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TECHNICAL MEETINGS 1951,

Paper No, 14 CONFIDENTLIAL

Thia peper will be presented at the Technical Meetlings in
Parls on September 26th and 27th, 1961, It mast not be
published prisr tn that date and, in any case, 1t mugt not be
published wlthout the permiselon of the author,

DEVELOPMENT afD EVOLUTION
CF THE FACHRAROFE PROCESS IN FRANOE. |

By Franclsco Salsas GSerra, Conaulting Engineer,
{8.A. dos Produits Chimigues do 1'fuoest)

The principlos, application and the latest improvements
1n the Kachkaroff-Matignon procoss for a simultaneous
production of sulphurdice and nitric acids have alrsady been
dogoribod (Rof. 1 and 2), In eplte of the consaldcrable
advanteges which might have been expected owlng to the fact
that nitric acid was bolng used progressively to complete the
action of sulphurle acld and evon to replace 1t In the
productlon of certaln fertlliasers, thls process has not made
much progress seelng that the firset installation in PFrance
haa not yet been complsted.

On theé other hand, the Intonslve manufacture of sulphurle
anold slone, a speclel cawe of the mixed process, has greastly
developed durlng the last few years, particularly in France,
whore four Instellations are notuelly operating with very
satlefactory results thanks to the improvement in the
apparatue émployed and the technique applled in the courss cf
their ereotion,

The essentlal characteristlc of the Kachkaroff process
1s the use of nitrous sulphuric acid of s fesbls nitrous
tonelon in support of the reactions In the llquid phnse, in
gplte of the faot that 1ts content In nitrous compounds 1e
conslderably higher than that of the neld elrculated 1in the
other intensive processes.

In tho mizod process, thls characterlstic allows of a
simulteneous abeorption of 802 and nltrogon oxldes and 1ts
adaption to the manufacture of sulphurie acld slone; although
1t has not permitted of the complete ellimlnation of the Gey
Lusano towers, ag envisaged by EKacohkaroft, the volume of
thees towers hnas boon leee than that of a load chambor systemn,

Tho use of gulphuric ascld with an 1noressed density end
nitrous content hasg ellewod of the constructlon of a large
pertlion of the epparatus in ordinery steel without llining.
The reactlon chembers with the exception of the first which

- 1a completely or pertly linad with acld-resleting bricks are
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constructed In unproteetsd shict 1ron 1n i fform of vertical
cylindors placed in tho Ghon on o4 conorete platform,

Thewe apparatus have beon testod for mor¢g thsn two and
a half ycars wnd we are of the oplnlon that thelr prosent
form and arraengoment whioh Ineludss some slight varistions,
can bo congldored as fincl,

The cntire apparntus (ase fipure No, 1) comslsate of ono
or two towers of thoe Glover type placed In serleg or in
parallel, of threo to filve chambers or towsrs of renctlon
Cither completely paclked with Raschlg ringa with a static
dlgtribution of ameld op completdly empty or partly packed
and coulpped with cuontrifugal satomisers to dlstributs the
aeld In the form of a miast nnd, £1inally, of two standard Gay
Luguac towsry, ,

The elimination of w1l pasking In our first apparatus
hua not pglven gatlafuctory rosults in aplte of tho high
degros of fincness of the atomlacd aeld and this was nArtly
due to the unsatisfactory distribution of thao guses In tho
eylindera the dirmoter roquired for obtoalning a gatlafactory
atomlsatlion of tho acid belng toe lergo 1in reletlon to the
flow of gnase, Ay the producticon cupnclty per volume untt of
the cmpty towore wag conaldernbly lower thon that of the
packed towers, the towers of the flrat lnatallatliona wora
completoly packod with vinge the dimonsions of whiech
deéervasod townrds the top, thoso of the upper layer belng
20 or 30 millimotres, and, finally, the mechanleal atomlsers
woro eliminrted, ‘ : -

Neverthelcass, the complete paclling ol the touwarg
POPrescnte o very hoavy oxpense and diminlushen conal derebly
the useful volume neeosaary for the re~oxydisstion of HO,

In the merc reecnt instrallntions wg have, thorefore,

combined atonlantion and packing in sueh n mannor ae to
obtaln e satisf'actory distribution of the graes and to onsure
the re-oxydigation of NO nagceésanry for the ascoleration of
the simulterneous absorption which 1is p characteristio of tno
procesa, : -

In the lateet installotions we hove oquipped ono portion
of the towers with o bartlial prcking of Hrgohlg ringa, at
times limited to n layor of one motre in depth, the aeld
beling dlstributod 1n a very flne mist whilch penotrates oven
the Inside of tho packed poertlon, The reoults obtainod
ware cxecllont nnd we are applying this (rocedurs to the naw
Instnllations now 1n courso of «wnatruction,

The uese of ord nary stoeol wlthout protsetion for tho
construction of renction chambers, gas and acid Plpaa,
coolora, ote, has rosultod, partiouwlarly in the ['irest months
of opurating the Ingtallations, 1n goms inoldents duo to
locsl corrosgtion.,

Nevurthul@as, 1t has bown adccrtolned that the AVCrEo
wonr And teer was absoulutely noglipgible and that the
corrcealon waes dus to acoldontal cauges which, Fencrally
spoaking, con be fureguen and nvolded, :

In the roaction chambers the acld migt condenscd on
tho walls snd  tho olreunlating vweld ensurod un offioaclous
protection by the formetlon of o very thin lasyor of basice
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gulphate of 1ron, A blow or nn oxecgslve meed of the acld
on the ghoot Iron may faelllitete corrosion by preventing thls
layer from formlng or by maklng thia proteetive layer dlaappenr,

Another c¢auge for wear and tear ia an accldentnl dllutlon
of the neld nt A spot whereo 1t is not sufflclently rencwed, ns
for example in the znas ftubsa nt tho s8ldo of a jolnt which 1s
not alr-tlight and whleh nllows molet alr to entor, Sonetimes
the wear ond tear hes Aappearad at  the geoam of an unaatilafnctory
wolding or 1In o faulty lron shest but sll thiso smecldintg aroc
not acrious and can bo ruadlly repelecd durlns operatlon.

In short, the sastlefnetory behoviour of ordinary stesl
without protoction 1s, in owr proesse, much supirlcr to thnt
of load In the standnrd chomber gyatom the averags wear and
tear bolng logs than 0,058 millimetres por annum,

The advantoages of the use of thlg materdial as comparod
with the flrast Kochkuroff Installatlons crected In Itaely are
rg followu:-

(n} Much lower inltal eptablishment coats;

(b) Consilderable docrcnsc In the consumption of

clogtrieity and wator for coolling purpoasa.,

THEORY QF THE PHOCHGES

W navo alrendy deseribed the thoory of thé Kechlzaroff
procsnd, Kachkaroff Is of tho oplnlon thnt the reaction of
thie formation of sulphurie acid cecurs centliroly durding tho
licguld phaad nnd that 1t desponds upon tho abporptlion of 50a
and of the soparsatlon of the HC formed, 1,0,, the diffusion
of the 0o and N0 molecules soparating the llaquld and gasaous
phagos acrcss the Intervenlng loayor.

The formaticon of sulphurie neld 1u tho llguld pheso Le
og follows:-

(1) {8ng H (NO) HoO )2 805 v 3 HoS04 | 2 NO

acoordlns to Keachltaroff, the compound of the [lrst cxproession
la »n hydratsed nltroayl svulphato of whlen tho extendod Tormula Lo

S000H - ¥ - § - 50p OH
o \\ ofl
S \

OE° 0 0 OH

Renction (I) 18 bl-molceular which 18 Iin sccoprdance with
the laboratory work and tho ifndustrial rosults ocbininod by
Knehkarot'f, Henes 1o deseribed thic gpecd of resction

AX = K G P K 3 = 2 o= x mieh rlvos
E:E NEOEJ X 902 (a -‘{-) ( ) Wl B J_‘_l vu

on Integrating

Kbe _ 1 L b{a - x) 3 nAml as the nitrous
n - b (b - x

coneentration of tho acld 1s practleally consisnt, 1t 1s
poasible to wrlts 1t ns follows:
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ax - Ko (b - x) which glves on intograting

at

Kot B
b - x

For the sdme volumc of gas taken in, 1,¢. once the gystom
has beun established, the oquation 1s

Co
500 Tnit1al

b
e x T GCte, 1.s., - Cta,
Cs0p final

which means to say thet

(1) tho fraection of the absorbod 20o wlll be constont
and 1ndependent of the initinal 50, contont,

(2) the proluction eapaclty will Lo proportlonato
to thila content.

a8 to the 1nf luence on the specd of reactlon of the
nitrous concontration of  the acld which 1s proctliceally a
constant factor, Kachkaroff maltos no dlatinction betwoeon the
totnl nltromws contont of tho acld and that which 13 gomotimes
called active nltrous c¢ountent (Ref, No,3) mnd which Jepondsa
upon the dogree of dlesoelatlon of the nltroaxl aulphurie
rold. It 18 truc that EKachkaroff introcucos 1into hia theory
a now compound, an seld hydrated nitrogyl sulphate of which,
unfortunately, we do not know ths thoorctical bases nopr the
merginal steblility in more or loss Jilutc sulphuric neld.
In any cuee, the oxtended formla of this compounl, ag
propoundcd by Fachkuroff, makes nitrogon appear as pattavalent
whilch gcems to us 1little probable,

We have plven to thuls theory a differont form whllet
meintelning the bl-molseular charactcr of tho fundamontal
renction,

The reactioneg which come 1ntc play arse uas follows:

" {a) In the gascous nhoes:

(1) 230+ 02 ~ 2409
(2) NO + NOo —7 NoO=

(b) In the Intermedinte layer
() 802 + H20 - Hp30x
(4) N0z + 2 HoS04 - (SOGNH)E  He0

(¢) In the 1lquid phose:
(6) (80sNH)2 Hp0 + HpSO0s = 3 HpS804 -2 NO

The hydrated nitrosyl sulphurie neld formed Ly ronctlon

(4) 1e a product by the additlon of sulphurle scid and
nitrous anhydrldg,
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N~ 0 HO - $SCgCH )i

/ | NT 0 - S020H

A + : - 0. (a)
\ TN - 0 - S0gOH
N .

.H\\
.

N=- O O - 5000H 45!

this compound hag & pronounsad oxldising power ond n certaln
atabllity whilch corresponds entirely to the scld employod in
the Knehltaroff process according to the technique we heve
svolvod and whiclhi establlshes an optlmum ratic botwaon tho
dunelty and the nltrous contont of the clreulation acld 1In
the towmere.

Contrary to what has bosn gnld In rogord to the other
intonsivo procesacs and 28 we have avan econfirmed, the espeocd
of renctlion 1n the Eachkaroff process i not proportlonal to
the dogrse of dlaagoclation of nitrosyl sulphurie acld S0gNH
mensurod by the nitrous tenglon of tha supporting acld but to
a cortaln factor which depends both on the denel ty and nitrous
content of tho noid, 1.e. on the contont of the acld 1n actlve
nitross in o gufficlently steblo form whlch, nceording to our
idens, corrssponds to the sompound {A).

The hydrolysls of nitrusfl sulphuprlce seid 1s pxpreasod
ag followse: - o

SOgNH + HpO ;== HpSOy + KOz
hut the ncidIHNOQ dgecomposces rapldly
2 HNOp = NO + HOg+ HgO

and in order to mointain an onctlve nlirous pontont of the acld
1t ig necoggary for the nltirous concentratlion of tho poagce Lo

bo very high. Thia, for oxample, 1s the cnsaw with the Petorsen
procogs (Ref, No. &), :

In our opinion hydrolysls of S0gNH occura In two atagen:

{6} 2 SOgNH+ HoO —2 (soﬁm)z'ﬂgo

(7} (80sWNH)2 HoO 4 HeM =2 2 HpB0gq + 2 HNOp
of whieh tho firat chnrmcturiaéu G proceas.

The speed of oxldatlon of sulphurousg aeld, remctlon (5)
deponds upon the dogree of hydrolyela () but 1t 1s undorstood
that hydrolysls cannot be comploetad pithout the appearanco of
the second stage (7) with partial denltiratlon of tho acld and
en incroeaee in tho nitrous concontration of the gnscs.

Our toohnique coneisty thercefore, of malntalning the ratlo
between the density and nlirous content of the clreulntlion acld
within tho thoorctiesl limits of the hydrolysis (6) but with o
suffiolont margin te make the final regulation of tho aforo-
mentioncd ratle easy snd to onsure a smooth runnlng of tho
tnatalletion, (Soc flgure 2). :

If we conelder tho Intermcilery curvo botween tho w0
1imits vhleh prastlcally corrosponds to the optlmum degroe of
hydrolyels wo ere ablo to eamplots Lho Keehkarof'f thoory on tho
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influence of the nitrous content of the ncid on the Epead
of oxldation of the sulphurous mcid, the factop "active
nitrous contont” Leing represented in oup broeoss by the
different points of' the optimum curve,

mitss o 400 45 geo . Neverthaless evory appreeiable
variastion in tomperature muat be got off by an adequate
veriation in mnothgp factor - fonerally speaking, the water
content of thoe aecid ia aocted upon 80 that the dezree of
hydrolysaisg rcémaling conetant,

and the activg nltrouns content af thg neld - whiceh aliows us
to erleulatc the chraractoertiat!og of an ingtallation and tha
operating econditions for o given preduoticon,

The othep factors which heve to be talten Into necount
89rve In cur process only to determine the characteristie
bParametor of each inatﬂllation.

According to the form and dimensions of the renctlon
cheambers the dlstribution of £5888 and rate and naturs of
packing and the mannep of'diatributing the ncld one arrives

is e8sontial,

Morsovor, 4in regard to. the reaetions In the gneeous
pPhase, the-charactaristio parameter of the Inatellation plays
& braponderant rojg, Although the mess of the nitropen
Cx1dus eireculatod wlth tho aocld cnaures o A high degree tho
oxldation of sulphurous agid 1t 13 indispensablo t0o re~oxidigs

menufaoture of sulphuria aold alone was a spocial cags, In

The application of hls mrocvgs made Kachkaroff sgee that
1t wag negodaary to utiligeg nelds a 1ittle more dllute than
ho hng SNvilsagod and thig in order to avold abnormal renctions
wlth loass of nitrogen oxideg and to terminnte A8 completely gma
posalble the oxldetion of 300, Thue ho had to add to the
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first npparstus erscted In Italy a small Gry Lugsac tower
followlng hieg reaction towor,

The gtudiess and experiments wo have made In regard to
the optimam ratlo of donelty and nltrous content of the aeld
has led ue to diminlsh-stlill o little further the denselty of
the aclds with n gilven nltrous contont and eonssguemntly to
equlp the installaetlon with two emall Gay Lussac towers In
ordér to bring about n mothodile recuperatlon of tho nltrogen
oxides contelinod 1n the resldusnl goecs.

It 18 known that the rccupcration of the nitropgen
axides reguiros that tho latter ehould be absorbed In the
squimolecular proporticn of NO - NOg, an abescrptlon which 1s
almost quantitetlve,

In the lead chambor apparatus whore the fres volume 1s
conslderable the oxldation of NO to NO, st the end of the
apparatus trkoe precsdence over the oxldatlon of 50z in such &
manner that under normal worklng cordltlons thoro 1g 1In tho
relepged gnoscy A amall proportion of G509 and thare 1s also a
plight excess of HO02 which is not retalnad in the last Gay Lussnao,
On the other hend, 1n tho K, progees nsg In tho other intonslve
procesess, whon tho oxldation of 502 1s almoet complote the NO
18 gt11l predomlnant over the NOp.

A wo have already sald ot the boginnlng of our papor, wo
have applled in the latest ingtanllatlion In France n combination
of packing and atomlsing by Improving upen the technlique thanka
to the obtelning of m very fine mlat and tho fact that the
partlal prneldng ls arrangod in euch a manner that 1t can be
penetrated by the atomleod meld, Thus the glmultensous
abasorption of niltrogen oxldes lg acceleranted by tho uninterrupted
presence of acld miet and gageg errive at ths 1nlet of the filrst
Gay Luasac wlth a nitrogmen oxilde content of less than B grommes
of NpOz per ocuble metre,

In figure 3 it is poseible to seo, compared wlth the
Petoreen mrocesa, the curves regreaeut{ng the 5092 content of the
gases and of nltrepon oxidee c¢lroulatlng In the apparatus,

When studying these carves 1t ig posslblo to renllse that
these two processes are egsentlelly difforont. It 1s tho use
of a c¢iroulation acld of a density invarlably higher than
61° Bé, which may at times exceed 64° Bé, and a ocorrelatlve
nltrous contont betwoon 5 and 10% NoO3 which ife tne oseentlal
causoofl thlg diffsesrence and which has pormlttod of the choles
of & simple, economic ond resglstant apperatus which constltutos
a fresh prograse In the menufacture of sulphurle acid through
the Intermedlery of nltrogon oxldoe.
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