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o thet date and, 1n eny osse, 1t wmuat not bo published without The
pornigsion of the author.

A DY TECHUIGNS 117 THE MANUFACTURE OF

BULTHTAICT A0
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PR TY .

Clasdlenl and intensive methods for the »roduction of qul—
phaurle acld from nitrowen oxidea, whose chemiecal rrocess has be
interpreted by lunge and Derl, are mentliorned. A new intensive proeeﬂa;
using nitrogen oxldes, where e cyale of cheaical reactlions 1a guite
different 13 then anaiyaad and advantages arc cnumersted for this
proocze connared with the former.

I 'hJu proceag there ls 1o gaseous phase reactlon
PNO + # 0 *—N of the Lunge and Berl type but the oxidation of
5 takas plagu at the cxpenso of the oxidaotion reducing proccas
betwecen nitrous and nitric compounds in liquild phase only.

Tuls reaction is favoured and qoade possible at zll by the
Presence of perouwlnhurie radlcals to be cadaily determined in the
sulphuric acld wlth high nitroge contenta.

Deogseription 18 mede of the couplete cyole of renctions
whercein the @ asence may be noted of compownds with higher oxyson
contents than for thce normal Lunge ond Herl eycle,

Degcrintion 1s 2dso aadce of o plant for the pirectical
operation of this crcle.

e o by ok ey e

Turing the last thirty yeors the zulphurie acld Industry
hea nedo steady progresa with the up;l¢cu+ion of the intensive
chamber process %MurJtup Milla=-Packard) and of the packed fower
syaten (Opl, irmrison, Fetersen).

The reaction 1in theoe procesces doesa nol Jilfary greatiy
from the atandard pattern. Thore aro some vardations in construction-
al dectnllo but the theoretical cycle for the forantlon of gulphurle
acld hed not undergone any chanse, For all syoctema ope rating jodatly
1n the gazcouws phane the lueory of Lunge and ita derdvations can ba
apnliced. .
It aay be noted that Lunge hoas given thoe aoat rodlonal
OXplanation of the omldatlon cycle of aulvnhuric acid and thlds thoory,
modlfled by Borl, ia 94111 the most lergely accantad to-day,

Howaver, for s osrocess worlhln, in tho liguld phase only,
tinis theory cannot be acoepted.

Mae pracesa we arc now golng to consider differs [rom the
afar ementiom d clasaicsl ayotemi by now conceptions having both o
thevraticol and nroctlecl simmificance offordng twoe orinceioal
advantoges:
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1) & auwll volwus ot raarting cloyonss anrd consequently o
high production per unit;
2) & low comawintion of the oxldiser,

Thwase two {cotors ere of grest inportance in a9 much as
they reduosc eopiltal ocnd worltddnge costa.

In ouxr procoss the nitrous sases arc aiployed Tor {he
oxidation of mulnlmr dioxide into sulphur trioxids, but all recetiona
oceur in tho liculd phase and tasoretlically, during tha cyclao,
nitrous zoucy ore not generated.

Technicians will underatand that thils fact has 4 very greot
Ianortance in the practioal oa wall ans tho sclentific field, 1n as
auch as 1% ewlla for a thoroush examination of a reaction, the
parcilel of which 15 not casily So be found in inorganic ciewmistry.

Indeed, 1t 15 not $o be excluded that this reaction wilzht
be cdeacribed as o biweleculsr one ln liguid phnge. The veoloeity of
oxldation, aloo for engywic roactlona, accarding Ho Schulgzo's law,
i1 proportional to the conoccnbrotion of tha catalyst 1n tho disocrsed
Oyatoms s dX = [ 0 a0

TE 23

AR wo cro foing to prove, the prouenca of porsulvhurie
rodicols 1n the molecules of he nitroug compounds 1o evident.

The oxidation veloeity of 30s is provortional to he radical

(50435 8X e Ty 0(304) 0,
db ve

Conzogquently 11 wasd noccesadery in wueh a ocse to have pu-
couree to wezctionn in the liguid nhasey two diffaerent reacticns should
be consgldored:

1) a very repla ono, the oxldation of culphur dioxide by
reducetion of the nitrous fuoess

1L)  the obdhcr, o rather rapid onc, res.rding the ro-onidi-
alng, of the nitrous favos and of vk ich the well-known
cquilibrlua conutant has boon detcrainad by Dodernoiein. It io theroe-
rore eaJy to understand whyv 1w the chamber nlants end alailer gyatood
tha whole ecyclo of production ie busud on the rezctilon naving the
lowest velooity

Thia [faot cwxplaing the neccusitr for all s otoun working in
tho greeous vhaco 4o have towers of largs voluwe and low gas volocity
in tho 2yetonl, strietly to attodln the lowest veloeity,

Before congidarin,, the practical nnplicutbion of the Procoaa,
wnleh 12 capeble of glving . high production ner wnit togatihcr with a
Low condwantion of oxidismcr, wo ghall bricfly conaider its theoreticul
boasls.

Tha pbove forumula, wileh wos given by ud several yoara anoe
(l)D ghowa how an 1ncrondse in the concentr-tion of the nitrogon
oxides with a voleoney of at loeast 3 revredents e reactlon in the
1ignid phase, This uhicnomenon i rot comneotod with the formasion of
nitroud srodeots bul with nitrio ocwsounds cembined with sulphurlo
nold.

Two practignl condidorabiona Tollow, who aunlanatlon of
which 18 givon on the baiis of tho above theor; :

1) the higher tho conoontrotion of 4ha nistrous-nlsrio con-
pound in thoe cirewlntin; nitrosc, thae @rozver the trand-

Tormation cificlency ond +lie lasgcr bie conluwantlon of the cxidlasor;
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2) By en increasc in the concentration of nitrous compounds
in the nitroses expressed as NQD%, the nitric radicals
also inoreaps. The roaultant acld, whioch ocon ning highly oxidisacd
peraulphurioc radicels, oconnot ba czllod nitrosylsulphurie aold.

Tt ensures & greater officiency of transformation and e
%ieater velocity of oxidetion with o maxlmum content of nitric radicals
the nitrosulphurlc moleouls.

In order g ﬁ%ﬁ% an efficlenoy cpproaching to the theore-
tionl value, nitrog %}g R g0 below 3, but it 1o tetter to heve a
valency of é. For thie reason tha reac%ion must alwoye remain 1n
the liquid phage. Anywsy,fthere must be ebuolutely no develorment of
nitrous gesea reduced by éOg.

Tn this proccess where the concentration of the nitrogen
oxides, tcrmed NoO3, 18 never below 10 - 149 by volume but ocan, on
the contrary, be very high, there is theoretically, no produo%ion of
gesas, but only a transition from trivalent to pentavalent nltrogen
end vico verss, always in liquid phaac, a3 a nitrosulrhuric compound.

This proccas shows, without doubt, auch a reaction and,
having regard to 1te velOCi%y, 1t expleins the more intensive pro-
duatlon of aulphur%c aold in tho packed towera, a production which
ecan reach 300 kg/m>.

Hantech and Berger have, ir fact, made an intercsting study
of ocertein nitrogen peroxido compounds. They heve ilnvestignted
reactiona of percinloric aocid with nitrio aeld, obtaining o series of :
perchlorates of hydronitric aocldium (0104}2 NtOH)3, wihers the chlorine ,
as in all the perchlormtes, has a valency of T. -

It 1e well-known that powerful oxidisers, 1.e., anodo
oxldation procesa,; the peroxides of hydrogen and sodium etc., oan
trensform the sulvhurlc adid into persulphurle by & aubtraction of

two atoms of hydrogen:
oHoS04 - 21 = (H304)2.

Peraulvhuric zcid being not Mmown in o free atote, only 1lte
pelt may be considored, for instance ammonium persulphet e.

Repleoing the ammonie groug by the monovalent group D-N(OH)4
a oompound having an orthoniiric acidium radical N(0H)s 1s obtained,

By analogy, in the structure wilth an tach's merchlorste of nitracldium, .-
the highly oxidlmed compound formoed by contmet with the nitric and
nitrous gases la called orthonitracidiun

The same reaction i obtained with sulphurie acld end HoOp:
EHQSD4 + HoOn = (HSO4)2 + 2Ho0.
The persulphuric zcld can be exserimentally deternined in

this resmctlon, Consequently in tho complex molecule there 18 nitric
apecld with one molecule of waler.

Several tests have confirmec the conoeptions glven above.

We will not consider here in detall the thooretical treat-
ment of the strongly cxidlsed nitropersulphuric acid. In thia process
tha reaction veloolty 1s given hy tho presence of the nltracidium
redionl whose oxidetlon und reductlon yelooity are very high.

During the reduction in the preacncs of sulphur dioxide the
nitrous gaeas ars always ingtuntancously oxldised. Tor this renaon
the rolatlonship bpetween 530, and tho gulphurnitric compounds mush ba
the loweat, allowing for no%mal pperationa.
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The rozetion neourring between nitross ang sulphurous coaes
13 thereforec p regctlon whera the nltrose, in the prescnee of nir-
oxygen, malntains 1ts componltion unalterad, wlthout tho devalopment
of any nitrous gosem with perculphuric groups acting as oxidising
agonta., (2)

bxporience gonined on this subjeoct hae shown:

1) +the Prosenca of the peroulphuric group in the nitroos having
8 high contant of nitrogen compounds ratcd as 000y ;

2) a high developmont of oxyZen in the renection betwson tho nitroac
ond ferrous 3l phata;

3) & high developmant of oxy@gen during the hydrolysis of +the nitrooe.

- From theso laboratory testz the posalibility arises of ob-
taining, by the nitrous vapoura formed with sulphurdec acld water ang
OXY &ran ffrom the atmoaphore) 8 compound having & higzh ruée of oxldatiorn
namely the following polymerdzad compound: (SD4-ND DH§4)23 wilth follow-
Ing molacular atruoture:

0 .0

18 o onjoms

SR ¢!

i the above formule the oeld persulphurie radical oan bha
Sean. Tho preacnco of tho persulphuric acld can bo demonstroted by
following chemical teost: :

1) when the nltrosc reacts wilth a wolution of mangonese auloheta dn
the presencae of silvar nitrate or sulphote, the hongenesc salt bacooes
transformed into Pormangonic acld op bermangonate; wlth tha nitrosme
from our Foasino and Voreelld plents, the reaction 18 vory definitely
rositivo;

2} when benzidine (peradiphonyldianine)in an scstlc solutlon (0,2 gr
0f benzidine in a 20% ~ootie mold dolution) comes in contact witlh +tha
nitrose 1t bocomes a bemutiful green-blue; l.e., the charncteristia

calour of Persul hurde weid., In the Prozonce of nitrous-nitric Orouna

sodium ecetetes should be ndded,

Sevaral teats hove proved the hilgh content af oxysun In the
niirosc molecule,

The Tirst troctwent of the nitroac was offected b forrous
sulphate; othor treatmonis Tollowad with 50, and othor metala,auch ga
mercury, obtalning in o Duntse burctte o higﬁ percentoge of Xy gan,
ahaorbo& by potassium pyrogellete, Qther oA00 ware firat ghuorhed 4in
the alkaline sgolution.

In the tower processes the cxchanzo roaction which olwaya
occurg  1n the ligudd phane, ean bo oxpresacd by the following ecquatior.
Tho oxdidation valoolty wilil nhe proportionel to werasulphuric ions:

% =K, 0(304)z

lera follows the aguation of redus tion:

(3040 (0H)4)p + 505 + 2Ho0 = H2B04 - Hp0+( 2Ho504+ 2Ho0 4N 503420 )

As for the asctlon of the air (oxygen) this equation onn be
writton thus:
2504 + ZHPO + Wa03 + 2 0p + 0 (air) = (30470 (0E)y),
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We do not wish {0 dwell further on theorstleal concoptiond
agsaleting in the explanation of +the jntoraesting rosulte obtulned in
thls proceas for the production of wulphurie acld.

The 1liguid phasce resction permite tTha Tollewlng to be ob-
tainod:

1) @ high efficloncy of trensformalion of the sulphur
(over 99,95%) ;

2)  Continulty of oncration nluo by consldorablae variatlon
of tho cauclty;

3} High vroduetiviiy and hence towerc and enraratws of

amnall volwno g

4% Lov copnsumplion of oxidiser;

5 The complete dlosearding of the Guy Lussac. Only those
nitroue vapours are recovered which escapce owing to the
niltrose tonolen;

6) TRoductlon of tho cost of plants in resepot of ordinary
Ingtellatlons;

7Y Low mad ntenance codat.

Of proct importance is the possibillity of baing able to
opercte in the liguld phese only with the cuployrent of o very low
concentration of gas in H0-2(2 - 3.). Thls is very uwseful for the
rocovery of sulchuroud zagesd, in the metallurgy of copper, zlne¢, cte.
Algo omploying & Lamilag mixture whore there are wlde variations of
conoontrztion cuorins their eombupmtion, in the Liguld phasc and of
the presencs of nitrouws roducts, ox dation to the moximum, clves bosdt
oper:ting conditiona.

The follmwin: scheac 13 very simple:

the gpecific production can reach 300 k@/m3 of suwiphurle
ncld at 100%. The reochion rats for every sgsction 10 constant joa
there io no developnent of niltrouw gased wd 1n tio ordlnary sysbena,
theoretically tha ronetion can takc place only in o towsr or cnanber
where, by mcans of the pecking, the consnet betweon sulshurous gosod
and the nitropersulghurio acld can bo more eaolly pocompllahed., Ilewt
of remetion is elinlnated by aocolling the circulatlng neld,

The procoss io besod on the followlng nlens

the sulphurous pao citer having boen Treed Tfrowm dust cntors
tho denitrating tower which 1o conutructed with =cid reaieting and
rafractory watericl.

The denitroting tower 1e fod with nitrous aulphuric acid
coming from the abuorbing apparatusd. dineco tihlas meld has o concent-
rettion muach hicgher then that wvhich i to be produced 2oac watcr muEt
he ndded.

The feed i distributed in the towor by mcoand of a oproying
aystem. ‘hia tover nrovides only for donitration.

The denitratod reid which comea Trom the lowor 10 coolad
in o tubuler ccoler and im then collected in tonks from whorae 1t 1o
cithoer oconvayed Ho nborse o S0 W0l CTul desuinabovit.

tipec thers 1o an axcess of heat cerrioed by tho gnd or
Liberated 4n the rerctlon, an cppercotus is wrovided for ths romoval of
this exccaaive heat, conglsting of o pump and A faed tonk,in ordcr
to circulate the denitrated nold withln a closed clreult.

The sulmhurcus pascs, after denltravlon, Dasd on to the
rencticn cyele propar. This oystem 19 formed by four scctlons,
conncetion betwoon thom being in scries and in paralicl, The resnctlon
anparatue 1s ch ractoriszd by o rapid rceclion of great dnbtonsity
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and with e hcavy eirculotion of nitivus mold 4in closed clrouit. In
the first reactlon awparatus 303 hydration water is introducod,

The nclid producsd 1in the zy9ten 1z introduced into the
Tfirat scetor of romotion ou well za in tho sacond, third, oto., in
Parallel and 1s oollected ot the end of the gyaten. 4 purt of thoe
nitrous aocld goos to the donitration towor sanlk,

The oul-hurous zao is drawn off by mecana of o fan, placed
boatwoen the two sections of the scrubbuer or filter tower. The lattoer
i3 employed porticularly Tor tlhe rocovery ol partilelus of acld
acrried by the curronts of moocs ond Tron nitrous msades doevoeloplng
by the tongion of the nitroas.

The attachod flow-slicet wives o procise idee of the con-
atruction .

Tho irdastrinl operation of 'thisz Hrocesa repreganty on
importont advancs in the wanulacturs of Aulwhuric acld.

S Amamocimim el Lk mmam s e o s e mLED ] A mE G meRd R b o r Lo mimede . b a m e om B e SR VTP

(1) P. Guareschl - On the load clvambers ropotlon
Cliemical Industrloas 1933 .

(2) P. CGuareschi -~ Fopor prasentced to the Congrowd of Industrial
Chemigtry ot Brusscls - 1348.
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P T Ly .
Clasnienl cnd intengive nethods for theg production of sul-
“hurdie acid from nitrogen oxides, whoisd chantenl »vocess haz been
interpreted by Luacs ond Derl, are mentionet. A new intenslve proces
uszing nitrogen oxiles, where The cyclo of eheicol reactions 1s gquits
different ia then anuiysed and advant ges are enuavrated for this
procose compared vith the formei.

In *ats process there 1o no gadeouws phase raaction
ENG + % OEQLH?D' of the Imngo and Barl  type - but thoe oxtdation of
ng takes mlafc’at the expenso of the oxidation reducing srocens
vofwean nitrous and nitric compounds in liguid whase nly.

Dols renctisn io favousred and adn possible at all by the
presence of peruulisuuric radicnls to be cnaily dxveiniined 1n the
gulphuric acid with high nitrosze conbents.

Jovcriptisa 1s mnde of the cownlete oycle of reactiona
whareln hhe o oasence 2y be potsa of comnounts witn nijael oxygen
montants Bhon fors 5. norasl Lunge and Derl cyelao.

i N R N - - . . . -
Desviiptlcn i ~lan e O o slankg ror tue proctical
cperation of Thiin c¢yzle,
. T e
4 Dordin ;o oive Dot Thlawy yoors Lol Ll ouria o aell indnsiry

hes modc stead s o0, mie o owiin the anpliext!on L oahe antensive
chabor Dric2ts {nizzivs, Gl s -Poexnrd) ona of e oantoed tower
ayaten (OpL, Ziwison, Frinvaen

Mo ronat i i cbhas? urocesnes dova nol Girfor greasly
from the stacdird w-t 2a0n, Do ooy sone variatisng in con3dtructlo:
=1 dotatils but th: “hueoestics] cyels Jovw the foresilon of gilzhuric

aold hos not uader Looniy shango, Uorall touiad S oewsin,, anstly
in the gascous Dbho i e Thwory 0 Lun e an G cerilvieetlons can be
apoiled, '

TV sy oo oewoens bt Tongs anla citsea Lt et rotionnl
axolanction of Gl v DTl syale of aulvhuel. aiw coono this thcory
dodified by Torl, i3 vill oo oot bosgely poor herl Lo—GRY .

Howowor, “or o osrocssy workieo, 1o th. lagnad 2hase only,
tada theory connot Lo onecrntod.

N oraca s wve are nov golng 1o condiGoer dilfera from the
afa caontiom o clavsicel dvalbams LY new concaentioml zaving both 3
theoretical ar wracticsl significarnce offering two priacinal
advantages
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1) a anall voluwaa of roasting olaacenta ang conyequontly e
hizh proeduotdon car unit;
2) m low oonswapitlon of the oxidiser,

Thacae two faotors are of great fmmnortinca in as much ag
thaey reducea capltal end working coots. :

In our procgss the nitreuws masas nra ei~toyed for the
oxidation of dul=-our dioxids into gulshur trioxide, but al1 reactions
occur in tho liquid mhnao and thneoretically, during tha crela,
niﬁrouﬂ SoBes are npf seneratod,

Technieciansg w11l uncerstond that thia fact has 3 very great
inportance 1y tie practical na wall as the scientific field, in as
much as 1t calls for a Laoroush exanination of 4 rioetion, She
parallel of whiloh i1s not easily to be found in inorganic caenistry,

Indeed, it is not to be oxcluded that thig eaction mipght
be dosoribed ns a bimoleculse one inp liquid phase. Tha veloeity of ~
oxldation, mluo for Enoyuice reactions, acew wing to Uehiulzels Llaw,

a propor%ionnl to the conoontr-.tion ¢T tha eatalyst (n the disversad
ayatems: ax o K ¢ N203

A3 wa oro &£9ing to prove, the presenco ov zarsul-huric
redicezls 4n the molecules of *the nitrous compounds i3 evidens,

. The oxidetion veloclty of 202 i3 prowortional to vae radicol
(504) 5 | SX = K1 0(304) .

Conse uently it waz necasacry in suoh a ensp t6 hovae ra-
courao to reactions in the liguid phzae; two Gifferent reactiona shoul.d
be oconsidered;

_i) @ very rapid ono, the oxidation of sulohur Cloxide by
reduction of 4the nitrous s es ;

i1}  the athcr, o rather rosid ond, reg.rdiny the pre—oxidi.
9in; of the nitrows gnvaes end of vhich the wvell-knawn
equilibriun conatant has heon deteruined by BDodenstuin, It is thero-
Fore sasy to underutand why in the chember plants oni 33.211ar gysfan-
tho wholo. cyele of Production 4ia baged on the reaction raving the t
lowest velocity, ¥

Thiz faet cxploins she neccuaity for all sratens working in
the taseous pheso Yo have tovers 0F larye volune and low G623 vologity
in the 37aton, strictly to attain the loweat velocity,

Belore conzidering the Praciloal annlicaticn of the Procesa,
which 1a capabvle of £iving o Nigh production Zer unit together with o
low conswuption of oxidissr, wo shnil briaefly conaider 1ts theoretical
baais,

The gbove Formula, wiich wan glvern by us several yaara ago
(1}, shows how an increcue dn the concortr “1ion of the nitrogsen
oxidea with g valency of at loazt 3 revresanta tho reze%ion in the
liguid phese, This Jhonomenon Ja no+ connect>d with tha formation of
ni%rous nroducts but with nitvic coanounds CuolDined with Blloiuric
acid.

Two practioml considerations “ollow, +%he 2 .zloenstion of
which 18 given on tho ba3is o7 *ha above theor : .

1) +the hirner +tho cancertration of tha nltrouna-nitrie Con—
round in the clrowlntings nivrose, the ,reater the trans -
formztion efficiency and the Lr3ser ths condwantion of the oxidloer;
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2) By an incroaso in the concentration of nltrous compounds
in the nitrooc exprcssed pa HQD%, tha nitrlec redicals
also inecresse. The reauliant acid, which contains highly o:idlsed
peraulphuric radicsls, cennot be called nitrosylsulphuric acid.

It ensures a enter cffleiency of tronsformatlion end &
ggaatar valocity of oxidation with a maximuwe content of nltric radicaels
tha nitrosulphuric molecule.

; In order $ Fﬂgggrﬂn efficiency approaching to the thoore-
ticel valua nitrog¢ﬁ%c§ 7 go below 3, but it is better to heve a
valancy of 5. For this resgon the reaotlen must always remain in
tha liquid phese. Anyway,there must be absolutoly no dovoloament of
nitroua gases reduccd by 502.

- In this process where the concentration of the nitrogen
oxides, termed No03, 13 never below 10 ~ 14% by volume but can, on
the contrary, be very hlgh, there 1o, theoretically, no praduc%ion of
gasas, but only s trensition from trivalant to pentavalent nitrogen
and vice varaa, always in liquid phase, a&s a nitreoaui buric ocompound.

- This procoss shows, without dount, such = reactlon and,
Laving regard to ita veloecity, 1t explains the moro intensive pro- -
duction of aul'hur%c acld in the packed towsra, a production which
can reach 300 kg/m3.

Hantsch and Berger heve, ir. faot, made an intaoresting study
of certain nitrogen peroxide compounds. Thoy have inveatigated
renctiona of perchloric acld with nitric acid, obtaining a series of -
perchlorates of hydronitric coidium (0104?2 NtOH)3, wnere the chlorina
gd in all the perchlerates, has a valency of T. -

It is welil-known that powerful oxidisers, i.a., anode
oxidation process; the peroxides of hydrogen and sodium etc., can
transform tha sulphuric atfid inte parsulpaurlc by a aubtractinn of

two atoma of hydrogen:
' " . 2Hp504 ~ 20 = {HS04)02.

FPorsulphuric acid being not Jmown in a2 free statae, only ita
solt may be consldered, for instance ammonium persulphste.

- Replacing the ammonia group by the monovalent froup 0-N(CH) 4
e compound having an orthonitric acidium radiocal N(OH)s is obtaired.
By gnalogy, in the structure with Hantsoh'sa perchlorate of nitracidium,
tho highly oxidised compound formed by contact with the nitric and

nitrous gasea 19 called orthenitracidium .

The ssme reaction i2 obtzined with sulphuric acid and HpOa:
| 2HpS04 + HpOp = (HSO4)2 + 2HgO.

_ The persulphuric mcld con be exverimsntally determined in
this remction. Consequently in the complex molecule there is nitrie
acid with one molaecule of watler,

Several teats have confirmed thoe conceptlons given abafe. H

We will not conaider here in detail the theoratieal treat-
ment of the strongly oxidised nitropersulphuriec acid. In this proceas
the reaction velocity 18 given by tie prescnce of the nitreoidium
radleal whosa oxldotion wnd reduction valoclty are vary high.

During the raduction in the pregence ol sulphur dioxide tha
nitroua %&ﬂeﬂ are alwaye instantaneously oxidised. Tor thies reason
the relationship between 30, and tho sulphurnitric compourds pust dhe
the lowest, allowing for nogmal operatlions.

(e "
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| ZHp304 + 2HpO + N203 + 2 02 + O (air) = (30480 (0H)4)p ;

41 v —, - ye-
.

Thoe reaction occurring between nitrose and sulphurous e eg

"ig therefore a reactlon wherc the nitrosze, Ain the prosence of alrw

oxygen, maintains 1to composition unaltered, without the dovelopmont
of any nitrouz geses with persulphuric groups acting ms oxidising

:_agentp. (2)

- 70 L Experience gnined on this subject has shown:

1) .tha preacneea of the porsulphurie group in the nitrose having
- e high content of nitrogen compounds ratod as N2Oy;

2) o Hi%h'davolnpment of oxygen in the reaction betveen tho nitrose .
" and terroua aulvhatas

3) & high development of oxygen during the hydrolysis of ths nitrose.

.= - From thesc laborzatory tcsts the possibility arises of ob- 1
taining, by the nitrous vapours formed with aulvhuriec acid, water and .,
OX7Ren tfrom the aimoophaers) a compound having a high gredo of oxidation,
nemely the following polymerized compound: {3 4-NO (OH§4)2: with follow.
ing moloouwlar struoture: )

0\8440 . “
8-’ ~ 8 - ONEOHgd
- ON(OI)4
\3)‘
04" N0

, In the above formule the neild perculphuric radicsl can be
seen. The presence of thae persulphuric ceid can be demonstrated by

Tollowing chemleal taat:

1) whon the nitrose reaata with a solution of mengmnasse sulvhate in
the prosenca of silver nitrate or sulphote, the iangancic salt bocones
trangformed intoe permanginic aecid or permangonate; with the nitroge
from our Foasano and Vercelli plents, the reactien is very definitely
positive; - b '

2) whén benzidine (percdiphenyldiamine)in an acetic sclutlon (0,2 ar
of benzidine in a 20% zcetic acid solution) comes in contact with the o
nitrease 1t becomes a beautiful green~blue, 1.e., the characteriztic
colour of peraulshurie zcid. In the proaence of nitrous-nitriec grouyus’?
aodium noetata should be added.

. SJeveral testa have proved the high content of oxypgoen in the
nitroas* nolecule,

S " The firat treatnent of the nitrosu was cffected by forrouas
gulphate; other treatments followed with 30- and othor metals,such as
mercury, obitairing in a Buntc burstte a high percentage of oxygen,
absorbed by potasalum pyrogmliate. Ocher gases were firat aboorhed in
the allaline solution.

In the tower processes the cxchanga reaction which always ‘
vccurs in the liquid phasc, con bo axpesssed by the following equation.
Tho cxidatlon welocity will be proportional to porzulpiuric donat

%% = I, C(304)2

' Here follows the aguriion of reductlon:
(804N0(0F}4)p + S02 + 200 = 115804 HpO+(2Lgh04+2H0+K203+202)

As far the action of the air (oxygen). this equation ocan bea |
vritten thus: '
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o Yo do not wish to dwell further on theoretiesl concaptlona
asgisting in the axplanatisn of the intercating rosults obtained in
this procoess for the production of suljhuric ncid.

e The liquid phase recction permits the followlng to be ob-
talned:
- 1) nigh efficicney of transfomation of tihe sulphur
%over 99,9%);
2) Continui%y of opoaration clao by conzidcorable variation
: of the ecanelty;
ot 1) High prodicbivity and henco Bowers snd anvaratus of
) annll volwroe;
4; Low consuiption of oxidisery
o The comulete disocarling of fue Gay Lusumce. Only thos @
nitroun wvonoura oro Trocovarcd which cacance owing to the
nitrose tenziong
§) Roduction of tii: eost of plants in resapet of ordinary
instnllations;
7}  Low mal ntoncncs codt.

Of rroet importancs 1s the Soo8itility of boing abla to
wprnto in thé Liculd phase only with the eanloynent of o very low

cuncentration of goa in 30,(2 - 3,.). This 1. voly naorul For the
racovory of sulpliurous  [hiad 1n tha weisllurzy o1 GouCT, zine, ekc.
Alao omploying o Lomuing wixture where thero nre wide variations of
concoentration during their conbustiown, 1n the Iiguid phasce and of
the prasence of nltrous poducta, oxhﬁdtion to the mozmiaum, Gives baat
operating condlitiona.

The follawin wscnomce is viry simnle:

the gpecific production can veach 300 kg 3 of aulvhurie
acid at 100%. Tho rcn?tion rato Lfor overy saotion 1o cor.atantiad
thore 19 no devaelepment of nitrous gaded o= 1n tue ordinory ayatonmy,
thaooreticelly tho ronction con take place only in o tower or iR
where, by mcana of tiie pacling, tho econtoot Loduvecon oul ureia gooio
and tho nitropzroul huric acla can bo wors casily cocommlisbiod.  lalt
of romotion is cliuinatel by cooling the cireunleting acid.

The procrsd iz basod on the follewing nlans
A . .
- the gulphurows ;i3 ATtor having toen Trecd Lron dust cntaoro
the denltrating tower whiclh ia sonuLructod with acid raslatip and

rafr%otony naterdial.

. The denitrotins towoer ia fed writh Albrous sulnhurice ocid
coming from the absorbing appuratus. sinea tri weld has ooconcent-—
ration mach hishoer then tant which ig to bao creduced @oas WA LoT must
be pddad.

The food ia oistrivute! din sl bogwr Dy 10009 af o aoroying
syegtem. This tover srovides only tor amitration.

Mha depltroted ~old willoed oo Tror thor bovo i cooled
in 3 Tubul~or cooclel ~-nd is then colicocted in t-pks Trpoc oo 1t OL0
atthar convayed to stornzn or o i athier desdtinada.t.

ddnca toore 1o axooss ol oot conviadl e fhwo o3 ow
libarated in tiu: rengbion, O oo estus 14 seovide’ oo vivo roamovol of
itnia execssive Lost, coasiobin. off o Dump ond oo fucd rad,in ordelr

o clroulatce the dendtrobtzl Aetd witivin o cloacoo oorandt.

P 3UL0aUTroNs (308, after denitrotlon, Dnas? on o tho
roactlen cycla YTondT. This ayuten 45 Toroed by Towr dcctiono,
goermoction botween thom belny in soriced opo in oeoallel.  Ihe ronetion
anparatwl 1n oh-rocterioad hy o rosld reachion 01 gaerat invenddvy
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and with a hoavy clreulation of nidtrous acid in clezed circuit,  In
the firat roacuion apparatu 503 hydration watoer i3 introduced,

The acid producod in the syatan is intreoducod into tha
first scctor of recotion sa well &3 in tho aoeond, toird, ete., in
Parallel and is colluctod o% the end of the systen., A port of the
nitrous aold gous to the denltyration Sower tank,

The sulshurcous zza do drovm off by wonnad of o fan, placed
botwaen the two acections of tho serubber or vilter tover. The laotter
is employed purticularly for tlc rocovery of portizl.s of acid
carried by thc cuwrronts of ;.~oes and froo nitrous ~ooea developing
by the tension of the nitroac.

The ottoched [low-sacet slves o wwrecise ides of the con-

ptruction . )
The industri=l operation of this proces3 reorosents an

iluportant advenece in the aanufocturs of sulvhuric acil. ¥
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(1) P. Guaraichi - On the lead cluwbeora rve-cebhion
Clhzmicnl Induotrics 19353,

(2) P, Guarozchl - renar proseantoed to the Conszrems of Industrial
: Chealotry at drusscls - 1348,
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