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(Fisons Limited)

SUMMARY

In this paper we have discussed the conversion of sulphur
dioxide to sulphur trioxide, considering successively the effects
of temperature, pressure and sulphur dioxide concentration on the
equilibrium,

Conversion has been dealt with on the basis of the theoretical
conversion obtainable using up to four stages of successive cooling
and adiabatic heating, and the advantages of the use of quench air
as the cooling medium,

This is followed by a consideration of velocity of reaction
and the effect on velocity by the use of catalysts. The mechanism
of catalysis, the composition and properties of catalysts, and the
effects of poisoning, have been considered, :

We have calculated the theoretical catalyst placing on the
basis of equilibrium being reached in each stage, and have deduced
the conditions for maximum utilisation of catalyst.

Finally, we have considered converter design, describing some
of the converters which have been and are being used.



The Conrverazion Stege in the m;aqm of
Suloburic Acig by the Coniach Proceus,

INTROBUCTION,

" Tho most eritical stags in the manufacture of gulphuric acid is the
oxidation of sulphur dioxide to sulphur trioxice, bagically the reactionm
is

2 809 + 02402803
or as it is more usually written to obtain a gingle molecule of product

802 +%—02¢3~’S‘)3 ':' 22J600 0\&13' 000--.-.0.-.0.10;0(1)0

The reaction is reveraible and the maximum degree of formation of sulphur
trioxide is dotermined by the equilibriunm of this reaction,

The quantitative oxpression of thim equilibriun is derived from the
law of mass action discovered by Guldbsrg and Waage which states that the
rate of reactiom Detwoen substances is nroportional to the concentratian
of the reactants, thus for this reaction the rote of reaction botween
oxygen and sulphur dioxide is givea by

-7 (807 [od
ry = 73 CaOgJ 0
whore squaro brackets indicate concentration of that substance whose

gymbol iz included within ther, conversely the rate of reactiom proceeding
to the deconmposition of sulphur trioxide is

W

wy = lp ‘_SO:;‘ o
At equilibrium these rates aroc equal

ey = vy ond Ky [50)) [o] '~ ofBog] ormy =[0]
L | K, [sogf[od "

The quotient X3 of these two constants is egual to amother constant,

-

2
pay £, Imown as the eguilibriun congtant of tho reaction, From the
concept of free energy the following ocuation can be derived :-

- AG = R icgy K or 4.576 legig K = —0H + AB
T ET R.
‘decermined yalueg for which give

l‘Jgo Kp = 2?60‘0 - 10068 oaao.o-anooo-oo-ooln(z)c

#0 io the sﬁlgmdard ontrony change,
Wiere AG is ike ai{c,ndard freo energy change of the reaction, T ig the
absolute oporaiuridand R is the gae constant, the units all being in
+he c,geBe oysten, This acuntion may alaso be written in the form:~

R" ﬁ/’31081{1 = EZE‘H Dlun--oo..au‘.!o!‘o.o(l)‘

whore A is the standard heal of roachion, It can be ugsed to determine -
K 3ince R log X plotted against_1_1is a line of glopeAH, hence K can be
T .

| determined for any temperaturs.

It is abvious that the dinensions of the quantities uged in these
equctions have an irportant bearing on the valua of the equilibriunm
constant obtained and thogo rmst be clearly specified., The result of
guci o dotermination is shawm in Fig, 1 in which the concentration of the
gases wog exprossed 28 partial pressures in atmosphores. The equilibriun
songtant is exprossed im thege dimengions by the symbol K@.

As ig well kmown the partial pressures of those gases can onlyvbe uaed
in this equation at comparatively low presgures such ag one atmosphere and
selew. -If very much higher pregsured are uged it is necegsary to
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subatitute fugncitios for the partial prescures. This will be dealt with
zore fully later on in the paper.

From gueh a graph as Tig, 1 the degrec of conversion at equilibriun
can be ecleulated at any temperciure within the range of the graph from
ony mixture of culbhur diozide aad oxygon and any unroactive gageg, A
ugeful form of the ecuilibriw: ecuation for sueh caloulations ean be
derived ag follows.

In the reaction let there be o unit nwibor of nolecules, b of which
oxygoen and ¢ are unreactivo gases and lot x molocules of 803 bo formod
fron thia nixture. Then tho noleecular cquation becorog:-

505 ¥ ;;5{)2 < 503
1= (x+b+e) (=~xp) X
Sinee the partial -ressures ara oroportional to the nwibor of noleculea, we
can excrosa the appreprizto nartial aroggures og the following frootions of
- the total preasure P, Learing in nind the ¢ acloeulon of unreactivo gases.,
802— b"(X-l-bi»c)].P
(1 ==x/2)
il R e Y

Thus KT) = P

or II. = I ,x - 1"‘X/2 - ..-o.»-.oooool(,‘-)'
P ‘I—-(X-Fb-rc{".("x/?!)f’. )

From: Fig, 1 at the chocen toupersinre, I,y can be road and x ean he
&

detornined from ihe shove ecuntion by tricl subotitution, graphing the
rogultg and internolating at the amronriate value ot Kp. S

Ugually the diluents of sulphur dioxide entoring the converter are
nitrogen remaining fron air used in the combuction of the sulphur bearing
naterials ond excess air.. Air ig of course the usual gource of oxygoen
in the burning and convergion stages and all subgequent considerationg in
thig paper will bo based uzon thig courece of oxygen, Wo chall algo nainly
concern ouraelves with sul-hur ag the raw material for S0o although wo
ghall nake somo fow reforences to tho use of iron pyritog.

In-the sulphur procoss the formation of sulnhur diexide ig in
_ i 24 i
* - aecordance with tho folloving equation:=—

3+ 0o = 802 4+ 70,900 eals,

Since one nolocule of sulphur Cioxide ic nroduced fron one nolecule
of oxygen the richost sulnhur dioxico goo obtainable from air ig that in
whieh all the oxygen in the air has been renlaced by an aquivalent numbor
of nolecules of sulphur dioxide, that ioc +to say o eoncontration of 21% of
sulphur dioxide by volume. Lower concentrationa depend upon the guantity
of excess air used or upon the pregence of combustiklo raterials in tho
gulbhur burning notorial whieh consuro ozygen without producing gulphur
“dioxide,

 For pyrites of cormosition FoB2 the ecuntion for burning ig;~

4 FeS2 + 5502 = Fe203 + 4005 '+ 411,180 cala, | IR
which gives a naxirun conceatrotion of 13.2% 809,

Fron the ecuilibriun ecuction it ig clear that the convergion of
sulphur dioxide to sulphur trioxide is fovoured by the dogrec of
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concentration of oxzygen in the gog nixture and for this reagon where nure
oxygen ig available as o waste material fron another process it is fod to
‘the burnper with air. The degree of convercion for bkoth sulphur and
~yritec from gag of vorious initinl concentrations of 802 are sheown in
Figs. 2 and 3. Tho reacon why thore are difforont conversions for gases
of pulnhur and pyritos origin is of course due to the fact that in the
nroparation of sulphur &ioxide fron yrites, oxygen hag hecn conouried to
nake, iron oxide leaving nore unrocctivo nitrogen than in the case of
gulphur dioxide of gulphur origin, The unrocctive gasos act ag diluents
of the psulphur dioxzide with o consequent reduction of mass action,

If pure oxygen wore uged higher converaions would be sbtained and

any differomees in the conversions obtained from sulphur and fron pyrites
“would be solaly due to tho difference in the partial pressures ef the
remaining exygen. It iz clear fron thege graphs that the more the sulphur
diozide iz dilutod with air (nore oxygon) the higher is the conversion at
ocuilibriun, Thic ic tho resuit of the double effoct of rags action and .
of the smaller riso in terperciure of the gas mixturo consequent upon the
hoat of roaction from pulshur trioxide nroduced being dissipated in nore
diluting gno.

Fron Figs. 2 and 3 the lower tlo ocuilibrium temperature the higher
ig the conversion., Thero ig, howover, a linit to this dilution unlecs the
gag ig to Le »reheated »nrior to tho conversion stage. Ag will be
oxplained in tho later soetion on the kinoties of the reaction the catalyst
hag o mindmun biting termerature bolow vhieh it has no offoet and in the
burning process, if there is more than a eertain naximun quantity of
dilution air, tho tempercturc of the gas from tho burnor will be lower than
this ninirmn,  The maxinme terperatures of gages over o range of dilutions
of both culphur and »yriteo origin are chown in Fig, 4. These have beon
ealeulated fror: the specific heat oquationg:-

80p : 8.12 4 0,006325T = 0.00000210312
0 : 6.13 + 0.002977 - 0.000000806T7
Ny : 6,30 + 0.001C19T ~ 0.00000034512
ané for iron oxide nrocdueed in the Dyrites process
Fezoj: Clhei? % 0.0l604T -~ 423400
' T
in which T ig tho absolute temporcture.

Thooe have boen integrated botweon linits Ty and Tp go that they aro of tho
forn : -
a(Ty = T2) + b/p(@? ~ T9?) - ¢/5(113 = 199)
excont in the cace of FepO3 which takes tho fora.

n(ry - T2) + n/p(Ty%~T,2) +pf 1 = 1|

cracaem.

Ty To

a, b, ¢, m, 0 ond p boing of courpe the conotants in the above -equations,
Sineo the lowor temporature To ic mown ond is the atmospherie. terperature
(208°K), by multiplying these rolal honts by the nurber of noleculeg
narticinating ond eguoting the sum of this heat with the heat of reaction,
T1 can be found grophically. Tho results obtained are shown in the
following table:- ‘

Prreethte her ¥ btietull gt 0 g

Sulnhur Gag Tomperatureg,

%802 | 3.5 | 5.25 | 10,5 21.0

Torp®C | 356 {515 952 |1702
—

Pyrites Gag Temporatureg,

% 80, | 3,85 7.7 | 11,59 15.4

TerpC | 527 |940. 1282 1577
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Fron these graphs it iz peen that for o biting terperature of 415°C the
pinirun eoncentration of 802 from sulphur is £,0% and fron »yrites 3,1%
unless the gases are nrehested or ag will be nentioned later under
'Quenching' the gages are mot ciluted at the burner siage but only at
eonversion ctages,

The terperaiure of he Gages fed to the converter are controlied as
near the biting temmerziure ag possible since the lower the tennerature
the higher the equilibriun conversion, Then as convercion takes nlace
in accordance Wwith ecuction (1) hent ig released ond the gas nixture rises
in temperature in accordance with the aporopriate gnecific heats, the
equations for which are given above for sulphur dioxide, oxygen ang
nitrogen, whilst for 803 the equation ig:-

8.20 + 0.010236T ~ 0,00000 3156 T2,

The temperazture can rise until the ecuilibriun converaion is achieved,
The progress of thig tenperature is ghown in Fig, 5. These conversiong
end the eorresmonding ndiahatic temperatures are shown in the following
table for initinl gas strengths of 14, 10, &, 7, 6 %802 at the initial
temperature of 4150C:-

7502 .aMQw», I W DS SR IR A
Adiabatic Temp.% | 636 610 593 580 567 1st Stage
% Conversiacn 36,0 67,8) 76,11 ©1.6 86,0

It i not poscible to obtain further conversion with these gnses unlogg
they are cooled and it is therefore corrion practice to introduce 243 er 4
siages in the converter, the gngeg being cooled hotwoen stages to the
biting temperature of the catalyst, This is nlso ghown in Fig, 5 for a
four stage convertor with an initinl 8% 805 gas. The adiabatic
temperatures and conversiong corregnonding with each of the above gas
strengths are showvm for the cnd, 3rd and 4th ctagog with interstage
cooling to 4159 prior to oniry to thoe noxt gtage.

750, v T10 | @ 7 6
Adishatic Temp.OC | 5028 493 465 450 437 “nd Stagoe
% Converpion. Cl.7 | %4.81 97,41 g5, 9C.8 ’
Adiabatic Temp,9%C | 455 426 417 417.5  £16.3 3rd Stago

% Conversion, 9141 96,51 99,11 99,3 99.4

Adiabatie Temp.% | 426 | 422 | 415 415 | 415

. 4th 8tage
% Conversion. 94‘;05 98-8 990;) 9905 99 04-. |

It rust ke enphosised thas thege are ecuilibriun conversions and alsoe that
they correspongd With»adiabatiaTtemppraty?qg&”ip_qthpr words they take no .

! i

e b N TR R
account of pospibit hoadi Bésios from tho gyctem, -

Effect of Pressure on Conversion,
e et b O S BUTO . O :

The ecquilibriun ecunvion (4 apnnlies only to nressuresin which the
aetivity of tho substcncos can be alten to be idontieal to the nartial
progsure of tho gas., At higher pregoures this ocustion has to be
modified to include - constant Kw-or fugeecity co~officiont go that
equation (4) correot?x roads ‘

X (1 -~ x/2) s
Ep = KT'[E_" (x +b « ;J O =%/5)p

In accordanece with Lo Chatelier's prineinlo inercase in pProgsuro
favourg the production of culphur dioxide gineo ite formantion accompanios
o reduction in pregssure. Thoge co-efficients are shown for various
texperatures and proscures in Fig, 6. Ao an indication of the offect of
pregsure the following excmple noy be mited for o 7.5% S0s pyritos gaa, at
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one otnogphere and 600°C, the convergion ig 20% while the same gos at
tho sane btermerature but at a nregsure of 100 atmognhercs hag a
convercion of 98%. : ‘ S

~g Concentration and Preggure: Thoir Influence on Degign,

o &

Pron the sbove it ic soen thot ot ocuilibriun the mexinum conversion

oceurs at the lowest termerciure with the lowecot gas concentration and
at the highest prossure, Dut in sractico the initinl nlant eost and
running cosig need ito Lo conpilered. Ac low goo eoncentrotions mean
large voogcels cnd duets, and high <recsures necd thick wallod vescels,
up to the progent tie cuch aciitional exhonge canuot we sustified. A
furthor disacvontppe to dilute gngos is vhct cinee thoir ieoperczture fron
hie burner is by comparison low thero ic & low termerature differential
in the hoat czchanger and the rocovery hoot io rore expongive, The gaso
torperature io determinod by the Liting terperaturo of the catalyst and
considerasion ruot alse be given to tho poximun tomperature the catalyst
will tolerate without decorpesition or digintogration.

uegchiﬁg,

, Above it wos suggectod that o poscible nothod of avoiding the
digadvantages of dilute gases fron tho burner and yot cecurc the
advantages of dilute gases to tho convertor would be to nnke concentratad
gagos in the burner and dilute thor: down just nrior to the convergion
atagoas.

In thig way tho advantage of oih gtrong ~nd woeak gasen aro obtained
in the panme plant. A ctrong goo sroduced in the burner has o high
tormerature giving good heat exzehange ol tho woote hoot boiler ondallows
grnil vessels and dueting. 1¢ thig io diluted ot eporopriate stages in
the converter with cold air the effect is one of cooling the gasoo and
algo of diluting them, both of whieca gtong inprove conversion,

In Fig. 7 the offoct of succogoively diluting a 14% gas of sulphur
origin ic shown.. Fron thic diagram it io sossibloe to dotermine the
ecuilibriun conditions obtained from diluting guch a gno so that it
corresnonds to gaces of original 805 concentrations of 14, 10, &, 7 and

6%.

VELOCITY OF REACTION,

A1l of the above considerations wero bagsed upon eguilibriun being
achieved. Tho gpeed ot which the renetion nroceeds to oquilibriun will
now be discusced. It ie hoardly neeegooary to ‘emphacise that the velocity
of the reaction is ome of very grent ~reetienl coneern. ’

mhe volocity of thic narticular reaction io highly cenagitivo to the
nregence of certnin subgtsneos which whilct hagtoning the reaction remain
thencelves at the end of tho roaection unehanged and are called eatalyots.
Wo havo not boon ablo to discover in tho literatura the extent of thig
reaction in the cbgonce of cotolysts because, as a netter of fact, the
nurber of subgicneos which cet as eatalysts are very extenscivo, aven
glass has an influonco. Norrish and Rideal renort, howevor, that it is
mot until 3050C that rnoagurchble cuantitiea of 803 are produced; but this
detormination was rnde in glase vogcols,

The firgt obgservasiom of what is now ealled entalytic reaction was
madoe by Sir Hurmphrey Davy in 1017. Ho found that a heated nlatinun wire
introducod into various gos =irtures couged an exothernie recction,

The seleetion of o catclyst io noinly empirical and nony netalo and
motollic oxideg were triod but up tc tho nrosent time the only two cloments
adopted industrially to offoet oxidation of 802 ropicly at temperatures
below 5000C have Leon platinum and vonadiwi, Iron oxide wag used in the
Mannhoir nrocess but this rrtorial ic rolatively inactivo at terperatures
below 600°C and at this torpercture the maxinmn thooretienl conversion
that ean be achioved ico 60% and it woap thorefore necogoary to have a

.

gocond convergion stage, 7= %235 ¢npo olatinum was used,



From the litcrature it ig interesting to note that tho catalytie
effoct of polladiun and iridiun is low corpared with pnlatinunm, A
comparigon using in eceh case 10 grams of rogs containing 1,5% of the
netel and passing o gas nixture of 1 part 802 and 2,5 ports air at the
same rate of flow shows:=

Conversion
T?C Platinun Iricdiun Palladiun
450 96,2 27,0 0.5
500 89.5 56.7 9.8
550 79.9 67.1 3.4
600 63.6 60,0 27.2
650 £Y.S £2,8 40,0

The success of o catalyst anart Iren Zhe acvantages of o low kindling
temperature is denendent upon the noture of the carrier used, This
vehicle rmust be porous in order to sregent the greatest -osgible surface
to the gogea, It rust be capable of withstonding high temmeratures and
ke inert to sulphurous gaces, In the cage of »latinun it rust be
capable of treainent for recovery of the platinun, Thege considerations
have restricted materials that can be uged., Those which have »roved
successful are ashestos fibre, nngnesiunm gulphate, giliea gel and
tiegelguhr, The firgst two being used for nlatinun and the latter two
for vanadiun,

The co:zion nethol of mcking the alotinun eatalyst was to soak the
aspweston in say »nlatinun chlorice golution; to renove the slatinun, allow
it to drain, dry, and Fluff it out.

Due to the light nature of this catolyst nags it was necessary for the
convertersg to be down-draughted., The plotinised magnesiun sulnhate mosao
which was generally used in the Grille Schroeder process was prepared by
spraying plotinie chloride on to ezlicined nagnesiun gulphate. The
pletinun contont of the mass being approxinately 0.3%. :

‘Platinised gilica gel which was said to be a ruch nore durcple rateria
then either of the other two due to tho harder nature of the earrier,
congisted of o gol prepared from godiur silicate and hydrochloriec acid,
this natericl being dried ancd sprayed with ammoniun ehloro-platinate.

. In the oarly decigns of converter:s the platinun loading was
approxinately 10 ozg., —er ton of aecid per doy but irproved converter design
reculted in this being reducod to azproxinetely 4 .ozs. of platinum per ton
per day.

Althoughve:-diw: was advoeated for use as o catelyst ag early as 1900
it oo not until 1915 thot it was used on o cormereinl scale but this oarly
uge wag apparontly unsuccescful due to the disintegrciion of the earrier

eauping o high orossure dron zeross the converter,

Venadiun pentoxide itsolf is o commaratively noor catalyst and it ig
only when gso called zetivators are added that high conversions ean be
achieved,

They are usuzily commounded with an inert cubstence of very laorge
superficial area guch as Kieselguhr. Manufacturers usually specify very
carefully the type of corrier used, for exarmle onoe given for Kiegelguhr is
that the dempity rmgt lie within the rrnge of 130/150 grana per litre ang
st be culficiently morous to tale up 300/320 granc of water at roon
tenperature without flowing eaocily.

These activated catalycts foll into a elags of corpogitions—
x M350, yV205, : 303.
The metal M in the above forrula ig upualiy potasciun, godiun being

corparatively poor (one authority saye it has not rore than 60% of the
activity of a notassiun catalyst) whilst rubidiun, cacgiun and thallium




are succesgsively, and in that order, improvemeanis on Dotassium,

-There is no doubﬁ shat o substonce of the above gemeral cormposition
jg nolten at normal comversion terperatures. Topsde and Illielgen state
that’ the function of these neicls is to nrovide solvenis for tho vanadiun
go that o frec flowing licuid is »roduced at the tempersture of the
reaction, In gusnors of thig argunont they otale that only thoge netals
oet o8 activators whieh (a) produee low nelting noint nyro-sulphates,

(b) have tho ability to obsorb 503 to decreage their melting noint even
lover and (e¢) produce rielts of low viscosity. They state that this is
furthor supnor’cd by the faet that the caitcnlyst when ninde ic not aectivo
until it hoo boon hected in o ociream of 503 so thot nyro—gulphatea can be
produced, Thoy stote that the catoalyst funetions in the liquid flowing
over tho surface of the carrior., They have ghowm that it is »ossible to
obtoin sinilor conversionc to those of o conventional eatalyst by using o
nolten eatalysct without the carrior circulating this over a packed tower,
Phoy elaim that this rothod could form a practical process. The sano
investigotors havo made up moliots containing eatalyst in an outsido
cnnulug and only tho carrier in tho ceniral core.  Thoy have chown thot

aftor o vory short timo of working the catolyst nollet beconmes lenogoneous.

The ratio of 1p0/V205 or 700/V205 os ig most ucucl, is found to be
irportant in conferring aetivity on the eatalyst, tho higher this ratio the
lower the biting tomporaturo of tho catalyst. The I.C.I, in o patent chow
that the follewing corpositions will givo optimum velocities at the
terperatures indieated:-

Optirun Cornog

Toro. 3500 | 390 | 400 | 410 | 420 | 430 | 440 | 450 | 460 | 470
5

Ky0/¥p05 | 5.4 }5.0 |4.513.9 3.3 |3.1]3.003.04}5.03f 3.02

Ratio,

and suggest that the enialyst bed could be nade up in scuecessive layers of
the above cormogitions so oo to achieve maximmuy veloeity of recction as the
convergion nroecoods,

Tynienl compositions of vanodiur catalyst in commoreial use are:-

V505 Kn0 Carrior %

5% 10,4 700 silica
Hiesolguhr
or Cellito

6% 8/.)

9.5% 10,07

7415 9,0%

8,67 8, 7%

Iron ond manganego are caid to improve the activity of tho catalyst but
Tonode and Ilieigen gay that if thig io »nregent to o groator oxtent than
15% to 207 of the nelar vanadium progent tho activity falls off,

Typical o

L

thods of proparing the catnlyst nanc are as follows:-

0 k3 0 ~ 1

80/90% vanadic acid containing 17,6 Iiles of V205 is nlacod in a vessel
and ronde demp with woter, 37.4 Zilon of 5050 cauctic potach are added and
the nixture warned in order to dissolve tho V205, when the solutiom is
corplete it is noutralised by the addition of 16 ©d, sulphurie aeid until
a test sarrle turng litmmus woakly blue,  The gcontonts are then mmde up to
90 litres total volume by tho addition of water, 120 kilos of Kiesolguhr
and 18 kilos of sulnhur are added,  The vanadie aeid suspengion ig
cuickly added, followed by 5 to G litrez of 5% ammonia liquor, and the
whole nags nizod for 15 minutos,  This mase is thon extruded and

ecleinod at o tomporature of anproxinatoly $00°¢c,

P

inothor nothod is sintod o he to use o vanadium compound such as
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vanadiur oxychloride (VOCI;),‘vanadiun ox:slate or ammoniun vanadate to
whieh hag beon added potacsiun silicate,  Then 109 gulshuric acid ig
added to this mixture go that the ol is below 4, othemrise tho silica gel
produced. is unstable, The whole mags ig dried without filtration,
caleined and ground. X

It is neceacary for all vanadiun ragses 1o be activated before uge.
The notho? of doing this is to hoot slowly with hot air until tho bualafaYo
- roaches o tompmorature of 45000, then to paco a 2% 305 gas nixturo o
raise the tomporature to 50C°. The ncoe ean thon be used, o

POISONING.

_ The foeility of thoe catalyst to increanse tho volocity of a roaction
ic greatly docroased ond ultinctely completoly destroyed by certain
subatancor which are Imown colloctively ac -oimons, the offoct boing said
to ¢ one of noigoning, Peiconing appears to be of two kinds:—

(2) That in which the catolyst rocoversg activity as goon ap the woison ig
renoved fron the gog strean, and :

(b) That which once nregent in the catalyst nags cannot be renoved excopt
by cheuiieal aetion, for oxcrirvle by boiling in sulphuric acid.

The former tyvo of noiconing is known as reversgiblo or tormorary and the
other as irreversible or normanent.

Tho degree of noisoning is neasured Ly the relative roduction of the
volocity constant by a-unit-weight of soison on unit weight or unit volune
of catalyst.

Lot thig be 4

o 4
Thon o = Ok

T dg.
Whero I = velocity consiont and
g = weight of poigon,

Whonce i dg = ~CK o

e ]

K

and integration giveg ol g = logek + ¢

or & = 2.303 logyq ( L1 ).
g Ko

Volues aof 3 which have boen established nro:—

Aop03 on platinum at 45000, A = 61 »ner gran of catalyot
Agg03 on nlatinun ot 50000 @ = 32 vor gran of catalyst’
40203 on Bo~Sp~Vo05 A = O.OIVjOP litro of catalyst
48503 on Kp0-~Vo0s | © about gane, '

It has Dbeen atotod that the offoct on tho vanadiun catalyst belowr 55000
reaches a maxirun and doos not inerease with “oro poigon, At torperatureg
greator than 5500C a volatilo cornonnlof 40205 and V205 ia formod whieh
. eondengoes in gubsacuont eaialyst layerg, o ’

.
+

Tho. offeect of arsonie on tho activity of a vanadiun®eatalyst is ghewn
in tho following exarmlo.  Supioso in.cyrites containing 0,1% Ac, 75% i
volatilised into the 805 gng stroas, Sinee vyrites contoing about 507
sulphur, from 1 ton of nyrites say 0.50 tons of sulnhur aro volatised = 1,53
tons of culphuric acid containing 0,00075 tons of argenie = 761 grans or
491 grana/ten of acid. Surnose cetivity of catalyst roducod Uy one half
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end & = 0,01

“thon & =3 .303 10810 Kl

o L g A Kp
or 0,01 = 2,303 logio(Z) = 2,303 = 0.3010

g R

end g = 2,303 % 0.3010 = 69.4/1itro of eatalyct.
0. 01 '

Now suppase 1 ton af acid ner day nooda 200 litres of catnlynt
761 grang of arsenic per day or 200 litrea of antalyst will roach

this figure for
‘ g in 69.4 x 200 days = 27,9 days.

. The offoct ghown in this caleculation is of courge in practico rmelh
‘anhaneod boeause tho initial layors of eat: lyut in tho firgt pnss are
firat out of orcer, therofore the:r initial ciages of convoraion arc not oo
far advanced ag wag alliowed in the Ooulgn ond additional duty of converaion
ig throwvn upon subgocuont giozes in tho convortor for which cooling
faeilitioco havo not beon 0rov1qed and the sycten is therefora thrown

completoly out of bolonce with congiderable doeroased efficiencios,

It will bo goen that whon nroducing sulphurie acid fron arsonieal
oroa it isc nocessary to have elaborato gas purification syctons.

, Both telluriun and geleniun poigon nlatinum, Scleniun is said only
to affeet vanadiw: pentoxido at tormperatures less than 4000C and the
eotalyst rocovors ito cetivities by heating at 480/500°. Nothing ia
knovm of the offect of tolluriun on vanadiun,

arbon nonoxide has o deleteriouz effeect unon the reactionm in the
cago of vanadiurm cotalyct becbuue venodiun ectalyst unlike platinun does
not oxzidiae ecrbon monmoxide to earbon dioxide and the ecarkon nonoxide
roduces ‘the sulphur trioxzicde formwed. . Carbon or soot affocts both
platinun and venadium because it in faet obooures the ourface,

Hydrogen sulphide is said to hove no hnuraful effoets on nlatinun

and for a 3% gac mo horpful offeet was noted on vanddiur over 100 hours at
both 400 and 4759C. However, it ic stoted that in the wet catalyst
nrocoss in which hydrogen sul-hide is oxidised direetly to water and
nuthur dioxice in the burnor, thig mixturo if. y**oved to mass for geveral
hours and thon exchanged for gas of pulshur origin, a lowering of activity
is HOolOGL whiech ic only removel by rtlular the Gutaljut to o tomperature
above 500°C. '

Although ehlorine and Lhylrochloric acid gos have govere noigonin
J : Ph
aifects on nlatinwm whieh is rovercible, they have mo eoffoet upon vanadiun,

Silicon totra’iuorile hos o had effeet on HILvinii: due to the
formation of silieca on the catalyss. It ig also said to be harmful to
- V205 though whethor this ig due to the offcet on the earrior or upon the

eatalyot itgolf hoo not beon sctoced, ‘

Thero is an effoct whienh is anclogouo to termorary poigoning resulting
from the use of gages at too low a tomporature. The »recsence of 802 at
temperciures bGIOW'420°C hag tho offect of redueing the V905 to V204 and
aeven to V203 and theroby roducing the activity of the rncg, but this
gituation ean be reetified with the catclyst in aitu by blowing through with
hot dry air at o temperature of 4£80/500°C thoroby reactivating the macs.

The Mochaniar of Cotalygio,

In order that o echenical rocetion chall 6roceed it is not only
necessary for the change to: bo accommeanied by the rolecpe of nositive froe



energy on o nacroscopic scale, It iz necegsary that nicroscopically
the reacting molecules shall poscess sufficient emergy to confer upon %
complex temporarily oroduced by their collisionm and temporary combinati
the drive necepsary to rearrange the emergy so &s to bring about the
disintegration of the complex in the required way.

In other words the molecules themselves nust nosasess a certain ene
of activatiion. Thic energy of activation is not possessed equally by
nmoleculea in the sysien but is distributed in accordance with the theor
of probebility in a Gaussian nanner,

Therefore aiﬁhough o reaction rny result in a nosgitive free energy
change it may not poscesc onough individual nolecules with the necescal
energy of activation for the reaction to proceed to o e aourahle extent

“i'at & particular terperature,

As the torperature of the system is raised it is usual for the
nuzbher of moleculos nosgessing at least this required energy of
activation to increase; but if the rozction is itself mot favoured by
an increase in temperature it night well be that as the temperature io

- approcehed at which the recuired number of activated molecules are

. or oven amallor,

" which o snall guantity of poison can moke inoffective a large quantit

. reacting nolecules noossess cufficient energy to forn the comound or
chonigorbed complox as it has been ealled. The catalytie offect ia

erystallino surface. :

" of the catalyst, below whiech the catalyst will not function, For

4mass. 40 hao been statod by Adadurov and Gemet the size and shape o

produced, the required procuct is unstable.

A‘cétalyét provides a sito on which the reacting molecules ray me
puitebly orientated so that the rocuired enorgy of activation is mueh

- and thereforc the roaction can proceed at a much lower temperaturo.,

The extraordinary thing, however, about solid catalysts ig that ti
whole gurface of the catalyst is not ecually helpful to reaction and i
faet the nortion of the gurface which is effectively being used for th
reaction ic very omall, it night well be 5% or 10% of the whole surfae

- 'This ebservation led to the theory of H. 8. Paylor that the ourf-
of the solidas of high chenical activity possessed certain "active eei.
Thegse nctive contres have heen associated with the heterogeneity of ¢

Poigoning io thus the effect of occupying these sctive centres a
expense of the demirod reactants. This thoory explaing the method b,

catalyst. Thig theory also explains the foet that there igo a min
teperature variously eallieé the kindling, ignition or biting tempera

platinun this io usually considerod to be 380°C and for vanadium eata
£15°%., This io the minioun temperature ot which an appreciable nunb

geen to be closely related to the surface of the oxtalyst expooed to t
reactanteo,

In the particular casa of vanadiun oatalyots, however, the matte
nore eoplicated becouse the catalysto are. said to he in the liquid e
whem in ugo., Howover the greater irmunity of vanadium catelysta to
poigona night be asgocicted with thio fact, That this catalytic rea
io closely associated with surface ic supported by the fact that all
conditions which give rise to the exposure of greater gurface or the
groater contoet betwoon the individual nolecules of the gubatances a
the curfaco of the eatalyst improve the rate of reaction,

We wil: first deal with the effoct of size and shape of the cata

catalyst rmaso deternines - ‘ ‘
(1) The ratio of the wolume of contaet space per unit hano of cataly
(2) Tho contact surface,

(3) The pressure drop of the gyctem, and
(4) The degree of erogion of the mass.
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Bathk the void volume and tho. contact surface are closely allied with the
geonetrical shape of the catalyst nellets. A tetrahedren hag the largest
gurface per unit volume and a sphere hos the smnllest surface per umit
volumo, a cube is the intormedinte between these two ghapes, . However,
thore is another factor which must bo borne in mind and that is the degree
of aeverlapping of the shapoo when they aro assembled in bulk. Beth the
tetrohedron and the cube have rmch overlapping., It is usual to cotpramige
from the point of view of ease of manufacture and naxirun surface per unit
volume with o eylindrieal shepe. Hollow rings hava boeen tried but it hao
been found very difficult to obtain those with gufficient mechaniocal
gtrength, ’

With regard to the mgoa tranofer of the reacting gas to the surface of
the eatalyst, this is achieved in proportion to ita turbulence, that is to
poy it io relatod to the volocity of flow of the gas. However, this effoct
jg eounteracted hy the reduced contact time between the gas and the eatalyst
and therefore there is an optirmn flow linit corresponding with a coertain gao
- eoncontration. ' : ~

In addition to this problen of naso tponafer thoro im the one of heat
tranofor with which of course sathomatically it is clogely rolated, It is
esgentinl of courge that the tormerature of the cotalyst massc shall be kept
to o ninimum, otherwige the equilibriun conditions achieved on tho surface
of the catalyst are loss favourchle than thoge that are obtained in the
-body of the goso.. : ) .

Groatar oxposuro of cotalyst surfaco is of course obteined if the
pellets are mot in contact, that io to ooy they are fluidised and certain
expeorinents have rocontly becn reported in which it is stated that betweon
3 and 4 times the reaction rate ig obtained with a fluidised bed compared
with o confined bed. ‘ :

Catalyot Placing.

, ~ The approach to the problen of catalyst nloeing can be nade along the
lines suggested by Hougan and Viatoon. If r ig cqual, to the rate of

pronction im noles converted ner gran of eotalyot ner gsocond W = weight of

catolyot in grang, F ig equal to the feed rato in gramg per second and:

x ig the noles converted per grom of nixture fed, then

¥ = Fax
pnd W=F|1éx.
r

The woight of eatalyst carr therefore be doternined,by plotting the

. peaiprocal of the rote of the reaction against the convergion and

deternining the arca under this graph betweon the linits of conversion
being congidored,

Calderkbank hag by adsorﬁtion sﬁudiea ghovn that the rate of the
forward reaction: : .

802 + 302¢-903

is r1 = 0 T38s «Fop

If rq is tho velocity of the revorse reaction then at aquilihriun.rl = Pgy
and if rp is written im the form

Pon 2 Pa

_then K; "802% 4 0p =Kp .[r]

' EI_Z:.... Ky = ‘g‘;’] s ; but
K1 = K tho ecuilibriun conptant
6]

and K = Lso;] '
{905} . oo]®



the enthalpy change (hoat of reaction
. the graph,
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By plotting the valuea of Kj against 1 45 accordance with equation (3)

Calderbankz found

A\ E to be 31,000 cals

and the eguation to be

log, K; = ~31,000 + 12.07 ...

RT

¢ 9 s e s 0000 s v

. and fron (2) loger = logyly - logeK2 = 22,600 _ 10.68
. RT

ig detormined fron the slope of

ee(5)

.’%10go YAQ = = 53’600 + 22.75o oolonc‘uoltu.-otoo(G)

HT

Now the rate of the recetion r = ry = rp

2 2

-

) " "Valueo of r have been caleulated for the 4 stage convergion of
8% 80, g~n of sulphur obigin asguring ecuilibrium and the values abtained

oare ofiom in’ the following table:-

. . * j B :q
Rote of Resction 8% (Sulohur) 80, Gos.

1st _Stage

Terp.9C. | Conversion % | logell | 108eln Kl/'x2 2107 x107 | x107

1 rp | r

415 a =10.57 | -16,52 | 346.7 9.55° | O 9.55
418 1.0 ~10.48 | -16.23 | 316.2 | 10.3 | 0.00036 10,3
420 2.0 ~10.41 | -16.11 | 298.5 | 11.0 | 0.0021f 11.0
422 3.0 ~10.34 | -16.01| 28C.4 | 11,7 | 0.0035 11.7
426 5.0 ~10.22 | ~15.80 | 263.0 | 13.09 | 0.007 | 13,08
438 10.0 ~9.85 | ~15.15] 195.5 | 18.11 | 0.029 | 18,0
450 15.0 - 9.47 | ~14.521 156.9 | 25.5 | 0,084 | 25.4
462 20,0 '~ g,12| -13.90 | 119.1 | 33.9 | 0.22 | 33.7
474 25.6 ~ 8,70 | =13.31] 92,68 | 45.7 | 0.50 | 45.2
488 31.2 - 0.0 | ~12.64| 69.18 | 6L7 | 1.23 | 60.5
501 36.8 - 8,06 | -12.05| 53,7 | 83.2 | 2.81 | 80.4
513 424 - 7.75 | ~11.52 | 43.65 | 109.6 | 5.56 | 104
526 48.0 - 7.43 | ~10,95| 33.11 | 144.5 |[11.50 | 133
539 53.6 - 7.1 | -10.42| 27.54 | 177.8 | 22.9 | 154.9
553 59.2 ~5,78 | - 9.86| 21.70 | 224 45,8 | 175.0
565 6405 -6.52 | ~9.39| 17.70 | 266 | 86,1 | 180
578 70.4 -6.23 | - 0.90| 14.45 | 320 |167.9 | 152
507 24,0 ~6.05 -F ~8.57) 12,451 363 | 253 | 110
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1st S8tage (cont). -

| Temp oc : Comamién % | logell | logeliz Kt /mp | ';x%(f 2 x11°07_=
589 75.0 ~- 6,00 | =-8,50 | 12,16 367.3 |204.4 | 82.9
590, 75.5 ~5.90 | =8.46 | 12.02] 371 298 | 73
591 76.0 ~5.95 | =0.42 | 11.75| 374.1 {314 | 60.1
| 2nc Stre, B
415 76.6 \-16.57 |-16.42 | 345,9 | © 3.67| 0.11] 3.56
420 7.7 16,41 |~16,14 | 306.9 4070 0.15 3,92
425 80.8 ~10.24 |=15.85 | 271.6 £.55| 0.22] 4,33
430 82,9 ~10.09 |~15,57 | 235.8 5.01] 0.32] 4.69
435 85.0 - 9.94 {=15.31 | 213.0 5.49{ 0,45} 5.04
441 87,1 - 9.75 {~14.99 | 187.5 6,03| 0.68] 5,35
446 89.2 - 9.60 | ~14.73 | 168.3 6,31} 0.98] 5.33
451 91.3 ~ 9,45 | =~14.47 | 155.2 6,61 1,45 5.16
454 92,5 ~ 9,35 |=15.32 | 143.2 | 6.61) 1.84]4.77
436 93,4 ~ 9.30 |~14.20 | 134.0 6.55| 2.23| 4.32
459 e 5 - 9.23 |-1£.07 | 126.5 6.40| 2,79 3.61
el 95,4 - 9,15 {~13,96 | 122.5 6,31 3.45] 2.84
464, 97.0 - 9.07 |-13.00 |112.7 | 5,48 5.07] 0.41
. 3r¢ Stheo. S .
415 ST ol ~10,57 | -16:4% | 346.7 1.139 0.400 0.732
416 97.5 . =10.54 |~16.35 | 333.4 | 1.064 0.471 0.593
417 58,2 1 ~10.51 {-16.31 | 330.4 0.99Y 0,547 0.444
417,5 96,5 | ~10.49 1-16.26 | 320,6 0.929 0.619 - 0.310
418‘. 93,7 10,48 1=16,23 | 314.1 0.9000 0.670 0,270
£13,5 936.8 ~1C. 46 1 -16,20 | 312.6 0.859 0,736 0,123
| i
! | Stoge. o
Negligible improved con%oésion qa;‘bo neliieved in a fourth stage.

Y

The following chow gomo of tho actucl distributions which have been
uasd- in »racvice uping vanadiun eatalyst,

Type of Converter i ﬂA . : Cotolyst in litres
Extornal H.E. A of Totci Mass por ton of acid
— L . s ) - Der Aay.
st _Pags | 2nd Pasg § rd Pogs | 4th Pogo

Single Stage 100 - - - -
Two Stage 30 70 - - 2 180
Three Stage 17 24 59 . -
Four Stage. . 16 27 27 30 180

22,3 |, 223 22,3 33.1 180

22 25 2. 20 _ 1680

e
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Type of doﬁ#ebtéii‘h % of Total Mags = Catalyst in lditr
Internal H.E. : per ton of acid
— _ L J1st Paos | 2nd Pasg | 3rd Pogg -
S8ingle Stage -, 100 . RS - ; 216
Two 8tage 25 . 75 - - : 225
Three 8tage -, 13 . 27 ¢ 60" 230
. 23.6 20,6 - 55.8 206

16,0 23.0 61,0 , 268
.. Those calculgted for the 8% gos are ag-followns—
\-§t_age : 1 2 -3_ - 4

Bélative Wb, of | 0,02043 0.06765 |  0.04334 negligible
Catalyst . : ' :

W, 15,6, 51.4 | . 33.0 S

However the above apply wien equilibriun ig 'acﬁieved in each pass and as P

shqws the graph passes through nininag for 1 which are of course mzing for r.
R _ o :

More efficient use of cotalyst ean be nade if the convergion doeg not exceed

that eorreaponding with the raxirun, rate, with such conditions the plaeing

igs- )

8tage 1 2 3 4
Relative Wt, of 0.02043 0.0295 0.066 C.0541
Catalyst » . : :

% Wt‘ i . 1200. 1703 . 38.9 ’ 3108

llaximu; utiligation of catalyst iz aehieved by operating continucusly
at maxiran velocities of reaction, l(a.zmum velocity of reaction existsg
when o ‘ :
f}_l‘ = 0,
Pl

Yo T =rL-r2 =K1 Ry . Reop - Ne Bgop o Ro,b
-

P.gozzé‘ Psozaf ‘ »
but both Ky and K, are expomential functions na given in equations (5) and (6)

ot Ky = of1(T) gna g, o of2(T)

: 1
Ther dr = £]1(T) K. PogP3o, = f3(T) K, Ro5-Fo,

az .
| Pggyt - Poop
“Mhere £1() yngicates the airrerentinl derivative of £(T)
Wﬁend_£=0 fi(T)'KI = Pgo), secssnesea(7)
T on  Renr
Fron eqnﬁi:ions (5) ana (6) it 15 clear that |

3 2
- . = - 1 - :
fl(T) 3 ’000 Rf 1 .'O.‘O..Q(a)
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_fron equation (8)

‘K2 Pgo,. Poy”

But Ky = [&%? the ecuilibriun constant st say o tempernture To

2
o Fs03 |
Whilsgt <= = [%n , the ecunilibriun constont corresponding
SOQ_oPQ -

with this degree of conversion sty Ty.
Then -K_z‘Lz [Kp] 5 = 1.73E{-pj 1
Ko

Now fron ecustion (2) »
log,K, = 22,500 = 10.60

. 2,303 1og10 E } 2 = 2 6oct
LI:':) 1 T2

= 2,303 logyo(L.73). = 0,348
Now R = 1,99 ocalories

and 0,548 x 1.99 = 1 ~ 1 = 0,433 x.lO

22,600 To Ty

~
&

or T1 - Ty % 0,403 x 1074

Toly

Whence Ty = O.ASEAX 1074 ToTy + To

Thus in order to uchieve naximun veloeity the mlxture ghould be kept
ot a termerature leos thon that corresponding writh its ecuilibriun
termeratura in accordance vlth the above ecuation.

i

Idealiy, thercfore, the mixture of low conversion ghould be fed into the
converter at ~ high tempersture ond grafunlly decreased ag conversgion
proceeds in sccordaneo with the okove ecuation. Cortain Internzl Heat
exchonge converters hove attempted to follow thig srinciple ard will be
deseribed later.

Converter Degign,

In the early days of converier decimm very little congiceration appears
to have beon given to the thorncl as cpecto of the roaction, Converters, by
comparison with the -resent day, wWore ar~11 and rodintion logses must have
been considerable, »nogcibly with advaniage to tho convorsion efficiency.

One of the eariier known types of comvertor wo the Schroeder Grillo
whlch congiated of o C.I. cylincer contcining five lajers of platinized
magnoaiun Bulyhute eatalyst sunported on G.I, grids,

In the original Grillo coaverter the 805 cntored ot the topn, and
nassed through the various layors of catalyst. o attoppt wag made to use



the heat of reaction, and it was necessary to preheat the incoming gases
to the desired igmitiom temperature im an external furnace. See Fig.
A later develepmont of the Grillo convertor was tho inoerporation. of
anmzlar space around the shell. The 80, gas onters tho annular gpaco
tangentially at tho bottom and is foreod by moans of baffloa to take a
gpiral eourge upwards, sbaorbing heat from the hot gnoen inaide the shell,
thus giving somo dogree of temperature control. Sca Rig, 9(b). In thio
conwortor bottar gas distribution wan cbtainod by downflow whieh roducod
tho popmibility of channelling, and by tho ingtallatiom of baffle platos
botwoen tho layors of cotalynt, Tho dimongions of tho innor eylinder
wero approxiontoly 6°-6" inside dianotor and 12°-0" high, A convortor
of thoso dimensions would eontain 2,000/2,500~In3. ef masag on each shelf
with a platinum eontant of 0,31%. Such a convortor would have a
copacity of approximntely 25 tons HpS0y por day, convorsion effieioncien
of 92 - S5% boing obtainod., : ' ” ‘
Amothor early typo of convertor was thof employed in the Monnhoin
gyston which is tho only systor uging a two stage eonvortor with
diffaront catalytie nmatorials. The prinary conversien tock place in a
atoel brick limod chambor callod an oxide shaft whichk rocoived tho gongoos
dircet from the rarmera., Tho shaft wac charged with hurnt iron ere of
a porticlo mize of not locs than 1., . Bach 24 hours o proportion o tho
ore wag romoved from tho botton of tho shaft and roplacod with freahly
burnt oro, the normal dopth’of "axido boing 8/10-ft. and tho gasos
antoring at a torporsturo of (7009 approxinatoly.  Aftor loaving this
soctiom the gagos wore cooled, the 803 sboorbed in cona HpS0y, tho
ropidual gomes after proheating to ignitiom tomporature pascod imto the
gocond gotapo, congigting of o ahaft containing platinizod agbootos
ecatalyst, Iron oxide is rolatively inactivo at tomporaturos bolow
600°C, cnd whilot theorotically a convorgion .of 60% was possiblo in the
oxida shaft, in practiso thic soldonm excocded 40%.

Ono of tho carly attompto to utilice tho hoat of roaction, ta
prehoat tho cold 802 and at the samo timo give.oomo moaguroe of cantrol
an tho eatalyot temparature and improve the comvorgion, would appoar to
bo tho Badiseha syston, dotdils of which wore firgt nublichod in 1901.
Thic convortor was tho first to oporate on tho. intornal hoat oxehango
prineiplo, The eatalyst which woo usod wag platinized asbeotoz and was
containod imside tubos being supported om porforated platos,  The cold
gas antored at the botton: of the convortor, pacced upwards around tho
outaide tubog and thonee dovmwards through tho convortor to leave at the
bottorn, Originally thie converter was dogigned tg take tho wholo of tho
gam into convortor but a later dopign - ineorporatod a bypass arrangonont
giving bottor tomperaturo control,

Another typo of internal hoat-oxchange convorter wag that dowolopod

by tho Tentelow Corpany. Soc¢ Fig, 9(c). This convortor eonsistod of
a wogsol nade up into two soetions, tho uppor soction containod a
porforatod plate in which was placcd 2 nurber of €,I. cones; o layer of
catalyat wao placod om this perforatod plate of such a thickness that the
conog projocted imto tho opon space above the tray, Tho cones v
tronorittod hoat fron tho eatalyst into tho apace above thig, giving sone
dogroo of heat to tho inconing gas. Tho partially convertod gag passod
fmto tho lowor scetiom which containod further catalyst trays. No
atterpt was rade to ronove hoat from thoaoe latter stagos, Thia deaign
of convortor would not soom to have beon sucecossful aas the Tantalew
Company later introduced a convortor sinmilar to tho Badische exeept that

a relatively l.rgo void gsoetion was incorporated ghovo tho tubes inm which
~was installoed a porforated distribution plato. The gasos aequirod gome

degreo of tomperaturo rise by contact with tho convortor walls. '

. With the oarly typos of intornal H.E. convortor all the incoriing
gag wae oxposod to tho whole of tho hoat exchange surfaco and with
fluctunting gas eoneontrations aceurate tomperaturo control was not
posgible, and lator dosigns jincorporated mothods of introducing eold gas
at warious placog in the vossol. SRR
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In the early designe of convortors for platinun, tho loading wag
approxinately 10 ozs. per ton of aeid per day. Inprovad designs
reaulted im o reduction to approxinately 4 ozs. per ton per day. One of
the problens agsoginted with the use of platinuwi wag the danger of
paisoning by il cquentities of aracnieal corpounds, and it was reccegsary
to have elsborote gas purifieation systoms. Iiven if not paisoned,
platinun suffere a gradual Jdocline in aetivity, and it is atated that over
a 10 yoar period the wholé of tho mags would have to be replaced.

Although wanadiun war advoeated for use as & catalyst ae corly as
1900 it was mot until 1915 that it was introduced on o cormereial scale,
But it was ixr the late 1902%z bofore it began to receive worldwido
application, and of eours) hag now praciically entirely supercoded
platimm, Tho early ugcrs of wanedivm moerely replasod the piatinuo and
used the gamp contaet voessla, but as vanodiun wag a mich nors durablo
mauterinl it wao possible to irprove on ocarlior domignu, utilisireg either
internal or oxtormal hoat czchaugors. '

Those oarly Adegignerz favouring tho jntornnl hoat ozechange endeayoured
ta remove tho hoat of resclion ag formed., With oxtermal koot exchango
adyantage cam be talrn of the inoreasod velonity of reaeticnm at the
Righer temperaturos, thus pernmiiting iz o gplit eontact oysiem a eoryersion
i tho first stage of cpprowincioly 70% using only 30% of tho total
catalynt, hoving coolod the goo im tlo intoratage coclor and 6xposod the:
gos eontaining o lescor cuentisy of 802 to z rolativaly large anount of
eatalyst giwing a relmtivaly lomger sontact timo.

i typical exxrplo of an carly gniit contact uwit is shown in Eig,
Tt congisted of two vensilm fobricated in £.I. of bolted construstiom, tho
first vessol containing approxinmatoly 30% of tho %otal catalyst in two
layors, gas digtribution baffles being arranged boiwoen tho oatalyst
layers, The socond voscel comtainod tho repzining 70% of catalysi in
three layerg with sinilar gaa digtribution bafflos., Betweonh tho two.
yessels wos an intorstago ccolor consisting of a tubular hoat axzehanger
uging atoospheric air as the eooling mediunm | } .. whon hurning
gulphur er with ¢old goz vhon pyrites burning. A ifurthor developnent of
the extornal heat oxchange converier was a singlo vegsol of nild steel
comatruction eontaining four layers cf catalyst supported omx cast fpon
grids with cocling betvess each stago. In the case of sulphur buraing
the excess hoat is rusovored irm tho forn of stoan. Throughout the
development of somvortors, arphasis hac boon om the questiom of gag
distributior and reeently convertors hava hoen dosigned with tho fourth
pass split inte twe ojyora of catalyst, with the object of improving gawm
distributien im tho finai stage. Sop Bige 13 ‘

Earlior im tho papsr the mubjoot of tho advantages ol cooling hy quoench
air hea been diseussed ond a typisal eonverier cdomigned for quench aly is =diso
ghown in Fig, 13, The introductiox of venodimm eatolyst has aleo pormitted
considernbls dovelopaent of the internal H.E, eonvortor as with pXoafinum
eatalyst the high poeisoning risk and tho difficulties of replacing the pass
wag a very costly opsration.  4n interral heat exchange ooavortar has a
fixed heat oxchange saifase and for this voasom is act ao fleziblo as the
extornal type but it bas thc advantags of Gasoupying rmuck lcgss floor space,

The early dewigns uling vounadiinl coriéained tho wholo c¢f the catalyst inmide
ihe tubes but this reculted in a high precsure drop, and go the catalyst
Iayers were divided into the firgt massc outgide the tubes supported on a
perforated plalio with tho top sectiions of the tubom passirg through the
fipst mass. The cool gas entorad tho icwer part of the ossel and
gireulated outsido the itubog passing upwards thrcugh the firnt catalyst
layer and then dowir through the *ubos eontaining tho second pass,

The urgi internal hoat sxshanze convorter trisz to ulilise the faots
discussed sbovo that mamirmn volociiy of voacticn iz chiained at o
topporature gaawhat lower than that corresponding with tho equilibrimm
tomperature of tho mixturo, Tho gas nixture al 320-3400C in fod into the
pain hody of the comvorvor -« Sco Fiz. 12 - and pncoes counter current
cutside of tubes containing satnlyst. The gns thon passos through a
eatalyst bed and then down through the catalyst tubes. In this way
maximm temperature is reached at tho top of the converter at minimm

econveraion, and as canversion procoeds the gases are sooled by tho
o Al Lot O LA 04008
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