- 1 - Process for preparing nitrile conpounds [0001] The present
invention relates to a process for preparing hydrocarbon conpounds
containing at |least one nitrile function. [0002] It relates nore
particularly to a process for 5 prepaning nitrile conmpounds by

hydr ocyanati on of conpounds containing at | east one ethylenic
unsaturation. This process fonprsesiagsheéprbieteamiamnds of t he
unexpl oi t abl e by-products containing at |east one nitrile function to
convert themto 10 ammoni a and expl oi tabl e hydrocarbon conpounds.

[ 0003] Thepri@883esthr PFeFRitt nHHRINICEr B6R 2E6ApSEnds Rimesienifeg at

| east one nikrepheihdNEYdBFea@SRE Doripl)inds COAROMNE €PN @RI THNG tome
nitrile funct'ong gucq:as adiponitrile, are practised industrially
on a 15 Iar&é ELEF T T 1 s e processes, the one which utilizes the

t wo- st ep hydrocyanation reaction of butadi ene- has been exploited
since the 1940821 The OLeple OB REEL Y peEe WOu] Wi der pradustj@rcofeor
adiponitrile is obtained by this process. 20 [[0004] Adiponitrile is a
maj or ch2ni PAPPRALRY nedilatalfhi CRMPSURLRd PK t HYFosadRetdANof of
hexanet hyl egeflbaiihdle€, amohfpoOfiiedt nmanonenehet thener epasteiyiamief

pol yners, eﬁBgSk&lﬁé 1 O F’OLBrM?E‘ 9'2; bcgng for et of 'aso%é‘Q{s‘t eS¢ The
process of hydrocCyanati ng butadi ene 5 conprrsés,in a first stép,
addi ng a noteeateent pfdridey annexmcdidaldea outdasiusérd T riaduge

unsalt ur at edaﬁonpaé%t{i |c§heﬁ°%@%‘@@§- Fhe-tRRO R Initbri gsz&c@ﬁ@f%@g fte_bﬁi ned
are linear conpounds such as 2-pentenenitrile and 3-pentenenitrile,
or bran%%eda§ggﬁbﬂﬁﬁﬂid§¥gﬁﬁﬂ? ?HEYH§?9§FQRHGQQQH Peand

2-met hyl-3-butenenitrile. - 2 - nononitrile

conpounds. Al e e i nmon@ni.tri 3- e itrile
can be convg??g%ptgﬁggiggﬂ%#%%%%? thgggtheﬁgggﬁggh%ds #iégfﬁg?%&h
branched di APEPPYRAZ omBHIdSiRAI G3E caRpeE baeexpibiricd fBmatHens

production ekphexane} hy! engsthad tonch@896y two nitrile functions,
Mor eover, t headdi ti on unsaturatlgn of enenjtrile

.HCNLgthg S 3-§en ni

permts preParat fon PrEREFTEySF adPpSnPEP T ARG ar886FtEatly on-a
2-met hylgl utargai scile. (MEgheard pZogeRpksucthaorne rihiecH y(iESNRs The
quantity of tNQ\lt%ogeggd W89 ASE P58 PEal 0 dieoRalt@a9EnE G

cat al yst systen1useg._ urtherrmreh the nononjtrile conmpqunds ot her
than the 3- PREEhSEPAPECFHt PoBERe8 En1PRRS sedBRd ISR SPOREELY &F
converted toecHla@vide | @rodupedods it herdipbant afli¢onist r obeaindd clhyl5
cannot be expl Qi t he production of hexanet hyl enedi am ne, or
are not hyd§§%§a%ééé§ﬁnghus t he conpound 2-pentenenitrile (2-PN) is
not hydrocyanated and is recovered by distillative separation in the

formofz@ stpeem ofadinralkelitabligs by- md§opr QAGi®al intermediate
which is used in the production of hexamethyl-

enediamine, an important monomer for the preparation of
polymers, especially of polyamides, and for that of
isocyanates. The process of hydrocyanating butadiene

25 comprises, in a first step, adding a molecule of
hydrocyanic acid to a double Dbond to produce
unsaturated mononitrile compounds. The mononitrile
compounds obtained are linear compounds such as
2-pentenenitrile and 3-pentenenitrile, or branched

30 compounds, such as 2-methyl-2-butenenitrile and
2-methyl-3-butenenitrile.

[0005] In a second step, a second wmolecule of
hydrocyanic acid is added to the unsaturation of the

b ———



[ 0007] To enhance the selectivity of the first step towards
3-pentenenitrile conpound, the process for preparing adiponitrile
conprises an isonerization step which nakes it possible in particular
to convert 25 2-methyl-3-butenenitrileg to 3-pentenenitrile. [0008]
In the present text, exploitable conpounds or products are the

conpounds Whbgdn L ke usethpetingkart i RgoR@t eriid s ik Shei8loned
reactions for %ﬁ(r\%ﬁhﬁg Zi %i ggortagt chem cal conmpounds such as 30
adi poni tri | Y i neS ( dkAmet RYF ﬁ%ﬁ?hﬁﬁeﬁ Y R GRieEEELe &

(am nocapr oadipdntidrilBy utnbrpl otheb| ednppuadact seade neaiiranded
products T og etk duld NeodSliedr Acvanald a Processp i halapaat chg used
economcally as a starting materital for the prepa?atl on of new 35

pr oduct an%rmcc%o&r efcbrspper Y $reddf i ®ocess of - 3 -

hydrocyanation to be effluents, to be treated before being expelled

into the enyjpnrent,, [0009] These unexplaitanle byarodyct sare, mos:

commonl y destroyed by “I'ncCi heration in i oduci ng eam
Sonme of thempsHoWAEON may be-péwidnerdgitrpadet | pe tox plroiapedalbyon
chem cal copvaRsiar to ngw usefdbopoppotwds. Thus theyymst i ngertant
by- product in ter of quantity is 2-pethylglutaranitrile (M3N),

whi ch in pa%TT%%Yg‘Elé’&ﬁ%Bé‘lﬁ%i%géﬁgpggat‘%! pf oRfUBE Sterd e A&k A8

di am n&,0 2- fiEsMyl pEvet apetitylkgnedi HEW nerddRMY) ,variiegh sicgourgigdg to
principally - f t rati o] | yam [ a
starting rratt%'?i gflg,?%?rr? e tgsilglent gg?:rsfo %%éégn&gapsgrabd%én}trg%e&nﬁg%mys
of expl oi tiHf NENHEE IHee FgepsenriBedthes] bhan] tirhe3oPNethdt nhrei | e

or gononitriﬂtﬁchsxydéﬁodluﬁt&:@r%mnéti@é'&iﬁﬁd% oht&dchyveppbustbon to
produce energy., .Si.nce, however, these cqnpounds contai.n nitrogen
atons, the C(E:%Y ttfsltlfaoncﬁglgggng?odﬂg% coﬁ{% n arﬁsltﬁp&déﬁl Forns‘.’“'ggfh may

t her ef di5e beanmatessary t oexplkeait?D t hbse conibeisti pnodasesonn uafts
for conver tidig@ntydesthaoYnige OXides Pl Bickr t

DENOx units. [001 The pr ob?'em of ?r,ea&ongogg%&%é %L{ﬁ%rjig Trlis
unexpl oi t abif¥ by-‘ﬁ)‘?‘m% i n? PRREAIRNICERAR, t W P8 prockss opot

hydr ocyanatiiydydeythadiede hasdt heref orecsvétéd notbybeeaikulihyasotyed,
and new sol Ut | .are.co a ugh 00 One.,of .t i ms of
the pr esenté%dr?\?eaﬁtllg%n llﬁsgf% JF)Irbjér\}{/l %fe) % %otirroeca[gsfglélpef(lpégﬁfﬁgf? ﬂl@é"e

by- pr od@ct PEWHCLSO does not exhibit the drawbacks of conbustion and
that allows the overall econom cs of the process to be enhanced, in
parti cul ar plaiting _the by-products in the_form of conpounds
which are e[%)logi)ita Pe %r‘%’aﬁﬁ a nf%ﬁ%ﬁs“lvyr Ry cFREI & 135t het9R ocess
for preparitnya@8sadidppantenéeitrilel -conpdhd) Thaei ngeatéod for
accor di ngl Qvk des ;a1 PEAGE 0 [ ng. I i | ¢ conmpounds
cont ai ni ngxbe]f%bl eellsg gneleHt r??ééf Eﬁ@%?g%%ﬁ%ﬁgg@éﬁ%%ﬁ%ﬂ 0 t%ﬁ
organi ¢ co9Ghd EBReaI nihg BPS$ERL] dfe SREfiLERLerS LAsacemee¥ton in

t he presencemethglecatbhysicststian te0BPpeLt8GeRNEr Ol MOre steps of
separating the exploitable nitrile conpounds and unexpl oitable
nitrile by-products fromthe hydrocyanati on nedi um or nedi a,
characteri z@@oﬁﬂl t hat the dommsenseds dxteatsxpj ailteble unexploidsablie

by- pr oduct ricauat By dsedeni k& 0GR PO wRYEROt LEAL i 19% SESP bYag
reaction vm;th g%drogen gnder an absolute pressure of between 0.1 and
10 MPa, pr &FEFEBIS frBATBI 52 Pa t 73 MPAEMLER L t cFRRFTk M of fWet ween
200C and 5@9Gthpeefenabl ympoora300CGiemi4R0C, doamddigidtd pesencs of a
hydr odgpi t r,agenat | at al in order ta convert said by-products to

amoni a ang hggf}%{ég?%%h coer‘(r%{[)%ln S [_o‘glfi‘% nl?ﬁgyg?%%ijs%mb?g)t he and

i nventi on AM8R8I56HEEDr (aminesdfanrienisriéahs B unexplaitatile by-

by- product preqit@sNid¥ meant the products Fformed during the

hydrocyanation process that cannot be used economically

as a starting material for the preparation of new

35 products and which are considered in the process of



20 nitrile functions that are generated in the processes of
hydrocyanating ol efins, nore particularly butadiene, to be treated
for the purpose of recovering the nitrogen atomin amonia form and
the major part of the carbon and hydrogen atons in the form of

hydr ocar bon 25 conpounds contai ning one or nore carbon atons. (0015)

Thi s hydr ot neatddigamay iahs x pebacegapashed, byot har melegfdgkibrgopl the
hydr ocar bon chz%_i ns, Ig;}di ng %o the formati on of hydrocarbon conpounds
Tl TRRESATANATEP iE HYBFSERFEBh - conpounds 30 cont ai ni ng

wi thout a nitro
nitrogen atons. The |latter may be converted to hydrocarbon conpounds

by reaction pidddihydhegen, aeeohdiiarha the, opetaldng canditi gns,
enpl oyed. Furthernore, cyclic _conpounds con¥_ ning nitrogen atons may
al so be for MM Eh §§S§Fez51fiine%¥ AERDYI GG 108 t Re 3BoiRAesAti AT t he

term % HBN arroduelidgofsticae .t reaeeif fHacestowdvdhe hdvepdi QRol
applied to t .0 Xpresse a percent age, of the nunber o
nol es of - %egﬁé/ddl raolclirr b%)r?Pslcoolcr#r:&;%lsj s %6 E aﬂm NP R e it ogen BEBm
that are proigded ePmrerndy. hfhvwot tlatviors dmpwyrtener bak peodokt nip

relative to ddiggnugiper S C n;péyﬂ;j : d are
enpl oyed. Se‘ggogg] .%tlgol qu\%lvingm:gepg%ati@on a dﬁlgl?g\?g%%g?&%het(g%&%hi a,
t hese hydr o456 TonPBdtints Be" eRpl divegogsatrdy tay exnduasd 20 a

st eam r eébor mregcard dethdnal i 0Amstiepl pentnctOdplenbadahonaelhame) , a
product whi ¢lp;ean exploited.in. icular as an_energy.gener.at or
and 10 starti r%@lrratq%ri éllge?or%g l@?%g%&’ési%gofgnurr‘}%rrl%‘ﬂesrco UI’]H%E,:
such as hydPg&panpreiagi af Br4vApEdeogen. 350917 aThing i natémrial obess
for hydrocyfacm@ti BOnbRé ALk enes f&.&s@ﬁ@@ﬁgniﬁr@&d&s(.HfCN)Cﬁegnew&}st her mai n
reactants o .proce is nerated upstream of the 15

hydr ocyanat iec}f'#igtlgﬁ?gfﬁ@g }bﬁ%eg?f’ceﬁnoﬁe&crgh@‘a‘ﬁocyani c acid is generally
carried out by using the Andrussow process, which conprises reacting

nat ur al 1gas,;pphese i NocRESt it HePt;is gpt mgﬂgni%{%eoig%}pﬁ%%dd&é he

presence of oxygen or an oxygen-containing gas. rocess

of the inveRffonSSAAREIPPRod e@dCaRRBNi &Y arP eEkafe byo produce
hydr odeni t r egerayi on sfndshe unexdlat t abkBeby - presipeiunaand &&aamn

ref or m ng/ ! o) th dr ocar ban_conpounds opt ai ned, al | ows
the r ecygl Fﬁ%@?g%%}én? é:gien(s)usﬁ:yféyoéor?%?éstgignarﬂ%ﬁisa pa‘rﬁ#) e %%

produced t oNERECHFAr YA cIt may therefore be necessary to treat
20 these combustion gases in units for converting and

destroying oxides of nitrogen, referred to as DENOx
units.

[0011] The problem of treating and exploiting
unexploitable by-products in, in particular, the

25 process of hydrocyanating butadiene has therefore still
not been fully solved, and new solutions are constantly
sought.

[0012] One of the aims of the present invention is to
provide a process for treating these by-products that
30 does not exhibit the drawbacks of combustion and that
allows the overall economics of the process to be
enhanced, in particular by exploiting the by-products
in the form of compounds which are exploitable in and

advantageously recyclable to the process for preparing
35 adiponitrile.



amoni a and of natural gas or nethane that are consunmed per tonne of
adi ponitrile produced are significantly reduced. 30[0019] According
to another characteristic of the invention, the hydrodenitrogenation
catal yst conprises a netallic el enment beI onging to the group of noble
nmetal s consisting of platinum pall adit rhodi um and ruthenium or a

transition t(ﬁl sugg as. ni cktel 35 Preference is ven to_usin

plati num - 300205 AdVER éﬁgou%??o’a‘ifdlggyefgfﬁﬁ £S5t e BRPAFYSt is
of the suppdicredovedatirst Lypeari wrphnth tdrmpmneusl |¢Dm:aiadiyng§ cat
element is Sl‘é-%@@.rtggeorh:ﬁ:fﬁtee”fﬁﬁctﬂfl Ca?,a f’? IRt ki aly

such as alumna , silica | um nosi I'ca- al um nas,
activated c&MSGRLC ZFPRBPYRE 1GOERLGATEX| Al allﬁfsfeolopﬁese‘:h{’mﬂ‘] The

preferred camalaystradfiohheind nteetiprecaigy i ses pl aldtpaumsdepesited, on a
support sel ected, from the gr Qup consi stl Ny of (&ézl i cgpalggtulrplg R

zirconi a, 10 SPFEAEl uffas %And TES1 i 7Y
Thehydr odenlepqugenabﬂgnnnhydl@t¢mourgisr @akdt mnxzbéocaablednomilm t he

presence of 18 _hebanegsnaaus, caial )ﬁ%ﬂ@&%@i&h%ﬁ%ﬂl SRersedid n
suspensi on | he reactQr or is inthe Tormof a fixed 15 bed or

fluidized b aFﬁFBEﬁHZ i ATt h&hety edh of SOMRTINSS ¢ IHFRAMMAY i sthi%d.
The cat abystunemyplalisabbe deppsodwekonia aohglirbbemsrqngmtattmdn or

honeyconb f e nyen n i t

emboti mont s Ve EReaP LS debo SC A B M TERSE B0RE A e
preferred hy@us@éléﬁ?t PEgBAUES oPf cl%ﬁtéd%ﬁgt 9 .8f apde 1Pn¥BAL | BReBeEabln
particul ar, fpbat i @umorg ZtBCOﬁIM#H andeplat Layprefcshd | 6F- abaiidn

catal ysts. 4 ree ersi o of fhe nitrile
conpounds eﬁ%ggée%ng 9@% ’iﬁ%gé’eﬁtsr P%éq D&tﬁgﬁ 106% “Fhe
product §5r epoeeradeart anhmdrcadamd;rqgentaheorrap@talwt himr ocdab gro
conpounds. ThusetRe 4881 BEDL8hule fethy| ghiibal Pnitiy | By RFOdLGSs, as

hydr ocar bon conpounds, 2-néthyl pentane in very nmuch a mpjority.
[ 0025] Thenic?f“BPBn‘éFcorrpoundsr ecoveredi s 30 advantageously treated to
separate and recover the amonia, by distillation, for exanple. -7-

[ 0026] Accor t ef har, acter i Sti Sy f the inventi,an the
hydr ocar bon gggﬁguﬁﬁg%spce%%al t%l ltnﬁﬁ'flpen ane Mt s%%e or'all
chai n-1i nki ag c@sre@mpmfsuu@mlguéahieebwm%wm | oweith ryi ey

nethanaphonnitrile functions that are generated in the processes
of hydrocyanating olefins, more particularly butadiene,
to be treated for the purpogse of recovering the
nitrogen atom in ammonia form and the major part of the
carbon and hydrogen atoms in the form of hydrocarbon

25 compounds ceontaining one or more carbon atoms.

{0015) This hydrotreating may also be accompanied by
thermal cracking of the hydrocarbon chains, leading to
the formation of hydrocarbon compounds without a
nitrogen atom and/or of hydrocarbon compounds
30 containing nitrogen atoms. The latter may be converted
to hydrocarbon compounds by reaction with hydrogen,
according to the operating conditions employed.
Furthermore, cyclic compounds containing nitrogen atoms
may also be formed, such as picolines. According to the
a5 invention, the term % HDN or vyield of the treatment
process of the invention is applied to the ratio,
expressed as a percentage, of the number of moles of



5 to produce nethane. This steam reform ng/ nethanation treatnent is
very widely used in the petroleumindustry, and can be inplenmented by
heating in the presence of a catalyst (catalytic steamreformng).
Typical catalysts for these reactions include supported 10 nickels.
This process is carried out at a tenpe?ature of between 200 and 700C

under a pres e of .between 5 [ 0027

nvant age ¢ oFEHER AT Te TR ORI OB A HEaPTEn ERgl Soate
deni t rogenat fvh $replwelde] gitieerm $Syeahydedtoredrigid r eat nent .thEeal
hydrogen and.£aebofy mTonox de,d haf e JafRyer be,di

expl oi ted to(éet her or separ ateltkf;'Jt [0682%] V\hen?f@%ﬁd?gggb n hds
conpounds f oF el i TFIHEREPRYdPEReHMR ISR hat i on step have to be
subjected to steamreformng, it is preferable to renove the traces
of anmonia pr toi se hydrocar on_co unds, so _as not t

i npai r th% pé&?gér]]rrarll:%étle '8 en araoilof]hegg]t cant TETGFH ng® énd(eg? t he
met hanat i on. aREROE29] thea@nbvérocl@s}mn ptomprwids heayr beesswd odted

thermal or calaiydy calsé M #Rf %mangt@aﬁl peEbanatd %d sne@h\é%athent he
work "Les pr ocedes e petrochenie" CHNI P, vol upe 1, , whose

authors are &Y C@VQFéFélb\?Pem‘éﬁlaa%e C%s?@éiuc’oto “[bGG@OFa‘T’th
process of tév@lcmxceafm dn I sawpphiled | aspadrt | enkayyt Ogéztm:awc&cesadf or
prepari adj rocyanat 0 ne S.
T o pr odeos PR Fratp WA POIBERCLAD, Oy BRhEELEToGRT HieRbee
description ‘F%ml%ﬁimqsablséwhnawmfg%ﬂlc N@ld?olanQShE@l{)?fH@hent B,
entitled Hexarrethyl ene Diamne". - 8 - [00311 Briefly stated, in a
process for tlng pbut adi ene, the first ste nprises
process [or TWALACYRRL! 19, Ut adiene Lhe LISk o5! eRERIBLESD cer ¢
step is car rlmeidadmﬁna n bhdrpresence acfida CECNI ytoned sfstem main
conpri sing a-dJRiAHdL & &R prdieker ahl lée@fe‘i%%led Eggﬁk%ﬁdow the

or ganophosphorus |igands contal ni ng one oOr nore fo orus atons.

These or'gan Gg$ 1PPgafbieP ar eB¥E uFFb‘?ﬁl of hydrocyanic

or ganophosphadies, be garaphasphoraireseqr @ano-by10u$)h0§ pbhai kesirasdow

or ganophosp t | tr|t hite has been used

i ndustriall ?%ﬁcﬁecse th‘é}qﬁégocogg?b%§§] r&a n%onﬁo%l%ﬁ t% Cotit ‘ai nlgng t wo

phosphor us dtdifs @eistdtaensd L8 a@e'bliwci@nt at\@tﬂh gamaonhaveinl sbheeen

15 proposed pieduHERS @S oRLEAt Sr dr kBWIRe -RHARASRInagabeen the use

of a catalytic systemconprising a mxture of nonodéentate

or ganophosphite Iigands and a bidentate |igand, permtting the use of

a reduced anbyritslof Thedertatess i g@ndheel atvare itom, t heh itk elroddBes

[0033] The rmnpRiitri Leacomp R MROakBaLhl S ISR Gl NWEET DS

The conpounds forned I ncl ude t I"neaf nononitri pentenen| rile

(2PN) and 3-UTFeRHEAEAPLRI | e (SPN})Y Parpguche branche@]’l%nonl trPreamsuch

?Z N§8rl\rl)et hyl -rzeﬂwtnﬁﬁgmméthhﬂaémBl\&fandha med/aybeaZbos- bubﬁfjsﬂh&é' le
ted.earlier_ .an is zation ste

provi ded to %gt#vlé]ft% thgl%g’m (r?r:l}f% of cﬁfﬁeéggbrgﬁgﬁlé a%?l%%3frl$% the

conpound$ (@mimeadial yarxBBRREhare 3thuat ewediuceidl eaconpouhgdrohganidy

precursor ofaad pcayﬁtwas@s 3%&@935] cEHEE!;ﬁéﬁ@ifPQQH@V al RS@std eanpf

unexpl Oltablaﬁgﬁ\llil ro%é whi c S not fed he second step, and
contai ns pri % 8R! nat’éra 925 HF MISERNS EPathareaceBedted yst
such as a Lewirs aonme i sfadudihard tirhile gataludedc syst eignkfitihslgt ep,
the 3-pente ikl e is converted to adiponitrile, but also to other,
branched dinitriles 5 (methylglutaronitrile, ethylsuccinonitrile)
whi ch are separated to forma stream of effluents or of by-products

whi ch caonot[obe sgxphetdedin® fray mhxast hyhanadiapi geidn Lhi sppecond
step, the invention, the hydrodenitrogenation catalyst comprises
a metallic element belonging to the group of noble
metals consisting of platinum, palladium, rhodium and
ruthenium, or a transition metal such as nickel.

35 Preference is given to using platinum.



separation of the various products contained in the 10 reaction
medi um al | ows recovery of the 2-pentenenitrile, which was fed in at
the first step and has not been converted to dinitrile conpounds.
This 2-pentenenitrile streamis al so agstream of unexploitable

by- products which will be treated 15 according to the process of the
invention].c [ 0037 Amamdiaggotx@wha?glrgeasgrs)mﬁlyt,hetiz@V%aE%wsttl@%_ g
streans of nigtr -products_or. e uent s ich.cannot be exploite
to form3-P %rkh§x§ﬁ8$ﬂ§ %%eafgﬁ%¥ﬁf WA Th é?ewpéﬁgvéggd"Fﬁaégéﬁs 1
and 2, nmay beaTOlyoifbi nedemant t r dst edsuppeieedleconposad tatkoml,

anmoni a and g&ahes1y0ra G doNanletilese ssbheans My:he teated. It
may be a%van%g eous .tq treat these streans of effluents before

subj ecti mg t e CRYEPodeRt H T GHEtaaaSst epSt i FridiHecarbaps,
exanpl e, to 2braenpye tdeéahdin cripounds,zesldbeas t he phosphorus
conpounds, which m ght be poisons for the hydrodenitrogenation and/ or
steam reform ng and/ or nethanation catal ysts. [0038] As indicated
earlier, thel®idni dhgand prafrured3o catalvate obfai nelee by inenpiovess

of the i nventdnyriaied ?ﬂ\é@ﬂh@;ﬂeeéﬁés{i&_ﬁf%ﬁl ed d@dde HeNedyBhheshs
pl ant t hat |tshegener all'y conmbi ned with an_adi ponitrile production
€

plant. -10-"Exafplys, " GRITHS &I gi%enSbilodv s RISy wayrepnia,

i I'lustradgi orgili@040kmThest estlszatelsidgrashed bel ow were carried out with
two hydrodenitrogenation catal ysts: 5- catalyst A Pt deposited on
zirconi a (P%Pér%(?) 2) - catalyst B: platinumdeposited on a

si i ca-al uni dnt ARfi ngYARRfYMt TRIeTERigge oPTsi | hydretredting
referred to mmdtiohi ALKD. ¢904lda Cabad ySinA was olpraideedeusidyg &g
zirconia 10 rt wth a ific surface area pof 83 nR/g. . [0042]
Cat al yst B c}ge#p%%?)gegegugi Icl"‘-’%s:tlgta-el S ﬁlil%lhp;?& Shi th°a é’(?ir%feé st f ace
area of 352 sWwEhgnswhhchni s$heokdabyoCondess uhnleth¢ hEotmade aafiexed

S| RAL104 5Thixecs UpROT £1.6.0R Ad1S G0 RYr¥EEANTyAcrS Qe 13:L004S]dhese
catal ysts are pr.cigared i n accordance wth the procedure l%e ow. T 044]
The support $7&Fé*Pnpr et Ee with %ol ThT orade Inekadior GpERL i %R c
aci d H2Pt Cl@lepPlseyedr enl @f ol iage catsuppbirenin tigsmefainy echar. t wo
hours to allow the solution 20 to penetrate the pores. The products
are then dried overnight (>12 h) at 110C and subsequently calcined in
a stream of T&r RTBEOE f okNVEHIER (atg fhew r dteiokd60 tenB whesd,

tenper at ur e eidBRiAENLE, Midy £ de6amBEsELY Ofk Ofn tiha R eYE SAT
conplex to formplatinum25 oxide. They are then reduced in a stream

of hydrogen at 310C for 6 hours (hydrogen flow rate of 60 cnB
t enper ak0r e (P&RP]) of THEC prefdyread lyidredandepogeéhanfometatdivestd affi num

[ 0045] The pRY¥Sk LGa ha ISt o] _Pt/ and
Pt/ Si A110 cat al Igﬁtggi_qg?%ﬁc%?ﬁht_{elgcflg"%ﬂ'%g%%i. fplgFSBﬁ%] gT%Lh%{]Z’;‘Tzosnpleurmsi on
and pl at i nuﬁ‘lnga ??E?‘%“‘%T%‘ﬁ/ﬂéf”é:adétléf“iﬁl%e@a%%/l}fﬁfcﬁ-ogen cheni sor pti on.

The pl ati num was assayed by plasma em ssion spectronetry. Table 1
Catal yst % hyonmes Aie degree of conversion (% HDN) of the nitrile
compounds employed is very high, close to or equal to

25 100%. The products recovered are ammonia and, in the
majority, hydrocarbon compounds. Thus the treatment of
2-methylglutaronitrile produces, as hydrocarbon

compounds, 2-methylpentane in very much a majority.

[0025] The mixture of compounds recovered is
30 advantageously treated to separate and recover the
ammeonia, by distillation, for example,



Di spersion sparticle[nmj Pt 194 A 1.1 60 1.7 B 1.1 66 1.4 5 [0047]
In Exanples 1 to 4, the abbreviations used have the neani ngs

I ndi cat ed bel ow. MP: 2-net hyl pentane M p: 3-net hyl pi peridine 10Pi c:
pi col i nes (p-picoline, 2-am no-3-pical{ne, 6-am no-3-picoline)

% HDN: percentage of hydrocarbon products containing no nitrogen
atom relati{e014 t hecoudbey dfc nbhes mfefxompadundsatactrer tgtdat edft hat

are enpl oye 5 I; a e 1 r ni | on der

an absol ut edtl}eésslﬁsgﬁgﬁogfl%a kgysﬁ%gggtggl yé%ﬁ%AQ]e%%ﬁg%llw

hydr odeni t r oy @it P erHBRE  r ety onbef rfet hghglot hteping i | ereasss

carried out @bmphdildiGuS aieéﬁhﬁinatlté’f%i'r@ﬂg yadebwad 8bsal weenphassyne of
0

0, Lol 2, 3 14O G L, O 25 LD i Al e o
procedure, itreatdyargn clam cyoreacvbdelyf 00863d Thenr eabei openrriane
conpri ses purgy ZsuiRt hykag 91dd:ar 881 tidh 8n@RdedY 45,0988 THE NYOr pgEN.
whose f1ow presence of a catalyst (catalytic steam reforming).
Typical catalysts for these reactions include supported
10 nickels. This process is carried out at a temperature
of between 200 and 70C0°C under a pressure of between 5

and 50 bar.

{0027) It may also be of advantage to submit the
hydrocarbon compounds obtained in the hydro-

15 denitrogenation step solely to a steam reforming
treatment. The hydrogen and carbon monoxide that are
recovered can be directly exploited together or
separately.

[0028] When the hydrocarbon compounds formed in the
20 hydrodenitrogenation step have to be subjected to steam
reforming, it is preferable to remove the traces of
ammonia present in these hydrocarbon compounds, so as
not to impair the performance efficiencies of the steam

reforming and of the methanation.

25 (0029} A general description of the processes of
thermal or catalytic steam reforming and methanation is
given in the work “Les procédés de pétrochemie”,
TECENIP, volume 1, 1965, whose authors are A. Chauvel,
G. Lefebvre and L. Castex.

30 (0030] The process of the invention is applied in
particular to the process for preparing adiponitrile by
hydrocyanation of butadiene in two steps. This process
is described in numerous patents, and a detailed
description 1is available in RAPPORTS SRI No. 31,

35 Supplement B, entitled “Hexamethylene Diamine”,



25 rate is regulated by a mass flow nmeter (0-200 ml/min), bubbles
into a saturator which is filled with liquid M3\, then passes into a
condenser whose tenperature controls the partial pressure of MaN. The
MGN partial pressure is 1.33 kPa. The.meactor is placed in a -12-

t ubul ar oven whose tenperature is controlled by a platinum probe
regul at or. TH@OBbhcthﬁlen'@meatel dreéhSan?fxgggfd ?&rmﬁﬂﬁo?fr?ﬁatlng

t her nocoupl e th at Q_pre e
condensat Ponb§¥é§ﬂeﬁé}eacﬁg§lt 3i égf ﬁepreact on produ Chtlﬁlg a

t enper at ure BPleERel %p?)%r%%stca@ml#eu @O@dngfstbﬂtbytmemem fdd sat

180C. A trapstépsiitedcatride exkt of the tRekeheecUense-dthe yric
reaction roducts and the.unconverted reactant. The 10 gasefs tqﬁn
| eave at The“Vent™ TRE"EbMPOURdS 2 red'?f'\}:éﬁ dCar €15 | Preferably

2- met hyl pent ahekg¢\VP) arsortrgﬂchﬁmﬁar bmtdnorrpomgdsolamls@adsmiﬁyl [ jpriddi ne
(MPi p) and pbg@iéﬂglrgj | baederdyvat hyes, gﬁg?%%g?fgl I ggé{ngel y ﬁié Pi c,
as conpounds_containing a nitrogen atom "1 The fere

yi el ds obt ai RESRRERIHNCHRIED i n F@sinds| | bérew Tasilectedr] a] 25¢ 300

350 400 450 dk¢aomsrospHle2s(8. 6 74 obdalopHosbraitidlg pr Oduﬁtg%no,

('nC|Udﬁﬂg phosphinites and organophosphines. Of these ligands,
tritolyl phosphite has been used industrially since the
1870s.

(0032] Other compounds containing two phosphorus atoms
and referred to as bidentate ligands have also been

15 proposed in numerous patents. Likewise proposed has
been the use of a catalytic system comprising a mixture
of monodentate organophosphite ligands and a bidentate
ligand, permitting the use of a reduced amount of
bidentate ligand relative to the nickel.

20 [0033] The mononitrile compounds formed in this step
are numerous. The compounds formed include the linear
mononitriles 2-pentenenitrile (2PN) and 3-
pentenenitrile (3PN}, and the branched mononitriles
such as 2-methyl-2-butenenitrile {(2M2BN) and 2-methyl-

25 3-butenenitrile (2M3BN).

[0034) As indicated earlier, an isomerization step is
provided to convert the maximum of these branched
mononitrile compounds (primarily 2M3BN) to 3-pentene-
nitrile compound, the only precursor of adipenitrile.

30 [0035] The first step generates a stream  of
unexploitable by-products which is not fed to the
second step, and contains primarily 2M2BN.

[0036] In a second step, described earlier, the
catalytic system may be equivalent or similar to that



(3.6-61.1) (65-5.3) (58.6-0) (27.7-0) (10.9-0) Pic and
Hydrocarbon 0.3 2.6 3.7 13 12 products (including (0.3) (1.7) (1.2)

10

15

20

25

30

35

- 9.

of the first step, but a cocatalyst such as a Lewis
acid is added to this catalytic system. In this step,
the 3-pentenenitrile is converted to adiponitrile, but
also to other, branched dinitriles
(methylglutaronitrile, ethylsuccinonitrile) which are
separated to form a stream of effluents or of by -
products which cannot be exploited to form
hexamethylenediamine. In this second step, the
separation of the wvarious products contained in the
reaction medium allows recovery of . the
2-pentenenitrile, which was fed in at the first step
and has not been converted to dinitrile compounds. This
2-pentenenitrile stream is also a stream of
unexploitable by-products which will be treated
according to the process of the invention.

[0037] According to the process of the invention, the
streams of nitrile by-products or effluents which
cannot be exploited to form 3-PN or hexamethylene-
diamine, which are recovered in steps 1 and 2, may be
combined and treated, to be decomposed to form ammonia
and alkanes, or only one of these streams may be
treated. It may be advantageous to treat these streams
of effluents . before subjecting them to the
hydrodenitrogenation step, in order, for example, to
remove certain compounds, such as the phosphorus
compounds, which might be peisons for the
hydrodenitrogenation and/or steam reforming and/or

methanation catalysts.

{0038] As indicated earlier, the ammonia and methane
that are obtained by the process of the invention are
advantageously recycled to the HCN synthesis plant that
is generally combined with an adiponitrile production
plant.

[0039] Other advantages and details of the invention
will emerge more clearly from a reading of the

MPi p) 1%



(0.7) (0.2) MP)[% [0053] Exanpl e 2: Hydrodenitrogenation
of MGN under an 20 absolute pressure of 0.1 MPa using catalyst B
[0054] Exanple 1 is repeated except for the type of catalyst, which
is catalyst B. -13- [00551 The yieldsyobtained are collated in

Table I'll below. Table Il T[0] 250 300 350 400 450 Nitrogen- 61.3
68.3 65.7 58eXadBldls, which are given below solely by way of
illustration.

[0040] The tests described below were carried out with

two hydrodenitrogenation catalysts:

5 - catalyst A: Pt deposited on zirconia (Pt/Zr0,)
- catalyst B: platinum deposited on a silica-
alumina containing a weight percentage of
silica of 10, referred to as Pt/SiAllo0.
[0041] Catalyst A was obtained wusing a =zirconia

10 support with a specific surface area of 83 m?/g.

(0042] Catalyst B comprises a silica-alumina support
with a specific surface area of 352 m?/g, which is sold
by Condea under the trade name SIRAL10. This support
contains 10% by weight of $i0,.

15 [0043] These catalysts are prepared in accordance with

the procedure below:

(0044]) The supports are impregnated with a solution of
hexachloroplatinic acid H,PtClg. They are left to age at
ambient temperature for two hours to allow the solution

20 to penetrate the pores. The products are then dried
overnight (>12 h) at 110°C and subsequently calcined in
a stream of air at 500°C for 1 hour (air flow rate of
60 em’® min', temperature ramp of 2°C min!) for
decomposition of the precursor complex to form platinum

25 oxide. They are then reduced in a stream of hydrogen at
310°C for 6 hours (hydrogen flow rate of 60 cm® min’?,
temperature ramp of 1°C min™) to give a deposit of
metallic platinum.

(0045] The physicochemical characteristics of the
30 Pt/Zr0, and Pt/SiAlio catalysts are —collated in
Table 1.



contai ning (4.4-50) (57.5-
(including 2.5) Pic and

(48-0) (25.9-0) (9.9-0) products
VPi p) [ 96] Hydrocarbon 0.3 1.4

-11-

[0046]
determined by hydrogen chemisorption.

The dispersion and platinum particle size were
The platinum was

assayed by plasma emission spectrometry.

Table 1

Catalyst

% by mass of
bt

Dispersion

(%]

Sparticle [nm]

1.1

60

1.1

66

[0047]
the meanings indicated below:

In Examples 1 to 4, the abbreviations used have
MP: 2-methylpentane
MPip: 3-methylpiperidine
10 Pic:
6-amino-3-picoline)
% HDN:

containing no nitrogen atom,

picolines (B-picoline, 2-amino-3-picoline,

percentage of Thydrocarbon products
relative to the number of

moles of compounds to be treated that are employed.

15 [0048]
absolute pressure of 0.1 MPa using catalyst A

Example 1: Hydrodenitrogenation of MGN under an

fo049] The
methylglutaronitrile was

(HDN)

carried out at

hydrodenitrogenation reaction of
various

temperatures and under an absolute pressure of 0.1 MPa
20 with a hydrogen flow rate of 55 ml/min and a fixed bed

of catalyst A with a mass of 15 mg, according to the
following procedure, in a dynamic microreactor.
[0050]

glutaronitrile and hydrogen.

The reaction mixture comprises pure 2-methyl-
whose flow
(0-200 ml/min),
bubbles into a saturator which is filled with 1ligquid
MGN,
controls the partial pressure of MGN.
1.33 kPa. The

The hydrogen,
25 rate is regulated by a mass flow meter
then passes into a condenser whose temperature
The MGN partial

pressure is placed in a

reactor 1is



4.8 18.3 40.4 products (including (0.3) (1.1) (1.4) (1.2) (0.7)

MP) Ps] 5 [0056] Exanple 3: Hydrodenitrogenation of M3N under an
absolute pressure of 1 MPa using catalyst A [0057] Exanple 1 is
repeated using 50 ng of catalyst A withp,an absolute pressure of 1
MPa, an MGN partial pressure of 1.33 kPa and a hydrogen flow rate of

10 16 ni/ni nrubheart hevéesttocake eampéesk ot URJELOREGSIULE, Bye a

o b e sRUEEihdn B Ede Ly e e O e SRSy 1 s
obt ai ned ar eMéafvuEEed P TESANS | VE15a bellmymocolpl eTableedV gt PltH250
300 350 catalyst bed.

5 (0051] To prevent the condensation of the reactant and
of the reaction products, the temperature of the
apparatus assembly is consistently maintained at 180°C.
A trap is sited at the exit of the test to condense the
reaction products and the unconverted reactant. The

10 gases then leave at the vent. The compounds recovered
are primarily 2-methylpentane (MP) as hydrocarbon
compounds and 3-methylpiperidine (MPip) and picoline or
its derivatives, denoted collectively by Pic, as

compounds containing a nitrogen atom.

15 (0052] The different yields obtained are collated in
Table II below:

Table II
T [°] 250 300 350 400 450
Nitrogen- 70.3 78.6 74 64.9 67
containing (3.6-61.1) | (65-5.3) | (58.6~0) | (27.7-0) | (10.9-0)
products
(including
Pic and
MPip) [%]
Hydrocarbon 0.3 2.6 3.7 13 12
products (0.3 (1.7) {1.2) (0.7) (0.2)
(including
MP) [%]

[0053] Example 2: Hydrodenitrogenation of MGN under an
20 absolute pressure of 0.1 MPa using catalyst B

[0054] Example 1 is repeated except for the type of
catalyst, which is cstalyst B.



400 Nitrogen- 93.9 67.1 46.1 55.9 containing products (including Pic
and MPip)[96] (1.5-92.4) (15.4-51.7) (41.8-4.3) (85.6) Hydrocarbon
4.1 32.1 49.5 22.2 products (including MP) (2.8) (32.1) (44) (11.4)

Us] 13-
[0055] The yields obtained are collated in Table III
below:

Table III

T [°] 250 300 350 400 450
Nitrogen- 61.3 68.3 65.7 58.7 43.8
containing (4.4-50) (57.5- (48-0) (25.9-0) (9.9-0)
products 2.5)
(including
Pic and
MPip) (%)
Hydrocarbon 0.3 1.4 4.8 18.3 40.4
products (0.3) (1.1) (1.4) {1.2) (0.7)
(including
MP) [%]

5 (0056] Example 3: Hydrodenitrogenation of MGN under an
absolute pressure of 1 MPa using catalyst A

[0057]) Example 1 is repeated using 50 mg of catalyst A
with an absolute pressure of 1 MPa, an MGN partial
pressure of 1.33 kPa and a hydrogen £flow rate of
10 16 ml/min. When the tests are carried out under
pressure, the reaction mixture 1is injected, after
letdown to atmospheric pressure, into a gas

chromatograph via a six-way valve.

[0058] The yields obtained are collated in Table IV
15 below:



[0059] Exanpl e 4: Hydrodenitrogenation of MAN under an absolute
pressure of 1 MPa using catalyst B 5[0060] Exanple 3 is repeated
except for the type of catalyst, which is catalyst B. [0061] The

yi el ds obtained are collated in Table _Yq4hel ow Table V T[0] 250 300
350 400 Nitrogen- 65.6 4.4 0 3.4 containing products (including Pic
and MPip)[90 (0.9-64.7) (1.3-3.1) (48p1e3r¢-0) Hydrocarbon 34.4 95.6

T [°]) 250 300 350 400
Nitrogen- 93.9 67.1 46.1 55.9
containing (1.5-92.4) | (15.4-51.7) | (41.8-4.3) | (55.6)
products

{including Pic
and MPip) [%]
Hydrocarbon 4,1 32.1 49.5 22.2

products (2.8) (32.1) (44) (11.4)

(including MP)
[%]

(0059] Example 4: Hydrodenitrogenation of MGN under an
absolute pressure of 1 MPa using catalyst B

5 [0060] Example 3 1is repeated except for the type of
catalyst, which is catalyst B.

[0061] The vyields obtained are collated in Table V

below:

Table V
T [°] 250 300 350 400
Nitrogen- 65.6 4.4 0 3.4
containing {0.9-64.7) (1.3-3.1) {48) (3.4-0)
products
{including Pic
and MPip) [%]
Hydrocarbon 34.4 95.6 100 96.6
products (32.9) (%0.7) (86.3) (54.9)
{including MDP)
(%]

10

[0062] Example 5: Hydrodenitrogenation of MGN under an
absolute pressure of 0.55 MPa using catalyst B



100 96.6 products (including MP) (32.9) (90.7) (86.3) (54.9) [96]

10 -15- [00631 Exanple 4 is repeated under an absolute pressure of

0.55 MPa with a hydrogen flowrate of 4 ni/mn and an MN partial

pressure of 1.33 kPa. [0064] The_yiel ds obtained are collated in

Table VI 5 below Table VI T V] 250 300 350 Nitrogen- 30.3 0 0.3
(0063] Example 4 is repeated under an absolute

pressure of 0.55 MPa with a hydrogen flow rate of
4 ml/min and an MGN partial pressure of 1.33 kPa.

[0064] The yields obtained are collated in Table VI

5 Dbelow:
Table VI

T {°] 250 300 350
Nitrogen- 30.3 0 0.3
containing (2.5-27.8) (0-0}) (0.3-0)
products
(including Pic
and MPip} [%]
Hydrocarbon 69.8 100 9%8.7
products (68.6) (93.9) (78.5)
{including MP)
[%]

[0065] These results show that the catalytic activity
for hydrodenitrogenation of  MGN is low under

10 atmospheric pressure for a temperature of between 250°C
< and <350°C.

(0066] Under a pressure of 1 MPa, the yield in the
hydrodenitrogenation of MGN is higher, and reaches a
value of 100% for a temperature of 350°C.

15 (0067] Under a pressure of 0.55 MPa it 1is also
possible to obtain a vyield of 100% in the
hydrodenitrogenation of MGN, for a temperature of
300°cC.

[0068] Example 6: Hydrodenitrogenation of a by-product
20 obtained from a unit for preparing adiponitrile by
hydrocyanation of butadiene, over catalyst B.



cont ai ning products (including Pic and MPip)(% (2.5-27.8) (0-0)
(0.3-0) Hydrocarbon 69.8 100 99.7 products (including MP) (68.6)
(93.9) (78.5) (% [0065] These results show that the catalytic
activity for hydrodenitrogenation of Mgy.is | ow under 10 atnospheric
pressure for a tenperature of between 250C < and <350C. [0066] Under
a pressure of [(bd¥la, Prhduyees dof natlhpohylr Didenid rioge natheer obs MEN. i s

hi gher, and . a I 0% f.or._a,tenperatu of _350C. . .
15?0067] Under au%r%esssc’&?e%%fﬁ{?n%g é%ftrlalt%nﬁl ggogoéglﬁbﬁgePSr%fﬁ?n a
yi el d of 100%5 n3€heomydr deenbyr dysirariyonabionaNf flowt adiwerper Thus e
of 300C. [{68byExasnlier 6:cdmdioden t HPGRNALION 0heR NPY5RLPIHST 20
obt ai ned fSromi ruglt forrErSg tz:arl ngaa ] OJ‘T'[I’IJ e gy %d(r)ocyanatl on of
but adi ene;” over“¢afal ySPTBIENEIRT 2 lﬁrt&&t‘}c &b ORAFBBAYEFFE e
sel | a nunberirof thyprpduntss opfef éépendts nor | giimadhgr fIOM tiBe sold
preparation qQf,zadi peq I’lgin!eeM@DlY g:;z/rderagrf_yanatl on of butadiene. Thus the
y 2-Tme

by- product contai ning prinari hyl glutaro- 5 nitrile,
representing a distillation fraction recovered in the process of

separating adioponiltrThes MaNSEtdeahdRsis t heedap® MMN-$tE8RMExamples
6 and following. Tt has the following composition by

10 weight:
. 2-methylglutaronitrile : B5%
. ethylsuccinonitrile 11%
. adiponitrile 3%
. other compounds 1%

15 (0071] The hydrodenitrogenation (HDN) reaction of the
crude MGN above was carried out at different
temperatures, under an absolute pressure of 0.55 MPa
{hydrogen flow rate of 4 ml/min and MGN partial
pressure of 1.33 kPa) with a mass of catalyst B of

20 50 mg, in accordance with the procedure described in

Example 5.
Table VII
T [°C] 300 350 400
Nitrogen- 4.1 3.5 9.3
containing
products in
%
Hydrocarbon $2.1 93.3 88.3
products in
%

25 [0072] Example 7: Hydrodenitrogenation of a by-product
obtained from a unit for preparing adiponitrile by
hydrocyanation of butadiene:



[0070] This MSN streamwas used to carry out Exanples 6 and
following. It has the follow ng conposition by 10 weight: S
2-methylglutaronitrile: 85% ethylsuccinonitrile: 11% adiponitrile:
3% other conpounds: 1% 15[0071] The hygrodenitrogenation (HDN)
reaction of the crude MGN above was carried out at different

t enper at ur es, Exangere ag azbsolnﬁp(élalaéasma@rofafrp-lélg%é\ﬂ%é h%?%ﬁ&gfbn‘;lggwof

/m l\/tg\l tia essure o i a (
E:Z"E :I 3‘;,{48”10]‘{“2@:%8&@’ i}??’a%rcocgoerndg%r&c?g \ﬁagﬁ Pfie 16r F)‘lééﬁ PeaBdseRi He¥ in
Exanpl e 5. Taeti@l PTEEpu3800850. D0k ¢ roglen- tdemteaicondd t pondust
in %4.1 3.5 > dlydnecar iR progdypts in % 92.1 93.3 88.3

5 [0073] Example 8:

[0074] Example 6 was repeated under an absolute

pressure of 0.55 MPa but using, as the catalyst, a

commercial platinum catalyst supported on zeolite, sold

by sud Chemie. This catalyst contains 0.3% by weight of
10 Pt and has an Si/Al atomic ratio of 11.5.

[0075] The results are collated in Table VIII below:

Table VIII

T [°C] 250 300 350

Nitrogen- 80.1 70.2 72.9
containing

products in
L %
Hydrocarbon 2.9 22.1 26.1

products in
%

15 (0076] Example 9:

[0077] Example 6 was repeated under an absolute
pressure of 0.55 MPa but using, as the catalyst, a
commercial platinum catalyst supported on =zirconia,

sold by Johnson Matthey. This catalyst contains 1% by
20 weight of Pt.

{0078] The results are collated in Table IX below:



25 [0072] Exanple 7: Hydrodenitrogenation of a by-product obtained
froma unit for preparing adiponitrile by hydrocyanation of

but adi ene: -17- Exanple 6 was repeated under an absol ute pressure of
1 MPa for a hydrogen flow rate of 16 olgmn and an MGN parti al
pressure of 1.33 kPa. Under these conditions at 300C, the % HDN is
100% 5[0073] Exanple 8: [0074] Exaspie fHxwas repeated under an
absol ute pressure of 0.55 MPa but using, as the catalyst, a
comer ci al pl at i numeatabyst—supported—ar—zeolte—sold by Sud
Chemie. This catglystt dd&lai ng 0. 2%y wvei ghit0tof 1D Pt 38Ad has an
Si/AlL atomic ratijo gitcddgén- [Q075f5The rlesulst s arel col Lated iin Tabl e
VIl below Tablg VIII PC] 250 300 35Q Nitrogen-| contai ning
products in % 80.|]1 °ARERIR31Y Hydrocar bor] products jn %2.9 22.1 26.1

products in
%

Hydrocarbon 28.5 97.5 95.3

products in
%

(0079] Example 10: Steam reforming and methanation of
5 methylpentane

[0080] A stream of 5 g/h of methylpentane is fed to a
reactor in gas phase in parallel with a water stream of
7.5 g/h.

(0081] The reactor contains approximately 100 ml of a
10 nickel-based catalyst supported on alumina (70% by
weight of nickel). The temperature is maintained at
about 550°C by external heating. The pressure is
regulated at 23 bar. On exiting, Ehe gas is cooled and
fed directly to a second reactor, containing 100 ml of
15 Ni catalyst supported on alumina, operating under
16 bar and at 270°C. This second reactor is also fed
with a constant flow rate fixed at 15 Nl/h of hydrogen,
On exiting, the gases are analysed by gas
+ chromatography.

20 [0082] The conversion of the methylpentane is greater
than 98%. Methane is the only hydrocarbon product
detected.



15[ 0076] Exanple 9: [0077] Exanple 6 was repeated under an absolute
pressure of 0.55 MPa but using, as the catal yst, a commerci al

pl ati num cat al yst supported on zirconi a, ~sold by Johnson
Mat t hey. This catal yst contains 1% by 20 weight of Pt. [0078] The
results are collated in Table I X beIon -18- Table I X T1C] 250 300
350 Nitrogen- containing products in %°65.4 2.6 4.7 Hydrocarbon
products in %28.5 97.5 95.3 [ 0079] Exanple 10: Steam reform ng

and net hanati on of 5 nethyl pentane CE_RRZQ] A streamof 5 g/h of
met hyl pentane is fed to a reactor in gas phase in parallel with a

water streamof 7.5 g/h.
1. A process which comprises catalytically hydrocyanating an organic compound

containing at least one site of ethylenic unsaturation and separating the medium of
hydrocyanation into desired linear organic compounds containing at least one nitrile functional
group and undesired nitrile by-products, and further comprising hydrodenitrogenating said
undesired nitrile by-products into ammonia and at least one hydrocarbon compound under an
absolute hydrogen pressure ranging from 0.1 to 10 MPa at a temperature ranging from 200°C to

500°C and in the presence of a hydrodenitrogenation catalyst.

2. The process as defined by Claim 1, wherein the hydrodenitrogenation catalyst
comprises a metallic element selected from the group censisting of platinum, palladium,

rhodium, ruthenium and nickel.

3. The process as defined by Claim 2, wherein the hydrodenitrogenation catalyst
comprises a metallic element supported on a support selected from the group consisting of
alumina, silica, aluminosilicates, silica-aluminas, activated carbons, zirconia, titanium oxide and

zeolites,

4, The process as defined by Claim 3, wherein the hydrodenitrogenation catalyst
comprises platinum deposited on a support selected from the group consisting of zircenia, silica,

alumina, aluminosilicates and silica aluminas.

5. The process as defined by Claim 1, wherein the hydrogen absolute pressure
ranges from 0.5 MPa to 3 MPa.

8. The process as defined by Claim 1, wherein the temperature ranges from 300°C
to 400°C.
7. The process as defined by Claim 1, comprising producing adipenitrile by

hydrocyanation of butadiene and wherein the desired nitrile compounds comprise adiponitrile,
3-pentenenitrile, 4-pentenenitrile, 2-methyl-3-butenenitrile or mixtures thereof.



100811 The reactor contains approxinmately 100 ml of a 10 nickel - based
catal yst supported on alum na (70% by wei ght of nickel). The
tenperature i s maintained at about 550C by external heating. The
pressure is regulated at 23 bar. On exiting, the gas is cool ed and
fed directly to a second reactor, cont2§1i ning 100 mM of 15 N catal yst
supported on alum na, operating under “16 bar and at 270C. This second
reactor is also fed with a constant flowrate fixed at 15 N/h of
hydrogen. On exiting, the gases are anal ysed by gas chromat ography.
20 [0082] The conversion of the nethyl pentane is greater than 98%
Met hane is the onlg/ hydr ocar bon groduct detected. 19 CLAIMS
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separat i n&m;esehenggl um of hydrocyanation into desired l'inear organic
corrpouncfn containing at |east one nitrile functional group and
undesired nitrile by-products, and further conprisi ng
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2. The process as defined by Caim1, wherein the
hydr odeni t rogenati on catal yst conprises a netallic el enment sel ected
fromthe grodf cofw modenyanfiefipbdby Glaim 9 peieranlihasteamhefdiruing amdut heni um
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a ort
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alum nosilicates, silica-alum nas, activated carbons, zirconia,
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. The process as defined by , Wherein the hydrogen absol ute
pr essur ESPARyBEqyceHhicghestrpal qrqpuglng/pédrocyamc acid. g The process as
defined by Caim1l, wherein the tenperature ranges from 300C to 400C.
7. The process as defined by Caim1, conprising producing
adi ponitrile by hydrocyanati on of butadi ene and wherein the desired
nitrile compounds conprise adiponitrile, 3-pentenenitrile,
4-pentenenitrile, 2-nmethyl-3-butenenitrile or m xtures thereof. 20
S. The process as defined by Claim7, wherein the undesired nitrile
by-products conprise nethylglutaronitrile, ethylsuccinonitrile,
2-pentenenitrile, 2-nethyl-2-butenenitrile or m xtures thereof.

9. The process as defined by Caim1, wherein the hydrocarbon
conpounds recovered at the end of the hydrodenitrogenation step are
treated by steamreform ng and nethanation to produce at |east one
| ower al kane, after renoval of ammoni a. 10. The process as
defined by Caim9, wherein the steamreform ng and nethanation is
carried out in the presence of a supported nickel-based catal yst at a
tenperature ranging from 200 to 700C and under a pressure ranging
from5 to 50 bar. 11. The process as defined by Caim?9,
conprising produci ng hydrocyanic acid by reaction of ammonia wth
met hane and wherein the amonia forned in the hydrodenitrogenation
step and/or the | ower al kane forned in the steam

ref orm ng/ met hanati on step are introduced to the step of producing
hydr ocyani ¢ aci d.



