm , 15.18 | 1B.81 | 22.98 | 30.68- | 26.97

- The first, second and the third contain 209 of the oxide or mixture
of oxides for each; for the fourth and the fifth, the concentrations of the
catalyst were 40%. From the above data, we find that mixture of

oxides generally works better than simple oxides, but none of them
may be regarded as efficient catalyst. The proportich of the oxides

in the mixture were 1:1 by weight in all our experiments.

(G) From the results obtained in experiments (B) and (C),
{errous tungstate and the mixture of silver and copper tungstates
appear to be the more efficient catalysts among all those we have
-tried. Here we increased the concentration of the catalysts on
pumice from 209% to 50%, and the weight used from 30 gr. to 100 gr.
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Neng, U, 600°C 650*C | 700°C
FeWO, |  S0am | 2407 | 3032 | 4506 | 3861
WO, T T o
NN “50em = L - 29.21 | 4335 | 4623 .| 3701 .
lagwo, | -7 | | - B | M -

They seem to work a httle better, but their catalytic activities are
still far below what we expected.

CONCLUSION

From the above experimental data the activity of the various
catalysts employed may be easily seen. Amongst all the catalysts,
ferrous tungstate, ferric phosphate and the mixture of silver and
copper tungstates have been found to be the most active (the con-
version of SO; into 8Os being 45-469), ferric tungstate and copper
chromate are not so active (41-429), while the catalytic oxidation
of SO:q to SO; by the use of titanium oxide mizxed with ferric oxide
or ferric chromate by itself has been found to bie only 379%. All these
are not satisfactory as catalysts in the manufacture of sulphuric
anhydride (> 909%), but the results of our experiments told us the
following interesting points:

1. When equal weights of simple substance and mixfire are
used as catalysts, the mixture is generally the more active. This
may be the reason why very complicated mixtures are frequently
met in paténts concerning to the catalytic oxidation “process.

2. The nature of the carriers has a great influence on the
catalytic reaction. In experiments (A) and (B), different weights of
silver tungstate and copper tungstate were used, but the: r'elsulting
percentage of 805 formed did not show much difference, and so
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was the case with G. It is obvious that the porosity is one of the
essential factors leading to success, for. this will facilitate the reacting
gases to be in close contact with the catalysts; otherwise the
increase in weight of catalysts will not give a better yield.

3;  The catalytic oxidation of SOz into SO, is a reversable
reaction above 450°C. For a definite quantity of gas mixture, and
definite physical conditons consequently the length of filling, the time
of contact between the reacting gases and the catalysts, should be
determined by the reaction velacity, seeing the increase in length of
the catalyst in G to double that of B giving no better yield.

‘4. Kieselghur and its like may be a good carrier to be used
with either ferrous tungstate or ferric phosphate, to which may be
added some suttable accelerators. Better results may be expected

from such a composition in future investigations.
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