- 1 Process for preparing nitrile conmpounds [0001] The present invention
relates to a process for preparing hydrocarbon conpounds contai ni ng at

| east one nitrile function. [0002] It,relates nmore particularly to a
process for 5 preparing nitrile conmpounds by hydrocyanati on of conpounds
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and
10 ammonia and exploitable hydrocarbon compounds.

[0003] The processes for preparing hydrocarbon
compounds containing at least one nitrile function,
especially a compound containing two nitrile functions,
such as adiponitrile, are practised industrially on a
15 large scale. Of these processes, the one which utilizes
the two-step hydrocyanation reaction of butadiene has
been exploited since the 1970s. The great majority of
worldwide production of adiponitrile is obtained by
this process. .
20 [0004]) Adiponitrile 1s a major chemical intermediate
which 1is 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 wmolecule of
hydrocyanic acid to a double Dbond to produce
unsaturated wmononitrile 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 molecule of

hydrocyanic acid is added to the unsaturation of the



2-met hyl - 3-butenenitrile. [0005] In a second step, a second nol ecul e of
hydrocyanic acid is added to the unsaturation of the -2- nononitrile
conmpounds. Anong the aforenentioned gononitriles, only 3-pentenenitrile can
be converted to adiponitrile; the ot her conpounds | ead to branched
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nDnonlgrlI5&&&@@QHQQs3ptﬁ@&a&égﬁylémé&&gmiﬁ@at are introduced in the second
step either are converted to dinitrile compounds other than adiponitrile,

whi ch 15 cannot be exploited for the production of hexamethyl enedi am ne, or

are not hyfrocypnai®tsoviditls  tdtee congalind ok pertfeneMaN i | e 2- Rl‘kbe is not

hydrocyanated and is reco ered by distill. ra formof a
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chem cal reactions
the mononltrlle compounds other than the 3-PN that are
introduced in the second step either are converted to
dinitrile compounds other than adiponitrile, which
15 cannot be exploited for the production of
hexamethylenediamine, or are not hydrocyanated. Thus
the compound 2-pentenenitrile (2-PN) is not
hydrocyanated and is recovered by distillative
separation in the form of a stream of unexploitable by-

20 products.

[0007] To enhance the selectivity of the first step
towards 3-pentenenitrile compound, the process for
preparing adiponitrile comprises an 1somerization step
which makes it possible 1in particular to convert

25 2-methyl-3-butenenitrile to 3-pentenenitrile.

[0008] In the present text, exploitable compounds or
products are the compounds which can be used as
starting materials in chemical reactions for
synthesizing important chemical compounds such as
30 adiponitrile, diamines (hexamethylenediamine) and
aminonitriles (aminocapronitrile). By unexploitable by-
products are meant the products formed 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



synt hesi zi ng i nportant chem cal conpounds such as 30 adiponitrile, diamnes
(hexanet hyl enedi am ne) and amnonitriles (am nocapronitrile). By
unexpl oi tabl e by- products are nmeant the products formed during the

hydr ocyanatl on process that cannot be Uused economically as a starting
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unexpl oi tabl e by-products in; in particular,
preparation of poiyamlde or as a startlng material for

the synthesis of chemical products. Other ways ot

exploiting MGN have been described.

15 [0010] The other dinitrile or mononitrile by-products
are essentially exploited by combustion to produce
energy. Since, however, these compounds contain
nitrogen atoms, the combustion gases produced contain
nitrogen atoms. It may therefore be necessary to treat

20 these combustion gases 1in units for converting and
destroying oxides of nitrogen, referred to as DENOx

units.

[0011] The problem of treating and exploiting
unexploitable Dby-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 Dby-products

in the form of compounds which are exploitable in and

advantageously recyclable to the process for preparing
35 adiponitrile.



25 process of hydrocyanating butadi ene has therefore still not been fully
sol ved, and new sol utions are constantly sought. [0012] One of the ains of
the present invention is to provide a process for treating these
by-products that 30 does not exhibit 4 he drawbacks of comnbustion and that
allows the overall economcs of the process to be enhanced, in particular
by expl oi tilf@1tHe Byrepr dduensionn adwordinglef eowpdwsds whi phogees
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35 adi ponitril 013 e I nvention accordingly provides a process
for producil§gsiti neae oRghhi £ cofpotme’n cdit ahaidagcarnatdast efe Altrile

function bbﬂ@é@kﬁ%cy%@f@pb%dof c%ata%gagl Cagonpeygd cgpkai BtAg1ahikeast one
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characterized.in t it co rlses treating, the 10 unexp| oitabl e by-products
ina hydro&%ﬁﬂf?&@gl% ?é?s?%%¥%§o+E%£i?oﬂlﬁf%ﬁ €hydr ogen

under an ahselrudadqureessuoe aﬂubehyﬁencgaﬁaamdnlanéﬁbumpmﬁfemabhy, fromO0.5

MPa to 3 MP t.e rafure of  bety nd 5( ly from
300C to 406%ﬁraCttrlz%§Fpré§ence of a ydro g gogen%%%%ﬁ' §§t i n order
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unexpl oitab nin nitril uncti ons t are
gener at ed iapsOieltgr giessage of between 0.1 and 10 MPa, preferably

from 0.5 MPa to 3 MPa, at a temperature of between
200°C and 500°C, preferably from 300°C to 400°C, in the
15 presence of a hydrodenitrogenation catalyst in order to
convert said by-products to ammonia and hydrocarbon

compounds .

[0014] The process of the invention allows some or all
of the streams of unexploitable by-products containing
20 nitrile functions that are generated in the processes
of hydrocyanating olefins, more particularly butadiene,
to be treated for the purpose 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 containing 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
35 invention, the term % HDN or vyield of the treatment
process of the invention 1is applied to the ratio,

expressed as a percentage, of the number of moles of



of hydrocyanating olefins, nore particularly butadiene, to be treated for

t he purpose of recovering the nitrogen atomin amonia formand the major
part of the carbon and hydrogen atons in the formof hydrocarbon 25
conpounds contai ning one or nore carboR atons. [0015] This hydrotreating may
al so be acconpanied by thermal cracking of the hydrocarbon chains, |eading
to the forhpdronasbohydroparbds comreumdsian thont tacgant régen Hiagm and/ or
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gener ated upstream of the

[0017] Thus, in the process for hydrocyanating
butadiene, hydrocyanic acid (HCN), one of the main
reactants of the process, 1is generated upstream of the
15 hydrocyanation step. This production of hydrocyanic
aclid 1s generally carried out by using the Andrussow
process, which comprises reacting natural gas, whose
main constituent 1is methane, with ammonia in the

presence of oxygen or an oxygen-containing gas.

20 [0018] The process of the invention, which produces
ammonia and methane by hydrodenitrogenation of the
unexploitable by-products and steam
reforming/methanation of the hydrocarbon compounds
obtained, allows the recycling, advantageously, of the

25 ammonia and methane thus produced to the hydrocyanic
acid synthesis step. Conseguently the amounts of
ammonia and of natural gas or methane that are consumed
per tonne of adiponitrile produced are significantly

reduced.

30 [0019] According to another characteristic of the
invention, the hydrodenitrogenation catalyst comprises
a metallic element Dbelonging 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.



15 hydrocyanation step. This production of hydrocyanic acid is generally
carried out by using the Andrussow process, which conprises reacting
natural gas, whose main constituent is nethane, with ammonia in the
presence of oxygen or an oxygen-contai ning gas. 20 [0018] The process of the

i nvention, i pr EeTogpuelal d y o] I enation of
t he unexpl@?%gglelggggﬁ%ﬁhcts gégas eB%?%Eggg% "nS%%%tﬁggg%?%% g t he
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t he hydrodenjtrogenation catal yst.co (%iseﬁgta metallic el ement belonging to
the group of* B et @ %ﬁ?réﬁ)fzﬁﬂ §9fm pal | adi um rhodi um and

ruthenium or a transition netal such as nickel. 35 Preference is given to
using plati - 0020] -Advant ageous nd eferably, the catalyst is
of the supp@ﬁgéﬁ cg?g{ysp tgﬁgfegn mﬁ?gﬁh¥% e %Ilﬁgmaca€5W§Pféoglenent is
supported orprpmedes i@l gt inpuefdeabdd yted pon oassnappertakbglsatkdagralum na,
silica, 5 1 i.]lic . §idjca-g um. - acti - car ._zirconia,
titaniun1oi#ggfgﬁﬁhggoﬁ%gggf&Fﬁgglf%#hghgngérr%&ﬁggﬁgrysfqgggpﬁg'invention
conpri $6s piiatigam daposis eahdreep rt selected from the group
consisting of silica, alumna, zirconia, 10 silica-alumnas and zeolites.

[0022] The hydrodenitrogenation or hydrotreating
reaction 1s <carried out in the ©presence of a
heterogeneous catalyst which either 1is dispersed in
suspension in the reactor or is in the form of a fixed
15 Dbed or fluidized Dbed through which the stream of
nitrile compounds is fed. The catalyst may also be

deposited on a monolithic support in honeycomb form.

The present invention 1is not limited to these

embodiments, which are given solely as an illustration.

20 [0023] The preferred hydrodenitrogenation catalysts of
the invention are, in particular, platinum-on-zirconium

and platinum-on-silica-alumina catalysts.

[0024] The degree of conversion (% HDN) of the nitrile
compounds employed 1is 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

ammonia, by distillation, for example.



[ 0022] The hydrodeni trogenation or hydrotreating reaction is carried out in
the presence of a heterogeneous catalyst which either is dispersed in
suspension in the reactor or is in the,formof a fixed 15 bed or fl uidized
bed through which the streamof nitrile conpounds is fed. The catal yst may

al so be de i ted It hi u ] o] Q%ﬂp: rm. _ The present
i nvention igyi%éﬁliéﬁ%é%fmggftﬁé%egnénﬁgg%%%%€%? &ﬁ%% aﬁ%96§3€% g%lely as an
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produces, astIYdPTearbdfi  cEHpountse Y netfigfpentane v &Ry TRIch
majority. {0028 rJhe arikt uae obe canpoiEntsteeCower edeas188 atlvantregeously
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- 7 [0026]PAcTOrd ng’ oaongag?%V3 redC eharAct er T A of < tHE iWenti on t he
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met hane.” This steamrefo ng/ met hanat'| on eatnent I's very y used in
t he petrol et behdastr ¢00apade &P W€ iunslaanent ere H§uUheabEngeitverehe 5 presence
of a catal ysty(gatighytic steamreformng). Typical catalysts for these
reactions include supported 10 nickels. This process is carried out at a

t emperat ure

[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 1is 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 1in the work “Les procédés de pétrochemie”,
TECHNIP, 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 gteps. This process
1s described 1in numerous patents, and a detailed
description 1is available in RAPPORTS SRI No. 31,

35 Supplement B, entitled “Hexamethylene Diamine”.



of between 200 and 700C under a pressure of between 5 and 50 bar. [0027] It
may al so be of advantage to submt the hydrocarbon conpounds obtained in
the hydro- 15 denitrogenation step solgly to a steamrefornmng treatnent.
The hydrogen and carbon nonoxide that are recovered can be directly
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[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 Dbranched
mononitrile compounds (primarily 2M3BN) to 3-pentene-

nitrile compound, the only precursor of adiponitrile.

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



cont ai ni ng one or nore phosphorus atons. These organophosphorus |igands are
sel ected from organophosphites, organophosphonites, organo 10 phosphinites
and or ganophosphines. O these ligandsg _tritolyl phosphite has been used
industrially since the 1970s. [0032] O her conmpounds contai ning two
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branched nononi tr;E ﬁ as 2- rreth | -2 t%%ril trile %2 and
2-net hyl - 25°B2hare enﬁ? rid ém( ZﬁVBB‘f\Br c‘[”6033 HEFESt e earti an

i soneri zat i pnodtepsi s whiow dedarmotonverd t hexphxi ted of ttohesefd:rrrmnched

nmononi tril e, gQﬂ??H}qgfeﬂQ& héy 2’\6[8%035&%91'% pentene; nigJsd eén QRound, the

only precursor o on| e firs step g erates a stream
of  unexpl oss@a@r@tbynprcofdu@ﬁlg W EhoUs mutodust g ocphé&aigecondnste and

cont ai ng, PrigpLi |y, 2MeBNd:0036] | aosgcond ;5. descriped earljer, the

catalytic systemmay be equivalent or simlar to that - 9 of the first
step, but alceertanrysitsith agddeviVds &a€dd is added'@ oftkFs cHte ytic

Eystem In thisnakeRot bBEn3cReRteRen kol ke nis rcaRveegburiadiman trile,
ut 2-pentenenitrile stream is also a stream of
unexploitable by-products which will be treated

15 according to the process of the invention.

[0037] According to the process of the invention, the
streams o©of nitrile Dby-products or effluents which
cannot be exploited to form 3-PN or hexamethylene-
diamine, which are recovered in steps 1 and 2, may be
20 combined and treated, to be decomposed to form ammonia
and alkanes, or only one of these streamg 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
25 remove certain compounds, such as the phosphorus
compounds, which might be poisons for the
hydrodenitrogenation and/or steam reforming and/or

methanation catalysts.

[0038] As indicated earlier, the ammonia and methane
30 that are obtained by the process of the invention are
advantageously recycled to the HCN synthesis plant that
1s generally combined with an adiponitrile production

plant.

[0039] Other advantages and details of the invention

35 will emerge more clearly from a reading of the



also to other, branched dinitriles 5 (nmethylglutaronitrile,
et hyl succinonitrile) which are separated to forma stream of effluents or
of by- products which cannot be exploited to form hexamnethyl enediam ne. In

this second step, the separation of 'tlhoe vari ous products contained in the

10 reaction %ﬂ@ al l.aps 1 ec ry. . h =€ nenj tndy) e, i ¢l was fed
in at the f?rs i;{ge'p andciasaoﬁ/negt golce{{aeﬁ{ cg)r?v%rte%totqoqgji ni t}Jri Iwg\y(;orrpounds.
This 2-pentkhefitzii@rstreamis al so a stream of unexpl oi tabl e by-products
which will be treated 15 according to the process of the invention. [0037]

According to the process of the invention, the streans of nitrile
by- product s{ @4 &k f | Theht S5k cheseahirt Pel@%pVereedats - £6r AS- PN O

hexamet hyl engs 16 @b den 1 b &N ¢ Borf ecoverpskd n steps 1 and 2, may be 20
conbi ned and treated, to be deconposed to formamonia and al kanes, or only
one of these streans may be treated. It may be advantageous to treat these
streanss of effluent scdefiore ubjrctdaigdiem tan thigrcdryict otdeni2r@yenat i on
step, in order, for exanple t':nB.ZS renpve certai th§n%ounds,s .such as the
phosphorus  conpounds® Wi Xch ntght® 5 P oRsPY ot he Cthydr Sdeni trogenat i on
and/ or steam ref orm rgluamdior caretaianiatg ok catedlgyst s pdr@@38lagks iafdi cat ed

earlier, the amoni a and nethang, ?;ﬁoe%pltedirt% &Psl agiﬂqgijhppylé_he process of the
cled to CN synt

invention are advantageously recy the _ esis plant that is
general |y cbiid hled @i ttdhl st adk pomiesr i |GPterigdect i W NPl adt . ZOTII2Ck her

advant ages anohdet aj,{sn 0f Lhecipventipn 3% Ml loemei g mpre clearly froma
readi ng of the

[0042] Catalyst B comprises a silica-alumina support
with a specific surface area of 352 nf/g, which 1is sold

by Condea under the trade name SIRAL10. This support
containsg 10% by weight of $10,.

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 cm® mwin™', 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/ZrO, and Pt/SiAl10 catalysts are collated in
Table 1.
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| es,

5 - catal yst

A. Pt deposit

whi ch are given bel ow solely by way of
The tests descri bed bel ow were carried out with

illustration. [0040]
two hydrodenitrogenation
on zirconia (Pt/Zr02) - catalyst B:
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ﬁ%ic

1004y,

SU ace

% ?i%s SteF %Faéo

ned usi ng

42]

Cat al yst B'é©h®rm8@%dab¥|MXQ¥QﬂQHNQh?@ﬂﬂﬂﬁRQlOWMtﬁh% @éé@PﬂP@ ${@f ace area

of 352 n2/
support ¢

prepared in accordance with
i npregnated with a sol ution of

left to ag
to penetrat

gas '&@ b

ontains 10% by

e at
e the pores

%Pégmab¥m£@§g§@

wei ght of Si

ThpgnLnducts,

0%5@@% [ 004

t he procedure bel ow

e then dried

110C and s
flowrate

ubs equamyls)t ca
of 60 cnB mn

cJ &gdmargs >
1, tenperatur

I e f r&d on at
> ranp of 2C m

n- for deco

mjgrn t ha r

rade nane SIRAL10. This
These catal ysts are
[ 0044] The supports are
hexagBher gpl atinic acid H2Pt C16. They are
anbi ent tenperature for two hours to allow the solution 20
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pl ati num (0045} The physi
Pt/ Si A1X0 catalysts are collated in

[0047] the abbreviations used have
the meanings indicated below:
MP .
MPip:

In Examples 1 to 4,

2-methylpentane
3-methylpiperidine
10 Pic: picolines (B-picoline, 2-amino-3-picoline,
6-amino-3-picoline)

HDN : of

relative to the number of

% percentage hydrocarbon products
containing no nitrogen atom,
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

[0049] The
methylglutaronitrile

(HDN)

out

of

various

reaction
at

hydrodenitrogenation
was carried

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-
The hydrogen, whose flow
(0-200 ml/min),

into a saturator which 1s filled with liquid

25 rate 1s regulated by a mass flow meter

bubbles

MGN, then passes 1nto a condenser whose temperature

controls the partial pressure of MGN. The MGN partial

pressure 1is 1.33 kPa. The reactor 1is placed in a



-11- [0046] The dispersion and platinumparticle size were determ ned by
hydr ogen chem sorption. The platinumwas assayed by plasna em ssion

spectronetry. Table 1 Catalyst o by nmass of Dispersion sparticle [nn] Pt
[s] A1.1 60 1.7 8116614 5 [004 InExarrpIeslto4 t he

abbrevi atio h a b Mk hy] pent ane
MPI p: 3- metﬁé?pl perlﬁ\ly%e 1 5@ né&gé?l:ér}gﬁsrc dSp| géo ne "ErT}{) 36J pi coline,

6- ami no- 3- pPtat i nen Hmvbeper%@ml@*gér of Thgzdmﬁﬁﬂtbmn pﬁ@@\gétfgtué@ntnaﬁ ni ng no

nitrogen at@oycfigbatiy trﬁe&ﬂ@@ nyfrbes ofne Rl &suOfe COPAIds,d 0 digs treated
that are enpl oyed. 15 0048] Exanple 1: Hydrodenitrogenation of M3N under an

absol ute pressal¥sbib®d1 MPa using catal yst A [0049] The

hydrodenltrogenatlon (HDN) reaction of nmethylglutaronitrile was carried out

at vari ures and un an .absol ute res ure of 0.1 MPa, 20 with a
Iééﬁggfea% 19I‘?\nﬁ

hydr oge P BESHFT i hoGndORIFIRel BBd O Tof "Eat@YHEA ith a mmss
of 15 ng, astordhag Treatheonfobhrommgsproq:ﬁéure;emp@ratdweamccf mudreor eact or .
[ 0050] The reactlgnsmaétsgr rlcso%s g % mranth o gll lélit aror&gé&;ée and
hydr ogen. THEPAYAr 6gen™ Wi g fPow f&1Ys raégﬁl & a mass fl ow
nmeter (0-208 ntam ny, sbubll es thEoealsabLﬁr ather twisitchrd s:dnddre&da viilteh |iquid
MIN, then pagses; LAt G AEN0ENSEIa WRRse LEOBGLAFILE 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 IT 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.



controls the partial pressure of MGN. The MAN partial pressure is 1.33 kPa.
The reactor is placed in a -12- tubular oven whose tenperature is controlled
by a platinum probe regulator. The rggg;ion tenperature is measured by
means of a thernocouple sited at the <¢catalyst bed. 5 [0051) To prevent the
condensati o he acl.ant, an e _react i dyct erature
of the app39§%8 agégnﬁ%gﬂfggcggggg?%%tﬁf%nﬁéééh%%% gﬁ'?%ﬁ%pg ;E?Pap IS
sited at theeégiwt of the test to condense the reaction products and the
unconverted reactant. The 10 gases then | eave at the vent. The conpounds
recovered are primarily 2-nethyl pentane QNP) as hydrocarbon conpounds and
3- et hyl pi peridine (MPi p) and picolidvderrILts derivatives, denoted
collectively by Pic, as conpounds containing a nitrogen atom 15 [0052] The

different yiefds obtained are coljffated in| Taple '] below. Tgable T T[] 250
300 350 4007T ' gen-25%H 3 78 63 64.9 3% contaifPng (3 4381
(65-5.3) (5§i§r@er(-27d7'70)631(.:§0- 9- (rJz) GSEBng8t$5('hnC|7;JdiM7) Pi([c) 5;.4131.(8 I\/g p) [%
Wﬁgﬁﬁg{ quﬁ/?%‘)t%%zi"[%oq&j}ééﬁﬁlg 2&7' dr cd-eﬁ‘ﬁ)st'%éenéé%'ﬁ'%f f\}(gwgt]ﬁbe’ an
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 1s injected, after
letdown to atmospheric pressure, into a gas
chromatograph via a six-way valve.
[0058] The vyields obtained are collated in Table IV
15 below:



20 absolute pressure of 0.1 MPa using catalyst B [0054] Exanple 1 is

repeat ed except for the type of

The vyi el ds

300 350 400 450 Nitrogen-

catalyst, which is catal yst B.
obtained are collated in Tabl,e IIl below Table Il
61.3 68.3 65.7 58.7 43.8

-13- [0055]
T [0] 250
cont ai ni ng (4. 4-50)

(57.5- (48-0) (25.9-0) (9.9-0) produygts 2y5) (including Pic and Mip) [%
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] Exanple 3: Hydrodenitrogenation of M3N upder an
absol ute pressurg gqk;1l MPa jusi ngsgatallyst Agp0057] Exaggy e 1|iszpgpeated
usi ng 50 of —catalyst—A—wth an—abgotute pressureof —1WPa,—am MN
partial pressutérepen:33 kPa atid% hydrogeh ¥ ow|ratébel 10(163% nin. Wen
the tests are gahrtdfeh QUL UNQErs.-9RN.@SSUIS. 4L BE. §LACHI108 - 71 Xf Ur 55.%)i Nj ect ed,
after letdown to atnospherjic pressure, into a gas chromatograph via a
si x-way valve. Po®®#tSThe yj el ds obtaijned are colllated in Table IV 15
bel ow. -141 TahkeudMgl Hik 250 300 350 (400
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) [%] |
1
Hydrocarbon 34.4 95.6 100 96.6
products (32.9) (90.7) (86.3) (54.9)
(including MP)
[%]
10

[0062] Example 5: Hydrodenitrogenation of MGN under an

absolute pressure of 0.55 MPa using catalyst B



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) [%4 Hydrocarbon 4.1 32.1 49.5
22.2 products (2.8) (32.1) (44) (11.4);_(including MP) [% [0059] Exanple
4. Hydrodenltrogenatl on of MGN under an absolute pressure of 1 MPa using
catal yst B 060] is;tep ce t ty, f at al yst,
which is cata ysi3 Eg‘?@%’g% %h l%el @bg ttgﬁnegina%%colgﬁat eé(}%l(ﬁlul'taé: le V
bel ow. Tabl Br§sFufE 25D %@%Wmoovltmtﬁogémdresee 4t 409 3ratecdift ai ni ng
(0.9-64.7) {1:8/3i1) akdBhn(Bod- Bhre DEOUMELSSALBCLETE g3 Pkoa and WP ) [
Hydrocarbon 34.4 95.6 100 96.6 products (32.9) (90.7) (86.3) (54.9)

(i ncluding MP) 10 [0062] Exarrpl e 5. Hydrodenitrogenation of MAN under an
absol ute pressyne ofhd. 55 R ushngicabalapsd Bo115tef006G3] TExaspler 4 is

r epeat ed un e;ﬂan absolute pressure of 0.55 MPa with a hydrogen flow rate

of 4 mI¥m B:an MGN partial pressure of 1.33 kPa.
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 99.7
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°C.

[0068] Example 6: Hydrodenitrogenation of a by-product
20 obtained from a wunit for preparing adiponitrile by

hydrocyanation of butadiene, over catalyst B.



[ 0064] The yields obtained are collated in Table VI 5 below. 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) [%%)L Hydrocarbon 69.8 100 99.7 products
(68.6) (93.9) (78.5) (including MP) [ 865] These results show that the
catal ytic actiddy ofar 0 i %rggrrl'n o] i nder ..,10

at nospheric [tp)dro\ésls9ts]ur(139r;&(girub:)aéq{téeqrrgftgrgzlic%q ,e,gﬁf%méiwgo%d‘@éaynd‘ggs%c [ 0066]
Under a pregsincdaicss 1onpPaffinenypeldipanehénghyidicotenie r 6§eRarrbACBf MON i s
hi gher, anddfeaﬁﬁ§?oﬁit¥§hlée}ﬂf 10R%-t9unact eppes at wie L£fi SROC. Thas[ 0067]
Under a pressure of 0.55 MPa it iS alsO possible to obtain ield of 100%
in the hydrié§enPir&FENAGton CORtRBERIEor PEIT8RPpEY at ar BEHFY 1968E2TP0068]
Exanpl e 6: Hydradeni tragenadnoimpfa adbye progicdn 2Paebiehnedchbiemea unit for

preparing adi ponitrile b hydrocyanati on of but adi.ene,, over, catal yst B.

Pl6: 10068] B odtiGer BEBFEAGI pohi (7719 HeS a HHRGE: G- prodiett or

ef fl uents orirgieratuheg danemMdie qurreeac.ati on  of adiponitrile by

hydr ocyanati on of butadi ene. Thus the by-product containing primarily

2-nmethylglutaro 5 nitrile, representing a distillation fraction recovered
[0070] This MGN stream was used to carry out Examples

6 and following. It has the following composition by
10 weight:

. 2-methylglutaronitrile : 85%
. 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, 1in 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 92.1 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:



in the process of separating adiponitrile, is sold under the name MaN
stream [0070] This MoN streamwas used to carry out Exanples 6 and
following. It has the follow ng corrpos_ilt7i_on by 10 weight:
2-methylglutaronitrile : 85% ethylsuccinonitrile : 11% adiponitrile 3%
ot her conpo %1 7 d i tr.0g i ( ]ggectggn of the
crude MGN aﬁg‘\%“p\%&s %a%%%e?%%?&a%gdpﬂgggen%rp tgg%%ggg?u es,ssrim er an
absol ute prdssthee fofr 02 5By WPagethjdpogentel oW i alofmis mudi anaHaNMVGN
partial  pressyne 0, 3R kPa)r W 14y gpmssytie £ B ¥St B8l t 28080200, in
accordance with the procedure described in Exanple 5. Table VII T ['d 300
350 400 Ni £08gén- thel 33 HPN 13 I108t-ai ni ng products in Hydrocarbon 92.1 93.3
88.3 products in % 25 [0072] Exanple 7: Hydrodenitrogenation of a
by-product obtained froma unit for preparing adiponitrile by
hydr ocyaﬁati[(9|978‘f] bt EdPe e - 17- Exanpl e 6 was repeated under an absol ute
pressure of 1 MPa for a hydrogen flow rate of 16 m/mn and an MaN parti al
pressure of ;33 kPay Uader thesg,gondiiiopsaat . 30C Lhe LEBNEe 100%
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
%
Hydrocarbon 2.9 22.1 26.1
products in
%

15 [0076] Example 9:

[0077] Example 6 was repeated wunder 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:



5 [0073] Exanple 8: [0074] Exanple 6 was repeated under an absol ute
pressure of 0.55 MPa but using, as the catalyst, a comercial platinum
catal yst supported on zeolite, sold by,Sud Cheme. This catal yst contains
0.3% by weight of 10 Pt and has an Si N atonic ratio of 11.5. [0075] The
results are collated in Table VI {ggﬂ)fg\ﬁIXTabl e VIl T[C 250 300 350
Nitrogen- 80.1 70.2 72.9 <containing products in % Hydrocarbon 2.9 22.1
26.1 products in 15 [0076] Exanple 9: [0077] Exanple 6 was repeated under
an absolute pressurg pa‘c]O 55 I\/Pazggt usgi ng, 306 the catafyst, |a comerci al
pl ati num cat al yst—suppotrted—on—zitconia,[—sord by Johnson Matthey. This

cat al yst cont ai ns ¥itbpgeno vw5| ghfi5 & Pt|. [0D78] The re$ults are collated in
Table I X bel ow |- 1&ncalisd X[ T [C] 250|300 350 Nijtrogen- 65.14 2.6 4.7 |
cont ai ni ng proddcts i.n Hydrocarbon 28.5|97.5 95.3 |(products in _% [0079]
Exanpl e 10: St eanPFeABFPndPand net hanat|i on of
%

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
welght of nickel). The temperature 1is maintained at
about 550°C by external heating. The pressure is
regulated at 23 bar. On exiting, ﬁhe gas 1s 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 N1l/h of hydrogen.

On exiting, the gases are analysed by gas
+  chromatography.
20 [0082] The conversion of the methylpentane is greater

than 98%. Methane 1is the only hydrocarbon product
detected.



5 net hyl pentane [0080] A streamof 5 g/h of nethylpentane is fed to a
reactor in gas phase in parallel with a water streamof 7.5 g/h. [0081] The
react or contains approximately 100 n1_$5_a 10 ni ckel -based cat al yst
supported on alumna (70% by weight of nickel) . The tenperature is

mai ntai ned at about 550C by externabLﬂggging. The pressure is regulated at
23 bar. On exiting, the gas is cool ed an fed directly to a second reactor,
containing 100 m of 15 N catalyst supported on alum na, operating under

16 bar and at 27@GocEhiss gegondrreactal i $iakse fedgamith aomppshast flow
rate fixed at 15 N /h of hydrogen, On exiting, the gases are anal ;sed by
gas chromat ogr afRYPEa20-1PE08 AT TheeedhvePBfon T3 HPHE met A pEMR ankYi s

greater sthan 98%ydvelcdhamne tisrt hef orly bygsncar kemppieoductondet rehgd. - 19-
CLAI M5 1. Proces%'fog $roducing i eﬁg or gani ¢ cgngognds cont ai pj ng at

| east one nitril &% unction by™®s HydRocTHiat i SHS8F AR 6?8anf€100ﬁ%8und
containing at | eastseome ethyheriarainysat usyadtiem, | notmpeispngsence of a
catal yst system rij.si e Iy i

hydr ocyanati on ﬂ%&%é%ﬁyﬁmo%}as,%aﬁﬁr&ﬁkg&mfé?ﬁéy%%%{p%ﬁﬁdéggﬁﬁm10
unexpl oi t abl e ni o | emégipr odgetos oitiedlact entredlei n aw@oundsconpriises
treating,the une&agg?%%ﬁ$§b1@ this k¢ BY- PLodPebaubPsa hydrpdepLifoggnation

step by reaction w rogen under an absolute hydrogen pressure of
bet ween 0.1 and 1@ MPaakt i& comprises treating the unexploitable

nitrile by-products in a hydrodenitrogenation step
by reaction with hydrogen under an absolute
hydrogen pressure of between 0.1 and 10 MPa at a
15 temperature of between 200°C and 500°C in the
presence of a hydrodenitrogenation catalyst in
order to convert said by-products to ammonia and

hydrocarbon compounds.

20 2. Process according to Claim 1, characterized in
that the hydrodenitrogenation catalyst 1is a
metallic element selected from the group
consisting of platinum, palladium, rhodium,
ruthenium and nickel.

25

3. Process according to Claim 2, characterized in
that the catalyst comprises a metallic element
supported on a support selected from the group
consisting of alumina, silica, aluminosilicates,

30 silica-aluminas, activated carbons, zirconia,

titanium oxide and zeolites.

4, Process according to Claim 3, characterized in
that the catalyst comprises platinum deposited on

35 a support selected from the group consisting of
zirconia, silica, alumina, aluminosilicates and

silica aluminas.



15 tenperature of between 2000C and 5001C in the presence of a

hydr odeni t rogenati on catalyst in order to convert said by-products to
anmoni a and hydrocarbon conpounds. 20,2. Process according to Caiml,
characterized in that t he hydr odeni tr_ggénati on catalyst is a netallic

el emrent sel esct ed f kOI fge%cgtr%ﬂp égoggi % ng)foftkpe %f_é’l&l&% g@Lkﬁg&tAen r hodi um

rut heni um and ni € s acco d| ng ar ac zed in
that the catal ystcheommtiesesea netal | itdragl enéh@ émﬁmqeéd oAb&csupport

sel ected from the, grounc gg%ewe%gl of sahvpy Ry sihMpgad, aluminosilicates, 30

silica-alum nas, activated carbons, zirconia, titanium oxide and zeolites.
4. Process accordl ng to Caim3, characterized in that the catalyst

conprises plati nw&%@%slat@ébmnf&@ sHPPOEt SRl estecediee theigsoup

consisting of zirconia, silica um na, al um nosilicates an silica

al uminas. -20- 5CBIGEEST igsCor i nghes e of ®FRETpFECEdi Iy EFANRED
characterized i nstohatc thel lydreagen absol ute pressure is between 0.5 MPa and
3 MPa. 5 6. Process according to any of the preceding clains, characterized
in that the tenperature is between 300C and 400C. 7. Process according to
any of the precedimgedsaias;ordihghasasher bfedlien phatedingonmprises

D S0LCH 082! POV I M OEYSNBHLEN O DA EN AL e
adiponitrile by hydrocyanation of butadiene and in
that the exploitable nitrile compounds are
adiponitrile, 3-pentenenitrile, 4-pentenenitrile,
2-methyl-3-butenenitrile or mixtures thereof.

15
8. Process according to Claim 7, characterized in
that the unexploitable nitrile by-products are
methylglutaronitrile, ethylsuccinonitrile,
2-pentenenitrile, 2-methyl-2-butenenitrile or

20 mixtures thereof.

9. Process according to any of the preceding claims,
characterized in that the hydrocarbon compounds
recovered at the end of the hydrodenitrogenation

25 step are treated 1in a steam reforming and
methanation step for producing lower alkanes such

as methane, after removal of the ammonia.

10. Process according to Claim 9, characterized in
30 that the steam reforming and methanation step is
implemented in the presence of a supported nickel-
based catalyst at a temperature of between 200 and
700°C and under a pressure of between 5 and
50 bar.
35
11. Process according to any of the preceding claims,
characterized 1in that it comprises a step of
producing hydrocranic acid by reaction of ammonia

with methane and in that the ammonia formed in the



adiponitrile, 3-pentenenitrile, 4-pentenenitrile, 2-methyl-3-butenenitrile
or m xtures thereof. 15 8. Process according to Caim?7, characterized in

that the unexploitable nitrile by-products are nethylglutaronitrile, ethyl
succinonitrile, 2-pentenenitrile, 2-methyl-2-butenenitrile or 20 mixtures

thereof. 9. Process_according to any of the preceding clains, characterized
in that the hydr dREiHORERbIHOURMRE 1Pecovdisdd aplEheTend ot t Mgthane

hydr odeni t r ogenat i ®An@® shephar grbhapatredoriiaggheamanataom R epNthre

nmet hanati on step qgﬁPrOQECing Iomgr al kanes ﬁg@? as_net hane, after renova
of the ammonia. 18°9Prockss BTTRrAF M O EHAT Y r QR ALt e?F¥8d in 30 that
the steamreform ng and nethanation step is inplenented in the presence of
a supported nickel - based catal yst at a tenperature of between 200 and 700C
and under a pressure of between 5 and 50 bar. 35 11. Process according to
any of the preceding clains, characterized in that it conprises a step of
produci ng hydroctanic acid by reaction of anmobnia wth nethane and in that
the ammonia forned in the -21- hydrodenitrogenation step and/ or the nethane

formed in the steam reform ng/ nethanation step are fed to the step of
produci ng hydrocyani ¢ aci d.



