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Process for preparing alkali netal cyanide and al kal i ne earth netal

.cyani de granules and the high purity alkali net al cyanidﬁ@ anul es

obt ai nabl e t her eby Description The invention relates to a process for

preparing al kali netal cyanide and al kaline earth netal cyani de granul es,

In particular granules conprising substantially sodium cyani de, potassium

cyani de and cal ci um cyani de. The process is based on the reaction of

hydr ogen cyani déregess sfox|peenaningaklkadionetial ryanigdek aindnalkadtinenet al

hydroxide in a fluidised ped and is called reactive fluidised b .
granul ation (RF%%?#E‘I'F\% | vc@’rﬂnf’%*? gl”?&“b‘??a?’é‘g %lbe ﬁ}f@}‘smé"f"?‘é’af‘i%ﬁbﬁ and
KCN granul es, which angetdBrdfdnides geahii18s 0bbdindble Hhcteydl € by the
process. Sodi um and pot assi um cyani de are used wi dely for preparing

el ectrolytic baths and case hardening salt baths and for the synthesis of
organi ¢ conmpqunds:. sadi um cyani de and cal ci um cyani de are used in |arge
anmounts for ﬂ%%%%gﬁﬁﬁé”bold by the cyanide | eaching of ores. Wen used for
el ectrolytic baths, the alkali metal cyani des nust al so have very high
purity. Wiereas a snmall concentration of alkali netal hydroxide in alkal
met al cyani deChgtihventdon apilpEger tot aPxrrREmMifost PsAPaTing kalkaket al

o gf”at € a”%{éé&a'dxarﬁ‘itd%' an@" J3k&1 i teéjzﬁ:l?%eltt%\ﬁ.’ %@aﬂ?&?i Q%gnufés?,m fh
y point "of View, cyanides generalrly have to be“avalrlable in &

dust-free gragutalcdleiyMgranules comprising substantially sodium
cyanide, potassium cyanide-and calcium cyanide: The process
is based on the reaction of hydrogen cyanide with aﬁ alkali
metal hydroxide or a alkaline earth metal hydroxide in a
fluidised bed and is called reactive fluidised bed
granulation (RFBG). The invention also relates to the
spherical NaCN and KCN granules, which are characterised by

high purity, obtainable by the process.

Sodium and potassium cyanide are used widely for preparing
electrolytic baths and case hardening salt baths and for
the synthesis of organic compounds; sodium cyanide and
calcium cyanide are used in large amounts for recovering
gold by the cyanide leaching of ores. When used for
electrolytic baths, the alkéli metal cyanides must also
have very high purity. Whereas a small concentration of
alkali metal hydroxide in alkali metal cyanide acts as a
stabiliser, the concentration of alkali metal carbonate énd
alkali metal formate must be as low as possible. Froem a
safety point of view, cyanides generally have to be

available in a dust-free granulai form.



2 It is known that alkali netal cyanides can be prepared by neutralising
.hydrogen cyanide (HCN) and al kali netal hydroxide in aqueous sol utions

foll owed by crystallisation, solid/liquid separation and subsequent
mechani cal shaping. These types of procegses are very costly and the
products tend to formdust and are therefore difficult to handle. A
particul ar di sadvantage is that sone of the nother |iquor has to be renoved
fromthe prodésdsi knowgethat @bhﬁlérm&ﬂal(Qﬁanéﬁﬁénpaafbbyppﬁbénéﬂsbxnd to

obtain pure pru% g Bet §°%§?ﬁ§§a$§§fb cﬁy K d aigéf rﬁaﬁgide S

general |y el ifi e n process used

hitherto for tﬁﬁa&@xﬁ.ﬂeahhah'queﬁﬁéa‘soE\‘i@{briBE%ol\M&ﬂw@H by veyytadsibytiemp be
substantially inproved by so-called fluidised bed spray granulation, as

descri bed i nseRid/diguddogeparatioe and whsementomeghanhcal kahaping al

cyani de sol u | ra I [ S nul es
of al kali If eg@y%x%%bs%gﬂaggkﬁggﬁétéﬁéi %ﬁi’%hce Fgﬁgvg%gré?ggu égneans
of a stream Q;fen@r tonEodas dukeWand ahe otliggrdfivre ldifdiealit bed. hénabel es

conpri sing substantlally spherical particles which have very | ow abrasion

and a | ow calavtichdex sicadrentaes. 1SSﬂﬁ€é§£W@a8§e§G§ @PRBFF +EFIPT cyani de
solution is required i r e r QC 82 and
this is obtggﬁég |%eagf&g&%anggﬂﬁrE%gIﬁgﬁggh |§i§3§ tﬁugtggg ¢
hydr oxi de i n eagiebneniolft bgrprblusts and to obtain pure products.

Between 10 and 30-% of alkali metal cyanide is génerally"

eliminated with the mother liquor.

The industrial process used hitherto for shaping alkali
metal cyanides, which is very costly, can be substantially
improved by so-called fluidised bed spray granulation, as
described in EP-A 0 600 282. In the process mentioned, an
alkali metal cyanide solution is sprayed onto a fluidised
bed comprising seed granules of alkali metal cyanides and
the water introduced is evaporated by means of a stream of
drying gas flowing through the fluidised bed. Granules
comprising substantially spherical particles which have
very low abrasion and a low caking index are obtained.
Since an aqueous alkali metél cyanide solution is required
in order to perform the process in EP-A 0 600 282 and this
is obtained in a known manner by neutralising HCN with
alkali metal cyanide (sic) in aqueous solution, this
solution also contains known by-products, including-in
particular the corresponding carbonate and formate. As a
result of using an alkali metal cyanide solution which
contains the by-products, the alkali metal cyanide granules

prepared therefrom cannot be any purer than the solution
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solution al so contains known by-products, including in particular the
«correspondi ng carbonate and formate. As a result of using an al kali netal
cyani de solution which contains the by-products, the alkali netal cyanide
granul es prepared therefrom cannot be anygpurer than the sol ution

3 itself. Additional alkali metal carbonate is formed due to reaction of
the carbon dioxide contained in the fluidising/drying air with excess

al kali netal iysebki dddidritanalecdlikalihmetibkatarbanatie dysafiodmesoldyei r, so

that the alkali ngtal r.bonat e concentration in t al. kali metal cyanide
granul es is g’é‘?\j%‘f%’r(f%/ ‘bfggleerca_t’:ﬁ’gﬁl Eﬁgf‘lg? %?%%ﬂne‘*}rétnalt%?yani des produced
by a crystal | fmaddDsh iy Ae8sihgMalilt WiRREEHE8Es SIFRAYIY metaA Giyidrexddef er ent
process for preparing solid particulate alkali netal cyanides is known from

DE- A 38 32 88contained siprtde &l kally desgéncrgridel sdatiomi $9 §hati she

reacted contin y wih finely distri pd et.s of q al kal
met al hydr oxi ?ijélgél‘;}f Lﬁ‘%%i,] %ﬁrﬁo(g}élvt\:& é:lpn\%glﬂégg?gégiln r%l ugel%%g‘ﬁ‘dﬂ%?“gguced S
si nul t aneous| ¥y Syaeer et ath bl ide RRicrad 1§0hi-dater tiHde thatf b agkpatation,
are taken to a shaping and/ or post-drying process. This process thus

constitutes ameprhycYRyides mraducedyhych FEYSERbIIAEIAN Precess Mighi d
reacti on, hergugééﬁﬁgﬁéﬂéﬁgﬁiégLreaction. Using this process, therefore,
a ni rati

products with conce on of alkali netal cyanide are only
produced if HCN is used in a | arge excess and the al kali netal hydroxide
has a | ow concentration. The conbination of spray drying and neutralisation

has the di sadka@ebe dhefexent muecessofor preparing solid particulate
alkali metal cyanides is known from DE-A 38 32 883. In this

process a hydrogen cyanide-containing gas is reacted
continuously with finely distributed droplets of an aqueous
alkali metal hydroxide solution, while water which is
introduced and produced is simultaneously evaporated and
deposited solid particles, after separation, are taken to a
shaping and/or post-drying process. This process thus
constitutes a spray drying process which is combined with a
gas/liquid reaction, here a neutralisation reaction. Using
this process, therefore, products with a high concentration
of alkali metal cyanide are only produced if HCN is used in
a large excess and the alkali metal hydroxide has a low
concentration. The combination of spray drying and
neutralisation has the disadvantage that the fine drops
start to dry from the outside, which is where the alkali
metal cyanide has formed. Diffusion of the HCN gas into the
inner core of the droplets, where liquid alkali metal
hydroxide solution is still present, becomes difficult as
the layer of solid in the outer region becomeé thicker. In
order to produce a high rate of conversion, therefore, the

driving force for diffusion must be high and this is



start to dry fromthe outside, which is where the alkali netal cyanide has
formed. Diffusion of the HCN gas into the inner core of the droplets, where
liquid al kali nmetal hydroxide solution is still present, becones difficult
as the layer of solid in the outer regiongbecones thicker. In order to
produce a high rate of conversion, therefore, the driving force for

di ffusion nust be high and this is . L 4
favoured by SLawqyweskdysa bighcrraads o?f HE AR/ h a keduetdeyi iy thee.
However this 4 he -t pE. yi e proce A h
disadvantagec%ﬁg#ﬁfénggﬁcggggﬁgktﬁgfgtfééké%ghﬁﬂ; F%a%%tgﬁﬁgﬁyggig ??ﬁe
powder and hahd pheeesizapad funthddi di sadvanptaapest thdgs procpesevidetgaanul es
whi ch are safe to handle. DE- A 38 32 883, nmenti oned above al so di scl oses

that virtual I5P@TARAY dF cRkEiNpHRR detiftePaskioryand hapytai Beri but ed
akall metal K iae 2 1988 BrBKI O UL Y ProtidknG LAARELAI LT €
e for t . t1on

which are suita e proces e rea equi res“the presence of
wat er and di sdolatecir® lszlfie tot BEnd¥dr oxi de. Taking into account this

di scl osure, this process cannot be used to prepare al kaline earth netal
cyanides, in particular calciumcyanide, by using an aqueous suspension of

an alkaline gt P dashRkt denedl ShoRldallo dllocioBethefihel ng. Techni

9/ 95, page 184, describe a process ue gas desul phuri sation
by usi ng an abisdngatlilgn ndr yeagtponctskes rpladd nativeen bedid| nfihedyprocess,

an aqueous calci.um hydroxi.de_suspension,is applied to the surface of a
fluigised txué%%?%%qqaﬁdbP&gﬁlﬁeﬂgﬁﬁ th¥gﬁqﬁf4gaiﬂq @P&eﬁ8§z$¥§?ogf?hough a

satisfactory degiiee gt deeukphpbrashiod wiidia.dld Wigapibssarogheed by
addi ng the absorption agent in an anount greater than that required

st oi chei onet rpwaidss . tThe peeaptibhoneghiiygpsihn iprasencexbfavatdrgandul ar end
product i's tcﬁﬁéé%’vé;'yfiglg metal hydroxide. Taking into account this
disclosure, this process cannot be used to prepare alkaline
earth metal cyanides, in particular calcium cyanide, by
uging an aqueous suspension of an alkaline earth metal
hydroxide.

Trojosky et. al. in Chem. Ing. Technik 9/95, page 184,
describe a process for half-dry flue gas desulphurisation
by using an absorption drying process in a fluidised bed.
In this process, an aqueous calcium hydroxide suspension is
applied to the surface of a fluidised bed in a fluidised
bed unit using two—fluid nozzles. Although a satisfagtory
degree of desulphurisation of the flue gas is produced by
adding the absorption agent in an amount greater than that
required stoicheiometrically, the proportion of gypsum in
the extracted granular end product is too low, since it
also contains a considerable amount of calcium oxide or
calcium hydroxide in addition to gypsum. Due to the

incomplete reaction and thus unsatisfactory purity of the

granular material obtained, it is not obvious that the



al so contains a considerabl e anount of cal ci um oxi de or cal ci um hydr oxi de
Jn addition to gypsum Due to the inconplete reaction and thus
unsatisfactory purity of the granular nmaterial obtained, it is not obvious

that the process described in this docunent can be used for
preparing al kali netal cyanides and al kaline earth netal cyanides, in
particular alkali metal cyanides of high purity. The object of the

i nvent i on i sPreces®iercr¥bddipimotdd spdocunent oeaprkp arged) fdxkal i net al
cyanide and alkaline earth netal .cyanid ranyl e jch makes t he.separate
preparation Bfe%%rgﬁ%e%%lqﬁqia&n cg]anéﬁegl R ia@é?mg’fr_’%fﬁﬁ% %Qa:}l kal i ne
earth nmetal gyanidsssuperpdmoliiiaidaalkaoiametds épgnidsad@iages of the
previ ously known process based on a conbination of spray drying and

neutral i sati PAri®{urther object of the invention is to provide a process
for preparing sodi umcyani de and potassi um cyani de granul es which are
characteri sed by both exceptionally good granul ar properties and high
purity. Finathy ébfedt 0OS£ShaGTitiont Ost Be pryeidd ih iisngrdwarded to
enabl e the use of hydrogen cyani de-contai ni ng gases fromdifferent origins

and thus i {REOPeSEIE0K RERPAGIMSoSLIRIASTCtaR Syantde anst Aikatdnng al kal i
t al i d ' I ' I f d i Si
Toact i g hydsabehsead Q8RNI JiRhRa by ALER, QK R Rl T e th

met al hydr oxpglepanéiei e ot htn ad@lousmebatit DyAll oK gle dTkd1ie rdeyad of an

aqueous sol ution and the al kaline earth netal hydroxide in the formof an
aqueous suspe¥andde L% abraline iefrshametalt eyanide tshparflagisednsd t h '

gaseous hydr gey Syallgien Atk LUANAEALLANOE! chDS YAl RIud1Y gigGed to and

formed in the rea Ichis characteri se
process based on a combination of spray drying and

neutralisation. A further object of the invention is to
provide a process for preparing sodium cyanide and
potassium cyanide granules which are characterised by both
exceptionally good granular broperties and high purity.
Finally the process according to the invention is intended
to enable the use of hydrogen cyanide-containing gases from

different origins and thus with different gas compositions.

A process for preparing alkali metal cyanide or alkaline
earth metal cyanide granules was found comprising reacting
hydrogen cyanide with an alk;li metal hydroxide or alkaline
earth metal hydroxide, wherein the alkali metal hydroxide
in the form of an aqueous solution and the alkaline earth
metal hydroxide in the form of an aqueous suspension are
sprayed into a reactor and there reacted with gaseous
hydrogen cyanide, and evaporation of the water introduced
to and formed in the reactor, which is characterised in
that the reaction is performed in a reactor for fluidised

bed spray granulation with a fluidised bed temperature in



that the reaction is perfornmed in a reactor for fluidised bed spray
granulation with a fluidised bed tenperature in

6 the range 100 to 250[err]C, the solution or suspension nentioned is
sprayed onto a fluidised bed substantially. consisting of seed granul es of
the alkali metal or alkaline earth netal &/ani de being prepared, a hydrogen
cyani de- containing gas in an anount of at |east one nole of HCN per netal
equi val ent i stheitraye ek dd 1250°€3ctthe abltbhbors oo duspenaidd he water is

evaporated by nmeans of a fluidisjn as, whose inlet tenperature is between
110 and 500C,"“F’F‘iﬁﬁ/ﬁ?'}fi)‘I i ARAYET °?‘Itgi gi §tnidised bedsubstantimlilon depend
on this C ai ngg I ggn S isng to
the inventi o% Ig\élﬁ%u% %iﬁde%cg}ra g‘%lggsggf hz%;; Jé]H}% Pf[e%qaﬁ)xﬁ%&gﬁragé |gn'e
earth netal ceartle nEteparcyhriye beipgopespared pralimginogenheyiamdet- on, the

rocess is particularly suitable for preparing sodi umcyani de (Na ,
Bot assi ulm csaﬁ?rlb’ég’( %l#j a Pl Gf?\%‘g&ngge“l“% So ) aneg?'/“éﬂt?l @§( H?NG:)PSFocess

s especi al | Nt (RS 1R HAPINERBANBEN BOMON A 6% thid BARL! cul ar
those with high purity. In the process according to the invention the

fol | owi ng proeiws and dthelwaderoi st kvapndatedusy nemrns ofes ifdutibdstihgi di sed
bed; the HCN gas troduced .into the reactor, diffuses into the al kali netal

hydr oxi de sol ﬁ'olﬁ" B W & SBREEATHEE af S R 58 10u8pEnS08nCani t h whi ch

the seed grangl®siny &R thed rfhilienesb8asdé$. t 0 give the corresponding
cyanide in dissolved form This solution dries out on the particle surfaces

fromthe inside outwards, associated wth growh of the-seed granules. This
process diff e fél%r?n'{shewh‘%.%%wae%léinlddgrqgf:gfs g(t,f‘aniunll %;teil%rt]:e to preferred
embodiments of the process according to the invention.
Although cyanide granules of any alkali metal or alkaline
earth metal can be prepared by the process according to the
invention, the process is particularly suitable for
preparing sodium cyanide {(NaCN), potassium cyanide {KCN)}
and calcium cyanide (Ca(CN)2) granules. The process is
especially suitable for preparing NaCN and KCN granules, in

particular those with high purity.

In the process according to the invention the following
process takes place on the individual particles in the
fluidised bed; the HCN gas introduced into the reactor
diffuses into the alkali metal hydroxide solution or
alkaline earth metal hydroxide suspension with which the
seed granules are wetted and there reacts to give the
corresponding cyanide in dissolved form. This solution
dries out on the particle surfaces from the inside
outwards, associated with growth of the seed granules. This
process differs from the known building-up granulation

process in which solutions or suspensions containing the



process in which solutions or suspensions containing the

.7 granul e- produci ng substance are used, in that a neutralisation reaction
takes place only on the particle surfaces and this produces the materi al
required for particle growmh. Using this mpde of operation the drying
procedure no | onger hinders diffusion of the HCN gas so that highly
concentrated |iquors and HCN can be used in approximately stoicheionetric
rati o. The wa@&RDRseTRECAWEIRG Fuhatange ax¥¢ vBedwailrthaf rdduced with the
solution or s | ' % d S| h a lon supplied
by the neut raﬁ?gg?lg%%g?{ég% i%éh)é)%?\%&f he e%ak’ &gﬁ%rgrﬁﬁgfé? (r)\éeh%%%lw di si ng
gas. The proceasfacesrahdgths tpoduteantthenmaseirel efeqeived efst | ve
flui di sed bed granul ati on (RFBG, process. The process according to the

i nvention nayPBEthELEoFRRUEBatUHRESs Bodei RbotREFR Y IPmryhe ST r eact or
which is suit f L4l B : al At i riancipl es of-
fluidised bedﬁgéggéaéﬁagﬂl g%;i\%% %d%s%’#?gggéﬁo Pp%%%'?g?g %ﬁc% can be
used for thisthabochighhpdconcemintstead Nik@momsoand SHEN ecdm v used iper son
skilled in the art (for exanPI,e reference is nmade to H. Unl emann in Chem
Ing. Tech. 622PRY9¥}MAEELYStofrhpionetyis) ragip. ckhgpyates Heemett or may be
desi gned as aggi I i | ' flui di sed
bed base) or ggk%ﬁgl gévagﬁgélﬁeém Oﬁ{eé)\(yract%r \ghggﬁggg%%z&zﬁgg %?ez%f%lcdaéti ed in

t he reactor, ohesespehbibonoiz|evapardtegl by espadi ti | yedtocsff ackagttilim t he

fluidised bed. The orientation of the nqQzzle may, enabl raying fromthe
bot t om upvar dSUBRELEH BY ohRE TReY A R AR EeBr LLOB SRR (§ 15 (3P4 e aRY (o
;Pgogﬁaivfeegd Bi*séhepﬁéﬁtﬂéi&%ir?é)'geaé OheOBrbBEOK Sa EESF R P t JVHY ally

invention is therefore a reactive fluidised bed granulation

(RFBG) process.

The process according to the invention may be performed
batchwise or continuously in any form of reactor which is
suitable for fluidised bed spray granulation. The
principles of fluidised bed spray granulation, different
types of reactors which can be used for this process and
variants of the process are known to a person skilled in
the art (for example reference is made to H. Uhlemann in
Chem. Ing. Tech. 62 (1990) No. 10, pp 822 - 834). For
example, the reactor may be designed as a circular
container provided with a gas feed base (fluidised bed
base} or as a flow channel. One or more spray nozzles are
located in the feactor, wherein the nozzle opening is
expediently located within the fluidised bed. The -
orientation of the nozzle may enable spraying from the
bottom upwards and/or from the top downwards or
substantially parallel to the gas feed base. Reactors

suitable for continuous operation generally also have a



8 device for continuous or periodic discharge of granules, wherein this
.device is expediently designed so that it enables classification of the
granul es while they are being di scharged. To performthe process, a
hydrogen cyani de-containing gas is suppligd to the reactor. This gas may be
I ntroduced into the reactor mxed with the fluidising gas stream
Alternatively, or in_ addition to the previously-nentioned type of

i nt roduct i on, deVECHERH IR tEhRufuse oxo peaiAfhg 1 haxgelofo aranuleseduced

into the reac V, e s feed | articul b ns.of a

nozzl e | ocat eﬁﬂé\nr%ﬁ?natl%{: (%GTgﬁilc(ﬁ g%d e%@%.gif#‘g%ﬁe‘ﬁ%%él’begir? %fg‘%‘%dé'-tcont ai ni ng
gas is added émabbesf¢lashofihtgan o ead giihsledywiidke theic ard pRahky.
bel ow the gas feed base or at a previous stage, for exanple before heating
the fluidisingig@Rargedntroduction of the alkali. netal hydroxi de sol ution
or alkaline earth nmetal hydroxi de suspension into the reactor takes place
by nmeans of conventional spray devices, for exanple using single-fluid
pressuri sed nbezpestoerm usherpradesis, Ccamhgdesgenozydreide-\Wesit aisiing gae- f | ui d
nozzles, one fluid be tgg}alkali met al  hydroxi de sol ution or alkaline

earth metal hy8r3RRELeY kR AdioFeasiorneThER o9RP MaN Pardyntodncesniatei onal

propell ant, f exanpt A y g 'g@-%ﬁpt ] gas. The
al kali et al ﬁ&%rOX|dé§%2?ﬂ%lon t@iﬁggs%?%§%%§%a onf%#%agﬁy concentration
of al kali netAltémymbiokvelky, Tdre itopdeitiohi bo the akeatiioumiyamentdomedde in

the solution js generally n the range between 10 and 70 wt. %, preferably
bet ween 20 an b8 YGtionet tog BydpeesR Y- daTFonFaiting 98Spr epar e
al kal i ne may also be introduced into the reactor above the gas feed

base, in particular by means of a nozzle located within the
fluidised bed. If the hydrogen cyanide-containing gas is
added to the fluidising gas stream, this may take place
directly below the gas feed base or at a previous stage,

for example before heating the fluidising gas.

Introduction of the alkali metal hydroxide solution or
alkaline earth metal hydroxide suspension into the reactor
takes place by means of conventional spray devices, for
example using single-fluid pressurised nozzles or using
nulti-component nozzles. When using two-fluid nozzles, one
fluid may be the alkali metél hydroxide solution or
alkaline earth metal hydroxide suspension and the second
fluid may be a conventional propellant, for example Ny, or a
hydrogen cyanide-containing gaé. The alkali metal hydroxide
solution being sprayed may contain any concentration of
alkali metal hydroxide. The concentration of alkali metal
hydroxide in the solution is generally in the range between
10 and 70 wt.%, preferably between 20 and 50 wt.% and in

particular between 30 and 50 wt.%. To prepare alkaline



9 earth netal cyanides, an alkaline earth netal hydroxi de suspension with
a2 concentration of less than 50 wt.% in particular 5 to 30 w.% is

expedi ently used. The hydrogen cyani de-containing gas to be used in the
process according to the invention may begpure hydrogen cyanide or a

hydr ogen cyani de-contai ni ng gas, for exanple a gas such as is obtained as a
reaction gas in _conventional processes for preparing HCN or a gas which is

produced wit rﬁaﬁ:%é‘e&&ﬁt sypnifies: e Prildngegarth pakelchydrostde
P oane!  ppishenBAeno WILACES Sl AUn LAY 0% AELY BRBA (Kb e RIVERT| P12

processes for preparing rogen cyanide are't russom1prbcés§, t he BVA
process and tpeertIlcadiam JatopBocesss( ske dipewentdyEasgdl opedi a of )

| ndustrial Chemistry, 5th edition (1987) Vol. A8, 161 - 163). The reaction
gas (crude gas) forned in the Andrussow process, the anmoxidation of

nmet hane, has e N ' SORRSHd | [N %, 7 %
Herr]o 31.4% ﬁgﬁ%g\é% og/gabé%d[igféﬁ 56 0§/£gt ﬁ([g‘%r rE]b ?yluﬁ%dN% £ % C0 0.7
% and CH[ er r progess¥acThedingdeo gese fimmantienBMAypbecpase hydrogén ast ,

cont ai ns HCN ggbo t 23 voL.@% and Fierfl (about, 72 vol.% _as major

consti t uent s;%% lé&dpfiﬁn YAEOERA © GEOPERIBIBENERP nsTPE SPRRARL Y fa

unreacted a | d : Qa, i ' e
MRR 3uRRd 28R BagEt 2k YR 4 Ada0288n g_Qs £h U8 Toglﬁtrjl&z%igout 2

Shawi ni gan process al so contains HCN (about 25 vol.% an
vol . % as mprocessepgofient preparing HCH oo @s gaacwbidhniys tpraodacedivent i on,

HCN is used in,stoicheionefric o reater than stoicheionetrjc anounts,

with referen@&tﬁﬁnt%geaFRQ%Fxﬁe?éjéﬁﬂﬁﬁwﬁﬁQﬁgsﬁﬁsalkﬁl?ﬁﬁt%ﬁﬁ I AR A

hydroxi de. Tibg-paoldacef iADtRE 9bhi¥Npridkess for preparing
acrylonitrile. Conventional processes for preparing
hydrogen cyanide are the Andrussow process, the BMA process
and the Shawinigan process (see Ullmann's Encyclopedia of
Industrial Chemistry, 5th edition (1987) Vvol. A8, 161 -
163). The reaction gas {(crude gas) formed in the Andrussow
process, the ammoxidation of methane, has the following
typical composition (in wt.$%$): Np 53.7 %, Hy0 31.4 %, HCN
8.4 %, CO2 3.6 %, Hy 1.1 %, NH3z 1.0 %, CO 0.7 % and CHy
0.1 %. The crude gas from the BMA process, in contrast,
contains HCN (about 23 vol.%) and Hs (about 72 vol.%) as
major constituents; in addition the BMA crude gas also
contains residues of unreacted ammonia and methane and some
nitrogen. The crude gas in the Shawinigan process also
contains HCN (about 25 vol.%) and H2 (about 72 vol.%) as
major components.
In the process according to the invention, HCN is used in
stoicheiometric or greater than stoicheiometric amounts,
with reference to the alkali metal hydroxide or alkaline

earth metal hydroxide. The ratio of moles of HCN to



10 -equivalents of netal hydroxide is generally in the range 1 to 5. To
prepare NaCN and KCN granules, a nmolar ratio of HCN to al kali netal
hydroxide of 1 to 5, preferably 1 to 1.5 and in particular 1 to 1.1 is
used. The fluidised bed tenperature is penerally in the range from about
100 to 250[err]C. In principle, the process nmay al so be perforned at a

t enper at ure above Olerr]C Dbu he cyani de content then decreases
steadily. In ?ﬁ?*ﬂ#ﬁ% Fst4£§ﬂﬁtﬁhd%§9 °éé8et%§¢ﬂﬁQﬁ§ﬁ¥§ﬁnﬁﬂ-§P§orB§gSeﬂ0w
100[ err] C _f ofgo esxanpd 412 RRcR bhG keqe anp1ad ed Waget e
pressure. The quidisgg&%Ed tenperatureé?s&%re eréblyugﬁtﬁbgﬁi§ Sand
180[ err] C. THECN |t il bewtedmpydabridei of i h Earg,i pueferablyeantd05 and

150[err] C. The fluidising.gas which, as described above, may already
contain the Fkﬁgc égﬁqﬂﬁﬁfﬁﬁ§¥ia§kbegPeﬂt}yl?mﬂ§ inl et tenperature
between 110 and 500[err]C, preferably between 120 and 400[err]C Sui t abl e
fluidising gases for the process according to the invention are inert gases

such as nitr ofes, flvidizad dedatempasature uperdganerad 13t danthai ranganot be

used as a flupdisi as, hecau tbthe HCN ajy mxture likely to be used in
an industri al fru‘_ﬁ’ﬁl tarlg%& ?‘(fbl °W|§$I9i g_‘tﬁﬁ %&’p‘ﬁ%’sﬁ% BROCEPR PRE also
previously masd iRneEbiMr @8S aatenbeirAtute ove 3B032,883¢ Bhb' eYgA1¥8S Used
to make the systeminert for this reason.) In the particularly preferred

enbodi ment aceRkRny then Kleaqnepsesi sheadilng I primedplerhthe is no
pol ymeri sat.i ogy Of ct & r ni ¢_aci en.the discharge tenperature
s above 100[%\%%&%&5 re{x}%% ggﬁ?e ﬁay afiséMi)e beriow &68 8, %or
example 90 to 95°C, when operated under reduced pressure.
The fluidised bed temperature is preferably between 105 and
180°C. The fluidised bed temperature is in particular

between 105 and 150°C.

The fluidising gas which, as described above, may already
contain the HCN-containing gas, expediently hés an inlet
temperature between 110 and 500°C, preferably between 120
and 400°C.

Suitable fluidising gases for the process according to the
invention are inert gases such as nitrogen, in particular
however superheated steam. Air cannot be used as a
fluidising §as because the HCN/air mixture likely to be
used in an industrial unit would lie within the explosive
region. {In the previously mentioned process according to
DE-A 38 32 883, nitrogen was used to make the system inert
for this reason.) In the particularly preferred embodiment
according to the invention, using dry steam, there is no
polymerisation of unreacted hydrocyanic acid when the

discharge temperature is above 100°C in the dry steam



region, so that a plant layout with a circulating gas supply is possible.
Wen using this type of enbodinent, the gas streamenerging fromthe
fluidised bed is split into two sub-streans. The first sub-stream
(circulating gas strean) is recycled as 4Re fluidising gas, after being
reheated. The second sub-stream (excess gas) is renmoved fromthe circuit.
The steamin the circulating gas is provided by the water of reaction and
by evapor at i A§9iRB,s8&Puthak ﬁnplﬁ@tﬁﬁ@ﬁé@%?ﬁiheau§ér6ﬂlét%mgc®$ating gas

reduces the f.ye r anskder abl C e.the excess .
st eam can begggh% ef‘él 95(%%%%%%% éﬁgisojﬁ}i)%thg'g gg?ét ??e&g%d%%%%h tﬁé%ts

have to be t gsensteechir bekgingaffdMtthd WIMielisedbBdinest Sprit therprocess
according to the invention are expl ai ned using fi?ures 1 to 3. Figure 1

shows a procé¥e seRegbreamspr EherFistlswistreem (ehaantrtiRangd®s using a
BMA react 1 on (433, &@a‘iébgﬁz{a&“ég'ﬁ?@ ﬁ‘?ﬂlc&rsﬁ.ﬂ 'g& 2'a BEP%?ﬂfﬁord' ng to
W a Cclrcula

the i nventi on, I'ng gas supply an onbustion 0 e excess

gas. Fi gur @chealieds @hpr seeond seliieretfedim exakbker gak) vis enbasvradnt of the
RFBG process, wherein dust collection is integrated_in the reactor, excess
steamis cond€R¥edhgngirreitenfthgattean day fhsegirculpring 92shbhs a process

schene usi ng J.a09HaKOE i VP I T-TA R ' gﬁ ; dging to
t he inventioﬁ?%hggrein¥tgggAﬁ r%ssdﬁf%roé%gép%ggs% ?géégféﬁhgggégrussow
reacti on gas siodutéohednbyhenprodess ngrivatue afdat Bérgabatind ugeLs obt ai ned i s
supplied to the reactor in the RFBG : )
- . reduces the cost of vent gas treatment considerably because
the excess steam can be completely condensed and only the
volatile gas constituents have to be taken to further
treatment. Further embodiments of the process according to

the invention are explained using figures 1 to 3.

Figure 1 shows a process scheme for preparing alkali metal
c&anide granules using a BMA reaction gas by reactive
fluidised bed granulation (RFBG} according to the
invention, with a circulating gas supply and combustion of

the excess gas.

Figure 2 shows a process scheme for an alternative
embodiment of the RFBG process, wherein dust collection is
integrated in the reactor, excess steam is condensed and

the vent gas is scrubbed.

Figure 3 shows a process scheme using laboratory equipment
for performing the process according to the invention,
wherein the Andrussow process is simulated, the Andrussow
reaction gas is cooled by introducing water and the gas

mixture obtained is supplied to the reactor in the RFBG



12 process as an HCN-containing fluidising gas and the vent gas is
+enoved under suction via a scrubber. Figure 1 is |abelled with nunbers 1
to 14, figure 2 is labelled with nunbers 21 to 35 and figure 3 is |abelled.
with nunbers 41 to 56. Streans of materiaz which are entering or |eaving
the systemare labelled uniformy with letters: A concentrated al kal

sol ution, B HCN- contai ni ng as, C propellant.gas for 2-fl.uid nozzle, D
cl assi fyi ng ¥ RAGRA" 5F°8§§§Pﬂ'8gg#€‘?ﬁﬁ ng- 925 80d tﬂ?aﬂfng wat er
for produci NGyad SN rdimdvddl vder( QEL$6AT¥id%h Wrubber cOMbuUstion air, J
vent gas, K waste steam L flushing gas, K waste steam L flushing gas, M

effluent water, N alkali nmetal cyanide solution, O seed granules, P steam
The enbodi nment, shown i.n fi gur. is.suitable i articuylar en

LN cont ai i TGRS ik Hebatigh BEERopbRT ol Mo ter £18k88 2 P8t is in
par ti cul ar HQ¥paNdd %40 $inbe®st 21 NtHI39AGRE BlhireA3 ake1aBkaingd in the
BMA process and the Shaw nigan process. In this case the vent gas nay be

taken direct |with rmdmnsuddi 0 fbocEtreahns c0f matapicdsewbirh previ des heat
It di sed bed R Por oo BgnEBR FAF B ea T ansariee SREERP ey ehFayed
into the fluiddisstkded idbrideatREBedr 88gADL 4dMutivn)d BSHOH-8ontaining

gas, C propellant gas for 2-fluid nozzle, D classifying

gas, E alkali metal cyanide granules, F-excess steam, G

water for producing steam, H fuel gas (for starting up), I

combustion air, J vent gas, K waste steam, L flushing gas,

K waste steam, L flushing gas, M effluent water, N alkali

metal cyanide solution, O seed granules, P steam.

The embodiment shown in figure 1 is suitable in particular
when HCN-containing gases with a high proportion of fuel
are used, that is in particular HCN- and hydrogen-
containing gases such as are obtained in the BMA process
and the Shawinigan process. In this case the vent gas may
be taken directly to a combustion process which
simultaneously provides heat for heating up the circulating
gas. During continuously operating reactive fluidised bed
granulation, a concentrated alkali solution (A} is sprayed
into the fluidised bed in the RFBG reactor (1) using single
or multi-component nozzles (2). If a two-fluid nozzle ié
used, the propellant gas (C) may be either an inert. gas,
for example nitrogen, or an HCN-containing gas. The seed
granules required for operation.are placed in the reactor
at the start. In the operational state these seed granules

form the fluidised bed (shown in the figure as small



or multi-conmponent nozzles (2). If a two-fluid nozzle is used, the
propellant gas (C) may .be either an inert gas, for exanple nitrogen, or an
HCN- cont ai ni ng gas. The seed granul es required for operation are placed in
the reactor at the start. In the operati qmal state these seed granules form
the fluidised bed (shown in the figure as snal

13 sph _ buri tion the nunber of seed | b
cont 1ol | ed bFPREEREof DR PHpIREE ALV e PUmEER, 88 RO HGFTHBHER SEAP bed

Wien the grampd @enka¥e1860BY keahdeof HWSimpR dehvecsi {15) ib&ytédein
wi thdrawn (E) fromthe reactor by nmeans of "a classifying take-off (4); a

cl assi fyi ng d¢he €GpiddsedppededWhentthe jrmyilfesi hgvdegieoenvwhe ckthés not -
shown in detail. Addition.of the crude from rocess (B) takes
ol ace bel ow (EILE5FIEAE P APe| SR AP (SEPAaFAG) EEORERT ¢ or nati ve
to this or tGge3eRBreBRNebs b@»bCéI&é%iEth%?@&ke“B!fak&P;b& used as the
propellant (C) or be passed directly in to the fluidised bed (not shown).

The vent gas Sesgidywngcbagof€hi bs sepplied $opdhef céasshfvingpdewies (6);
the solids coll.ected are recycled to t reagtqr. ' The v gas_stream

whi ch contaiﬁ?ﬁﬁ §8IP8§ Fgoégpﬁ?é%%ﬁﬁﬁﬁtd¥f lgﬁb9§tggﬁﬁ€¢Nt%F?)epﬁ%%ise
into a first gk &t BEAMprakbsssCak} e€akde Plidcel bl bi0tBasSbass eaM tiadd a
second sub-stream whi ch contains the excess gas. The circulating gas stream

i s supplied tfduiddsrABBededdt or byt )mayaias \Aa adtegpathvatee tiods|oedied in
nmbust.i 8 i i i 7 h
a conbusti on S&E)%T%ﬁ'lre{ls: .):hgsheﬂ-éo#%%fr%@ '%-,gﬁ%@k?%rb e%s%% dagsr LSS 9as

is renoved un suction dsing a opera a slight

reduced presgtopelllahlti YCYabrabe passdd PilmstlyTha toethei Ehubdisss gas
obtai ned by suction using fan (13) is supplied to the conbustion chanber

(8): heat fomesugackeshong)thEheivent gashPlgesm ghirh peatatrs gglids

combustion. MCRSLaTEINGnUR: oBPELEESRS( S §TERhs Boltele8i%atd) ™Y
recycled to the reactor. The vent gas stream which contains
no solids is separated into two sub-streams, to be precise
into a first sub-stream, also called the circulating gas
stream; and a second sub-stream which contains the excess
gas. The circulating gas stream is supplied to the RFBG
reactor (1) again via a superheater (9) located in a
combugtion chamber (8) using a circulating gas blower (7).
The excess gas is removed under suction using a fan (13)
which is operafed under a slight reduced pressure in this
variant of the plant. The fﬁel—rich excess gas obtained by
suction using fan (13) is supplied to the combustion
chamber (8); heat for superheating the circulating.gas (9)
is provided by combustion. When starting up, and/or as a
supplement, a fuel gas (H) may also be supplied to the
combustion chamber. Combustion air (I) is supplied to the
combustion chamber via a blower (12). The combustion
chamber itself also contains a catalyst (10), in order to

remove nitrogen from the vent gas (J). Depending on the



combusti on chanber. Conbustion air (I') is supplied to the conbustion
chanber via a blower (12). The conbustion chanber itself also contains a
catalyst (10), in order to renove nitrogen fromthe vent gas (J). Dependi ng

on the _ 14 14 throughput capacity in the
reactor and the thermal value of the HCN-containing gas, an excess of
energy i s produced which can _be used e.g. for the additjonal_production of

steam by i nitPS@YEPRYtwERBACLEY 1B ?hﬁa?ﬁﬁﬂ&&§t?6ﬁ thanbhernsay %@Eﬁ%ﬁ%ﬁlng
this in the sya eWE%Eﬁt%éﬁ%?ﬂ;rgﬁﬂ‘. (a:%gd#l&ggl by gﬁggggegslsé]g R be used

to operate a steamtur ves the circtulat | ower
(7); waste stwhdrsh( K:)ani bevmshdram ffmﬁﬂmaﬁﬁé&ﬁohalbpn@du&&:bxhemfr‘ore the

additional |l y- produc st eam be useddgé a classifying gas or for other
pur poses (F) Steafie éfeﬂ'PE€°§H‘6 g%ty 5o; Ghe, egRpRILI PR (FRAMRRE ped

granulation 'a%xé'é'vfa%lr:ﬁt'lﬂ p@ﬁié C‘_r&lx ¥nd YupdrBddebBI(i1e dust-free

granul es. The reactor (21)7includes one or nore spray nozzles (22), the
flui di sed beadddsdohaldly-prdduced {{<xd) dam benbsadt tonopetdite he sttgepd vy of

cl assifying D)) ,far classifyjng and re t he nul es , an

Cipact devi cLugpeRel S AdatbichetiTee e ecyraningods Plerencly (26)
integrated i Qalshe SeaahON(KRNs i B4t 8 ofn? theNQte R pihdetail, by
means of which, in conbination wth the supply of flushing gas (L), the

filter hoses Ebmre:helrmamedthﬁnad@t\tmlahwmdgasd( Byeams may rivel usssd fasom

b th the b the fluidised.bed., A | tal hyd d
sgrﬁﬁlon (i)a?§ ?ﬁﬁéfggngngés{%§ ??ﬁfﬂ#ggha 358%%8?(€ﬁ0mnn?naflgﬁrgoég ©

using a propellant (C) and a two-fluid nozzle (22). The dust-free gas
| eaving the reactor is again separated into two sub-streans, The
circul ati ng Jhe devdgm chowst isublgure Znfors rpagtbuekElwidised bed

granulation is suitable in particular for producing fine
but dust-free granules. The reactor {21) includes one or
more spray nozzles (22), the fluidised bed base (23), a
device ((24) in combination with the supply of classifying
gas (D)) for classifying and removing the granules (E), an
impact device (25) to reduce the size of the granules,
filter hoses (26) integrated in the reactor and a jet
device (27) not shown in detail, by means of which, in
combination with the supply of flushing gas (L), the filter
hoses are cleaned. An HCN-containing gas (B) is introduced
from beneath the base of thé fluidised bed." An agqueous
alkali metal hydroxide solution (A) is sprayed onto the
fluidised bed {(not shown in figure 2) using a propellant
(C} and a two-fluid nozzle (22). The dust-free gas leaving
the reactor is again separated into two sub-streams. The
circulating gas stream (first sub-stream) is fed back into
the reactor (21) via a heater (29) usiﬁg the fan (28). The
excess vapours (second sub-stream) removed from the gas

circulation system are taken to a heat exchanger  (33) where



the reactor (21) via a heater (29) using the fan (28). The excess vapours
(second sub-stream renoved fromthe gas circulation systemare taken to a
heat exchanger-(33) where 15 water
vapour in the excess vapours is condensedis Resi dual gases contai ning
non-reacted hydrocyanic acid are neutralised in scrubber (30) with
concentrated al kali solution (A and renoved for further treatnent in the

ef fl uent wat eFa¥S) VERL ANy sher SXPRESi TaPARFS des consensedheResddapanger
(31) and a cidLddAtddpt 43! g(ﬁa}lhr&@%&'ﬁﬁd gltclian%gr eare passed from
e a

the scrubber via a trickle par at or nd vent gas tan (35) to a
conbusti on um&utfﬂie.s&hurgzss:rhbbe(:%;wndwiﬂt cdrventresedr alkaltihe pl ant.
The al kal i rretc%[q cyani de gglanul es are rempved fromthe reactor_ via an exit

| ock (36). Heethr GPe 20 6MAVER foguterthey freatdentsd®h sh6cess and
reactive fi U'é’f@ﬁférﬁ?d«a&r&n%mt ! Qﬁeaégﬁﬁﬂ)ﬁ%.e%l\il&ltth‘in‘&@ﬁlﬂbggaﬁgffleLOr the

Andrussow crude gas. As i s known e Andrussow process m xture of
net hane/ annomﬁtarﬂkdlanges: riaisedndvercrmdqlsimg)@nMQ n32he Thector and

reacted to giv n|d and wat er er a'usti the i gnition

t enper at ur e t‘6°%§ﬁ gfe?F?@a%?‘i}pﬁt tg}&nﬁ PSE F&f fhe

reaction gas f&fewee é%%rgﬂt\b‘i‘:n (8R9VEnd! & wfte gatso ﬁ\‘lO'@STCNodSCOWPOS' tion,
r

the reaction gas nust be rapidly cooled to bel'ow 400[err]C. This is
achi eved by pawsiustiqrensiiitng Thet eent ngas t fan r(@dt edjdistecthy pféessure

reaction and/.or rerm in LD a te bai Ie Whereas energy is
normal Iy | ost*} it \ﬁlﬁj‘%n H’?‘fr Eﬁ‘ﬁéés@et r(b‘fq ad:?glc-?aﬂl §8s3FGURETPREE t he
operating parﬁm&ejhse fraddes I@EgGaﬁrgg_e@sl&agl {38 .Andrussow process can be
nmutual |y adjusted in such a way that direct Ilnkage of t’he processes is

possi ble via the reaction gas. For this purpose the
In the process shown in figure 3, the Andrussow process and

reactive fluidised bed granulation are linked via the
cooling unit for the Andrussow crude gas. As is known, in
the Andrussow process a mixture of methane/ammonia and air
is passed over catalyst beds in the reactor and reacted to
give hydrogen cyanide and water after adjusting the
ignition temperature to greater than 1000°C. A typical
composition for the reaction gas mixture was given above.
In order to avoid HCN decomposition, the reaction gas must
be.rapidly cooled to below 400°C. This is achieved by
passing quenching water intb the reactor directly after
reaction and/or removing the heat in a waste heat boiler.
Whereas energy is normally lost in the quenching process,
surprisingly it was found that the operating parameters for
the RFBG process and the Andrussow process can be mutually
adjusted in such a way that direct linkage of the processes
is possible via the reaction gas. For this purpose the
cooled Andrussow reaction gas is used directly as a

fluidising gas in the RFBG reactor. The hydrogen cyanide is



cool ed Andrussow reaction gas is used directly as a fluidising gas in the
RFBG reactor. The hydrogen cyanide is

16 then already present in the fluidising gas stream and determ nes the
anount of al kali hydroxide solution to beé&prayed into the fl uidised bed.
The amounts of heat and substances in the fluidising gas stream can be

regul ated an reci,sel y, adj uste 0 ndif.i.0ns .prevaili In-the reactive
fluidised begjg‘:‘i}'l (r\?g;r%sa%& dtrﬁgef‘gp%noﬁﬁ%o%#lll Jg}Lsd'élgd 98y S?‘%gaﬁneﬁggi on gas.
As stated abqusddidnddrbesawodns b SERELDIHparedlded sbYugiieAchbnge and/ or

by direct heat exchange. During | i nkage of the Andrussow process with the
RFBG process SRFaahAddc &bgi €huidésed eed i dthe mmouass| pighpabcesd is used

to set the pr £35S dist ' cti Ldi sed, hed, a gas
inlet tenmperature |nn%%t%hel$R&§% fh'gg%?g?{’y a{rééfs etya%#ny c?glsggt ggﬂlgﬁg%%r r]C
the mass flowrd pgrddidediynadgastaadtd hesnditeiomd erefvafilliihgi sattee in the
flui dised bed can be affected bé t he anount of quenching water. The greater
t he proporti dieasttidsolfilivgdderrebed by means off theetyPengf caeling| peedis

t he anmount cﬁngugﬂéagé4g%§5nr8 val by neans of a heat exchanger, and vice
versa. Thus sinple regulation®or the process conditions in the fluidised
bed is possible. It is also possible to omt the indirect heat exchanger

conpletely and set the desired fluidising gas tenperature singlé by neans
of quenchi ng A statad sbaver Ehet PpArgEeeE 9as gis,gengradh¥ 6ARLAANAYt he

ener gy i nput ct.Qr ' l.a L YPe; ol & ng
process used #‘%ﬁ%}ﬁ'ﬁ (%?g@gnbgagf??%ﬁﬁxﬁéeu ﬁﬁ%&ygﬁv ng%%%r ?lgfcaggbé/f_
varyi ng t he ndss Hridmusscw precassunithf tleREEE proveker inaadcbhdanes

tenperature can be kept constant by nmeans of the waste heat boiler, and on
t he ot her haryép.q}hé:q’eawwlon, thé cooling process is used to set the

process conditions in the reactive fluidised bed. To set a
gas inlet temperature in the RFBG reactor of preferably
less than 400°C, the mass flow of fluidising gas and thus
the rate of fluidisation in the fluidised bed can be
affected by the amount of quenching water. The greater the
proportion of cooling achieved by means of quenching, the
smaller is the amount of indirect heat removal by means of
a heat exchanger, and vice versa. Thus simple regulation of
the process conditions in the fluidised bed is possible. It
is also possible to omit the indirect heat exchanger
completely and set the desifed fluidising gas temperature

simply by means of quenching the Andrussow reaction gases.

Since on the one hand the energy input to the RFBG reactor
can be adjusted via the type of cooling process used for
the reaction gas from the Andrussow reactor, e.g. by
varying the mass flow via the amount of quenching water,
and the gas temperature can be kept constant by means of

the waste heat boiler, and on the other hand the capacity



17 of the RFBG reactor is a neasure of the tenperature difference between
the gas inlet tenperature and the vent gas tenperature, the vent gas
tenperature is set for a given HCN conversi on and correspondi ng

i ntroduction of concentrated al kali sol utjijon. It was found that the RFBG
process can be operated over a wi de tenperature range of vent gas

tenperatures. JThe v gas tenperature is preferably in the range between
100 and 200[@4{%? %[‘i%ghrﬁécw ght 13 B8 ﬂfaﬁhﬁhéewﬁrﬂﬁééa bed

temperature. dieseekaonatubll EREMHSS MMIARA LB ARArESaRE OBHL Sl N Y OF

conpl etely by neans of quenching, then a high vent gas tenperature Is set
due to the higfis fespefrature! the.vaie gasdremperapacet ¥si set hBoRRBG r eact or

produced in this can t hen, be used by sprayj.ng al kal i fal cyanide

sol ution int @ﬁvﬁ@m?%gcfﬂwf"ﬁséﬁﬁi?’? nc‘f%r"?ﬁpﬁ?é‘ldim%efﬁgrﬂ9ﬁ$€&‘?’ae° ol ution.
This al kali nRrddentyakiedeasRhyii 561 WBYorR i13C wh@l £8UAGPLRaE M OFR tRSpyeNt gas
scrubbi ng procedure for an HCN- containing process gas.. A further

enbodi ment ( ROIoCsisSWEannbei gperatéd ofverhe Mideagemperaktenet hangadvfissow

d the RFBG | to.the i ti [ i
Come of the ARES 98R CHRESERTREThe TR0 AAPeREEBFERREER Lot ghe

filtration praesdra®ly FRAtAE FARGY I BLWHET 100N ahBPROYCAEGhidh e Vviel d of

the process is produced by means of this recycling procedure. Al though the

HCN concent r &lilghtily bAghesathennthgsfiuidissdc bedwhempesatigre hiEf t ype of
ter into

Process IereaThe B S AR haa TR RS PR
for heat i npwonplle®ellpebRFREaneast CudricHitg, cahed BYhife @ast Syds stream
supplied to Hggperature is Set due to the high mass flow of gas. The

reserve capacity in the RFBG reactor produced in this way

can then be used by spraying alkali metal cyanide solution

into the reactor in addition to alkali metal hydroxide

solution. This alkali metal cyanide solution_may arise for

example from the vent gas scrubbing procedure for an HCN-

containing process gas.

A further embodiment (not shown in figure 3) of the linkage
between the Andrussow process and the RFBG process
according to the invention comprises recycling some of the
RFBG vent gas into the Andrussow reactor after a hot gas
filtration procedure aimed at removing dust. An improvement
in the yield of the process is produced by means of this
recycling procedure. Although the HCN concentration in the
reaction gas is reduced when using this type of proeess
management, this is a disadvantage because then spraying
water into the reaction stream can be avoided because the
mass flow for fluidising and for heat input into the RFBG

reactor is increased by the gas sub-stream supplied to the



circuit. The reaction gases in the Andrussow reactor are then cool ed only
or mainly by nmeans of an indirect heat exchanger. The reaction gas from
t he Andrussow process may al so be split into parallel solution and solid
production, by passing one sub-stream thrgugh the RFBG reactor and
supplying the other sub-streamdirectly to solution production. The vent
gas fromthe RFBG reactor which may contain residual hydrogen cyani de and
al kal i met al Gyshiide dBSt rragtiongreeR s |fhe&ndrvsgoni rRackhergase

sub-stream whigh icagivuhap hh@ﬂ;@%@g@g&&%w Qn THUS X8Rt ndag

treat ment assocl ate t can then be mnimsed or omtted
al t oget her. $pchiahigeg .t he gas stream produces high flexibility in the
product m x of solution and granul es. When usi ng Andrussow gas as a

source of HCN in the RFBG process, alkali nmetal carbonate is also forned

due to the Ol hlat@ibiNkagf fl:gﬂﬁ %@rm&@ﬁﬁg@%%%& ea%ﬁ%“%%[ errl

conpetitive reactions can~take ace however, t gases
have to diff spditntintohpazblakl selwatidrydmekiseddidspirotinohient hbyhi ch t he
seed granules are wetted. HCN diffuses mych better than err] so only

sone of the GFEE CREr s4bcatrean ?lé’é%‘f?tbé:fh@r §Fpﬁer§?ﬁﬁg¥ge§n9]r e dry. The
concentratlogﬁ@%&§§ ?LFggebﬂheEaﬁgﬂpéﬁfédd‘&ﬂﬂ%d%ﬁ?ﬁ%b ?giﬂLiSMan'de

granul es pro C Ing to the invention iIs erefore much | ower than
i n the case girogiuetdonng Theanahtsghy faibsorthenRFBGe rAadtassehighsmap a

e o e BRSL Sy S BEfs e osgaslal on o
dust may advantageocusly be mixed with the gas sub-stream
which is supplied to solution production. Thus vent gas
treatment associated with the RFBG reactor can then be
minimised or omitted altogether. Splitting the gas stream
produces high flexibility in the product mix of solution

and granules.

When using Andrussow gas as a source of HCN in the RFBG
process, alkali metal carbonate is also formed due to the
COz content of the Andrussow gas. Before the actual
competitive reactions can take place however, the gases HCN
and CO; have to diffuse into the alkali metal hydroxide
solution with which the seed granules are wetted. HCN
diffuses much better than CO; so only some of the CO;
introduced can react before the granules are dry. The
concentration of alkali metal carbonate in the alkali metal
cyanide granules produced according to the invention is
therefore much lower than in the case of preparing granules
by absorbing the Andrussow gas in a concentrated alkali
solution followed by fluidised bed spray granulation of the

alkali metal cyanide solution, which would contain the



19 entire amount of Cderr] in the Andrussow gas as al kali netal

carbonate if no additional purification steps are taken. In the

| abor at ory equi pment shown in figure 3 a gas froman Andrussow reactor was

not used but a typical Andrussow gas conppgition was produced synthetically
by m xing the individual constituents in a mxing zone (48) and heating the
gas mxture in a heating unit (49). Solely on the basis of the experinental
conditions, ciboit GRS COpl amethe\Andnussgeh gandasnadkidiiimetal | ar ger

anount of water..v ur (P was ded_so_thaj,.the gas m xture did not have
BB o gt e el

to be heated TGH10 EPRRs PRYY FEEPehar§akakrRt ure

whi ch had been heated to 650[err] C and evaporated in the m xing zone (51).
The amount of water is controlled by measuring the volunme flow of the
reaction gas ¥sdhe fpbarateryosqyipment ashemn ekh tiigareodsaagast Enperan ur e

- Lndirect, heat 52). The
gas o i mtt o HarHEd ngactbr RANA8L, BRed HUE I iRt kRRRATEY GRY (1 ove
through a perdampg=aict igmivas( $3bdubea é?ﬁtﬁé&idﬁl&qﬁb@eﬁikiﬁ%htﬁéka” net al

hydr oxi de solythogK§A) i s sprayed from bel ow upwards into the fluidised bed
by neans of aifddridudld qeperisugatsi ip e amixing zoner d4§h and peatibnat ed

| at ' ' | . An er Jwo-fluid nozzle, (46)
'] ocar ed i i L B, BhoRheBPing dasd ORUIT, sy, B rBS et 30
so that eithesf altealdxpatilenttudr eshdet Sons!f i xbion akliaki waBt abpLyagdde

solution can be sprayed into the fluidised bed fromabove downwards. At the
start of the R¥editnogens@ad draaddition)a ¥apgamgmonatf phi wated wapowre -

Pl oty o o RS U LRI S U L8710 2
heated up too much. Water (G) is introduced into the gas
mixture which had been heated to 650°C and evaporated in
the mixing ione (51) . The amount of water is controlled by
measuring the volume flow of the reaction gas (50). The
reaction gas is adjusted to a constant temperature between
350 and 380°C by means of an indirect heat exchanger (52).
The gas is introduced into the lower section of the RFBG
reactor (41) and flows through a perforated plate (43) into
the fluidised bed (44). Alkali metal hydroxide solution (A)
is sprayed from below upwards into the fluidised bed by
means of a two-fluid nozzle passing centrally through the
perforated plate using nitrogen as the propellant (C).
Another two-fluid nozzle (46) is located in the reactor,
whose ratio of height to di;meter is about 30, so that
either alkali metal hydroxide solution or alkali metal
cyanide solution can be sprayed into the fluidised bed from
above downwards. At the start of the test, the seed
granules (0), forming the fluidised bed are placed in the
reactor, the granules (E) are removed under suction using a

tube (45), after terminating the tést. In the upper section



20 of the reactor the vent gas is renoved under suction via a scrubber
(53) after passage thrqugh a filter (47). The scrubbing circuit thus

consi sts of the scrubber, the punp (55) and a heat exchanger (54). The vent
gas (J) is discharged after passage thro a trickle separator (56).

Al kali metal cyanide granules with especially advantageous conbi nations of
properties and_an extraordinarily high purity can be prepared by the
process accor®f e Feartamkbs: ventwaap LS| FRpevedw Buctipnevdpadl y

substantially {;ﬁg e H LAl r a0l e rude gas.
Accordi ngly, %‘f a |é£rre€’a31) (%%%gégérggﬁglg? %lg ?r%als@c% i L}%7?I)\7/§%‘I?lge or

pot assi um cyascxigomiridh diheufiel khwsngoanbbststef itHd arudberf, 0the: punpi )
substantial ly €§herical particles with snooth or raspberry-1ike

surface strucfInesnq g heaty exchangeanbddl .- i The entaggs dJl ds 30 mm f
f bly 1 f %.qf Il 1
Dt 1 enat. 400 Sfedihtila ek’ plissdbll thibudh A't:Thurel ephBdtbr RBE1 Y, O

abrasion less than 1 wt.% neasured in a roller abrasion test (TAR

abrasion tester fromthe Erweka Co. with a 20 g sanple, 60 mn, 20
rpm (v) caki’ﬁ{f‘?]rﬂd@? Syapdde grapples ubil efrsicipddy pAxAntageoys

nmeasur ed afteéoxﬁﬁ,ﬂa)ﬂi’lﬁas?o'@ﬁ@o?ﬁerﬁjq?ggaﬁ@ %@%}%ﬁﬁaordﬁ?gﬁiﬁsﬂﬁﬁﬁ in a

cylinder with an internal dianeter o characteri sed

in that the qmnmttgrcan<h@ pirepbirali byethé¢ perdEmtaedoxrdiagstbhéhe0.5 w. %

and the Conceigéégé{gh when using a low COp, preferably substantially
COz2-free, HCN-containing gas, for example a BMA crude gas.
Accordingly, alkali metal cyanide granules based on sodium
cyanide or potassium cyanide with the following

characteristics were found:

(i) substantially spherical particles with smooth.or
raspberry-like surface structures,

(ii) particle diameter in the range 0.1 to 20 mm,
preferably 1 to 20 mm, for 99 wt.% of the granules,
(iii)bulk density of at least 600 g/dm3, preferably greater

than 650 g/dm3,

(iv) abrasion less than 1 wt.$%, measured in a roller
abrasion test (TAR abrasion tester from the Erweka Co.
with a 20 g sample, 60 min, 20 rpm)

(v) caking index of at most 4, preferably 3 or less than
3, measured after applying a load of 10 kg to 100 g
for 14 days in a cylinder with an internal diahmeter of

5.5 cm,

which is characterised in that the concentration of alkali

metal carbonate is less than 0.5 wt.% and the concentration



21 of alkali netal formate is less than 0.3 w.% wherein the alkali netal
in the by-products nentioned is identical to that in the al kali netal

cyani de. Preferred granul es contain al kali metal carbonate and al kal

metal formate in an anobunt of altogetherghess than 0.4 wt.% NaCN and KCN
granules contain in particular less than 0.1 wt.% of alkali netal carbonate
and less than 0.1 wt.%of alkali nmetal formate. Alkali netal cyanide

granul es wntﬁftﬁékééidmﬁﬁﬁ} formatemdentlessi habf Oby- BE olluctRe¥e b the he set

compri ST aldi3i; Thdh 1C3ADORE! 6y ALY nellBlBhedOLER fefellode B Par o

in partlcular an e ment rocess according to I nvention in
whi ch an HCNthamnﬁalmhagalkati|mmtq&nbyanudeed which is substantially free

from carbon di oxi de and steamis used as the fluidising gas. Al kal i et al
cyanide granules with the features (i) to (iv), as is known fromEP-A 0 600

282, can be Wr%&%&?:@db&rghﬁf&é ééx&%ﬂ:?%‘ilé&‘ﬂ ﬁt@i:é! 852D0hALd 0@ an al kali

netal cyani de solution” Express reference 1s nade to the docunent nentioned
with regard adkiafiée mektiidi foomate dinermatount dételhogethemnlﬂs&fﬁhan

feat ures. D'fferently fromth rocess according,to,the inven whi ch
uses a subst &nfli ¥E-§- Cﬁfgwrfng g aFHPﬁglﬁa%n PartiRu 1% Busl y

known procesghaho@ugt grakeod! m&w%&ﬂe@a\mhﬁgteayﬁdaléwhuaé&ad ig retal
carbonate content and thus cannot be used in the electrolytic field. This
probl emis seitu&dofbplkhdii metal i Hormate. Alkali metal cyanide granules
with the said very low concentration of by-products from -
the set comprising alkali metal carbonate and alkali metal
formate can be prepared in particular by an embodiment of
the process according to the invention in which an HCN-
containing reaction gas is used which is substantially free

from carbon dioxide and steam is used as the fluidising

gas.

Alkali metal cyanide granules with the features (i) to
{iv), as is known from EP-A 0 600 282, can be prepared by
direct fluidised bed spray granulation of an alkali metal
cyanide solution. Express reference is made to the document
mentioned with regard to the definition and methods of
determination of these features. Differently from the
process according to the invention which uses a
substantially COz—fiee HCN-containing gas, in the
previously known process products are always obtained which
have a high alkali metal carbonate content and thus -cannot
be used in the electrolytic field. This problem is solved

by the invention.



22 Apart fromproviding alkali metal and alkaline earth netal cyanide
granules with a particularly advantageous conbi nati on of properties, the
process according to the invention is characterised by further advantages.
The process is characterised by a particubarly high space-tine yield and a
| ow energy consunption. By means of the process it has been possible to
elimnate the_sonetines conplicated separate preparation of an al kali netal

cyani de or al RBAFhet % tProiding: pdkadd metali and vkl igwen dagth metal

secondary pro Thi . Lover.investnent in industrial

equi prent . Thgy%é%%%si%éerﬁggi eéué:?]f %egg%?lggg%tje% %‘?V K650 ni ng gases to
be used, inclconinbndifon eaf tprapegadeadndtA8dpHESENE AHIIAMPED tHependi ng
on the HCN- containjng gas used, there are different variants for the -

process whi chPEERCIR bt IChargeterdsesi byt fusther M@i&egfjeoﬂ%!arrpt i oni .
' : or_, russow, r.eactio
Fur ther - advang agess eorprars ddiadiach bk ShiREL. BN on Madrussom peact i on

gas can be used In the process according e’ 1n ti

in which it igielddarskd froamenkegyocoaspaptiag. 'BAGinsMdeh thet prBeEaLUr €
of nore than 1000[err]C, wherein the reaction gas can be cool ed either by
injecting it tht %1Qésﬁ<ﬁ9%§ﬁhieaﬁa/eﬂlmynaﬁ% rpmstimesa conplicphedt o

direct |inkag ﬁ¥%§ pr.ecess B rQgess, t conom ¢
viability of %rz%{)rﬁ%g S |3 awl l?alglg ﬁgt %?E%nggﬁeﬁigfééﬁlﬁgeg 3 étr']'gﬁi?'?e
i nproved. Theeaxrigh gyetigl tdyanielecisodntgas #iibeh tdun ArGidiEs0wetnaghey i s used

directly to evaporate the water introduced in the alkali netal hydroxide
sol uti on and E¥é§%§§%ﬂ ag§r ERg2NBUER o} 9%eK | iV eskmersutnhavi ng to be

transported tiauaidid fRALmARRL - PKENBRIELGs SHEIER 1 £¥RERRY EX e s

equi prrent - of HCN-containing gases to be used, including BMA reaction
gas and Andrussow reaction gas. Depending on the HCN-
containing gas used, there are different variants for the
process which lead to both high flexibility and low energy
consumptiop. Further advantages comprise the fact that
either BMA or Andrussow reaction gas can be used in the
process according to the invention in the condition in
which it is produced from the corresponding reactor with a
temperature of more than 1000°C, wherein the reaction gas

can be cooled either by injecting it into a gas circuit

and/or by quenching with water.

Due to direct linkage of the Andrussow process and the RFBG
process, the economic viability of preparing solid alkali
metal éyanide granules is clearly improved. The energy in
the reaction gas from the Andrussow reactor is used-
directly to evaporate the water introduced in the alkali
metal hydroxide solution and the water formed during
neutralisation, without having to be transported through

indirect heat-exchanging equipment. No conveying equipment



23 or separate heating systens are required for the fluidising gas in the
fluidised bed. Excess energy can also be used to spray an al kali netal
cyanide solution into the reactive fluidised bed granul ator for the purpose
of formng granules, in parallel with theyprocess according to the

i nvention. 24 Exanples 1 and 2 NaCN
granul es were prepared fromcaustic soda solution and BMA crude gas by the

RFBG process ecHRTRfe haatdng gyshensnare reqeviask fond thed&udddsing
o o 01 PG P AR Beal BHEEed enedlP Bl ATRLCBeChsEACL DR

reactor: urdisin Ircu I'ng gas Wth
H err] O st eanspiegnper atllkadi metal cyanid@788lutfionurinto the reactive 10

err]/h BMA-gas..inlet: bel ow t he base Tenperat ure:
ﬂsoc ]Armunt: Afaised bed granulaggry §0F FRe Purpose Jf forming

granules, in parallel with the process according to the

invention.



NaOH sol uti on (35 mﬁf@@: 2.33 kg/h Vent gas tenperature*): 105[err]C -

exanple 1 110[err]C - exanple 2  *) The
tenperature in the fluidised bed was about 10[err]C above the vent gas
t enper at ur-e. Substantially spherical granules with a snooth surface and a

particle diameter in the range 4 to 5 mm a bulk density in the range 700
to 750 g/, gg abwa5|qﬂ of Iess than 0.1 w.% and a caking index of |ess

than 3 were exanples. The chem cal conposition is given
in the table bel ow _ Exanple 1 Exanple 2
Vent gas tenperature ([err]C) 105 110

25 NaCNfaCN granules were preparedgS3fn causti@8s6da solubhéh and .
%6?iate %mﬁ?crude ﬁ%%CE§8the RFBG process ach§8§%% to the 0.08 Na
0. 33 Grfntion Sadauaeboeaeh sy q&{a&ntu{ee%hhgéléﬂé%ﬁewaaé from
the seed granules initially introduced: the seed granul es usedyhad an

aver age partidgsexdbgdetfor Sfigareniand contalned 0.72 %of Na[err]Cerr]
and 0.70 % of HCOONa.

Base diameter of the

RFBG reactor: 250 mm

Fluidising gas: - circulating gas with HzO-steam
Temperature: 270°C

Amount : 10 n3/h

BMA-gas inlet: below the base

Temperature: 150°C

Amount : 1.09 kg/h HCN

NaOH solution (35 wt.%): 2.33_kg/h
Vent gas temperature*): 105°C - example 1

110°C - example 2

*) The temperature in the fluidised bed was about 10°C

above the vent gas temperature.

Substantially spherical graﬁules with a smooth surface and
a particle diameter in the range 4 to 5 mm, a bulk density
in the range 700 to 750 g/l, an abrasion of less than

0.1 wt.%, and a caking index of less than 3 were obtained

in both examples. -

The chemical composition is given in the table below:

Example 1 [Example 2

Vent gas temperature (°C) [105 110




Exahple 3

In a device in accordance with figure 2, KCN granul es were

prepared from caustic potash solution (40 w.% and HCN gas from a BMA

reactor with a typical BMA conposition.
107[err] C Anount of circul ated gas: 2
tenperature of circulating gas: 150[ err]

1.08 Spherical granules with a bul k densi

5
C Mol ar

Fl ui di sed bed tenperature:

10 merr]/h Inlet
rati o HCN KOH:
y of 700 to 750 g/l., which were

conpl etely dust-fr¥CHnd abrasi on-resi stant

Chem cal anal ysis as follows: KCN
0.2 % Klerr]CJerr 0.1 % HCOOK
% NayCO3 26

according to the invention was performed in
in figure 3 and urRriemeate

H,0

BB d not%&dKe wer e obt ai ned.

90, 1 . % KOH
1.0145 1 o é&r]o 0.5
o.Ixanpl e o.os8The process

t he | abor ozﬁ‘equipnent shown

- -

0.33 0.62

The sodium formate content resulted substantially from the

seed granules initially introduced: the NaCN seed granules

used had an average particle diameter of 2 mm and contained

0.72 % of NayCO3 and 0.70 $ of HCOONa.

Example 3

In a device in accordance with figure 2, KCN granules were

prepared from caustic potash solution (40 wt.%) and HCN gas

from a BMA reactor with a typical BMA composition.

Fluidised bed temperature:

Amount of circulated gas:

Inlet temperature of circulating gas:

Molar ratio HCN/KOH:

107°C
10 m3/h
150°C
1.08

Spherical granules with a bulk density of 700 to 750 g/1,

which were completely dust-free

and abrasion-resistant and

did not cake were obtained. Chemical analysis was as

follows:

KCN 99.1 %
KOH 0.2 %
KoCO3 0.1 %
HCOOK 0.1 %
H,0 0.5 %



condi tions described above. Exanple 4 and exanples 5 and 6 conprise |inking
t he Andrussow process wth the RFBG process. The Andrussow gas
conposition was simulated by mxing HCN, Herr], NHerr], CJerr], Herr]O
and N[err]. To simulate the inert CO frackgon of an Andrussow gas, the
proportion of nitrogen was increased. In addition about 3 to 4 kg/h of
steam were adm xed with stream P so that the overall flow anmounted to about
18 to 19 kg/h, the gas m xture was heated in heating unit (49) to about
650[ err] C andg 1608l ed by spraying 3 to 4 kg/h of water (G into the

m xture to sinulate quenching, so that the rate of flow into the RFBG
reactor was about 21 to 23 kg/h. A gas tenperature of about 350[err]C was
regul ated via %he i ndi rect heat, exchanger ,(52) and the gas_was |ntroduced

into the RFBG'PEaBFBFeSt RRFALeMbdraltice inREREIQN (435 RREEUMAS iddd thie h 50
% strength prgaggggggrgfggﬁiﬁméﬁgkg npghogigg?%ayl nggapuggg from bel ow

upwar ds. Pre-heated ni en was used as pro ant. NaCN -
granul es wi t hcanditions Gefcribdd hbuwveseEzampiéi 4ldnd iesanpdieced iatid & he
reactor. The granules re, pre-heated and then gas nj xi ng was_started.
Addi tion of cgﬂ§PFts§oﬁ§n§{$§n§Qﬁ1Aﬁﬁ§"ﬁéPﬁoPﬁﬁﬂg§% Wit ShasdiERs
stoi chei ometr heopegROrtion, with reference to the HCN. Tenperatures between
105 and 125[err]C were neasured in the vent gas streamin the steady state.
About 4 kg of granul es 27 were

n fromthe reactqr. The oduct coptained ,92.3 % of

NN The r enBTRBPSTRESREI 905 SEBHEIEIOR AR8 FLECIAI Mot Sies Ao anpl e

3 Hy, NH3, CO2, H20 and N2. To simulate the inert CO fraction
of an Andrussow gas, thé proportion of nitrogen was
increased. In addition about 3 to 4 kg/h of steam were
admixed with stream P so that the overall flow amounted to
about 18 to 19 kg/h, the gas mixture was heated in heating
unit (49) to about 650°C and then cooled by spraying 3 to
4 kg/h of water (G) iﬁto the ﬁixture to simulate quenching,
so that the rate of flow into the RFBG reactor was about 21
to 23 kg/h. A gas temperature of about 350°C was regulated
via the indirect heat exchanggr {52) and the gas was
introduced into the RFBG reactor at this temperature.
Nozzle {(42) was supplied with 50 % strength pre-heated
caustic soda solution; spréying took place from below

' upwards. Pre-heated nitrogen was used as propellant. 1.5 kg

of NaCN granules with a size of 0.2 to 0.3 mm were
initially introduced into the reactor. The granules were
pre-heated and then gas mixing was started. Addition of
caustic soda solution was performed in approximately
stoicheiometric proportion, with reference to the HCN.
Temperatures between 105 and 125°C were measured in the

vent gas stream in the steady state. About 4 kg of granules



The sanme conditions as described in exanple 4 were used on the gas side.
The heat exchanger (52) was not operated and the anount of water required
for quenching was increased to 4 to 4,5 kg/h so that the gas inlet
tenperature in the RFBG apparatus was about; 380[err]C. Wth conparable
anounts of caustic soda solution sprayed in, the tenperature of the vent
gas was between 105 and 145[err]C Exanpl e 6 The sanme experi nent al
condi ti ons weeLfs &§MeYedeybdppeduehian e the reagher: i Bheappodusst rengt h
sodi um cyani d Lyt i.qn pLay. i N . I 46), Jhe .feed to the
nozzl e (46) m§§ﬁgfg b& ??g§e§ség'ﬁ§#$1t@ﬂ%qggﬁ?ggéé ?%%p%%%?g¥§Nﬂ§%'dropped
to about 110[ evodaCankinrebiigual ahweisput®d. 0.4 kg/ h of the 20 % strength |
cyani de sol ution coul.d be sprayed in. The cyani de content of the product

was 95 % 28 1. Process for the
producti on of hkaki netal cyanide or alkaline earth netal
cyani de granul ate“conprising a reacti on of hydrogen cyanide with an
al kali netal or al kal i ne earth nmetal hydroxide, wherein the al kal

nmet al hydroxi% IS sprayeg_into a reactor_in the form of an aqueous
sol ution and ti€ PRSI FRBAILIPRS 12t fescribed dpqpyapRte| h Yoke f@7ed o an

aqueous SUSPeRHOYadNdide, Thefﬁé%#.eﬁéeﬁ%\ﬁ;\{&%gp qé'rzlg :‘wgésﬁé’t‘?ﬁ%ﬁﬁf%a

cyani de, and vapori sation oduced i formed
in the reactorthe amountchfirsateri seghired Halr quenchihfewseahicsrsed to
perforned‘in % lkphqgsﬁg Qggc§pégythat the gas inlet temperature in the
‘ RFBG apparatus was about 380°C. With comparable amounts of
caustic soda solution sprayed in, the temperature of the

vent gas was between 105 and 145°C.
Example 6

The same experimental conditions were used as described in
example 4. In addition a 20 % strength sodium cyanide
solution was sprayed in through nozzle (46). The feed to
the nozzle (46} was slowly increased until the vent gas
temperature had dropped to about 110°C. In this state up to
0.4 kg/h of the 20 % strength cyanide solution could be

sprayed in. The cyanide content of the product was 95 %.

THIS SHEET HAS BEEN
REPLACED

This Sheet Has

i



granul ati on
100 to

a flui dﬁﬂl‘ihﬁwﬁ‘@mg?t oo T he al kal i

be produced, a gag cont
si mul t aneously introduced into the reactor

metal cyanide to

one nol e of HCN per netal
means of a

i nput tenperature of which gas is between 110 and

Process according to d ai

fluidised bed tenperature in the range from
suspension is sprayed onto

' si 3 bEm earth
in E renf

en cyjanide is
equi val ent and the water is vaporised by

(¥

Lty..df at | east

Claimst | yj dj sing gas flowing through the fluidised bed, the

500 C 2.

m 1, characterised in that a reaction gas from

a BMA or Shawi.ni g@ropesseEdr pref@iimg i1y detgdncoyanideoangdl kypioen as

t he maj or constituents is used as the hydrogen cyanide- ~  containing
gas. earth metal cyanide granulgs comprisipgoteagtirgording to
claim1l, ch 1.S | react | S om an Andrussow
pr ocess containing&aggaghkégfhgfé[fgﬁﬁé?%f%&g%g %%#gg gﬁea%%?g%?%al

constituents is earthumedadshydicogide CalieticinnghbydlRgeN wyeal de. 4.
Process according . to one of ,clains 1 to 3, characterised in that

NaCN or KCN gr anuPXPEoxdds, dausRErYstheiio thge TRBFEPT in the sfoEm AL HON to

NaOH or KOH is in
the al kali netal

<H'8568008 BEINEREh i che MAaL178oL1 sffegL 0 o o
hydroxide is sprayed into the reactor in the form of
an aqueous suspension -and there reacted with gaseous
hydrogen cyanide, and evaporation of the water
introduced to and formed in the reactor, characterised
in that the reaction is performed in a reactor for
fluidised bed spray granulation at a fluidised bed
temperature in the range 100 to 250°C, the solution or
suspension mentioned above is sprayed onto a fluidised
bed substantially consisting of seed granules of the
alkali metal or alkaline earth ﬁetal cyanide being
produced, a hydrogen cyanide-containing gas is
supplied to the reactor at the same time in an amount
of at least one mole of HCN per metal equivalent and
the water is evaporated by means of a fluidising gas,
whose inlet temperaturé is between 110 and 500°C,

flowing through the fluidised bed.

Process according to Claim 1, characterised in that a
reaction gas from a BMA or Shawinigan process -
containing hydrogen cyanide and hydrogen as the major
constituents is used‘as the hydrogen cyanide-

containing gas.

——
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5. to one of Cains 1 to 4, characterised in that
.t he hwﬂﬂ!@ﬁﬂﬂm& i‘ mlont ai ni ng gas is mxed wiith the fluidising gas

strea base of the fluidised be mg/s}qgmsmsmggmced to the
reactor in the regl on of the fluidised bed. Pragpsgcayrcordijing to one
of Claims 1 to 5, characterised in that t ot i-S--pet-F Or med Wt h

a fluidised bed tenperature in the range 105 to 180[err] C and with
a fluidising3yas PEPEESBeABEPELIRG t Glsdm 1, chaxgetepbsed Wmothat e 7.
e oGOl 10-EA096n0baf! AR o 'Whdiussov pEBBLAL! Ebhesthldl (A,

super heat ed st eam or ea Steam cBAtal ni ng gas mxture'is

used as t he Nhulﬂtsqu)@mm.co as major constltuents is used as the:

30 8. Process according to one of lainms 1 to 7,
characterised i n hygrogae g¥anidewcontaigvigiongakrom t he

fluidised bed is split into two sub-streans, the first

sub-streamis heated again and used as quidising gas - and
t he second sub- st P&G&EéGXGGGSr@ﬂ&j i Jrmeredlhing 1 to 3, t he
circuit. ., Process according to Claim@8, characterised in
t hat charaCFﬁ%sl??? sin sthats tarlé‘é‘ﬁﬂil gefpkeaYaRite OFgRE RN

cyani de- C r r e ng the sane
and from ahsegag%ﬁ(t uﬂ% ftfsjd%azg% . RCE ?T@w |%$n€£égas.

prepared, wherein the molar ratio of HCN to alkali -
metal hydroxide is in the range between 1 and 5 and
the alkali metal hydroxide solution being sprayed has
a concentration of alkali metal hydroxide in the range

10 to 70 wt.%.

5. Process according to one of Claims 1 to 4,
chargcterised in that the hydrogen cyanide~containing
gas is mixed with the fluidising gas stream below the
base of the fluidised bed and/or is introduced to the

reactor in the region of the fluidised bed.

6. Process according to one of Claims 1 to §,
characterised in that the reaction is performed with a
fluidised bed temperatﬁre in the range 105 to 180°C
and with a fluidising gas inlet temperature in the

range 120 to 400°C.

1. Process according to one of Claims 1 to 6, -
characterised in that superheated steam or a
superheated steam-containing gas mixture is used as

the fluidising gas.
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10. Process accordiﬁﬁ‘fﬁ_tlain19, ~ characterised in that
process

a reacti process or Shaw ni gan -
cont ai nJﬂ!’lHiW,ummﬂm at a temperature in t h&H!S SHEET HAS BEEy | range
from 1000 t6 15007 er¥] € is added to the figst shb- _REPLACED st ream

wherein the reaction gas is cooled and the fsub- st ream-

heated and t resultant gas mxture . _is used as fluidising
gas. ¥ press; €€§§déE€oF8iﬂ@et?F(ﬁkﬂﬁﬂSSF to 7,
characterised in tdhlracterised in that th& cfé'sa%tex%'&m%ﬁleﬁgﬁlhg' Bi-pg HRN

| eavi ng an Andrussow process reactor at t énperaturée of

above 1000[ err] C ifduidised bed is splijueimtedwoy sub-etreamspf that efrend is

consequent |y . cooled.to a tenperature in_the, range of 150
to 508[err]C sub-stream 1saﬁﬁaFﬁ% RN 3t usss AexEiridisingegaas

f1uidising, and the secB8d. sub-stream (extess’ QQ?S§sa£§ﬂ59éggf£éh(jE“rn
11, characterised in that CN or RCN granules are prepared

by sprayi ng NaCN- the Rizeui&ini ng aqueous sol ution onto the seed granul es
n addition to the NaOH or KOH sol ution, wherein the . aCN or
KCN sol ution may conprise a sol ution obtained

31 from.venprgaessCcabbradn§f té NELAONE , 0>hathbe8Pised inCFRE®i N from
the reactor for fluidised bed spray granul ati on. 13. Procgss
according to O ai fhe1férstosubhatrearrisaized with a hydrogen cyanide-

containing gas before or after heating the same and
the gas mixture is used as a fluidising gas.

10. Process according to Claim 9, characterised in that
the first sub-stream is added to a substantially HCN
and Hz-containing reaction gas from a BMA process or
Shawinigan process with a temperature in the range
1000 to 1500°C, wherein the reaction gas is cooled and
the first sub-stream is heated, and the gas mixture

obtained is used as fluidising gas.

11. Process according to Claim 3, characterised in that
the HCN-containing reaction gas leaving a reactor for
the Andrussow process with a temperature of more than
1000°C, is quenched by.introducing water and thereby
cooled to a temperature in the range 150 to 500°C and

the gas mixture obtained is used as fluidising gas.

12. Process according to Claim 11, characterised in that
NaCN or KCN granules are prepared by spraying NaCN- or
KCN-containing aqueous solution onto the seed granules
in addition to the NaOH or KOH solution, wherein the

NaCN or KCN solution may comprise a solution obtained
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that the vent gas streamenerging fromthe reactor for fluidised bed -

;p}[)agt Hmm"mmﬂuumdfﬂe' e t\gﬁdr ussoSUbB%;EmﬂR;?BPEEN. :nS)'\t” ng dust,

and the*setordd " Ssub-streamis renoved §70 (@ﬁEB 4. Alkali
met al cyani de granul es based on sodi um cyani Bet-assTum cyani de,

with the foll ow n characteristics: (1) substantially spherica
particles with sn&ﬁcﬂ‘ Jient gas scrubhingof yt‘}‘? eendy Bpgc 8tEeact ur e,

i article di argds g f 99 wt. %
E)f %hg granul es, g&dglrnf;r%gll Eﬁ@eﬁg%t:%/o%]?f (gl? mééi? sggobe?dﬁfg?y] _

(iv) abrasion of lgraulladion.w . % neasured in a roller abraS|Qn
test (TAR abrasion tester fromthe Erweka Co. using a 20 g sanpl e,
60 mn, 20 rpm (v) caking index of at nost 4, neasured after
app'Y'”Q a. | opgl CﬁPfH&é&% h@a&leﬁgfeé dfafiR¥S idt 12, chﬁraét8¥kégge pWith
internal diameter 5.5 aracterised in that the concentration of
al kal i netalt&@¢b¢Matgens gessstihecam Grienginy £mdmt bhe reactogepsr ati on

of alkali metal f%ﬁ%%%%s%% LGESSEQSQ gré%ulatlon is divided into two

sub-streams, the first sub-stream is recycled to the
Andrussow reactor, after removing dust, and the second

sub-stream is removed from the circuit.-

14. Alkali metal cyanide granules based on sodium cyénide
or potassium cyanide, with the following

characteristics:

(i} substantially spherical particles with smooth or
raspberry-liké surface structure,

(ii) particle diameters in the range 0.1 to 20 mm for
9% wt. % of the granules,

{(iii)bulk density of at least 600 g/dm3,

(iv) abrasion of less than 1 wt.% measured in a roller
abrasion test (TAR abrasion tester from the
Erweka Co. using a 20 g sample, 60 ﬁin, 20 rpm)

(v} caking index of at most 4, measured after
applying a load of 10 kg to 100 g for 14 days in
a cylindef with internal diameter 5.5 cm,

characterised in that the concentration of alkali

metal carbonate is less than 0.5 wt.$ and the

concentration of alkali metal formate is less than 0.3
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% whea\nfhe al kali metal in the said by-products S

| dent if he al kali metal cyanide. 15, Alkali.getal cyanide
granJ E@ M"‘HW!”M Cl ai m 14, char act er i $quji$ SHEBRHASHBEE UM of al kal |
met al carbbnate *and al kali metal forna2e i§ | eSSREPLGNGED 0.4 Wm.%

16. Alkali netal cyanide granul es accordi ng t o -SaipriA-or

characterised in th e t%ﬁeﬁa ta'a'i%gé.i RXF%]' in tHX OSESP ﬂlp" z%co%?lrc%aﬂr&ce

with one of O ains" ing € TeaclTlon gas oma
process and S;L@e;[dil@@ﬁ:ﬁﬁhls'[t%alﬂh&% ihetheuallkalngn@asl cyanide.

15. Alkali metal cyanide granules according to Claim 14,
characterised in that the sum of alkali metal
carbonate and alkali metal formate is less than

0.4 wt.%.

16. Alkali metal cyanide granules according to Claim 14 or
15, characterised in that they are obtainable by a
process in accordance with one of Claims 1, 2, 4 to 10
using the reaction gas from a BMA process and

superheated steam as the fluidising gas.
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