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v 2113194 -1- " Manuf acture of Arsenic_Acid" . -2- The present invention . @
relates to a process for the nanufacture of arsenic acid and, nor e
partlcularly, to a process involving a new catal ytic nmethod. 5 Arseni c
Yacid is generally unrderstood as neaning the conpound [err], soneti nes
expressed as [err] and al'so known as ortho-arsenic aci d. neta- éifaé§1ﬁ§4d
[errhqipyro arsenic acid [err](al so refgéred to as arsenic pent
hydrate [err]) are other forms 10 of arseric acid, but both dissolve in
water to formortho-arsenic acid. The tern1"arsenic acid" as.used herein
refers.-primarily to.ortho-arsen ic acid but also includes the other arsenic
aci ds where appropriate. Arsenic acid has |ong been used as a pest 15
control agent in a variety of fornms and applications including, for
exanpl e, use in insecticides, herbicides and rodenticides, and use as a
conponent of certain tinber preservation products. It is also used in the
manuf act ure of arsenates, in glass manufacture, . as 20 a defoliant in

certain circunstances, as a desiccant for_ cotton 3@9 as a soil sterilant.
T . “Manufacture of Arsenic d '




-—

Many. methods have been proposed for the industrial manufacture of arsenic
acid and the large majority of those nethods involve the oxi'dati on of
ansenic 25 trioxide [err] (also known as crude arsenic, hite arsenic,
eni'ous acid, arsenious’ oxide, arsenous oxide, arsenous anhydride, and
sifimply as "arsenic"). Oxidising agemts2tthat have been proposed for this
pur pose -3 include, for exanple chlorine (see US 1 415 323*- Ellis %;ﬁ'
al, US.1 447 937 - El | TRegpregengpipvention yelares soommprpeessdi um or %
ot assi um chl or at see US 1 677 257 - U lmann et .al, and US 1 699 823 -
BI | mann et al), a??‘(:ogﬁ% ma%’ig%‘é‘fﬁuf%e%f @%‘ﬂ@@%ﬂ& L [ 0534-56 .
-Bol ler, Gasselli G840 P 31).+2,:Chem _Abs. 27 456; -an
"~ Khi mi ko Far mat s'ev?%ﬁggﬁ%g Fo?rcéh? g%%i%ésl%‘yflvf% @ s Fa%ﬁ% *Rbs. 28,
428), and hydrogemefrb@xi de (see SU 510 430 (1976) - Chem Abs. 85,
35175t). 10 Oxidation by nmeans of electrolysis has al so been proposed (see
SU.58371 (1940)5- ChenArddmic 38cid 706, getietally0 hhderk®60) asCheaniAgs. 55,
20732) . The nethod that has become generally commercially used, however,
i nvol ves oxi dat i okhei epmpound HaA$Q), , onetimes exprassets asr HgAso§Li§a£|a'>§
have been proposeggéor use in the nitric acid nmethod including, for :

exanpl e. oxygen ( TS SEnowy ag rkhoragsende) acidskemeta-arsehic aéid
HASO; and pyro-arsenic acid H,As, 0, (also referred to as

‘arsenic pentoxide hydrate Aszos.znzd) are othef forms |

10 of arsenic acid, but both dissolve in water to form
ortho-arsenic acid. “The_term "arsenic acid" as used
herein refers primarily to'gggggrarseiic acid but also
includes the other arsenic acids'wheré ﬁppropriaﬁe.

_ Arsenic aciq hﬁs'lon§ begn used as a pest

15 control agent in a'Qariety of forms and'applicationé'-:
includiné, for example, use iﬂ'insecticides, herbicidés
and rodenticidesf and use as a'componént of certain

',. - timber preservation products. It is_also.used in the

manufacturé'of arsenates,'in glass manufacture, és'

20 a defoliant in certain ciréﬁmstances, as a desiccant
fo:'cotton; and as a soil sterilant.

Many methods have béen_proposéd'fér the industrial

manufab?ure of arsenic acid and fhe larée majority
of thoée méthods involve the oxidation of arséﬁic

25 tribxide As,0, (also known as crude arsenic, thte
arsenic, arsénious_aéid,'arsenipus dxide, arsenous
oxide,.érsenous anhydride, and simply as "arsenic").

Oxidising agents that have been propdsed for this purpose



hydrochloric acid (sge US 1 493 798 - Behse: and SU 45279 (1935) - Chem
Abs. 32,- 3100), air and water 20 (see US 1 615 193 - Piver), and air. (see
Ceem Abs. 55, 11776). The catalyst npst conmonly used in nodern-day
plants for the manufacture of arsenic acidygly the nitric acid method is

i odine 4n_the formof, for exanple, 'sodlun1or pota55|un1|od|de (see US 1
974 74?‘“ Latimer) or 25 ot assi um i odat e (see Chem _Abs. 3091). The
basi ¢ reaction ok!lﬁ}rqqﬁwg oF enemRhAUFRLRTIRE Jfseg hile %él By"t he known

! BRI A LR L -
trioxide, nitricgg aﬁrtg atiﬂl'nyéL é%x?é??mﬁoz%gea?% 'é”b'soﬁ' 89 257 -

conti nuously |nto a §°react or nospheric pressure, discharging
the gaseous ni trm%xﬁwetiealf-owadusandswmsﬂg- Wfifinape aksand¢ ackdor
fornmed. - A nunber of probTefs.are encountered .in carrying oul that process
‘on a | arge ssal eoxydare (eleet GBsa4pr 468 camd i BS t1O XX O5Ss i~v Bollderi ng t hat
tends to occur as a result 10 of the large volune of gaseous ni trogen
oxi des for rred arftkasselildafhegisadofies: eJR 34024, Ut%é{ e~ €hemej Bbsef g

boi | -over ‘bl ow out occurr.in Such a risk oc
27, 1456; and Kglmiko Farmatsevtlc e iax_ Promshlennost,

1933, 193 - 194 - Chem. Abs. 28, 428), and hydrogen
peroxide (see SU 510 430 (1976) ~ Chem. Abs. 85, 35175t).
10 bxidation by means of electrolysis has also been proposed
(see SU 58371 (1940) - Chem. Abs. 38, 5736, and JP 9178
(1960) - Chem. abs. 55, 20732). | | |

The method that has become geneially commercially
used, however, involves oxidation with nitric acid.

15 Various'catﬁlysts or co-oxidants have been proposed for
use in the nitric acid method including, for example,
oxygen (see GB 255 522 and US 1 650 860 - Askenasy et al),

| _hydrochloric acid (see US 1 493 798 - Behse: and

~ 8U 45279 (1935) - Chem. abs. 32, 3100), air and water

20 (see UsS 1 615 193 -~ Piver), and air (see Cheﬁ. abs. 55,
11776). The catalyst most ¢ommonly used in modernAday
plants for the manufacture of arsenlc ac1d by the nitric
acid method is iodine 1n the form of, for example, sodlum
or potassium iodide (see US 1 974 747 - ‘Latimer) or

25 pbtassium iodate (see Chem. Abs. 36, 3091).

The basi¢ reaction occurring in the manufactire of
arsenic acid by the known nitric acid method may be

represented in simple form as follows:

SN

\

¢



partlcularly when there s a bUI|d up in the reactor of | arge anounts of
ne” or “both unreacted starting 15 materials, whi ch may occur if there is a
eed blockage or other irregular feeding of one of the reactants or if the
enperature of the reacti'on m xture should fall too | ow f-or sonme ot her
eason. Apart fromthe probl ens caused4gby excessive.foanmng, 20 the

reaction is in any case difficult to.control: considerable heat is evagl ed

during the early stages of the process, wheatadykseat has to be supplié€
during the- |ate¥ st ages,04 Th@ENEC to2Hy&s —to-Pe 2HgAs0 #pNO n+ Y ance of
the reactants being added:% often it |§Ballomed 25 to %eat up ove?nlght -
because there is a ri sk of sludging, and consequent Iater foam ng and.

boi I'-over, occur | -5- there..s an initial of unreacted
starting materi e g%’%??%dst gsnerad o fazsiedi PPEI %ﬁ%ﬁg’a?%r%rs@*q he

Do Cer mnat ed provaBERGyy it AEAY SR gt%ir%"&% %e"%a%”{giqéﬁ%%aﬂﬁy
of control.. Furth&iiay ’coﬁlﬁrrﬁxdu% gpm@behea@ leQEt tat ng%% HGA 1 on

has finished. Various neasures been propose or Xing the.
reactants in s gerdésaidted mmerrgmgon-.dxer géerﬁsOMEEQQQBnSé&mééffdﬁhEd I es

(see, for exanple;, US 1 603 308.
and runnlng off the arsenxc acld formed
A number of problems are encountered in carrylng
out that process on a large-scele. One of those problems
is the_exceesive foeming that_tends to occur as a result
16 of the large volume of gaseoue nirrogen oxides formed
end, if.foaming becomes excessive,.there is a risk
of a boil-over or blow-oﬁr oecurring. Such a risk occurs
. ﬁerticﬁlarly when'there:ie'albuildaup in the reactor
of large amounts of one or both unreacted starring
15 materials, which may pocureif there is a feed blockage
or'other irregniar feeding of one of the reactants or
if the temperature of rhe reaction mixture should fall
too low for some other reason. | ' |
Apart from the problems caused by.excessive foaming,
20 the reaction is in_any'oase difficult to control: -
'considereble heat ie.evolred during the early stages
of the process, whereae heat has to be”supplied during
”the.later stages. The reactor has to be heated up in
edvence of the reeotanré beiné aoded -'oftenlit.is allowed
25 to heat up overnight - because there is alrisk of sludging,f

and consequent later foaming and boil-over, oocurring if'




-‘Anbruster; and US 2 165 944 - Scott) but the difficulties still occur '
even .in nodern plants, and they have to sone extent been aggravated by the IH
ptesert - need to use |owgrade arsenic trioxide as a starting materi-al. 15

Anot her- serious di sadvantage of the conventional nitric acid nmethod is the

need to use large amounts of nitric acid: it has to be supplied ina

st oi chixgetric anount with respect to arsenPc=trioxide in accordance with
equation | above: that is to say that 2 noles of 20 nitric acid are_

requi red per nole of the¥enils ap drigdalTheildrepof mnreaated gdagtdnat he

manuf acture of an 8 tonne.batch of 80% ayrsepic acjd requires agbout 5 t nnes'-
of commerci al nitrLc“E@Fﬁ?a%ﬁiEﬁ Fsr?ﬁﬂgggagt%P%ii?Ymﬁﬂ1%Bﬁ§i§3 FPRgaLtHES-
course of the processy, JROJEHIL! HOMET OXLUSSo20: DG AR PHBLA HRds 0y
reoxidation to nitric aci bot or économ ¢ reasons and for hea and .

safety reasons. Al phathe MAUhALLEE DIr8i&EIN CbdCi Srrhdthis @Jﬂe&eﬁa‘éuréi'gdif,

met hod therefore include apparatus for recovering - -6- the fitric acl

That may, for exanyl €orbex@ampiel, eitOdppodcsi 60 bOVESE: i s &f donhegblly to
the main reactor and through which the gaseous nitrogen oxides issuing from. -

the main reactor are Huathedmboe,r éhereohs5noi $imple cindinth thorg@f, whed she
final tower in which the gases are scrubbed with caustic soda to renove any
: . reaction has finished.
Various measures have been proposed fbr addin§
ané miking the reactants in a controlled manner in order
10 to overcome such difficulties (see, for example, US 1 603 30!
| - Ambruster; and US 2 165 944 - Scott) but the difficulties
still.occur even in modern plants, and theylhave to
some extent been aggravatéd by the:preseﬂt need to use
-low-gréde'arseni; trioxidé as a starting_matéria;.
- 15 Another serious disadvantage of the cdﬁventional
| | ﬂ_nifric aci& method is fhe need toluse large amounﬁs
of nitric acid: it has to be_suppiied in a stéichiometric
amount with‘féspect to arsenic Erioxide iﬁ accordance
with'eéuation i above;_that'is to say thaﬁ 2 moles of
20 nitric acid are required_per mole of arsenic trioxide.
That.means'that, for example; the mahufacture of aﬁls tonne .
batch of 80%'ar$gnic acid.:eqﬁires abbﬁt 5 tonnes of
éommércial nitiié ééid, which is féduéed'to.nitrogen oxides
iduring the coufse of thé prdcess. ‘Those nitrogen oxides
25 have to be réclaimed by reoxidation to nitric acid. both
: for.eédnomié reasons'and for health and safety reasons.
All plahfs ménufaétufing arsenic acid by the nitric-

acid method ﬁhefefore ind ude apparatus for recovering

. _//\.



esidual nitrogen oxides. (Details of exanples of nitric-acid-recovery
paratus are given in US 2 165 957 - Carter and JP 79.016943 - Chya et
.):" Because of the lovery | arge volunes of nitrogen oxides evol ved during
he course of the process, the nitric-acid-recovery apparatus constitutes a
substantial proportion of the entire =ar&enic-acid-manufacturing pl ant and

contri butes appreciably to the overall cost of the resulting arsenic
15aci d. Nbreo&gﬁ,"é§6ﬁ°tﬂﬁh§h-tﬁ%a?éﬁ%xwxﬁﬂflﬁﬁﬁmg§eacpﬁ-ﬁssgé

tends to be an overaEL-Io§S'of %8 to 10% of. nitrictgcigé- Thus, for . -
exanpl e, a | o9& SF2SH4AR EBHERY TP FT ¢ F U 5E%eTPaRied in the

20 factt 8 °h, [ e AR i : furth

o the cost of CPROCF: Ao prndudy VELeR QR At nilSehen PRl ' ihe

lost nitric agigduand 2ksA PREMSEn Ofeddtor 9t R S Rokhe e eSAW t N

caustic soda to neufralise the ni.trogen oxides 25that are not re-oxidised

to nitric acéwithewatklehnasoxggen| tendld giialpreklednEinwiicANele above,
the nitric acid nmethod has for many years remained the generally accepted .

met hod for thgasesuézet aceubbedreith ccanstiiosa@ia itedustmovel asgale. 7 The

present invention provides a process for the o
' residual nitrogen oxides. (Details of examples of

nitrié-acid‘fecovery apparatus aée givén in US 2 165 957 =~
Carter.aﬁd'dﬁ 79.016943 - Ohya et gl.) Because of the
lovefy.lérge quuhés of_nitfogen oxides evolved during
the course of the proééss, the.nitric-acidérecbvery
épparatus constitutes a substantial ptbpoftion of the
‘entire érsenic-aéid-ﬁahufaéturing.plaht and éontributes
;appréciébly"td_the.oﬁerali cosﬁ of thé resultihg.aisenic
15aci&; o |
Moréover,uéveﬁ though the reco&eréd nitric aci&
is reéyéled, there tends to be én qﬁerali loss of up
 £0'1¢% of nit:ic acid. .Thué, for example; a loss of
about 500 kg of hitric acid would be expected in the
20manufacture of an 8 tonne batch of arsenic acid; That
" loss adds;furthér to tﬁe cost of the final product,
both because of the need té feplace-fhé iosﬁ.nitric
~acid énd alsp'becéuse of the need to sﬁrub the gases
with caﬁstic séda to neutiali#e'the nitioéén oxides
'25that §¥e not ﬁe-oxiéised ﬁo hitric &cid:
' _Névertheless, despite'ail the problems menﬁionéd.
above, the nitfic acid method has_for many yeafs remainéd
.tﬁe geperélly acceptedlmethbd'féf the manufacture of

arsenic acid on an industrial scale.

é?ﬁled,'%ﬁ%re



manuf acture of arseni,c acid which conprises causing arsenic trioxide to A
react* with water and oxygen in a sealed reactor at an elevated tenperature HD'
and under a 5 pressure of from3 to 10 bar, in the presence of a catalyst
conpristng nitric acid in conjunction with iodine or-an iodine conmpound,

the nittic acid being present .in an anmount- not exceedi ng 5% by wei ght, cal-

cul at ed ™% [err] .and based on the wei ght. gf .arsenic 10 trioxide. It has
surprisingly been found that, by neans of the process according to the
invention it is possible to overconme - .in an industrial-scale process -- :
many of the disadvantages of the conventional industrial process for 15 the.
manuf act ure of ar senTbeapreseny inwentiion provideaea procasmi£on thene

process according to the invention, the foam ng and attendant Jprobl ens

resul ting from MABuEFEEUre PE RN aciSe yhich FPBRELSS% i SRR IN%E avoi ded
as also is the need for expensive nitric-acid- % tys.. 20 :
Anot her i nporp_aﬁfsglﬂt}gnPﬁngg?e t-'ﬁ%,r ar‘:é:sé"ﬁt%hprégégsgéé ?%fﬁe% Seed for
large, stol chi oehleg LALEoL Co0% didvaltdbafPlfa it QAP § Of
nitric acid is avoided. The present Invention is thus considerably nore
economi cal thanpresisieeCoVERASM ONAMo WOTRALS. iROthe préfeird® ¢f Gress

according to the invention, arsenic trioxide is oxidised by water and

oxygen in the pratsalyet comprising nitric acid in conjunction with
iodine or an iodine compound, the nitric acid being
bresent in an amount not exceeding 5% by weight, cal-
culﬁted as HNO3 and bésed on the weight of afsenic

10 trioxide.

it has surprisingly been found that, by means of
_ the process according to the invention it is possible to
overéome - in an industrial-scale process - many of the
disadﬁantages_of the conventional industrial proéess for
15 the manufacture of arsenié acid, by the nitric acid method.
Thus,_in the process according to the invention, the |
foaming and attendant problems resulting from the eﬁolu-
~ tion of the gaseous nitrogen oxides are avoided as also
is the need for expensive nitric-acid-recovery apparaﬁué.'
20 Another important advantage of the‘present process isfthat
_the'néed for Large, stoichiometrig (with respect to the
arsenic trioxide)amounts of nitric acid is avoided. The
~* present invention is Ehus'considérably more economical

than is the conventional process.

25 In the p:oceés according to the invention, arsenic

trioxide is oxidised by water and oxygen in the presence



a_ - of a catalyst, and the overall reaction may be represented in sinple
fponaRas*follows: [err] [err] [err] The catalyst used in the:present process
copprli ses nitric acid and .iodine or an iodine conpound. The.iodine
“corpbOund may be any conpound that will formiodide ions, for exanple,

pot assi um i odi de, hydriodic acid, or an iodate. Preferably, however,
iodine 5 (12) is used: if, for exanpté&a potassiumiodi de were used, the
arseni ¢ aci d obtained at. the end of the process would contain a small &
anount of potassiumnitrate, which has been found difficult to renove. The
amount of cat akyatcaeftyés, eral | O.critical, but it rmay depend on
the other reaction cont |%‘?onrm;;d %2%, 'O%Fé%\%ef?afbﬂﬁsmﬂéé?ﬁfound that, at
‘| east in sonerepsesentéd® imtsinpfle Tach 83 fﬁflggspontrOIled to some extent
by varying the anount of catalyst used or the anount of one of the catalyst
15 conponents._1t is thought that, when,using a nitric acid/ iodine

catal yst, the Teadi$afy taidh@ i 8ge .jﬂﬂ:mmﬁm‘L according to the

invention in fact proceeds .

The cat_;lyst used in the present process comprises :

——

Y




by a conplicated series of reactions, which may be 20 represented by the

fol | owi ng S|an|f|ed reaction schene: IN . IN . ouT (
Ll-a [err] IIDb 4H : [err] 1lc [err] -9- It wll b
seen thdt the sum of ‘equations Ila, Ilb and Ilc is equation Il shown

previously. It is, .al'so thought that the conplicated reaction cycle :
i nvol v, as one step t he eqU|I|bn1ﬂﬁr1xwesented 5 as folloms HO2III

I n order for the teactlon ycl'e to proceed in the desired r, as shown
by equati ons || aPLFFAC RGP RAiRe ©F §“11é‘88%§5r9°’?‘8?“’? o o8| brium

oo g ot RAPHE kSfddda el Boeld, EhgE tﬂf%%f"f*ﬂ bLt Chat
a Tow pH favour syphgabefé gareoxslgsa@et NGoRdUskisr i E

therefore inportant to t process of  tHe I nvention tﬁ%t t he anDunt of

nitric 15 acid pags@ntoshanl thawie be rrererabal t Hewedsi! lbédiki&ShOV\ﬂ above .
S prevented frontproceedlng to the right.

5 (I ) is used' if, for example potasslum iodide
were used, the arsenic acid obtained at the end of
the process would contain a small amount of potassium
‘nitrate, which'ﬁas been found difficult to remove.

The amount of catalyst used is not generaliy
10 critical,; but it may depend on the other reaction
._coﬁditiohs, and, moreofer, it has been found that,
.'atlleast'in some cesee, the rate of reaction can
. be controlled to some extent by varying the amount
of catalyst usedIOr the amqunt'of_one of the catalyst
15 éomponehts. |
‘It is thought. that, when using a nitric acid/
iodine catalyst, the reactien tekiné ﬁlace ie the
process according'to the inventibn in fact proceeds
by a complicated series of reactlons which may be
20. represented by the following 51mp11f1ed reaction scheme:
N N  ouT

ITa -As§03 + 2I, + 5H,0 —-—> 2H,ASO, + 4HI

IIb - 4RI ¥2HNO, ———» 2I, + 2HNO, + 2H,0

IIc  2HNO, +



-_—

Ihe conventi onal industrlal process for the manufacture of arsenic aC|d by
the nitekic acid nethod, uses a very large anount of nitric acid as
gnti oned previously and 20hence coul d not proceed through the reaction
chene shown above by equations Ila, Ilb and Ilc, because the equilibrium
shown as equation Il would be. drlven-t% the left-hand side. In fact,. Lt
is thought that the conventiopal, nitric acid met hod, when using the @
" _convent i onal catalystItZHﬁéiagglﬁﬁ?FoﬂhﬂE he e Rt eQ@?Q&ﬂﬂﬁ' 2.,to the
present process - hro &Ea reactlog Céék? |nVOIV|n J-odat -represented in-
sinplified form & §4¥+that reaction

SyiFe. the | citte 15 &%gggeaigsdtﬁaggﬁsneﬁaest angglv%at g 1 C

acid is consunmed, by 0 atron to nrtrogen oxl by “equat i on |

In contrast thergigid &nbtsgvesessgtoﬁé%@éﬁ O NeddieL i I ;%rgfe%%@%dand__

the nitric acid sérve as catal ysts. can be seen ' fromequations Ila and
I1b that thereslasafauueﬁk st0|ch|onetr|c relatlonshlp 10 betmeen t he
amount of iodine or iodide and the o . _ -

H,O
. 2 - : :
III HAsO, + I2 x 4I + H3ASO

2 4 -
In order for the-reaotioh cyclehto proceed in the
~desired manner, as shown hy.equaﬁione ITa, ITIb and "
ITc above, it is neoessary for.fhe equilibrium represented
10 by equation III to be driﬁen to the right-hand side.
It has been foﬁnd.that thar can be achieved at a relativelj
hlgh acid pH, but that a low pH favours the left-hand
31de of the equlllbrium as shown. It is therefore meortant
to the process of the invention that the amount of nitric
15 acid present should not be suoh that.the equilibrium
shown'above is prevented from proceedipg'to the right.

. The conventional industrial process for the manﬁfacture
of arsenic acid, by the nitric acid method; uses a very
large amount of nitric acid as mentioned previously_and

20 hence could not..proceed through the reaction scheme '
showh above by equations IIa, IIb and IIc, because the
equilibrium shown as equation III would be drlven to the
left-hand side. In fact) it is thought that the conventlonal;
'nitric acid_method, when:ﬁsingithe conventionel oatalyst,
© 25 potassium iodide,.proceede.- in_contrast to the present
procees - through a'reectioh cyolelinvolving iodate,

represented in simplified form.as follows:




amount of nitric aciid that needs to be used.. Thus, theoreti.cally, only a
m nimal, catalytic, anmount of nitric acid need be used: enough to initiatag
tshe reacti-on, because thereafter it will be con- 15 tinuously regenerated
in situ as shown by equations I'lb and Ilc above. It has been found,
however,  that if too small 'an amount of nitric acid is used; the reaction
st ops p#ematurel’y, but can be restarted g Lhe addition of nore nitric
acid. It is-thought that this is because 20 the nitric acid is slowy | ost
by reaction.with inpurities in the arsgni.c trioxi de used and/or by '
reduction to di ni trogen oxi de [ ERR] "Dy3nmeans of, for exanple, the
arsenic trioxide a¥¥/or the iod de presenﬁr*dfhitro@@g oxi de being stable
and not reacting with oxygen to give the higher oxides. 5 The nitric
acid is, therefore, preferably usad in excess of theast®ichionetric anount
wWith respect to the iodine or iodideg, that is to say, the nitric acid is
preferably used in an anobunt exceedi®xg 0.5 nole per @m atom of "iodine in -
the iodine or iodine 10 conpound (seeMNequation Ilb abbve). It wll,
however, be appreciated from what has en said previously that the nitric
acid nmust not be used in too great an exgess, gincegoidwrw se the pH of the
reaction mixture will become too |low. The anount of fitrdc acid used does
not

In that reaction cycle, the iodide is regeneratéd
-~ and hence is a catalyst, but the ﬁitric acid is
consumed, by oxidation to nitrogeﬁ oxides as shown
'8 by egquation i. In contrast thereto, in the present .
.p;ocess, both the iodine or iodide.and the nitric
acid serve asfcatélysts.'
It can be seer from equations IIa and IIb
that there is a direct stoichiometric relationship
10 between the amount of iodine.d: jodide and the
amount of nitric acidithat needs to be uéed.. Thus,
'theoreticallf, qnly a minimal, catalytic, amounﬁ
‘of nitric acid need be used: enough to ipitiate.
thé.%eaction, because thereafter itIWill be ‘con-
15 tinuously régéneratéd in gigg as shown by equations
IIb_and IIc above.. It has been fdund, hdwever, tﬁat if too
_ small an amouﬁf of nitric acid is used, fhe'reaction
stop§ preﬁaturgly, but_canlﬁe restarted by the addition
of more nitric acid. It is thought that this is because
20 the niﬁric ;cid_is.slowly-lost by reaction with impurities

in the arsenic trioxide used and/or by reduction to

e N o LR TRPTS



5..exceed 5% and is preferably fromO0.1%to 3% by wei ght, calcul ated as
WYB and.based on the weight of arsenic trioxide used. Typi‘cally, from 20
$'60.-l.itres of commercial nitric acid may be used per tonne of -arsenic
oxi de. 20 The nitric acid used 1h +he present process may be
introduced in the formof nitric acid of any convenient strength accordlng
~to what is avahipdligen oxT@é N.OM bPXRERAE, oPE ¥ IeHIgaG A HM Ng NnitTi,c.
acid, ordinary comerci al nitri @ acid (about 62% strength by wei ght) o 25
any nitric acisrsaid itrickide baddbeuthdisdidagiteddnyt walighitrogehnt is
merely necessary to alter the anmobunt of water added to the reactor - -
~according to t¢m&d§Ihﬁmng136hbﬂheandtn9t retctingdvith obgyden it g vespeci al
- advantage of the present process that it is not necessary to use |arge
- anmounts of nit¥he Higher @Hide&-conventional processes, carried out by the
nitric acid nethod, in which the nitric acid 5 has to be used in

appr oxi mat e_gby st oi cmeorﬁq_te’ é‘% gg@anigﬁv%ﬁused&ogct x{&éﬁ% %%I&Idcl%ll’l oxi de.

. The anount i odi né or. I'ne conpo gener | I'y Ccritical and,
relative to t hexadByIHE Qhea@%ambﬁléﬁéeﬂéeamémyt ki e rﬂésafectto thenamount 10
used in the conventional, - nitric acid nethod

iodine or 1od;de, that is to say, the nitric acid is

preferably use& in an amount exceeding 0.5 mole per gram
atom of icdine in the iodine or iodine
10 comppund.(see equation IIb above) . It will,-hcwever, be
'appreciated from what nas.been said previously'that the
‘nitric acid.must'not be used in too great an excess,
since otherwise the pH of the reaction mixture will
become £0o low. The amount of nitric acid used does not
15_exceed 5%, and is preferably from 0.1% to 3% by weight,
calculated as HNO; and based on the weight of.arsenic
trioxide used. Typically, from 20 to 60 litres of
' commercial nitric acid may be nsed per tonne of arsenic

trioxide.

20 Thelnitric acid used in the pfesent process may be
introduced_in the fo:m'cf nitric.acid_of any convenient
strength according to what is available. It may, for
examnle. be introduced as fuming nitric acid;.crdinary' ;
commercial nitric acid (about 62% strength by weight), or

25 any nitric acid solution'down to abcut 1% strength (by
neight).t It is merely necessary to alter the amount of
water added to the reactor according to the dilutlon of

the nitric acld used.



has, however, been found that the rate of reaction, and hence the degree of
exothermcity and the reaction duration, can be controlled easily and very
satrsfactprﬁly by the anmount of iodine or iodine compound used, because 15
it appears that the reaction represented by equation Ila is the slowest of

the three.reactions:in the reaction sch with snall er anmounts of iodine
or |0d|d§jconpound the reaction proceegﬂfnnre'slomﬁy and | ess

exotherm cal |y. T5¢ 3go4A! pdbel il WRalind Al N SIPBURdeREHrA0LsEX 000 20

0. 1% by wei ght,. base ic trio e as | ow
as 0.01% by wei ghtthae«m@unag nétfﬁge@%a%, e @@%oa%ewaatsba@ed on the

wei ght of the arsenic trioxi de have been found to bé suitable: typically,
about 0.3 kg of pefiagscugriadi @6like dunvertionse] diocedsas, 28ardiede used

per tonne. of arsenic trioxide. - -13- The process accordlng to the
i nvention is carrbatt byt the aiseit cabidasthrod)nder whiphetbeargitfid raamd to
10 bar, especially with nothing being allowed to | eave the reactor during

the process, al Shbaghtadbetveedl im appaeximatedy ssoirbiometnée aeeuntmts,

may be fed in periq hcall - or -conti nuousl It, hgs been found that this
met hod of carryi nf*&bt Tef eﬁ?oE%sEh?ﬁaqqﬂﬁﬁﬁwiﬁﬁﬂ¥l Afven-- tion enabl es

0,
el aht “hased onthe andiHbmoBhe b Safd b AHind EupRHE dged™ 1P

is not generally critical and, relative to the amount .
of arsenic trioxide, may be similar to the amount
10 used in the conventional, nitriélacid method. It
has, however, been found that the rétezof reaction,
and hence the degrée of expthermicity and the reaction
dpration,lcan be contiolled easily énd very satisfaétorily
by the amount of iodine_or iodine compound used, because
15 it appears_thaf the reaction repreSented by equation
IZa is the slowest of the three reactlons in the reactlon
scheme: . with smaller amounts of lodlne or iodide compound,
the reaction proceeds more slowly and less exothermlcally.
The'amount of iodine or_iodihe compound heed not exceed |
20 ©.1% by weight, based on the weight éf arsenic trioxide;
and may be as low as 0.01% by weight. Amounts of from
_0;02 to 0.05% by weight, based on the weight of the arsenic
trioxide have been found to be suitable: typically,
about 0.3 kg of potassium iodide or abouﬁ'o.s kg of iodine

25may be used per tonne of arsenic trioxide.




10 of arsenic trioxide used, or even |lower. Wen using a seal ed reactor,

e process may suitably be carried out by first introduci'ng the non- _

seous' reactants into the reactor. Air or, preferably,' oxygen may then
bg introduced to the desired pressure, 15 optionally with initial venting
o renove atnospheric nitrogen, thus helping to inprove the rate-of _
reaction. Preferably, the oxygen and-t & I quid mi xture of the other s
reactants are stirred or otherwise agitated in the seal ed vessel, because
good agitation increases the ambunt 20 of gas/tiquid contact, and thus the
rate of reaction. _The anount of éﬁ%li uig contact, can aISo‘be.kgcreased

e

by, for exanple, EEFnﬁfﬁgﬁfﬁé?c ggllpgeﬁfﬁana}féﬁiﬁfiﬁi/Ii'quLd-
interface. 25’?%5%%%5%%%%2%,%%&2@“ S B¥UEENrL Sof SEFod N§l&, PrESSUr e,

bot h because _ orcfng nore oxygen into solution,
and al so becagsgatheesgaciaPly Sifth nothikd baiaynNabyoRadats olbdds above has
been found to be very pressure dependent. - The process is carried out at.
"pressures of theopedctor ldubirg (§HeoPrifvess, 1 30thoughpaddilsigresl square

inch)), pressures of from4 to 8 bar 5 (from60 to 120 psi), are generally o

sui t abl e Bhepxygenyi and apessihlypratdess reackantsdusayibe Sedlin As the
reaction proceeds;_oxXgen-is consuned _and _ ' .

o © periodically or contznuously. It has been found that this
‘method of carrying out the process of the present inven-
tion enables-cbnsiderébly sméller amounts of nitric acid

to be used, down to about 1% by weight based on the amount

10 of arsenic: trioxide used, or even lower.

When uéiné a sealed reactor, the process may
suiﬁably be carriéé:ouﬁ by first introducing the non-
gaseous reactants into'thé reactor. Air or,.prefefably,'
oxyéen may thén-beJintrédﬁcéd to the desired préssure,

15 optionally ﬁiﬁh'initial ventihg to réﬁoﬁé atmdsphéric'
nitrogen, thus helping to-imprové the rate of reaction.
Pteferably,-thé oxygén'andIthe'quuid mixture of the
other feacténts are stirred or otherwise agitated in the
sealed vesséi; because good agitétién'incréaseé the amount

chof gas/liquid contact, and thds the rate of #eaction.

' The amount of gas/liquid contact can also be increased
by, for ethplé; using'é wide, shallow vessel to give a
large gas/liquid interface. |

25 As indicated above, the oxygen is used undei pfessure.

both because that has the advantage of forcing more

' oxygen into solution, and also bedéuselthe reaction step

T



consequent[y the pressure within the reactor falls. The reactionw ||
continue as long as there is sufficient oxy- 10 gen and other reactants

pr.esent, .but the rate of reaction will slow down as the pressure falls.
Preferably,” therefore,” oxygen is introduced into the reactor con- tinuously
or periodically throughout the course of the process in order to

mai nt ai dt he pressure at, or bring the pred4ure back to, the desired val ue.
That nmay be done automatically, for exanple by means of a valve that opens
to admt oxygen whenever the pressure 5 within the reactor falls to a

certain predetermned val ue, .qar_by.controllj he amund . of , 0x intro- |
duced to nmatch t%géo‘i’%t]%‘[ aﬁq‘{ﬂ'ﬁl@ﬁ" i¥tgci gg% s%%%dﬁé%f af(;égllrélr&né:?sggn¥?§gm t he o
reaction scheme thalsone JElHRLEQXYHRE hRocoss B LRS! B LaoRear senic 10

trioxide. Thus, 1 tonnecgglarsenlc trioxide requires about 1.2 x 10 litres .
of oxygen (Weasu%fe@lss?\iréé BT Frdni MRS 2O UbLr aElrdii 555 Wee LS0Wpiss h |
corresponds to about 1400 litres of |iquid oxygen, although the oxygen is,

of course, presetpounds Ipen eaptace dinch)iespredsures ofliferopr dcbos8i bar

advant ageously carried out at a tenperature not_bel ow [ ERR] preferably not
bel ow 85 C, aRd h&¥omigfhdio i Pesl . caresgererdlly fuitablep®hghure within

th? range of fTOQlE?;%éEIJﬂﬂqﬁhe process on an industrial scale.

As.the reactioh proceeds, oxygen is consumed and
consequently the pressure within the reactor fallé. The
réactiqnwill.continue as long as there is sufficient oxy-~

10 gen and other-reactantSjpreéent, but the rate éf
‘reaction will slow down as the préséure_falls,.Preferably,
therefdre. oxygen_is intfodnced into thé reactor con-
£inu6u$ly or periodically throughout the course of the

process in



Nhas been found that, if the tenperature is initially 20 too |low, the
dction mght be reluctant to start, and that, if the tenperature is too
h, the reaction cycle shown by equations Ila to |lc above becones
ndered by ot her reactions. Advantageously, the 25 react.ion mxture is
ini.tially heated to from 100 to 1200cs Mhereafter the tenperature rises to
about 140 to [ERR] as a result of the exothermcity of the reaction. Eﬁp
reactor is then prédesrhbl yainvain the pmmesanre k. o brdmgetheure fal 'S
back to a tenperature of from 100 to 120 C, which may then be paintai ned
until the reacti BRef8RRenBRES. teeeradgsigedk @ddtarer FN& P2¥F PBhe reaction

is sufficient to maintajn that tenperature, Hbut . heating nay sogetinmes be
necessary in t he3PBEefd ?ﬁ§€§¢5#f¥he£?¥%ﬁfﬁqéie lﬂqﬁinPh§g2§uV§gESf t he
process, the proggess he.r i O lLhed ¢ extent by
varying the presgﬁgg-aﬁ%“%h§°d§§@%% é#§§§htéié§%y%&g E%%E%%§§8¥§ appears
that the rate 9f wdtasal thbOPe@tor RYTES ¢S5 £ PN iTARedRLeiRLAY Step,
as is the reaction step represented by equation Ila,. discussed previously.
The degree of exoaheeni ertpycesntrshl ey Ceid raaddwitt idf idxgigenain@itbing t he
‘course of the process 15and it can be advantageous to include a thermally
' duced to match the rate at which it is consumed.

It can be seen from the reaction ééhéme that
one mole'of oxygen is-éonsumed per mole of aréeﬁic
10 trioxide. Thus, 1 tonne of arsenic trioxide requires
"about 1.2 x 107 litres of oxygen (measured at standard
temperature and preSsuré),'which'cdrresponds to about .
1400 litres of liquid oxygen, although the oxygen is,
of courée; presént in the reactor,in.exce35.
15 Thé process is advantageously carried out at
a temperature not ﬁ;low 80°c,.preferablylnot below
85%¢, and'not.higher than 150°¢, especially at a
tempefature within the range of-{r&m 95 to 150°¢.
© It has been found that, if the temperature is initially -
20 too low; the reaction might be reluctant to start,
and that, if the temperatﬁre.ié too high, the reaction
cycle shown by equations.IIa to iIc above becomes
| hindered by 6ther reactions. Advantageously, the
25 reaction mixture is initially heated to from 100 to
12°°C, whereafter tﬁe temperature rises to about 140
to 150°¢C as a result of the exothermicity of

the reaction. The reactor is then preferably cooled




controlled oxygen-inlet valve to override the pressure- controlled val ve,
and-to throttle qor cut off the oxygen supply if the tenperature of the
reaction mxture shoul d reach a certain predeternined value of, for

exanple, -[ERR], and then to increase or reconmence the oxygen supply as the
tenperature falls.-.The end of the reactioRgi s indicated by a rapid increase
in the.rste of oxygen consunption followed by a sudden cessation of .
consunption. The 25@Rikhti \HLAPeraltheeC 2RI HEPHAER £318 @é&;&@tﬁu‘?&cu_rs '
because the final reaction is that represented by equation |Ilc and, at that
stage in the processf fitm UoOVHLaR0°A) which’mayefhéscpé athivtamedion |la
has finished. Wen the reaction has term nated, the pressure may be

rel eased, and that umtdlciher atdactionddeeminbtbs. Wi Generallgk e axdoiHermiedity
as the tenperature 5 of the reaction mxture wll normally -be belowits f
boi | i ng point at at¥bsPrRermeriens dise suffdcianthte ngaintain cthatt |Yemperature,
mai nl y oxygen, but,\grgkétpatal st incLuding nitric acid, has been used,
there will be som® ¥t B9 WA SPBR ITLEe e aRECERRRTASIR R dates Staces

10 - preferably be re [ a scrubber, which may be sinply a packed
t ower - t'hrough whi chéfﬁ%?egaé%%&%g?sed upward and rel eased into the

atnosphere, whi l e CaUStiﬁhring the course of the process, the progress

of the reaction can be controlled to some extent by
: varying the pressure and the degree 6f agitation,
lobecause it appea:s.that fhe rate of dissolution of
oxygen is a slcw'rate-détermining step;-as is the
reaction step represented by equatioh IIa, discussed
previously. The degree of excthermicity.dan also be
controlled in that Qay during the course of the §rocess
15ahd it can be advantageous to include a.theimally
controlled oxygen-inlet valve to override the_préssure—
controlled valve, and-to throttle or éﬁt_off the oxygen
. supply if the temperature of the reaction ﬁixtu:e shouid
reach a certain predetermined value of, for example,
'201509C, and then to increase 6r reccmmence-the oxygen
supply as the_temperatu:e falls. | o _
The end of the'reaction is indicated by a
répid increase in the rate of'éxygénrconsﬁmption
followed by a sudden cessation of consumption. The
25rapid increase in'thé consumption rate probably occurs
because the final'reaction is that repfesentéd by equation .

IIc and, at that stage in the process,'the.slcw re;ctign



ofda i s being passed through in tountercurrent. The type and size of
521l ubber and/ or venting stack required may be ‘15 dictated by | ocal health
d safety regul ati-ons, although it should be noted that the €nm ssion
evel s of nitrogen oxides are |ow. The content of the reactor will, at this-
stage, be primarily arsenic acid and water, although there 20 will normally
also be a small content of nitric acid Ahd=iodine. The nitric acid nmaybe

renoved by adding a small. guantity, of senic fripxide and/or, preferably,
by bl owing it ngpenkss geaPsz?“o%éFPﬁ*r#’cﬂfgﬁ‘ﬂere m xture while

~maintaining it at abpuf 8@t gﬁ.ngE%ncﬂ;rgetgéﬂi‘? | Qe i&éq%(r)}fe;rst |, renmoved

- simul taneously, as nay b€ se ange Tn e col our. € Teaction

m xt ur e, depenqja%ggg r@i‘é%gﬁﬁ cg].,_gugﬁgti ;¢éﬁ§% %gg%q{ét I n any case,

the presence or ce of i odi ne can easi _ “be ascertained sinply.
by shaking a sagfel wiiikholkOLQER B albeiL&S@N s Gfhd AdinpRrraitvee a bl ue

colouration. The arsenic acid may then be filtered to renove 5 any excess
arsenic tri 0% &f thenreargiondmiryuseweill npormidllns. bd thelemndest rati on may
be ascertained fromits specific gravity, and it may be diluted with water
to the requiredciliaggpeintestsatmosphénim pressure. The gas being
| - released will be mainly oxygen, but, when a catalyst
‘including hitfic acid has been used, there will be some
_contén£ of nitrogen oxidés;ahd the gas should therefore
10 preferably be released tﬁiough a scrubber, wﬁich.may be
simply a packed ﬁcwer through whiCh'Ehe gas is passed
| upv.lard'and' released iﬁ_to‘ the atmosphere, while caustic
'_sodé is being passed through in countercurrent. The type
and size of scrubber and/or venfihg stack recquired ﬁay be
15 dictated by"locai:hgalth and safet§ regulétioné, although
' it should be noted that the emission levels of nitrqgen-oxidés.
are low, | |
. The dontent of the reactor will, at this_stége,_
be pfimarily arsenic acid and water, although there
Zo'will'nbrmaily'also be a small content_of'éifric acid
and iodiné. The nitric éci& may be removed by adding
a small quantity of arsenic trioxide and/or,'pfeferably,
by.bloﬁing'it off by bubﬁling.ait.6f'6xy§en'through the
mixture while_maintaining it at about 80 to 90°C. The
25 iodine is genéraliy réﬁoééd siﬁultanéously,tas may 5e'
seen-by a chaﬁge.in the cqloﬁr of thg.reaCtion-mixturé,
depénding §h whethei éoloured iﬁpu:ities are present.

In any case, the presence or absence of iodine caneasily



that the njtrate content of the resulting arsenic acid 10 is generally |ess
t han 0. 02% by wei,ght, although it can be reduced even further by prol onged
blowi ng -of- air or oxygen through the m xture.” The present process nay be
used not only with pure arsenic trioxide but also with comrercial |ow 15
grade arsenic trioxide. The use of |OMFgrige starting material may require
the use™f slightly larger anpunts of cataPySt, for exanple iodine and
nitric acid, tha ' W S ecessar d, may. al sq .require the use
of a reaction te%%?%%%?%%r%%l% %ﬁa%ﬁfﬁzﬁ? igg%l“rﬁ% Ws’lt"ﬁ"ght |y | onger
reaction but | ow gy pghes #BMe! | alnd HreRentdCoeSshathy ?‘f«%’s i ik present
process without -the di sadvant ages “descri-bed previousTy that tend to occur
when it is used idolderaivmnti onal , nitric acid process. The use of

| ow-grade material may result in 25 sonme residue in the resulting arsenic
acid, but that can gertheldnsdidi iactier mdyothenr be dfhbeirerd) ton demevient ended
use of the-arsenic acid, may even be left in - 19- the final product.
Al'ternatively, $opyrexkesmanseniodyrioridearepabeingrand anypthesr

exanmple, stirring, wwth water :and nitric acid or another acid (for exanple
hydr ochl oric aci 3RSy I QRRCcepsEatden| ARV Pe2sFerfainad  and -

he"_i“ ng for a Shoé;[:prﬁe:r.éé) dépé%:r}.c%fch(agr}avity, and it may be diluted

with water to the fequired strehgth. Tests have shown
| that the nitrate_content'of the resulting arsenic acid
10 is generally less ﬁhén 0;02% by_weiéht,.aithough
it can be redﬁced even further.by prolong.eci blowing of
air or oxygen through the mixtﬁre; |
The present process may be used not only with
'pure-a;senic triéﬁide but‘aiSo with commercial iow-
_15'grade arsenic trioxide. The?use of low-grade staiting
material may require the use of slightly larger amounts
of cataliét, for example iodine and nitric acid, thaﬁ
- ‘would othefwise be necessary and may also requiré the
use of a reaction temperature nearer 120°¢ than 100°c
20 and a'slightly'lbngef reaction but low-grade material
can be successfuily used in;thé present process without
the.disadvantages described previously that tend to
occur when it is used inLthe conventional ,nitric acid
'prﬁcéss. The use of low—grade material may result in
25 sémé residue in the resulting arsenic acid, but that
can genefally be filtéred.off or, depending on the

intended use of the arsenic acid, may even be left in



N ltering. Thereafter it nay be reacted under conditions simlar to those
_u-ed for pure starting material. The process according to the invention has

arsenic acid, by the nitric acid nethod. Problens such as boil-overs,
ow out's and other probl ems associated with foam ng are substantlaIIXN
avoi ded even when using | ow grade stark9 my- materials.' The need for (s
expensive nitric-acid-recovery plant is dispensed with, 15 with consequent
saving in the annunt of caustic soda needed for scrubblng t he ef fl.ueht
gases. Moreoy the.need.to_us ar S4Qf._ |.C jd. 15 avoi ded,.
W th consequ 5&838n?5 g%ﬁ?hggkigﬁﬁﬁ%ﬁﬁy%i %&agggééqﬂgféﬁﬁ% s, and

reduction of nla?a'lhﬁtzglggdbé% YeddShsy, dod %%Emp‘ﬂ@enst'.s.rf'zgn@ J?iél»{'c acid/

i'odi ne catalys eto unt of nitric acid used in the -
present procqatekaBAdl nTtPikladRd d©HIRtMHerabeedi ¢ £bki oxaMiSlei S

substantially less than the amount of nitric acid |ost (through conversion 1
t o di ni t r ogehydrodhlaetici acbdhedepending ort khec typest oﬁnmhptptmaess (which 5

can anount to about 10% of the total ampunt used; corresponding to a |oss
of about %0 kyesentioand keabirmrfer aR:lﬁil)OrtTDG§1°ﬁ®t apd| then t he need to

use |l arge amount's of nitrjc.
filtering. Thereaften it may be reacted under conditions

similar to those used for pure starting material.

The process according to the invention has a number
of aduantageS'over the conuentional process for.the
10 manufacture ‘of arsenic acid, by the nitric acid method.
| Problems such as b01l-overs, blow-ocuts and other problems
assoc1ated with foaming are substantially avoided even
when u51ng low~grade starting materials. The need for
expensive nitric-acid-recovery plant is dispensed with,
15 with consequent saving in the amount of caustic soda

needed for scrubbing the effluent gases.

Mbreover, the need to use large volumes'of nitric
.ac1d is avoided, with consequent economic sav1ngs,
savings in storage requirements, and reduction of health -
20 and safety_risks. In fact, when using a nitric acid/
iodine catalet.lthe_total_amount of nitric acid used in

the B "

¥

unber of advantages over the conventional process for the I0 manufacture \



acid avoi ded, but also the overall net consunption of nitric acid is
consi derably reduced. The net consunption 10 .may, if desired, be reduced

still further by including a small nitric-acid-recovery apparatus for
Fecovering the residual nitric acid blown off fromthe arsenic acid as

ni trogen oxi des, but any such apparatus nee@d,-of course, be on a much

smal | ersgcal e than that used 15 in the conventional process. (In this

respect, i't i-s wortgnesEnthgireddsat (abbder 7USi kg dp&t ngstate ref) Wrddndrs, the
conventional process is registerable both as an arsenic acid manufacturing
process and as a nitzdaxigis)d imasubsteotiaglyr besssthamcthmanduntpodcess
according to the invention does 20 not require to be registered as a nitric

aci d manuf act uri ng & 2 dofred tRTSREN| CARYPFRiGR 4R [HirHitaagesp paideus

is included.) The progess cording,to_t invention is, further illustrated
by neans of the fol3¥wity S Ways) in ng CORY SRR RFPIPSSt (é’b‘s‘ ic

trioxide (fairly ,aé§§a_ of e 4 o, ] 11 G i d. : .
(density 1.5 g. n? -Lgiq.) and 1 ggtr?g apl%? gs-g%mogioaﬁ%e{:d\#e%ggﬁtﬁ(;ggé{eédqﬁs%?d' é:o.rresp erldlm‘
pressure vessel. Qg/@endMs dfhaboliRdgdNkg pEBl€snte BEErEhIY aed IS

(about 3.5 bar), the vessel was vented in order to renove nost of the .
at nospheric Thus, not only is the need to use large amounts of nitric
o acid avoided, but also the overall net consumption of
nitric.acid is cqnsiderably reduced. Tﬂe net consumption
lﬁ)méy, if desired, be reduced still further by including
a small pitric-adid—reébvery_appératus for'recovering
'thé residual nitric acid blown off from the arsenic
acid'as nitrogen oxidés; but any such apparatus néed,
of course, be pg § much smaller scale than that used
15 in the conventional process. (In this respecf, it is’worthy
' of note that, under United Kingdom requlations, .the
conventional process is registerable both as.én arsenic .
- acid manufacturing process and as a nitric acid manufacturing
| process, whereas the process according to the invention doeé.
.20 noﬁ require to be .registered as a nitric acid manufai;t,uring_.
process even when a small nitric-acid-recovery apparatus
is included.) | |
| The process according to the invention is further

illustrated by means of the following examples:



i trogen and oxygen was again fed |n to a pressure of about 100 psi (6.9
ay.) . The reaction mxture was t hen slomﬁy heat ed to about® [ ERR], Wi th

g[ rrifig, thus 10 causing the pressure to rise to about 125 psi (about 8.6

ry. At about [ERR], the reaction started and the tenperature of the
_Feaction mxture rose to about 145 C as @lresult of the exothernmic nature
of the reaction, while the pressure fell as a result 15 of oOxygen O
consunption. - -was fed in each tinme the pressure fell to about’

100 psi, to bring th essur e back.t about, 125 psi. and,.after the~
'initPaI exothern?c rﬁ¥£5 ggfﬁﬁ§%V%ﬁ %é eni?ﬁ?ﬁ?ﬁeﬁuﬁ%)about [ ERR] by
cool i ng as nece Syl ofy e :eaClls d a
suddengCessatioﬁ§f§ oxyd@ﬁvconsunpkpbﬁﬁgqyfésg E&Q? %a§83§ kﬁ%%ggg gel was
then vented through @ ®criphaia (l@ﬁw@o@fastsﬂﬁms%hﬁdé”ﬁéﬂeslaéd&!t rogen

oxi des nixed with the oxygen). No foam ng was observed on venting. 25 A
smal | anount of fitena pids talaresmel.heixadendwas then fed 22- reaction

"mxture and air was bubbl ed through for about an hour, while maintaining’ a

tenperature &f atnder ) predfRR of P redr (ebonsmdvé bag)snthe vessel 0.
nitric acid. The original potassiumiodide, now present as 5 iodine, was
al so renpved dur¥a® Y#R&eD ot QRAeE, tg rggeve most of the atmospheric

nitrogen, and oxygen was agazn fed in, to a pressure
of about 100 psi (6;9 bar). The reaction mixture was
theh slowly heated to ebouf_loo°c; with.stirring, thus
10 caﬁsing'the pressure to rise to about 125 psi kaﬁout
8.6 bar). At about loo°c,ithe reaction started
- and the-temperetufe'Of the reaetion.mixtﬁre.rose
to ebout'l45°c as a result of'the'exethermie nature
'of.the7reaetienT.§hile the pressure fell as a result
15 of oxygen consumptien._ More exygen_was fed.ih each time
‘the ﬁreseu:e.fell-to about 100 psi, to bring the
pressure back to about 125 psi, and, afier fhe initial
exothermie;rise, the temperatu:e_was maiptained at '_
-about,loogc by cooling ae necessary. The end of the -
20 reaction was indicéted'by a.sudden cessation of oxygen
consumption, after about 1 hour.
 The vessel was_then-vented_ﬁhrough a scrubber
(because of the small amounts of nitrogen oxides mixed
with Eﬁe oxygen). No foaming was.ebeervedlon venting.

25 A small amount of arsenic trioxide was then added to the




eV|dent fromthe change in the col our of the pr oduct fron1pa|e yellom/bromn
to col ourless. Sonme water was al so | ost during this procedure. The product
was tHen filtered to remove the small excess of arsenic trioxide.. 10

The product was arsenic acid in a concentration of about 83 to 85@6by

wei ght, with a specific graV|ty of 2.0 to _2.14. Water was -added in order
to. dlluﬁarthe arsenic acid to 80@6by mETg%R Strength. A yield of about 820
g of 80% arsenic acid

ned. . JThat 15 | d bout
81500 of the’ theor Eerehiop BLaIRe, aad " Y %@%i&mﬁ%ﬁ CaBeuE "

reaction of a-naphthy . : rage
content of |ess th%% 5385@63 EEQWE%%£Q§H§E%Z éa?%%§§ c%ﬁ%%%c?glly
avai | abl e arseni c bl gyPge ﬁh”BH&éi'@@ féﬁEVéf%héﬂ%déiloa§éhneb09 aYerfd
0.5% Sh 1 to 1.5% totalling 2.5 to 3% or 3.5 to 4%on the assunption
that the inpuritieacdde prReestigsnakisetasshdnricailder eipw preakatrasas
conpared with white, pure arsenic trioxide, but simlar to pure sanple in
density and partisliedinee)wa&38lad némowedrduring this procedf®e, odsfwasng

nitric acid (see Exanple 1) and 50 ng of potassiumiodide were | oaded into
a pressure vessel . evident from the change in the colour of the product

frcm pale yellow/brown*to colourless. Some water was
also lost during this procedure. The product was then
filteréd to remove the small excess of arsenic trioxide..
10 . The product_Was afsenic aqid in a ¢oncentration -
. of about 83 to,sS% by'weight,;with a épecific gra&ity
of 2.0 to 2.14. Water was added in order to dilute
the arsenic acid to 80% by weight strenéfh; A yield
‘of about 820 g of 80% arsenic acid was obtained. That
15c§rresponds to a yiéld of about 91.5% of the theoretical
yield. | '
A teét for nitrate, based on the colour reaction
. ' of u-naphthylamine, showed the arsenic acid to have a

nitrate content of less than 0.02%.by weight.

20Example 2 | |
| '260 g of commercially available’arsenic trioxide
(lmpurltles reported as Fe 0.5%, Pb O. 5% Cu 0.5%,

Sb 1 to 1.5%, totalllng 2.5 to 3%, or 3. S to 4% on the
'assumptlon_that_the impurities are present_as_oxzdes:
25darkisﬁ grey in coloﬁr, as compared with white,-pure_'

arsenlc trioxide, but sxm;lar to pure sample in

density and particle size), 130 ml of water, 3 to 4 ml



The procedure of Exanple 1 was followed, with the variations that the
“temperaturé was maintained 5 at about 120 C instead of [efr], and that the
/- \pressure was allowed to fluctuate between about 100 psi (about 6.9 bar) and.
&3 60 psi (about 11.0 bar) instead of between 100 and 125:-psi. 80% by wei ght
trength arsenic acid was obtained_1Q, after a reaction time of about.4. -
hours. The product was covered with®a fine black scum and al so | eft \g/

grey/ black resiflugming B d1ald amiaf (rtslas EQ ,‘%azé-uwﬁabé@%wm sank in

~water and its colour suggested it could be elenental arsenic or antf nony,

whi ch was conf igggakslium Bbaades aerentioadalyshto a [PLesOird Vi, of
I mpurities corresponded to about 3 to 4% by wei ght based on the arsenic

trioxide. This exanihe shmeedure ofh&xpmpienl pascfsiloweds witt e
satisfactorily with crude-commercially available 20 arsenic trioxide,
al t hough t he arfBimtvagriatdionsy $hagafhraterperpturacveaseaintaiprd y as
arseni o t11 oki A SR dAE S IRRERr o6 4680 [ HeRa hm Ereaene 1o
neceseary to oMb Sieat ol FyTRnke"Beeubeh pR3uee Tido B} S 6 2opar)
Feactants gave o H00FERREIIIIE ban TERRERR of bpBle Bt B O T
~and 125 psi. S : B .
| 80% by weight strength arsgnic_écid.was'obtained
10 aftg: a reaqtion time of about 4 hours. Thé product.
was gqvered with a finé black scum and also left a grey/
black residue in the bottom of.the reactb:;. fhe biack |
scum sank in water and its colour suggestéd it could
be_élemental_arsenic or antimony; which was confirmed
15 by subsequent analysis. The total weight of’impurities
¢orresppndéd to about:3 ;o 4% by weight based:on.the:-
arsenic trigxide. N
| This_exémple_shows_that fhe‘présent prodess_worké
quite satisfactorily with crude commercially avaiiable
20 arsenic trioxide, although the amount of cétalyst may |
“have to be increased slightly.as comparéd with' the amount
neéessary'for a-comparable amount of.fairly pu:é aisenic
trioxide. (Otﬁer experiments showed that the amounts
of.nitric acid ahd potassium iodide given above were tﬁe.'
25 minimum amounts nedéssary to give a safisfactory reaction -
with this particular sample of arsenic trioxide, and that
decreasing the amount of either or both of those-reactants

gave only a sluggish or no reaction. It is thought that



iodine/nitric acid double catalytic cycle.) Exanple 3 200 g of commercia
~avai |l abl e.-arseni'c 5 trioxide of the type used in Exanple 2 was purified ™
the foll owing manner:- enough water to forma thin slurry was added,
followed by the addition of 3 m of fum nitric-acid, after which the

m xturg was heated at [err] for 30 minutés, filtered, washed 10 with wa ter
to remve residual phirahGer:@flk [Maly diddriied a0aiae THeeprorgdure of
Exanpl e 2*was repeated using the thus-purified arsenic trioxide., except
that a tenperature witRntYe ahsdindAiitrithadidu@dublebeassl{t it edyc1ds)

80% by - wei ght arsenic acid was obtained after a reaction tine of only 1 to
2 hours. A small gquantity of a very fine black residue was obtained, but it
represented | ess thBx2mphgoBof the arsenic trioxide and |I'ess than 0.006% of
the arsenic acid, and it_need 20 not be separated_off for certain uses of
arsenic acid. This exanpf@PsHhdk FmRensiialilyl ayprddpblpuRFeeRAEi on of the

crude arsenic trioxjde enabl es t.he reaction t.o proceed ch_nore, gui ckly
and readily with% egﬁﬁ%" ?rﬁ’?a‘f’h? otif%eos“éseg]ot"é’i %ﬂ"“ﬁ anu‘l’ﬁ?r?'s’}r’pﬁ’r%é;
arsenic trioxide. 25%5,( e '5nﬂg Shoved, t appu f catal yst
coul d be reduced in§?h§§gc£%e.§ : rih .OEE% w&@@;_@B_E&:ﬂ.

' a-thin slurry was added, followed by the addition

“24- the inpurities in the arsenic trioxide interfere with the 3?V

of 3 ml pf_fuming'nitric acid, after which the mixﬁure
was heated at 7Q?C for 30 minutes, filtered, washed
‘10 with wa ter to'remove residual nitrates, and finaliy
filtered again. | |
| The procedure of Example 2 was reﬁeated uSing
~ the thus-purified arsenic trioxide, éxcépt that a
temperature of only about 100°C was found to be sufficient.
15 80% by_weight arsenic acid was qbtaihed after |
a reaction time of only 1 to 2.hour$; A small quanfity
of a very fine black ;esidue was obtained, but it
repreéented less than 0.01% of the arsenic trioxide
and_leés.tﬁan 0.006% of the arsenic acid, and it need
2o_nét be sepafated off for certain uses of arsenic acid.
This exﬁmpleléhows that initial simple purification.
.of the crude arsenic trioxide énébles the reaction to
proceed much more quickly and readily Qith results similarl
ﬁo those obtained using fairly pure arsenic tricxide.
- 25 (Other experiments showed that thg amount-of c;talyst

could be reduced ih this case,)



Exanpl e 4 Using the apparatus shown diagramatically in the

anyi ng drawi ng, 5000 parts by weight of arsenic triokide, 1.6 parts

i ght of potassiumiodide (or 2.5 parts of iodine) and 3000 parts by _
wejght “of water 5 are mixed to a slurry in a prenix tank -10 equi pped with.a
stirrer 12, a solids inlet 14 and a water inlet 16. The slurry is then o
transferred via pipe 18 to a jacketed 3 essure reactor having a capaci\ty of .
8000 litres. The transfer is effected by applying-a vacuumto the gas ™
outlet 10 22 with valves 24, 25 and 26 closed and val ves 28 and 30 open.

The contents of the reactor 20 is then heated, via the reactor jacket, to .
about 850C, @Eéﬂﬂisaﬂng stirred by means of stirrer 32. Wth valve 26 open
and val ves 24, 25, 28 and 30 closed, oxygen is fed into the reactor 15

t hrough pi pe 33 uptil. .a,pLe qﬁﬂuﬁ | 1. 4 prevails

I nside the reactopgibgqgﬁ%téﬁégéhféfis t_e%ﬁg%%égg??§§%% ﬁ?ggﬁ 5 wth .

val ve 25 openccapflahyihfearawite) s00d Yhrits by FeRGRESHE Capderitout 120 psi
(about 8.3 bar). "The reaction comences and is allowed 20 to proceed for
from2.5 to &rioxide, Whi6cpantatby nieighly efs potakssiurecpodddantboA 20 psi
(between about 4.1 and 8.3 bar) by adding further oxygen periodically or

con- tinuousﬁySbEPrﬁﬁhefmﬁQ@imahiaﬁﬁzﬁqoqipﬁgt@abVeyeiﬁhtZ@f water

5 are mixed to a slurry in a premix'tank 10 equipped with

"a stirrer 12, a sdlidsfinlet:l4 and a water inlet 16.
The slurry is then transferred yia pipe 18 to a jacketed
pressure reactor having a cépadity of 8000 litres. The
trahsfer is effected by'applying'a'vacuum'to the gas outlét.
10 22 with valves 24, 25.and 26 closed and valves 28 and 30
open. 'The.contents of the reactor 20 is then heated, via
- the reactor jacket; to about.85°c, while beihg stirred |
by means of stirrer 32. With valve 26 open and valves
24, 25, 28 and 30 closed, oxygen is fed into the reactor
15 through pipe 33 until a presénre of abont'zolpsi (about.
1.4 bar) prevails inside the reactor. 62% nitric acid |
is then added through pipe 35, with valve 25 open, and
‘further oxygen is fed in to a pressure of about 120 psi | _‘
(aboﬁt'8.3 bar). The reaction commences and is allowed |
20 to proceed for from 2;5’t0'6-hours; while'maintaining

pressure between 60 and 120 psi (between about 4.1 and

8.3 bar) by adding.further oxygen periodically or con-

‘tinuously but otherwise having all five valves 24, 25

26, 28 and 30 closed; and while maintaining a temperature
25 of from 100 to 150°C within the reactor by circulating

cooling water through the reactor jacket. When the



é6, 28 and 30 closed, and while maintaining a tenperature 25 of from 100 tf57
1500C wi thin the reactor by circulating cooling water through the reactor
j;acket. _-When the’ -26- reaction has termnated the pressure within the
reacter- 20 is rel eased by opening val ve 24 thus causing the gases to pass
through pi pe 34, up through a caustic scrubber 36 to neutralise nitrogen
oxideskgand then via pipe 38 5 to a stagk.(not shown), fromwhere they
are vented into the atnosphere. Meanwhile,air is blown into the reactor 20
via pipe 44 and valve 46 and through its liquid contents in order to renove
the residual nitric acid, while the reactor is heated by passing steam
through its 10 Yeaskdon hEgnierpinated | the ipresswrenwd thint hhereeastnr
nanely arsenic acid and_water,_is cooled b assing water through the
reactor jacket, Zhds Fefragefeby oPeRRP @%itg@%GaB?lB%e S FAR8Y e
42. -27- Cains .. A _proc 's%-'ort nuf acture. of ar ic acid -
whi.ch conpri ses tc°a§ia|?r?gt§%'88ﬁ$c8f$$o§< He'R g:%rre%glg?’ \%\A %u%f%rg%%g&?ﬁ(ﬁ/gen_i n
a seal ed react or3@lAReutralise nitrogen oxides, and then yia pipe 38
5 to a stack (not shoWn), from where they are vented into
the atmosphere. Meanwhile, air is blown into the reactor
20 via pipe 44 and valve 46 and through its liquid
gontenﬁs in order to remove the residual nitric acid,
while the reactor is heated by passing steam through its
10 jacket. Finally, the_liquid contents of the reactor,
namely arsenic acid and water, is cooled by passing water
" through the reactor jacket, and is then let out through

the pipe 40 by opening valve 42.




;vated_LgﬂngaLuLe—aﬂdfuﬂder a pressure of from3 5 to 10 bar, in the o

psence of a catal rising nitric acid in conjunctioh with iodine or .
ﬁ (‘B‘jri c acid being present in an anmount not - -
S

£ S
an s odi ne | L _
exceedi ng culated as [err] and based on t-he wei ght of

arsenic tribxide. 10 2. A process as clainmed in claim1, wherein_the
nitric acid is used i'n an anount of frgnlo.l to 3% by weight,” calculatgg!as
[err] and based on the wei ght of arSefi’c trioxide. 3 A process as~
clainmed in C|ai”bé gE claim2, 15 wherein the nitric acid is used infan

. . a S . . . . . - . . .
amount exceedi ng=0- le-per gramatomof iodine in the iodine or iodine .

conpound. 4. A process as clainmed in any one of claims 1 to 3, wherein
the iodine or iodine composwsbdss ¥2ed tRQ mhfiuflcEWRdINE frdend® Ac@d to 0. 1%
by wei ght, based.on the weight of arsenic trioxide. 5 - A process as

claimed in clai nwhichheompriddse dandiing ersenilc nbrboxipbrne ireagded in an
amount of from 0.02 to 0.05% by weight, based on the weight of 25 -arsenic
trioxide. 111!1&&3&1@%&1@¥1£@W3§Pl13_a,éﬁﬁlﬁﬂ mackpr at an :
' elevated temperature and under a pressure of from 3
5 to 10 bar, in the presence of a'catalyst'comﬁrising_
nitric acid in conjunction with iodine or an iodine
compoﬁhd, the nitriclacid being present in an amount

not exceeding 5% by weight, calculated_as HNOj and

based on the weight of arsenic trioxide.

10 2. A process as claimed in claim 1, wherein the
nitric acid is used in an amount of from 0.1 to
3% by weight, calculated'aS”HN03_and based on the

weight of arsenic trioxide.

3. A process as claimed in claim 1 or claim 2,
15 wherein the nitric acid is used in an amount exceeding
0.5 mole per gram atom of iodine in the iodine or iodine

compound.

4. A process as claimed in any one of claims 1
to 3, wherein~the iodine or iodine compound'is'used
20 in an amount of from 0.0l to 0.1% by weight, based

on the weight of arsenic trioxide.

5. - A process as claimed in claim 1, wherein the
iodine or ibdine compound is used in an amount of from
0.02 to 0.05% by weight, based on the weight of

25 arsenic trioxide.




6. A process as,clained irn any one of clains 1 to 5, wherein the 2
reaction’is carrled out under a pressure of from4—to 8 bar—7.— A

process.’as clainmed in any one of claims .1 5 to 6, tionis
carried out at a tenperature of at least [err]. 8“'mj|mr“llﬂmslgms cl ai ned
in clarm7, wherein the reaction is carried out ats enpemat ar e* of at

| east - @5 C. 10. 9. A process as clained in claim8, wherein the
reaction is carried out at a tenpera2®re of from95 to 150 C.. 10. = A

“process ‘as clainmed in claim1, carri-ed out substantially as. described in
any one of the .e&kanpl e@ HE"é’leﬁs 2% claimedip cané’cPél‘et F?gt chaimebn

anf actured by €0p§ OGS ere lh%' g‘eagc ot Vs cnaerr%e o nﬁn&eroa 10. _

pressure of from 4 to 8 bar.

7. A process as claimed in ahy one of claims 1
-] to_6,_wherein the reaction is carried out at a

'_ temperature of at least 80°cC.

8. ‘A process as claimed in claim 7, wherein the
reaction is carried out at a temperature of at least

85%.

10 9. ‘A process as claimed in claim 8, wherein the
'reaction is carried out at a temperature of from

95 to 150 C.

10. A process as claimed in claim.1l, carried out
substantially as described in any one of the examples

herein.

11. Arsenic acid that has been manufactured by a |

process'as claimed in any-dne'of claims 1 to 10.




