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CONTACT 3ULPHURIC ACID PLANTS - RECOVERY OF LOST 303

by T.CESCA (Montacatini)

INTRODUCTTON

The normal losaes of 802 from contact plants are, of
coursa, 1n comblnation with the substances leaving the plaent.
If we ellninate the acld product, which contelns only very small
amounts of dimsolved 50, this leavee only the gaseous effluent
from tho ebagrption towar, Varylng from one plant to another,
the ooncontration of 50- ranges from 0,12 to 0.3% of the total
volume, that ie from 2 %0 5% of the 30, leaving the washtower.
This losae 1e in the firet place due to the faet that catalytlo
oxidation is incomplete, although 1t does occur wlth oconversion
rates of 97 to 984,

. The sdvances nede in the preparatlon of vanadium
ontalyates and ln the egulipment for the converaion unlt -
towers, exchangcors and control syetems - have been 80 tremondous
that today 1t 1s pomeilble to attain a stable conversion rate of
98% with pyrites gases, so that any further improvement could
only involve an uneconomic consumpiion of catalyst and power.

Thus we nust concentrate our efforte on the second
oauae of the loss whiloh - exooept 1n sulphur-burning plante,
whioch are not dlscussed in this paper - 18 due to the solubillty
of 80p in the sulphuric scid ciroculating in the drying towers.,

It is usual when drying sulphurous gasep to ugo amg &
dehydrating agent highly concentrated sulphuric agld which has
a very low water vapour prossure. Henece, the acld eireulating
through tho drying tower absorbs moisture and becomes dlluted.
In the adjmoant absorption tower, howcver, the acld becomes
more concontrated by the fact of abmorbing S0y. By effecting
an exchange of mscilda eclrculatling through the %wo towars, the
concentration 1n both 1s continuously malntalned at the
optlomum level for the absorption of Ho0 end 503 raeppectively.



GAS DRYING SYSTEMS

This cxchange of acids 1g effeoted on the plant in
peveral ways, the two ohief onos heingz: :

1) the combined ciroulstion system (Tig.1)

A single pump circulates the acid through both tha
drylng and the abaorption towarea; tho aecids rTun
down from the bottom of thec towere into a gingle
oontalncy where they mix cnd after a suitable
addltion of water reach thc optimunm oonosntration
of 98.5% Hp304.

2) the sepernte clrculation systen (fig.2)

Eaoh of the two towers has 1ts own pump and &
fraotion of the oireulating fluid 41s axchangead
betwoen the two sygtems. For the absorption tower
the acld concentration will be maintaineg at 98, 5%,
whille the concentration in the drying tower will he
lower, though it may resch 95 to 96% HoS0,. In
this conneotion it should be stressed %ha the
concentration of the acld oirculating in the drying
tower will be higher the more intensive the
oXchangs of meolds from tho two cyclaa,

In point of fact, both these syatens find practioal
applications in industry.

INFLUENCE OF THE SOLURILITY OF TIE 502

At firet sight, it would gsem that tho comblned
circulation system is the more attractive both becausc of its
Almplliolty and beoauge 1t ean supply & nore concentrated acid
to the drying tower, But there is a sgcondary considerstion
which works in favour of the scparate circulation systen.

Weo must bear in nind that: '

1)  Sulphuric acid, even at high strength, will
dlasolve 3Qp

2)  1in the drylnz towcr the gases have a partinl
preasure of 30- very muoch higher than those in
the absorption tower (0.06 as against 0.0015 kg/om?)

in order to understand that the exchange of eoids from the two
oyeleg wlll give riges to a tranafer of 80, from the drying
tower 10 the absorption tower. In the nbeorption towar, the
B0o-rich aoid will releesc 1t in gas form and the SO2 is loet.
Obviously, thie losa ig proportional to the amount of =oid
wWhich ie ‘exchenged between tho drying tower cycle and the
absorption tower cycele and is thus subatantially higher whero
tha .eystem ie combined then when the oycles are aaparate,

' It 18 interesting to coupare the amounts loat in the
two oages.

2) Combined circulation

Taking the combined ciroulation first, we nust firat
eatabllsh the olrculation factor, which we will take as 45 tines
the production figure;  thus, in a plant producing 1 kg/hr
H 504, aach of the two towers would go weshed with 45 kg/hr
ol acid, Let us also take:
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tenpornture of the acid cntaring the
drying tower 60°C

golubility of 02 in sulphuric cold at
Soncontrations botwoen 94 & 98.5%, at

a tonporsture of €09C and o presgsurc g 502
of 1 k@/(}ﬂ%rsoz (%) 0.012
. & Hoo0y
concentration of S0, in the Jgoped:
sntering tho drying tower 0.06
antering the sbgorpilon towar 00,0015

Wo nentlon in pasalng that the sulphuroua B8 ghould
reach the drying towoer ai & tenperature not highor than
39,470, bocousc this 18 the tomperature &t whioh the gag wilth
ita 6% 307 contont carrles cxactly the right amount of water
vapour to dilute tho S0y to form acid with the 98.5% HpS04,
when the conversion ratd is 97.5%

With reforonce to syater (1), it cen essily be scen
that half the snount of acid leaving the drylns towar 18 pagsod
sn to the nhaorption towaer.

The 50o loet for each kI +f acid produced will thus be:
.i% (0.06 - 0.0015) x 0.012 = 0.01l6 kg 500/ kg H2504

Exprogning this onsunt e Hpd0g inatead of S50- and
relating it to 100 .kg of acid producs, we ot & peroentage loes

of @
1.6 ¥ o 2.
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b) SEPARATE CIRCULATION SYSTEMS

Yot us now gec the state of affairs when scparate
cipoulations are used. (3ee £ig.2)

In thig omso woe nust tako into seeount the moisturc
content of the sulphurous £a8 whon it reaches tho drying tower.
Wa will assume that thc gas 18 paturcted, at the existing
tenperaturc, with 159B¢ acid which 18 what i® normelly
ciroulated in the washtowers.

Ty onlculate the S0, losa in this case, We muat flrat
cotablioh the wolgnt "g" of 98.9% acid which for cach kg of
Hp80, produccd will bae traneferrad from the abaorphilon eysgtenm
to tﬁe drying aysten a8 & funetion of thea concentration "
of the acid circulating in the drylng tower. It must be
borne in mind that the diffwrence in weight betwesn the arount
of acld at concentration "c" which the drying aystem tranafers

(*)  C©f. Saidell - Solubilitics of Inorganlc & Organio
Conpounds 3rd cdn (1940) :
Nilse & Ferton; Suppl. to 3rd edn (1952) Wilsa & Cnrson,
The @olubility of 502 in sulphuric aoid at ooncentratione
botween 94 and 98.5% HpS0, varies s1ightly (+ 5%) from
+the voalue which for eage of colculatlon 1s sosuncd 1o
be congtant.
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to the absorption gysten and the anount of aold at 98,5% which
the abaorption tower troansfers to the dryiny tower must agual
the weicht of water vapour reuwoved from the moiat sulphurous
eases in the drying towcr. Let "F" be the weight of wailer
vapour contalnad in the volume of gag at 6% of 30, whioh is
necded to make 1 kg H,30,, thig welght belng a funetion of the
temperature, and we cln @xpress in the Tollowlng cquation that
the quentitiocn of H2504 in the two cxchanges are sgual:

q x 0,98% = (g + F) x ¢

and henoa:
ax F

0.985 - o

The amount "g" comprises g. = 0.98% x q kg HESO4, henee

e

q, = F (1 _ 12 )
(= 095 )

Taking into conslideration that in the range of oconcentration in
quastion the product of tha golubility of the 502 in the amount
of acld conteined in one unit by weight of H.,50,“remsins
practioally congtunt and equalo 0,012, we caﬁ a&y that the
amcunt of SOE loat per kg of HESO4 produced willl ba:

e X

q, x (0.06 - 0.,0015) x 0.012 = 0.07 x 107 50

4y kg 2
]
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Expresaing thig amount as Ho50, ingtead of B0, and relating 1%
to 100 kg of acid product, We %at & peroentagé loaa of:

0.07 xqx 98 =0,107T x q_. %
oF ©

Flrally, subsiituting for g. 1t velue a8 a function of "F¥ and "¢",
the mercentage logm will bed

1 - 1 )

0.107 = ¥ / |

(e 0.985 )

Usaing this sguation and taking into account the values of "FY
derdved from the values of the water vapour prgpeure 2f the
15 Bd aoid al temperatures betwoen 15 and 39.4°C, we have
worked out the attached Figurs 3 whloh covers all caegce which
night arise in practice,

GAS EXTRACTION TOWER

Firat wo would streme thal the changeover from combined
to soparate circulatlon eystems raduoed 80, loasce from 2.4% to
g level whioh, in practice, oen ogelly be fleld at about 0.5%
when working wilth the gasca ot 32°C and the drylng tower acld at
96% Ho 50,
Fig.3 showa how this loms cuan bo s8tlll further reduced:

a) by roduolng tha temperature of thoe gases ocowrlng from

the washtower; e o gerneral rule, such an

arrangerient 1a not fecaplbly because it requires
cxtaenalve and thorefore coetly coollng aurfaoca;
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b) by lowcrin. thae concentrotlon of the acld
circulating in the drying tower, but this would
caupe 4 deterioration in the drying conditlons
of tho sulpharous gases,

With roforence to thig gucation, that is, to enaure
the optloum drying oonditions, care should boc taken to malntaln
tho ecid circulating in the drying tower at the highest \
possiblce concentration by neant nf an aotlive exchange of aolds.

Fallowlng thig line of thousht, wc had the idea of
inacrting in the flowlinc of the anoid trangforyred Lrom the
drying to the absorption towoer a dovice 1o extract thoe 380,
content of the scild and reoyclc this 30, back to tne “
drylng towar, Thia wag thce origzln of fhe gag oxtraction towor.

a) With low 50, concegntration FEiB%)

Tigure 4 1llustrates tho syatom followed 1n our planta,
and not only in the new ones, it ia almo put into the 0ld ones
ad convenlent.

The gas extractlion tower, which 1s shown achemnticrlly
in figure 5, 13 a sumall towsr packed with Raschig ringe
through whioh the acid 1s passed from top to bottow to remove
the 50,, while air is blown ¢oounter-current, and gubscquontly
passea“to the drylng tower.

Naturally, this sir onusce a dilution of the pulphurous
gades but 1t should bo noted that dllution wae also carricd out
proviously, ginco the roasting gasas warg top rieh in 30, for a
gond convorslon roatoe. The concoentration of the gages lgaving
the bettery of furnaces ncver £2113 below 7% and sonetimed
reaches 8%, while the gapes tuat not be pagocd to the converioers
with a 80, corfant above A, 5%.

Thus, teaking tho measurcs degoribed, we havce boen able
to climinato completely the losa of 302 due to the solublility
of thie gas in the acild, whilc ai the same tlme the
eoncantration of the acid in the drylng tower oould be raised
fron 97 to 97.5%.

o glve an ideas of eize, the towsr 1llustrated in flz.0
is adcquate for a 100 ton/day contact plant. The firset gas
oxtraotion tower of this type has been in operation for about
6 years, 4 nunber of checks have been introduced to onaure
the practical cfficivnoy of the gas pxtraction towar. Tho
firat method, & wvery siuplo one, conolets in comparling thc 30
ooncentration at diffcront pointe - when the alr whioh dilutog
the gages 18 paseoing through the extraction towoer and when 1t
ig drawn out ot a differcnt »lmooe, thus ocausling the gas
gxtraction to atop.

Anolhor methed consigta 1n meaouring the volumc of alr
loaving the a2 cextractlion tower and dotermining ites S50, content
by the Roleh nmethod. Tinelly, & third wothod coneglate in
peapuring thoe volume of aocid passing through the gae extractlon
tower as if 1t wore stationnry and determining analytloally
tho 802 pontont on ehierins and lcaving the Towor.

A1l thepc methods gave good agrecmant on tho faot that
80, rooovery is practically complote.
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b) With high 50, concontration (2=10%)

Tne 1den of extracting the 20, contont of the aoid
lod to a furthur Interesting dcvelopmung in thesoe contact
aulphuric acid plants which apc equipped with fluidizad bed
roagtera. Thie necthod »f roasting, as is well known,

producos eulphurous L6808 with o high 302 conosntration {(about
13%) and the neocasity to dllute them to<6 - £.5% for the
convertors denands that m large amount of air be bBlown 1n
(almost squal to the voluna of Sulphursus gasos to be diluted),
In other words, the 483 cxtrastion potentinl wes large.

Thinking alon: thase lince, wa saw tho poa3aiblilty of adopting

8 syeten, 9lightly differunt from thosg alraady described,
posacaplng all tha advantagos of the combined oiroulation systen
and yet losing nono of tho advantages of the separate
girculation systun with the goe axtraction tower,.

Wo would have threc towors: +he absorpticn towar,
throuzh whioh would »asa the total volume of the Zedas leaving
tho Qonvoertors: the drylng tower, through which would pass
the gasea containing 13% 80,; the zms extrection tower, through
qhloh would pegs an aquel vglumu 2f alr to give a final mixture
gontaining 6.5%% 80, The gas extraotion and drying towers
would thus be equaf in 81 m and half the silze of the abaorption
tower. This arrangewent 1g ahown 1in flgury 6,

The acid leaving the absorption tower is divided into
two equal parta:

the first ip combined with the acild Loaving the gas
cxtraction towor and from there is ment to tha top of
the absorption towar:

the second 18 mixed with the zoid leaving the drying
tower and from therc is passad to the top of the
drying tower (50%) end the gae extraction towey (50%)

By thle nmaesng we have tho following advantages:

1) the acld circulating in the drying and £as
extraotion towers (which also does the Job of
dryling agent) elways has a concentration of about 98%.

2) the ecld papsed to the abssrption tower had always
had the 302 extracted becauge it comes partly from
the gae extraotion tower and partly from the ebsorptlon
tower,

3) there is no need to ndjust the differences botween omns
girouletion and the othar beosuso the lcvel 18 the
8ano in the two veesels which aro comneoted with oach

athar.
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