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WD2009/ 147226- 1 - PCT/ EP2009/ 056911 Met hod f or
produci ng hydrogen cyanide in a particul ate heat
exchanger circulated as a noving fluidized bed
Description 5 The invention relates to a process for

PwWeRAO S PPardE0gen cyani de_oyer a partigeh pdg 056911
transferrer conducted cyclically as a transporte

fluidized bed. 10 Hydrogen cyani de (HCN, hydrocyanic
acid) is typically prepared industrially from nethane
arfe nfSE iR IR rages: CypRifg i85 ehearkasulake

equakh@nektlangbiSc4rbhted 4E. a hoviiey r€Afldided bed
proceeds highly endothermcally at 252 kJ/ nol and

therefore requires a large input of theinmal energy
andscfioptidrer nodynam ¢ reasons, a very high reaction
tenperature, usually above 1000C. This 20 reaction is
typi cally conducted continuously. Essentially three
pfloe estrgehiaien becohet est abd | shedpoascéeswlusfor alpreparing

PhOGESSES EQhnRiePasi g 'ay A QBeN- GV d@ 25 {

t ).n?ééleerrer
Andr ussow process, e chenical conversion is e
ovrdyrEied |<f>cclptqqihl>ﬁeessn@s tgengpersed f1sddizedebed.
energy input is effected here by parallel conbustion

t hane _and.ammonj a w.t en at the sane ,
%Qﬁ?%%ﬁ?s?Y@nlaﬁe(5§§be§¥ﬁﬁﬂﬁlﬁﬁlQS%Bl$§ &St HerPigplly
premrrakyjedusnriehbd diromumethapier eeroXygamonTde in the
AN USBAN RGESE A o8 RIS B L 80IB 8l aR 8t and

CHy + NH; = HCN + 3 Hp.

The reaction proceeds highly endothermically at
252 kJ/mol and therefore requires a large input of
thermal energy and, for thermodynamic reasons, a very
high reaction temperature, usually above 1000°C. This

reaction is typically conducted continuously.

Essentially three processes have become established as

industrial processes for preparing hydrogen cyanide.

In the Andrussow process, the chemical conversion is
effected over metallic Pt/Rh meshes at approx. 1150°C.
The energy input 1is effected here by parallel
combustion of methane and ammonia with oxygen at the
same reaction site. The oxygen supplier used is either
air or oxygen-enriched air up to pure oxygen. The
Andrussow process 1s simple in terms of plant and
process technology and therefore regquires comparatively
low capital costs. However, as a result of the
simultaneous combustion reaction for the energy input,
the yield of HCN, based on NH;, is relatively low at
approx. 64%. In addition, the HCN concentration is very
low at approx. 7% by volume as a result of dilution

with the combustion gases formed in parallel, which
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process technol ogy and therefore requires
conparatively |low capital costs. However, as a result
of the simnultaneous conbustion reaction for the energy
input, 35 the yield of HCN, based on NH3, is

r elotoiopgliy7kaew at approx. 64% _In addi tpef/EbIE0dkdS6911
concentration is very |ow at approx. 7% by volune as a
result of dilution with the conbustion gases fornmed in

pdraldsel towhanh iMPREH&EA4TPAG] 2 ofPCHoEEZQQ%Q%Qﬂl the
I | ased | eyel colpl exity,in the

SSRLRaRt AR L v oifiee GPLiflgt o ene
degasteaampr aeexesms beses blmes hawédsbo kimve to be

ce I f t S ngasons. 5 In the
bﬁfgr%gggggﬂﬂg%%rgég%lg%ro "a'hygr ocyani ¢ acid from

met hane and ammoni a" in Gernman), the reaction is

eﬁﬁecﬂh%d A ap@&@éssla@&grkema%&aﬂl ot Uk}gﬁaﬁ&&%&ﬁ% acid
ternall;[/lvmth al yst, which areflre external ly s

16* Rt A4 A8t i 2t hitpGrpBER) of thfergipStimh .1
TbéfBM@e@r @OeSapPYeKc onmexso i I dhsaﬁb/ﬁmmef&ubést h@overed

r S vant ageoysly., | i ndi rect heat i n
o R e B B0 T o 51 or ot LY
NMBthot hertintiasas0geat tha Biokbeemcehtemeian impite The
15uaY Ntherics 9aS, - epusHL £d %eﬂm&l;mrg@a@@a VgEUMe .

However, this advantage I1s at the
CORST T b | RY QF BRIV AR AP ER S5 Hy BY omdedomrasdng of
othé heefpd @dn aald OAchhev s 05§85 1&06 £ | MG ANBEsed Obn aNH;,

pr ductl on | ant mith an industrially customary 20
g t@ﬁaﬁhci ve%/“ ot £8P eX §Np| %?X%%n’ﬁ%t%%%ne’sn ofthe
meswagasamnmxerMOofermm@ thbhes 20% bgquidgiadye.

e c9 Q%ﬂ he ow, i ndi v al |
and %ﬂut of %ﬁl %dl vl dua he thlur po}slg ofcJ gsgcchaége @
e idrptensiissadypneadey afolSAFlQOSfrthe§éeorﬂQ}nHilavelty

aoR25thénMphadeseind csel ithe Widdeds didf efgbthBca¢hr o
case under the high-temperature conditions

i ndi yi dual

%Hcttﬁcinhe RéEBhpanythy p& | aFn@Bﬁ\?é%%]r%ﬁ t FuRtemary
(plrﬁfdddiﬁc@pecﬁ@ba@:gti’lﬁﬂ Hairs @ﬁiﬁil@rabd)YO@@Clt@ﬂﬁ@% of

§'8ﬁ\7 Iem}y of th 8@ |ch§)reflected|n
P Tt L AbokPR BRSPS o e ol
gd’@d:ﬂ-l@mvgﬂ aélad . bd nodrieedShaini o gare filavessiditiciually and

e 0 k ize
SRR T | Pl AP, POy e el Bk, B8 Bl me
&Uk@%cppngaﬁte@wally of Al;03. These only have a
limited service 1life which is different in each

individual case under the high-temperature conditions
and with the accompanying partial conversion to AIN
over the operating time. This considerably increases
the complexity of the process, which is reflected in
very high capital and operating costs in spite of a
good HCN vyield.

In the Shawinigan process, the reaction is performed
above 1200°C in a coke fluidized bed, the thermal
energy being supplied in the form of electrical energy
via high-voltage electrodes. The Shawinigan process,
even though it 1is relatively elegant in terms of

process technology, is a process heated by electrical
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via hi gh-vol tage el ectrodes. The Shaw ni gan process,
even though it is relatively elegant in terns of
process technology, is a process heated by el ectrica
W)2009/ 147226- 3 - PCT/ EP2009/ 056911 energy. El ectrica
ene2gogaa7ngeadays only be generated vedd/E¥R009/056911
efficiency of approx. 1/3 of the thernmally avail abl e
primary energy. Indirect secondary energy supply to
tmneqm@ceﬁﬁécrﬁfmmbfoeaed@gpr&mm% ﬁbmédmyéelpnly be
d hi e 0 in
%%CI Yp ?gglﬁ&ﬁ ah b ?fféf’eﬂ%\{ iy $am;i/3é 8t the
SEEHSHILY famalulﬂmgt mmlmagcfal @m OVIH@IIQFW%?CWWY
V%h'e%ﬁﬁz S%F)%qg":tﬂcpntﬁ9§t %r@@@s&orlsenﬁ{@fgf&é €&r&fropor-
er _flui

bed_processes for preparing
h{dPBEERLEy §STe YdestRe hE@ tBh bt BTRG9ES ndtS hEBhenented

eshapl |1&h%@>eb&dﬂ5tﬂelgfi|o|n)é hecausa m%v w&rye sﬁhémrﬁﬂ)énts
eégessn ve technica ng(liem t¥ pr | ed for ]ﬁ%{e J

t echnPc A8 84S0 grdb It he r%? Msg H2¥ very
ekpghsi varpebbkenpraddchraber i alostequianenemar atenergetic
exLLe ?Egy hi gh tenperatures as a result of their
specific construction paraneters, and in particul ar
because the probl em of energy input has not been

sotMed ifagukld cheat |p\fo%%s%‘é%n°f@>10ab'r%p@%&ﬁ@mﬂy&ogen
manner. All known _processes therefore’have technic

aﬁ%ﬂa’ét‘é%oﬁ?éca??ﬁévéﬁt e V\;Hii‘éﬁ Rte hesopE o%traébweshed
25ndits tudsa TIOW gwmu;wnctgie@at wegar péLﬁh@ﬁ' Yof t hd:fcessive
0 t1v can acnl eve ess

Cg%eﬁ%ﬂ%%%|§x’ gﬁ i"Ng ﬁ§dr%ﬁgﬁgi gﬁ?dep5§e}%aéﬁ§?ﬁflcal
anadddrEs wWitd hydtbeanmdﬁyanthaﬁmﬂawﬂlmmgymsnumdpnablems
b&aalg bEnQEQQEa;LO ( GAGhl L Eer at gy © 'nggngh% | di Zfﬁ%h

neans o eating by contact
p%?lﬂﬁ)%mtat@%e%ﬁ g r%@%‘ﬂeﬁf ref | thel phsrer e hémstructlon

t prshed &8, Iénaorlqﬁcbsgtw@iafahae)éaueea HHANSPELI8A of
fluidized bed, the heat %ransferrer bei ng heated in an

2N nGTPPENSPRT t "Gy e RREENSBETSY dont ActBH i Hently
tdmona@aictd 10y @as 3% titve ta@nier .a descendi ng transport
stream aunoni a wi th hydrocarbons, the reaction gas
m xture being brought to reaction tenperature in the
fAluk di zeetvibedpbycearams ofthendfoeet hewmei ngeohndonflactand

Vi d dhdhiRard;i %%% el hranshebtet, ARMYOLCHRLS S

characterized 1 n that the heat transferrer 1s
conducted cyclically in a transported fluidized bed,

the head thansl eJderr bediigs heatgd, Insae%ﬁ%g%ﬂswg this
traqﬁfort stre n1an bein contacted with the reactlon

S8 €5n OF G Y PaksR5as Ssthogafonte "Rps Ly
m;iarri@gpohpﬂra‘:gént heyartiete | @3di pgatoihfe gmseid with
SRR aRRorRe RHEh TeR e ate dary Atronzen RECprsaueRe Lo
Steegdmhoonf ﬁdmpdiakqﬂaxmmsphbuﬁlguduEEdnémmtKqYtmeanel@f
ti'?l%irect heating by contact with a particulate heat
transferrer, in which the heat transferrer is conducted
cyclically in a transported fluidized bed, the heat
transferrer being heated in an ascending transport
stream and being contacted with the reaction gas

mixture in a descending transport stream.

The present invention thus provides a process for

continuously preparing hydrogen cyanide by reacting
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15 conduct of the reaction gas m xture through a

mul titude of stationary, externally fired ceramc

tubes, which is disadvantageous in teLnms of plant and
process technol ogy. The core idea of the invention is
Iﬂ@baaé/wvyﬂéertake the indyrect introsciapdbodf/o3edi1
by neans 20 of a particulate heat transferrer in a
mgrating transported fluidized bed. In this case,

haﬁhﬁlbﬁgaOfwi‘ﬂﬁ et olchabsher,  ecnand-dzhe ibel egse ahixture

at_to.the action gas mxture have tq be effecte
CERAPHL BFYSRREr 01 de et ipace. SPnadth L dized
hbatl tbyanmfeenseroﬁ sﬁﬁmendudtﬁtmg:l bgaldontabite hegh a
t r ted i n nding transpor ream
SaPRLEELete P AR | RelMaBBFRSE W eiie anapi Sh
cehesaceerited et t bhap theebeandingns femsporis starshmted

30, Eigus el Showng, Maﬂ@oxoéecﬁxmh&médsgé@mt tﬁe heat

di‘agram of” the inventive process principle
cbF FRSpORERNg BT . IRRdafer EfcaPhy %%%W‘%‘?ﬂféd tt%{ﬂpa}rt

reaee®rs 4d4qd ZBe;azﬁg@ 3&okaesd edyd th Orlﬁlean%é't&rtﬂdﬂl gas
circul ati on. ubul ar reactor %g ‘riser", the

flfltﬁ“aﬁlﬁ%ﬁ%rﬁ & eas gy EPRSRCHh S th &R cul at e heat

transferrer (4) initially charged or supplied in the

| ' i d 0 2
B bS8 s Re Tt o Ee chR i MR FRatihE, B, thg mppsent
neaenoforn ireate r@xxgla@tsttﬂt%mca\sa)nmazw stl@mmghedfleld
tdved ec1ok @ﬁ}; Oy Bt S Yer KNG 882 0k 1DV HeO SR saafela%! of

mxture (6, 7). At the top of the tubular reactor (1)
tHeE t B pRERET £ | W 2 e BEEARE SR edFCan@Vdd t Ghe
acormdert adf separedd ot of gim:t rﬁh@fﬂdx@ﬂt&h@u@@ﬁb multitude

t / 4 d mh h h
TSy ot arely e The SaPU ati i Cor (ERE" 1o
@mﬁaﬁﬁantqmmmxxlelphaseermsefﬂﬁbteglanta arod on@rE@ess
Hehon dgal 0. Laps| cucer PATLS! eavbftlobass Yktctaa
met eri ng appar at us Into the t Y ?S

tifb e ntede dhq zyldlrmmémtrqmtémh@fr ageti by gegns
g £t usre G tf amamni anddydiecanbong (%a)gﬂa%mg

supplie h.is bro ght abruptly to reactio

B L 5o R 0 SE-1 37 SR Coe b PERE IRt Shedie
thregitsf emae:rsf@&:jrteml a&,ddTltelecori\eareals@n b@ hyeeegero the

progeeds in a desce I ort strea

R S S € 07 EF L BY, PERBEB PR caBPRARGR LRy im
edmghioth triingr atnes spacehe thlowgrs [t fh\relartpmt;rlaelsf,é:trrehe is
ld@ﬂﬁhc%%@ &cﬁq% EEQU|%% r%%%EOQI%g e%h s heated in
transporte f|UI3 d bed is rennve and to
EUmRsSERSinge pEeasPer tof theamp and ésl &p@tﬁééﬁd with the

tHeaRsfienr erm{4tdrand Has stbedBPreehi cChehsrdiseharged a
S pro uct proprlately the separation of

€°Ga8184] | HaB%PPFEI 8-pfid%e is effected in a cyclone
25 (14) here too. The heat transferrer particles (4")

eaned are recycled via 15

FIRREELL Shse o % oA SRRl ouer Shbgahi s aipgan
bdbuhar iresgttmivg Proddss apfeecdipimeatd 7y tortrkeponding
?igﬁklne (18), the particulate heat transferrer

enoved 30 fromthe gas streamcan be purged with a
purge gas to purge back the gas content of the

irﬁb%)@@h%%@lgzarﬂdsclteﬁoneﬂ aB&Euﬁéﬂft?QIa@tE% t(rle 2) are

rocess accor invention can_be désigned,
EBHF?@E?@dt9n8n80ﬁ§PFU8Fean circulation. In the tubular

reactor (1), “riser”, the fluidization and heating (3)
of the particulate heat transferrer (4) initially

charged or supplied in the lower region is effected in
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in a manner known per se. The plant conponents can be
produced fromthe materials suitable for high-
tenperature processes. It is a significant advantage
WD2009/ 147226- 6 - PCT/ EP2009/ 056911 that all plant

cmgegmzv@ﬁsthl s high-temperature pros@sfAbdR56911
i npl emented in the formof assenblies reinforced with

refractory materials. 5 The particul ate heat

t&ﬁnafs@éhﬁlingsegah§p§ﬁf agteesmt B |1@éa1]3§_ mlns £oMsd ity gas
(0] al um ni um

f bl t

DR EHERTal (3 NP ECH 115 8 BP 1 o XBUeTRale ofbRl R H R
ogederaneldalbymcmmmnnsmmg de. £18l Antirtatem(6xi de .aldt the
ALHB! by Wil | dapassess Ealaly Ll b PrORGIL! &8 L olpdiea

rocess, al umnium oxide possessing a
aéﬂ-uwﬁ%yedhahedl ureni gemevied; dend n fidde dfotur% oﬁaterlal

P& ngeﬁoﬁoafaﬁét%wtwﬁléggoﬂéét h¥§£&§@éﬂ& ') and
synt hesi s gas, alum nium oxide 1s grad
cORTer BEFHAY t | ANHFR 0 bF umiﬁrsehﬁﬁgﬁi. dés §fz£9@§su| {8) .

OAleng}_ﬁﬁléﬁ@lﬁ,aEr ﬁﬂlé/t sEp@Et Vbh yog aths @@ét,i-h ddmei i gsétad:mle
ecreases e process acco |ng I nventi an
HC%% SPotl had B0 i s 1B sAdVERTEYRS THI 'Ehfen %%Fn%eat

becamsEenfet he paepdratison (41' I er mesef s\rﬁaace and metering

HoBIPLLIS PIOEC, 80, LoRction ISy ShOSein S s
aK%:)m ni'davnerf id@he@enﬁbeu §a®qtd402:ecgaa r@xqu;ce composed

C@f‘VSﬁﬁéﬂlgaﬁhdt 8yakupLPHEAL 2T 10%i de g%\b@'l*e@ge%ﬁ'ch is
the c roperties of the particulate heat

t P "rr%]i’r\%% 1}5et%nﬁ§ﬁ€§a°nb;}:ea@ﬁirﬁ§uir? Wit rhghe&ligrect
nesecadte Myt furem hbe ¢y etald8fpraét n@mrtlcles The

| 1_adi ul |r| iu r hodi um. copper and ni ckel
RE A, LD U DUVl SORREIo AR il K (defiihaing
Cerammswoiat akysemmatrer thes m]@llammmepetose @id aie the

| n S u _
f%%ﬂ%t&i ﬂﬁ%%%r% dngbgﬁdt“}p %5313&(@43&35/ E?ogzlsesgﬁqlg
|§ﬂqwrﬂﬁ%ﬂckﬂﬁeKNAﬂx§hﬁrﬁywer end of the tubular reactor

(2), the transported fluidized bed is removed and fed
again to a material separation of hot particulate heat
transferrer (4’'’) and gas stream, which is discharged
as product gas (13). Appropriately, the separation of
the gas-solid particle phase is effected in a cyclone
(14) here too. The heat transferrer particles (4'’)
removed are recycled via a pipeline (15) with a
metering apparatus (16) into the lower region of the
tubular reactor (l). Via a feed line (17) to the pipe-
line (18), the particulate heat transferrer removed
from the gas stream can be purged with a purge gas to
purge back the gas content of the intermediate

particles.

Plants suitable for the process according to the
invention can be designed, configured and constructed
in a manner known per se. The plant components can be
produced from the materials suitable for Thigh-

temperature processes. It 1is a significant advantage
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WD2009/ 147226- 7 - PCT/ EP2009/ 056911 transport stream
("riser") is preferably obtained by conbusting a fue
m xture. The heating gas stream can be obtai ned by
conmbusti ng hydrogen, nethane, natural gas, higher

hy@doeea/hans gr N xtures of ghese fuel Spﬁ%mﬁib@éiosml

ai r-oxygen m xture or oxygen. For the conbustion
addition to external fuels, it is also possible to use

r emaicni By1r egi guel @agesalcd hise prtm%SSm&ﬁLéémpéﬁature
this case, consi st, eisentlally of droge

| BEPGERE Lo DRnER ICERHF Cit het bt €016 G ( hpsenblies
clreih€akcpdowtss. réfirddsorasen odrisles of hi gher
hydrocarbons, it is advisable to additionally use
hydrogen to prevent carbon deposits. Overall, the
pFbeespaatiordinhg t bealte ISranmifentriean, usredcorutsr astetanic

therepnyent i angls BMAIIQGESS, n1-SeyP ]é!l NSeRSi I ¥ (0age

car bon deg05|ts on the artlcu ate transferrer,
bBERST AL heY hedt r”‘ﬂ}ﬁmﬁﬁéé@ & dien taﬂemrleﬂa@m & taHisiee or a

sMtReliNghasé 65 POsSiDlE d:ideathdlaelihiRHr 8iRt hane
gas, also to use lower 20 qualities and other

hydr ocar bons, especially higher hydrocarbons. This is
batawseioh ohedsepad ablaninhuhenidrdie sposeeandedtakytic

q% géggéfg%phgggt?gﬁﬁrea&k&on hase sin %nh%? heatln o

can con %ed Such P any cdr ep05|
a?@S%ﬁﬁ$&n@f¢ h£§h¢#(ﬂmt%ﬂ¥tyt@mw@reﬁmmxnxumnnxﬁrxﬁ&i In

r@@édaﬂﬁﬁtéé'n%fﬁ:ﬁ?@ioﬁ%@@!CHEﬂEQCQea%lEﬁanéﬁgrréﬁmdﬁﬁa—

t.he_heating phase in thé ascending transport stream
VAR RIS S 9591 | DM Hym ereads il gradually
separadtian pérthglrgeatbnmaﬁugﬁsﬁrpaﬁwi&efI@w, a result

appr rlat b s of a.cyclone, fromwhich t

b PR ey O e Sl Evnspigeany Fya vitla of
pEdsideardamdsher use or as offgas. The hot particul ate
heat transferrer is contacted with 35 the reaction gas

m xture in a descending transport stream ("downer"),
WS ePFOERES amesAELAgdrsT abben igyieridsins dpes | sot’ have

QT G@@aﬁQaMQPQQGWHYSE‘n'P@ it igrhoundethel the he
abr upt heating o t he syntheS|s as ., W2009/147226- 8

%qgé) B3§59/165 eREms of "space and time of heating phase
and reaction phase, since the heating phase can be
controlled such that, for instance, aluminium nitride
formed is oxidized, i.e. is converted back to aluminium

oxide.

Advantageously, the catalytic properties of the
particulate heat transferrer can be enhanced, by doping
it with one of more elements from the group of
platinum, palladium, iridium, rhodium, copper and
nickel, and possible other elements. Corresponding
particulate ceramic catalyst materials are known per se
and are identical or virtually identical to catalysts
as wused for cracking, reforming and platforming

processes in mineral oil processing.

The heating gas stream which serves to fluidize and

heat the particulate heat transferrer in the ascending
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m xture which is characteristic of the process
according to the invention |l eads to very high yields.
This is achieved by the process according to the
invention by virtue of the fluidized particul ate heat

Sworansieargpesuper heated Lnya_defined pphpes2d 6911
contacted very rapidly with the synthesis gas and then

mgrating within a transported fluidized bed by the
ptmgnﬁboutpMﬁnn¢me(“iDséhe reaﬁtpﬁéfgﬁabnyXEMhalned by

d th th
% PREREifl BB B R e oia, ree by 85 o o
pbef erliis ynest BQOQmeMﬁhinmhhSdrsgénllmwmhdmﬁttmﬁtural
agrlqh%w@rﬁweecg%&ﬁs ROAHGL A286PAE | EhesE Mers

appropriate means 15 of a cyclone, from Pch
p¥oilictaifas |aé1 dwéh%mnfmmtm@ PPBC ewey Joav- fﬁprhetrhe

V\@dsﬂﬁld@sﬂﬂﬁnl s@hatdgen tabnhdy OQQE‘ePﬁ’&I” dgerdheit is also
nt h sis gas converted | s separated in a customary

ﬂﬁ%? B oB?alHsﬁde%B%ﬁn%%%nlH%Sléﬁﬁﬂvwﬁ¢§ﬁﬁLuPﬁr1thls
theocmawer wkiehn iint bRi20 menbbﬂﬁabtpr&@em@ally of

t roduct gas,. the particul ate.
Rl oqdl (S ol (TR i e P e e
toe eh¥euwhenionlsymammsd.t is appropriate here to
purge 25 the particulate heat transferrer renoved from

the product gas streamw th a purge gas to purge back
the Jd¥ c6Rtent °6f eHe i ednistieat ehpdroreresnsThelt is

mmgﬁsagm Megyo | mwp&nmqwongét dral 186 Ofprevent
dro en nethgne §r of ﬁ #% rec cled offgas of the

e Sers sty Pnralhe brbcREetEetoning s fig Ehe

|nnM§nuxnnhaa1nunﬁnﬁus:advaﬂkagmmvenﬂmbnﬁltHMﬂnprocess,

d, no r s f rip
A ogen cyananeiay’ (ot SRHBET SpBTR B, ¢
iR il quadte e rFItﬂii?@f@rrd?@rr,oqu@gmrt Ude gfeatiieg phase

%@m/e{h&l enal R BIRLES8as@Nd %N t‘%iag;n' It cagt lghssible,
affords a significantly hi gher HCN

an
&ﬁ%ﬁﬁ%%a? oY ST tPeF $r BEGEEGasIad 1 ﬁ S0 to use lower

W2009147226d 9otRET/ BRZO0968B684, Slé@bédiéﬂﬂﬁ)/hlgher
[ | er d hen | ess e ensi ve

t t d
pI ocré’s??r O@ﬁnol ggﬂﬁcojn%a S35 hgl%co%gﬁtsl?%ﬁ% Lor

ﬁﬁmmesgﬁ'ﬁ%ﬁgﬁoagéstameommlmpatnm¢ephasenandnnmddtlon
Besdescrd Hed hergi ﬂ@g{fﬁgb%h\g@é Afan be controlled such

that any carbon deposits are burnt off.

Flow rate, temperature control and residence time of
the particulate heat transferrer in the heating phase
in the ascending transport stream are controlled. This
is followed by a material separation of the heating
gas/particle flow, appropriately by means of a cyclone,
from which the heating gas is discharged from the

process to a possible further use or as offgas.

The hot particulate heat transferrer is contacted with
the reaction gas mixture in a desce'nding transport
stream (“downer”), wherein the ammonia-hydrocarbon
synthesis gas is converted to hydrogen cyanide. It is

found that the abrupt heating of the synthesis gas
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5 exanpl e by the dinmensions of a pilot plant.

Experi nental exanpl es A pilot plant according to
Figure 1, which was 10 established for exanple tests,
had the foll ow ng di nensi ons: Tubul ar reactor 1 =

fWé9609}5447§§§fna| _diameter: ¢80 nm Lengpdy, @97%917‘656911
Tubul ar reactor 2 = downer: 20 I nternal di ameter

nm Lengt h: 2000 mm 25 Deposi tion vessel of the cycl one
9mikﬁ{1€éna|w}f.iic&ml3t @? %@ﬁﬂaatlé&ll@fﬁc 909+ mlﬂt%@ rocess
Deposi tion yes of the c ne erna
QFERBTSra0 268 SIS TERGHC 6085 Re VEdWs tridEt GHELS
cOhssstid odclainewed ebyrettdle | aekekssi t hcaoedimyetto  the
i injn nj Xi fihr. m.c
P B bR Yhor iy Hit e ndpti AT e
stibsnahernér preveerherted hioat aos@@élnedhe rpehramr wazeing

Sé'éﬁ@é}@gé’&‘ 98- heq V\Eyaﬂfd@l‘éht Ry@ éé%t‘ﬂ@s&@ ?fa %\g{dt Zthen

wool i nsul ati on, was provid
W BTREIRT s Wikpdn %dqur@mntfdm fhuefesedi &gd yby the

spipd+ eEowuppidigieat i ng at a | evel of 500C. A further
cycl one was connect ed downstream of each of cyclone 9

and cyclone 14 for substantially conplete particle
SEpar ateantid) Afds stmeansrevhi edmmordd bef | ndomeeticed and

fli}?tﬂ}c;&l%ﬁgl Qf HoLE %81%{09}4 Oy @Fod&YUL 8L ednlY  TBANS, ¢

rocess con
temperatures of 750 to 1200°C, preferably at 800 to

900°C. This is followed by the material separation of
the product gas/particle flow, appropriately by means
of a cyclone, from which the product gas is discharged
from the process for further workup and isolation of
hydrogen cyanide. The synthesis gas converted 1is
separated in a customary manner to obtain hydrogen
cyanide, and worked up in the manner known in the

conventional processes.

After the removal of the product gas, the particulate
heat transferrer is recycled into the heating phase in
the circulation system. It is appropriate here to purge
the particulate heat transferrer removed from the
product gas stream with a purge gas to purge back the
gas content of the intermediate particles. The purge
gas may in each case consist essentially of hydrogen,
methane or of partly recycled offgas of the heating gas

Stream.

The process according to the invention has numerous
advantages, some of them unexpected, over the known
processes for preparing hydrogen cyanide. For instance,
the product vyield is at 1least within the order of
magnitude of the conventional BMA process, and even
significantly higher, and affords a significantly

higher HCN concentration in the product gas. It is
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15 The individual streans of the reaction m xture No.
12 were each defined or set as a fixed paraneter. The
anmounts of fuel were regulated such that the
tenperature in the offgas No. 8 and also the 20

t @BRObIYHug206 the hot heal earrier 4' phefBpbod feSeo11
i dentical reached the desired value. The netering

apparatus No. 10 was regul ated such that the desired
Dé@éﬂ@ti@éﬁtl?"ﬁ@ﬁ@léfeaﬂashéﬁaéh@ésbnekb@ngﬁv@rQﬂuﬁérms

gas No. 13, the neterin rat us . 16 such
URE BetE | Fihvdi R The tROBEIqhn \adma et (FR che
cyohveﬁtiénamsBMAp@mmmm&@anﬂEmEmmnﬁesﬂ.ad&mrdlng to the

batLaptahe heat GaLrierabalyst usqd s Ay, oy of

um nrum oxi de € namne ura
f esamShs oby Gehendymens honasn ol ex ag:elqiamlaamte si ze d50
of 150 micrometres. W?2009/147226- 11
- PCT/ EP2009/ 056911 No. 12 reaction gas conponent 1 =
affeRT AMen 581 KGFHURGSS 12 reacti on gas conponent 2 =
nmet hane 1. 46 kg/h 5 No. 6 fuel conponent 1 =

hydr o 20 _k . 7fyel caonponent 2 = air4

b hERTBEn artne Soar g | G oA | 17 O g/ RS
lé¢cabrishaeed fodi r exbipleTheasasyl t iyl t etiper afol Powing
t No. 8 was 1030C, and that in the product
gggm%%£9§§SMas 880C. 15 After an operating tinme of 9
hours, the follow ng steady-state reaction result was

Oﬁ&ﬁﬁﬂég +8a 48 Pr ducis Has No. 13: Conposition by gas
chr omat ogr aphy: HCN23.5% by vol. 20 hydrogen 72. 7% by

vol .
Internal diameter: 80 mm

Length: 6700 mm

Tubular reactor 2 = downer:

Internal diameter: 50 mm

Length: 2000 mm

Deposition vessel of the cyclone 9:
Internal diameter: 600 mm

Height: 900 mm

Deposition vessel of the cyclone 14:
Internal diameter: 266 mm

Height: 625 mm

The construction consisted of an outer metal jacket

with a complete inner lining of aluminium oxide and a
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ni trogenl. 3% by vol . 25net hane2. 5% by vol. anmmoni a0%
by vol. 30 The anpbunt of HCN coll ected by nass bal ance
over 2 hours in a downstream scrubber with NaCH
solution was 2.238 kg/h. This corresponds to a yield

b nmount of ammonia used of 9
%%09?1;95532009/ 147226- “PCT/ Epzo%gf%é{ge?go}’}ms”“

pl ati num (by nmeans of hexachl oropl atinate solution and

sgbpeguert-ar@duCti oPe Myt dn hydr agan Rl agggﬂéﬂh)stgg§ses
plati num coating was 1.49% by weight. 5 After an

oB@Fatq“‘r}i’ggtﬁnﬁé f BreeeRsion hets &reﬁm hSSeRadyle dpkant
reast i @@rf@wﬂédm ohirad neﬁlxdsfidtehewﬁtﬁduét g@@ rm&thlck

VERaT R o boe e Sy DO | Skt avaRstucln the

15nédhane?. @%:bynvol thamnonilalféerhy vdddﬂﬁoﬁaﬂla;rmurwith

HON. t e . S e h
S%%nst r%ggﬁwi g’ﬁ?ﬂ |gatsh éolh%'t\éll‘%on%’Waé)%I S‘3265/]‘39(':'}Lh of
ThY@°€or ﬁesﬁ@ﬁ‘dself ocHCcyPrPd Witk edonnet hed aﬁ@wmsta*eam of

agRERi &1USedc0bn2. d %and02PRPLAL7226- £33 substantially
- PCT/ E220097 056911 Expl anation of the reference

Nt L te \RafheiCle separation.

All streams which could be influenced from the outside
were controlled or regulated by means of a process

control system.

The individual streams of the reaction mixture No. 12

were each defined or set as a fixed parameter.

The amounts of fuel were regulated such that the
temperature 1in the offgas No. 8 and also the
temperature of the hot heat carrier 4’ which is thus

identical reached the desired value.

The metering apparatus No. 10 was regulated such that
the desired product gas temperature was reached in the
product gas No. 13, and the metering apparatus No. 16
such that the fill level in the deposition vessel of

the cyclone 14 was kept constant.
Example 1:

The particulate heat carrier/catalyst used was an
aluminium oxide with the name Puralox SCCa 150-200 from
Sasol Germany with an average particle size ds; of

150 micrometres.

In the steady state, according to the above regulation

strategy, the following streams were run:
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Name 1 Tubular reactor 1 2 Tubular reactor 2 3
Heating zone in tubular reactor 1 4 Heat transferrer
4' Hot particulate heat transferrer 4" Hot

particul ate heat transferrer

W02009/147226 - 11 - PCT/EP2009/056911
No. 12 reaction gas component 1 = ammonia 1.55 kg/h

No. 12 reaction gas component 2 = methane 1.46 kg/h

No. 6 fuel component 1 = hydrogen 1.20 kg/h
No. 7 fuel component 2 = air 43 .26 kg/h
Amount of the heat carrier circulating 170.44 kg/h

(calculated indirectly)

The resulting temperature in the offgas No. 8 was
1030°C, and that in the product gas No. 13 was 880°cC.

After an operating time of 9 hours, the following

steady-state reaction result was obtained in the

product gas No. 13:

Composition by gas chromatography: HCN 23.5% by vol.
hydrogen 72.7% by vol.

nitrogen 1.3% by vol.

vol.

wu
oe
e}
<

methane 2.

O
oe

ammonia by vol.

The amount of HCN collected by mass balance over
2 hours in a downstream scrubber with NaOH solution was
2.238 kg/h. This corresponds to a yield based on the

amount of ammonia used of 90.9%.

Example 2:

The test in Example 1 was repeated, except that the

particulate heat carrier/catalyst used was coated with
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15

20

5 Heating gas stream 6 Fuel m xture conponent 1 7
Fuel m xture conponent 2 8 O fgas 9 Cyclone 10

Metering apparatus 11 Top

W02009/147226 - 12 -

PCT/EP2009/056911

platinum (by means of hexachloroplatinate solution and

subsequent reduction with hydrogen at 500°C/5 h).

platinum coating was 1.49% by weight.

After an operating time of 7 hours,

steady-state reaction result was obtained in

product gas No. 13:

Composition by gas chromatography: HCN

hydrogen

nitrogen

methane

ammonia

The amount of HCN collected by mass

23.8% by

72.8% by

balance

The

the following

the

vol.

vol.

vol.

vol.

vol.

over

2 hours in a downstream scrubber with NaOH solution was

2.267 kg/h. This corresponds to a yield based on the

amount of ammonia used of 92.1%.



12 Reaction m xtureconposed of anmoni a hydrocar bons and
13 Product gas 14 Cyclone 15 Pipeline 16 Metering

appar at us

W02009/147226

17 Feed line

Explanation of the reference numerals

- 13 -~ PCT/EP2009/056911

Number Name

1 Tubular reactor 1

2 Tubular reactor 2

3 Heating zone in tubular reactor 1

4 Heat transferrer

4 Hot particulate heat transferrer

4 Hot particulate heat transferrer

5 Heating gas stream

6 Fuel mixture component 1

7 Fuel mixture component 2

8 Offgas

9 Cyclone

10 Metering apparatus

11 Top

12 Reaction mixture composed of ammonia and
hydrocarbons

13 Product gas

14 Cyclone

15 Pipeline

16 Metering apparatus

17 Feed line
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w02009/ 147226- 14 - PCT/ E22009/ 056911 C ains 1. Process
for continuously preparing hydrogen cyani de by
reacting amonia wi th hydrocarbons, the 5 reaction gas
m xture being brought to reaction tenperature in the

f hioi2diovgd ahedeby means of Lngirect heat pg,By26609E$6911
wth a particul ate heat transferrer, 10characterized

in that the heat transferrer is conducted cyclically

i Klaitmsansported fl ui di zed bed, the heat transferrer
bei ng heated in an ascending transport stream and
15bei ng contacted with the reaction gas mxture in a
déscen@rngessansport stomaimudusBr ocggepaccogdi ngydoogen

Claiml aﬁ@é&aggeEFé‘éﬁlh 2 anﬁ"ZL%t ?tﬁe 5-90. 98 ns. the

m xture conpose roca ons wt
wi t houteRg#i68ergds émvemeedbﬁtmgeri@mtethr e&oof rg&ption

to 120@@&p@£§£§£ébl¥nattﬁgo fIth¥¥%d.2%ea Pbgceﬁéans of
accordin aiml1l, characterized in th

£1 ui di ﬁamcan&ﬁ%@t%gb& ERBLBAFt it & HBaFticulate

transf aeger transheraseendi ng transport streamis
brought about by nmeans of a heating gas stream

characterized in that

the heat transferrer is conducted cyclically in a
transported fluidized Dbed, the heét transferrer
being heated in an ascending transport stream and
being contacted with the reaction gas mixture in a

descending transport stream.

2. Process according to Claim 1,
characterized in that
the reaction gas mixture composed of ammonia and
hydrocarbons with or without hydrogen is converted
at temperatures of 750 to 1200°C, preferably at
800 to 900°cC.

3. Process according to Claim 1,
characterized in that
the fluidization and heating of the particulate
heat transferrer in the ascending transport stream
is brought about by means of a heating gas stream

generated by combustion.

4, Process according to Claim 3,
characterized in that
the heating gas stream is obtained by combusting
hydrogen, methane, mnatural gas, higher hydro-
carbons or mixtures of these fuels with air, an

air-oxygen mixture or oxygen.



10

15

20

25

30

35

30generated by conbustion. 4.Process according to
Claim3, characterized in that the heating gas stream
i s obtained by conmbusting 35 hydrogen, nethane,
natural gas, higher hydrocarbons or m xtures of these

f web9oYl/ild73bE, an air-oxygen mxture of 59b9/056911
VW2009/147226 15 - PCT/ EP2009/ 056911 5. $Wé%e /

according to Claims 1 to 4, characterized in that a

gt eri akosepar skt ORI Ohg PR td£al AL € heaty transferrer
and gas, stream s effected in each 5 case downstream

of theC5§E§ﬂH?ﬁbz% dL%eg%%%dlng transport streamns of
the transpaatesidl ui deged-dreichn 6. oErocgast:a@ﬁmﬂda ng héat
Caim 10 har act e

rized_ in that the par
separ att 3R> bF - Par t i E’Lﬁilzaiggshesattr‘?%nﬁser?é# gigég each
st r eantéase efdopntseddayn nednshef egckndesg hﬁd? R ocesding

accor dt é g ai &IGeat{g]aroqf:t %rhleze(Ea%tEr %B?{:%&hefluldlzed

particulate Reat Transterrer renove
streaﬁb?@ purged with a purge gas to purge back t he
gas content of the internedi ate

6. Process according to Claim 5,
characterized in that
the particular separation of particulate heat
transferrer and gas stream is effected by means of

cyclones.

7. Process according to Claim 6,
characterized in that
the particulate heat transferrer removed from the
gas stream is purged with a purge gas to purge
back the gas content of the intermediate

particles.

8. Process according to Claim 7,
characterized in that
the purge gas consists in each case essentially of
hydrogen, methane or the offgas of the heating gas

stream.

9. Process according to Claims 1 to 8,
characterized in that
the particulate heat transferrer consists in each
case essentially of aluminium oxide, aluminium
nitride or a mixed phase of aluminium oxide and

aluminium nitride.

10. Process according to Claim 9,
characterized in that
the particulate heat transferrer is doped with one

or more elements from the group of platinum,



20particles. 8. Process according to Claim?7,
characterized in that the purge gas consists in
each case essentially of 25hydrogen, methane or the

of fgas of the heating gas stream 9. Process according
t qoQlodoBak2bg 8, characterigged in that pdPiE®009/056911
particul ate heat transferrer consists in each case
essentially of alum niumoxide, alumniumnitride or a
m xed phasedotmal upiaiwh) oxhelei ahd Adpeniang Riilkiede.
35 10. Process according to Claim9, characterized in
that the particulate heat transferrer is doped with
one or nore elenments fromthe group of platinum
WD2009/ 147226- 16 - PCT/ E22009/ 056911 pal | adi um
iridium rhodium copper and nickel.



