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relates to a process for hydrofornylating a conpound

havi ng at | east one olefinic carbon-to-carbon bond

(also called an ol efinic-canpound herein). In

particular, the present invention relates to 5 the

roducti on of aldegydes and/ or al cohol s. by the
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catal yst. Various processes for producing al dehyde
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to compounds obtained by the addition of a carbonyl or
carbinol group, respectively, to an olefinically
unsaturated carbon atom in the starting material with
simultaneocus saturation of the olefin bond. Isomerization
of the olefin bond may take place to varying degrees
under certain conditions with the consequent variation of
the products obtained. These processes are typically
known as hydroformylation reactions and involve reactions
which may be shown in the general case by the following

equation:



5 + isoners thereof In the above equation, each group
Rl to R4 may i ndependently represent an organic
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20 In attempts to improve the efficiency of a
hydroformylation process, attention has typically
focussed on developing novel catalysts and novel
processes for recovering and re-using the catalyst. In
particular, novel catalysts have been developed which may

25 exhibit improved stability at the required high reaction
temperatures. Catalysts have also been developed which
"may permit the single-stage production of alcohols rather
than a two-step procedure involving separate
hydrogenation of the intermediate aldehyde. Moreover,

30 homogeneous catalysts have been developed which may
permit improved reaction rates whilst providing

acceptable yields of the desired products.
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walewaipose during the reaction to produce cobRCT/EP2003/050771

and/ or cobalt carbide (a conpound of cobalt and

carbon, enpirical fornmula CoxC, where x is 2 or 3).
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and cobalt solids impedes the running of a

20 hydroformylation production facility with optimal
efficiency. The presence of these cobalt or cobalt
carbide solids also increases the rate of catalyst
degradation.

Furthermore, cobalt and cobalt carbide solids

25 present in “dry” spots of the reactor section including
the pipework, as is the case in reactors which have a
“gas cap” (also known as reactcrs which are not “ligquid-
full”) may catalyze the following methanation reaction:

CO + 3Hp - CHy + Hp0

30 Due to the highly exothermic nature of this

reaction, this can lead to an undesirable increase in
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20 According to a first aspect, the present invention
provides a hydroformylation process comprising reacting a
compound having at least one olefinic carbon-to~carbon
bond with hydrogen and carbon monoxide in the presence of
a cobalt catalyst, the hydroformylation process being

25 carried out in one or more reactors, at least one of
which comprises a gas cap region and a liquid-containing
region while in use, characterized in that a sulfur-
containing additive is present on the inside walls of the
gas cap region of the at least one reactor which

30 comprises a gas cap region and a liquid-containing
region.

The process according to the present invention

addresses the technical problem of methanation that we



conmpound having an ol efinic carbon-to-carbon bond in
the presence of a cobalt catalyst. Suitably, the
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gas cap region in 5 one or nore of the reactors which

are not "liquid-full™, or which contain a gas cap

region and a |liquid-containing -regi on, suppresses the
formati on of nethane conpared with perform ng the
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and a |iquid-containing region while in use
2004/ BB67 FASPET? E9F00R GHFIReS Mainly hydrogen and/or
20 carbon monoxide which are reactants in the

hydroformylation process, with up to about 25% by volume
of the gas cap region of other gases such as methane,
ethane, carbon dioxide and nitrogen. It is in the gas
cap region of a reactor where so-called “dry spots” occur
25 on the walls of the reactor. “Dry spots” are parts of
the inside wall of the reactor which have not come into
contact with the liquid present in the liquid-containing
region of the reactor. It is at these dry spots where
methanation can occur due to the deposit of ccbalt and
30 cobalt carbide solids which catalyse the methanation
reaction.
As used herein the term “reactor comprising a gas

cap region and a liquid-containing region while in use”
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hydr of ornyl ati on process, conprises a gas cap region
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20 one reactor which comprises a gas cap region and a
liguid-containing region (referred to hereinafter as the
“relevant reactor”). The additive is preferably
introduced into the relevant reactor while the latter is
off-line or is not in use.

25 The additive 1s preferably introduced onto the
inside walls of the relevant reactor after it has been
cleaned of any solid deposits, for example, during a
shut-down of the plant. However, the additive may also
be introduced onto the inside walls of the relevant

30 reactor on top of any solid deposits, again preferably
during a shut-down of the plant.

The additive may be introduced on to the walls of

the relevant reactor in the form of a liquid or gas.



the relevant reactor in the formof a liquid or gas.
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of the relevant reactor in the formof a liquid, for
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20 reactor for a sufficient amount of time, the solution
should be drained out of the reactor and the reactor
should be rinsed with water or an organic solvent in
order to remove excess additive.

Alternatively the inside walls of the relevant

25 reactor can be sprayed with an aqueous and/or organic
solution of the additive in order to passivate the cobalt
and/or cobalt carbide solids on the walls of the reactor
with additive. Again, it is necessary to passivate the
cobalt and/or cobalt carbide solids on walls of the

30 relevant reactor to such an extent that methanation is
prevented or reduced to an acceptable level during the

hydroformylation process.



prevented or reduced to an acceptable |evel during the
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reactor in the formof a gas. Suitable gases for use
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sul phi he gas is introduced into the relevant
lpeact%ﬁluftépna sufficient anount of time to passivate

the cobal fhapd/ier ae@balte 28 ﬁﬂfx‘%ﬁd@e&@ni Gﬁeofbﬁnh%f a gas
wal | s of the reactor. to such extent th

met hah%tllsoﬁrF§erﬁe€vEﬂ?‘édh&Pt‘?%&?588 g é‘ﬁedac‘%‘}é:pttﬁﬁl gure
I S\éel gﬁlrdaﬂgalm_déydﬁﬁd owgmhadﬂmﬁargumsara'hesed it is
additive can introduced ipnto t vant _reactor
at vaPTowe=r |ﬂt§ﬁ7'altt © %arsefcgrg%ltns aﬁ {%ae&r gn%epérf 25

f5r om sulpghuper Forixhmpbe arfce élernpdbgyedrssa mbsteire of

pr ef eﬁ@&é&éew Qﬁp%qgg gye r&gtﬁo@ﬁmcﬁ 0 QRGEL VAL >er

years monce a year to once every
year sgredties ébmﬁltglhién@f dthet é%@%@uﬁ@%epﬁé%suﬁ@eaﬂas

whi chithg addiitiyants td neiuead irBhecdheokeh emaiticient
reaCtgéoéggaof time to passivate the cobalt and/or cobalt

20 carbide solids on the walls of the reactor to such an
extent that methanation is prevented or reduced to an
acceptable level during the hydroformylation process.

The additive can be introduced into the relevant
reactor at various intervals, preferably in the range of

25 from once per month to once every 5 years, wore
preferably from once every 6 months to once every 3
years, especially from once a year to once every 2 years.

The conditions of temperature and pressure at which
the additive is introduced into the relevant reactor are

30 not critical and the choice of these conditions are
within the ambit of those skilled in the art.

Conveniently it is preferred that ambient conditions of



30 not critical and the choice of these conditions are
wthin the anbit of those skilled in the art.
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The additive may be an inorganic compound which
includes a sulfur atom, preferably in an anion.
20 A preferred inorganic sulfur-containing additive is
any sulfur-containing compound that is capable of forming
a sulfide anion (S?7) in solution.
Such additives may include a sulfide anion (527) per
se, for example an inorganic sulfide such as sodium
25 sulfide. Alternatively, or additionally, such additives
include those compounds which do not include a sulfide
anion (S%7) per se, but are capable of generating a
sulfide anion in aqueous solution, for example sodium
hydrogen sulfide.
30 Thus, preferred inorganic sulfur-containing
additives include: metal sulfides, preferably of
empirical formula MyS, where M is a metal cation and

either x is 1 or 2 and y is 1, or x is 2 and y is 3;



hydrogen sul fide. 30 Thus, preferred inorganic

sul fur-containing additives include: netal sulfides,
woe@iesabl y of enpirical formula MkSy where MCEER2003/050771

nmetal cation and either x is 1 or 2 andy is 1, or X

iIs 2 and y is 3; WO 2004/056732 PCT/ EP2003/050771 10

nmet al hydrogen sul fides, préT%?ébly of enpirica

formul a N%Sﬂ?z where M represents a netal cation and
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especi al Iy, sodium Especially preferred | norganic

sul f lrredgnpalnifrgnisrHyay t Ptessinel (rid céomli agsekfimend

(Na28)inchyduogenrsvbidfle +RAOGhet8sPEM i@k ¥Ys Mis'é%m, or
hydrogen sulfide (NaHS). The additive may be an
or garfi®esuptt¥~ SGALEM ni ng  conpound. Preferred organic

sylfF;;(:oaspéfﬁau;yaﬁﬁéﬂérvgﬁ 1ﬁd%@hﬂ£83éd#iaﬁéfonta?ningd
i su s, thioethers and thi gphenes. referred
s o1 24IER 5t cuBeR Tyt HesterIBP al 28 ol TSGRy L de
wher e, /26 EepEesanyS ok Alddqelr s@lMlgeasnaf)i ned
hereinafter. A preferred disulfide is represented by
the genef&F 3HRiVe HR. 88 RY OLAAB & SHLRBT 26N IREN&BE h
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i ghl) pref erred, disyl fides bot a
Fent cRAEEOREr 1% Ry EAIG oGOt T BBt Lqrbenes . A
Bepr epesfteedebytiike igermprakeficrdril atiR6-g8nBYa Wiyreiiha R6
and R7. each _inde endentlﬁ represent | ower alkyl or .
aryl . KU1 YRRt &f o FPREPSERF Bt HEFsaLRE) Gde By [aswepfined
al kyl jedinbirdes, R2brespaedall yuidiget 1y lrepubfdrtiad By the
preferred thiophene %s t hi ophene itgelf.

general formula R®-8SS-R/, wherein R® and R’ each

independently represents lower alkyl or aryl. In highly

20 preferred disulfides both R® and R7 represent lower
alkyl. A preferred thioether is represented by the

general formula R6-5-R7 wherein R® and R7 each
independently represent lower alkyl or aryl. Highly
preferred thioethers include di(lower alkyl) sulfides,
25 especially dimethyl sulfide. A preferred thiophene is
thiophene itself.
Highly preferred organic sulfur-containing additives
include dimethylsulfide and thiophene.
An especially preferred sulfur-containing additive
30 is sodium hydrogen sulfide which generates a sulfide

anion (8%7) in aqueous solution.



Hi ghly preferred organic sulfur-containing additives

i ncl ude di net hyl sul fi de and thi ophene. An especially
w@e@imese7ezrl sul fur-containing additive 30 is spdi/Ep2003/050771

hydrogen sul fide which generates a sulfide anion

(S2-) in aqueous solution. WO 2004/ 056732

PCT/ EP2003/ 050771 - 11 The termlower al kyl includes
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preferred, _eth and, especi al | 20 The t
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25 hal oal Ky, 8 R8, g?ﬁ?&d WhELe, LEPL esent s
a Iomef%igl I‘ougs?r')LHCS%}IQLgr oeug(I fe?rre%i ar %fr gl?oups
are especially n-propyl and n-butyl, and, most preferred,

ethyl and, especially methyl.

20 The term aryl includes six to ten-membered
carbocyclic aromatic groups, such as phenyl and naphthyl,
which groups are optionally substituted by one or more
substituents, for example 1-3 substituents, preferably
selected from halo, cyano, nitro, lower alkyl, lower

25 haloalkyl, OR8, C(O)ﬁB, C(O)OR8 where R8 represents a
lower alkyl or aryl group. Preferred aryl groups are
unsubstituted. Highly preferred aryl groups are phenyl
and tolyl.

The term halo includes fluoro, chloro, bromo and

30 iodo.

Preferably the cobalt catalyst comprises cobalt in

complex combination with carbon monoxide and/or an



unsubstituted. H ghly preferred aryl groups are phenyl
and tolyl. The term hal o includes fluoro, chloro,
wheaansasr 30 i odo. Preferably the cobalt cateCTEP2003/050771

conprises cobalt in conplex conbination with carbon
nonoxi de and/or an WO 2004/ 056732 PCT/ EP2003/ 050771 -
12 organophosphi ne. A hi ghl'y*®freferred catal yst
herein conprises cobalt in conplex conbination with
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Any essentially organic_ derivative of trival ent

phospH6r GSP& t FORRNT ST éfot igduerdctalenre state.

confi gur abhPihd1e BrgdHdpBBlshireganghiarr ihbuaLehake
catalyst. It thus. wll operate as a ligand in 15,

19 or mity 1P Ae? desivpéent FHRPPRISa PSR .haﬁgﬁgn?rl? eIat e
OL anyr %inzRapadl p@ﬁ)ﬁmlsieﬂ.'beilﬂrdﬁiﬁ bey etmadeﬂanq;htolaganic
phosphar.us,_at om_ For_exanple the or ophosphi ne,

P amrity e St EE e P et Sryf GO PRS kB s
al i pheltdctrantd aron€yehraliophag iec santkdidre 20gdet eoacydi C
and/ ol BnRMBLL £ s3I £218u5341 S LhBdd 85 LM GEng in
val ences. These radicals may contain a functional

1§r oupfwwéhgathe glegdnsd cobatbosdirlyat ¢ ro, ami no,

hydroxy, osghifatad:ofidngaiiy atied £ RBARLOrCNPARY be
I i nkages, and saturated and unsaturated
non- c26A- £8- e BBASPRATREgRECM 250 teXaPAR S ui t abl e

for agrfIn@pRbSpHid@di Cadarddmay comprise a trivalent
phosphorus having aliphatic and/or cycloaliphatic and/or
20 heterocyclic and/or aromatic radicals satisfying its
three valences. These radicals may contain a functional
group such as carbonyl, carboxyl, nitro, amino, hydroxy,
saturated or unsaturated carbon-to-carbon linkages, and
saturated and unsaturated non-carbon-to-carbon linkages.
25 It is alsc suitable for an organic radical to
satisfy more than one of the valences of the phosphorus
atom, thereby forming a heterocyclic compound with a
trivalent phosphorus atom. For example, an alkylene
radical may satisfy two phosphorus valences with its two
30 open valences and thereby form a cyclic compound. Another
example would be an alkylene dioxy radical that forms a
cyclic compound where the two oxygen atoms link an

alkylene radical to the phosphorus atom. In these two



satisfy nore than one of the val ences of the

phosphorus atom thereby form ng a heterocyclic
w@ormosstd2 Wi th a trival ent phosphorus atom FpCT/EP2003/050771

exanpl e, an al kylene radical may satisfy two

phosphorus val ences with its two 30 open val ences and

thereby forma cyclic conpound® -Anot her exanpl e woul d

be an al kiﬁene di oxy radical that forms a cyclic
conmpfifaPhRer Eheheh Xt PERRGT Uat BRkercenRavrbe glafky Ersl

radi o8} ahQ bheePBegHh@ wsqatom In these two WO
2004/ 056732 PCT/ EP2003/ 050771 13 exanples, the third
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Pr esefospRBdus hdeObkbsent) ShdtRDk6reobalt catal ysts

for use in the process o the present invention and

Phei r et FYdsafe SPBRHT é’laitBﬁYSti’r &08i &3q d8eb§ PugSess of
Pat entise %9@15@&1‘135@&@5‘15 ,ana4ﬂieéb_58metl&%8$57pre%§b%@898n

and 3440291, .all qf which a r ej
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ic an

or by reféeren
t he preseﬁ’t FRvVention are tﬁose Whi
Or gantztalystt Larsubshespirliy honpmedeoes pe@hathg rzpaction
bi cyc l%\-[&% het erocyclic tert-phosphine |igand,
pref er as disclosed in US Patent 3501515.

Repr esent aftlieﬁ@r’é%hr?ﬁpé%t Gt advet [Frgamtss Pnéhederocess of

9- hydegg i lalen9- phesphabifeckBd s dnltnon@d@de an organic

tertiary phosphine ligand, especially a bicyclic

20 heterocyclic tert-phosphine ligand, preferably as

disclosed in US Patent 3501515. Representative examples

of such ligands include:
9-hydrocarbyl-9-phosphabicyclo[4.2.1]nonane;
9-aryl-9-phosphabicyclof4.2.1]nonane,

25 such as 9-phenyl-9-phosphabicyclo{4.2.1]nonane;
(di)alkyl-9-aryl-9-phosphabicyclo[4.2.1l]lnonane,
such as 3,7-dimethyl-9-phenyl-9-

phosphabicyclo[4.2.1]-nonane and
3,8-dimethyl-9-phenyl-9-phosphabicyclo[4.2.1l]nonane;

30 9-alkyl-9-phosphabicyclo[4.2.1]nonane,
such as 9-octadecyl-9-phosphabicyclo[4.2.1]nonane,
9-hexyl-9-phosphabicyclo[4.2.1]}nonane,
9-eicosyl-9-phosphabicyclo[4.2.1])nonane, and



9- aryl - 9- phosphabi cycl o[ 4. 2. 1 ] nonane, 25 such as
9- phenyl - 9- phosphabi cycl o[ 4. 2. 1] nonane;
W@ diopabdeyl - 9- aryl - 9- phosphabi cycl o[ 4. 2. 1] nonaneCT/EB20051050771
as 3, 7-di met hyl - 9- phenyl - 9-
phosphabi cycl o[ 4. 2. 1] - nonane and
3, 8- dlnethyl 9- phenyl - 9- phosphabi cycl o[ 4. 2. 1] nonane;

30 9-al kyl - phosghablcgclo[4 2. 1] nonane, such as
9- oct adec§T - G-ASRBEPHhPRgepEPA cPchq IoRahknonane ;

9- hexyl - 99@&5&%&@@%&5@1{?&5& 80NE 2. 11 nonane
9-ei cosyl - hosghablc%6 nonane,

and
2004/ 0567§%C CF P o rf@blcyclow 2.1]1nonane
9-triagontyl - 9- phosphabi cycl o[ 4. 2. 1] nonane;

8 cycloalgyl CQ%% :%%g:g§g¥@L§ 2. 11nonane, such as

cyclohexy 2.1l nonane and 5
9-(1- Rmisahyldlfly@énﬂal%/ |Dln®nane;

phospham
9-cyc|oal v#kélgﬁ&%pha ?%?gﬁbfiy%k)]non%ﬁgmangbch as
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9- hy%&%@ﬁbﬂicﬁaem@szonqblbﬁm@é0[3 3. 1] nonane;

9-aryl - 9- phosphabi cyc ] nonane,_ _such as
8. hanyl - S PHRERERY Ly PBp Sl HaHel s 3 1) fonkne;

9- al kyl - 99phegpirabheyslaplidyd1dlnaenananansych as

o afdosyt B IRAGHRkipd SRR e
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compound. part cu erre f6d&s
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cobalt. 20 The cobalt catal ysts can be prepared by a
di versitya phriminedsy Waldrekhein iband hiogauaksld ed in

the agglcarbonyl 9-eicosyl-8-phosphabicyclo nonane compound.

A particularly preferred catalyst includes a derivative
thereof, believed to be a complex, with cobalt.

20 ) The cobalt catalysts can be prepared by a diversity
of methods well known to those skilled in the art as
disclosed in US Patents 3 369 500, 3 501 515, 3 448 157,
3 420 898 and 3 440 291. A convenient method is to
combine a cobalt salt, organic or inorganic, with the

25 desired phosphine ligand, for example, in liquid phase
followed by reduction and carbonylation. Suitable cobalt
salts comprise, for example, cobalt carboxylates such as
acetates, octanoates, etc. as well as cobalt salts of
mineral acids such as chlorides, fluoride, sulfates,

30 sulfonates, etc. as well as mixtures of one or more of

these cobalt salts. The valence state of the cobalt may

be reduced and the cobalt-containing complex formed by



di sclosed in US Patents 3 369 500, 3 501 515, 3 448
157, 3 420 898 and 3 440 291. A convenient nethod is
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the 25 desired phosphine ligand, for exanple, in
l'iquid phase followed by reduction and carbonyl ati on.
Suitable cobalt salts conpri 5%, for exanpl e, cobalt
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20 hydrocarbons, for example, may be used as solvent in the
process, as well as alcohols, ethers, acetonitrile,
sulfolane, and the like. Molar ratios of catalyst to the
olefinic compound in the reaction zone at any given
instant between about 1:1000 and about 10:1 are found to

25 be satisfactory; a higher or lower ratio of catalyst to
olefinic compound may, however, be used, but in general
it will be less than 1:1.

The ratio of hydrogen to carbon monoxide may vary

widely. In general, a mole ratio of at least about 1,

30 hydrogen to carbon monoxide, is employed. Suitably ratios
of hydrogen to carbon monoxide comprise those within the
range of from about 1 to 10. Higher or lower ratios may,

however, be employed. The ratio of hydrogen to carbon



process, as well as alcohols, ethers, acetonitrile,
sul folane, and the Iike. Mlar ratios of catalyst to
w0 b@4/08478¢f i ni ¢ conpound in the reaction zone apCHEP2003/050771

given instant between about 1:1000 and about 10:1 are
found to 25 be satisfactory; a higher or lower ratio

of catalyst to olefinic coﬁﬁghﬁd may, however, be

used, but in general it will be less than 1:1. The
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the beead 1r aN965 pa up to about 14 x 10 Pa and in some cases
20 up to about 20 x 10° Pa, or even higher, may be employed.
Typically, the specific pressure used will be governed to
some extent by the specific charge and catalyst employed.
In general, pressures in the range of from about 2 x 106
Pa to 10 x 109 Pa and particularly in the range of from
25 about 2.7 x 106 Pa to about 9 x 10® Pa are preferred.
Temperatures employed in the process of the
invention will generally range from about 100°C to about
300°C and preferably about 150°C to about 210°C, a
temperature of about 200°C being generally satisfactory.
30 Somewhat higher or lower temperatures may, however, be

used within the scope of the invention.
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from 2 to 19 carbons, to produce reaction mixtures
predominating in aliphatic aldehydes and alcohols having
one more carbon atom than the starting olefinic compound.
Mono-olefinic compounds, such as ethylene, propylene,

25 butylenes, amylenes, hexylenes, heptylenes, octylenes,
nonylenes, decylenes, undecylenes, dodecylenes,
tridecylenes, tetradecylenes, pentadecylenes,
hexadecylenes, heptadecylenes, octadecylenes,
nonadecylenes, and their homologues, are examples of

30 suitable unsaturated compounds which may be
hydroformylated in the process of the present invention.
Suitable unsaturated compounds include both branched and

straight-chain compounds having one or more olefinic
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For e;(c?compllglgelc;/%lﬂlit ghtla epnr%cegg of the present invention.

20 Cyclic compounds are equally suitable for use in the
process of the present invention. Suitable cyclic
compounds include unsaturated alicyclic compounds such as
the cyclic olefinic compounds containing carbon-to-carbon
unsaturation, such as cyclopentene, cyclohexene, and

25 cycloheptene. Also included in this category are the
terpenes and fused-ring polycyclic olefinic compounds,
such as 2,5-bicyclo(2,2,1)heptadiene, 1,4,42,5,8,8a-
hexahydro-1,4, 5, 8~-dimethanonaphthalene and the like.

The process of this invention is typically used to

30 hydroformylate olefinic carbon-to-carbon linkages of
hydrocarbons but may also be used for non-hydrocarbons.
Thus, it is possible to hydroformylate olefinically

unsaturated alcohols, epoxides, aldehydes, and acids to
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conpounds, for exanple styrene-butadi ene copol yner,
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2004/ 056735 PEHRERSHTF05099 1" H2 19 corr 8sponditiagsCHo
1@/ cohol s, al dehydes, and acids containing aaldehyde
or hydroxy group on one of the carbon atons
previously involved in the ol efinic bond of CHih&H2)5CH20H
starting material. The following are a fe“#Sﬂ&ﬁkgEQ
exanples of 5 different types of ol efinic conmpounds
that may be hydrofornylated by the processPEIIUFE
present invention and the prodygig)@ht ai ned thereby:
catalyst CH3 (CH2) 3CH=CH2 + CO + H2 -------- >

IBCH2) ~ 5CHER2T6RGhd7 6P THR( cH2) 5eHeoR—> C4GHRTHaCH20H
products catal yst and/or
C1CHpCH2CHO
catalyst
20 CH3COOCHpCH=CHp + CO + Hp ——>> CH3COOCHCHpCHpCHO
and/or
CH3COOCHoCHoCH)0H
catalyst
25 cyclopentene + CO + Hp —_"__—__%9'formylcyclopentane
and/or

cyclopentylcarbinol



15 CH2=CHC1 + CO + H2 ------ ~ CLCH2CH2CH20H and/ or

C1CH2CH2CHO catal yst 20 CH3COOCH2CH=CH2 + CO + H2 >
WEHBOORIBY CH2CH2CHO and/ or  CH3CO0CH2 CH2 CH2 OHPCHERL 093050771

25 cycl opentene + CO + H2 fornyl cycl opentane and/ or

cycl opentyl car bi nol WD 2004/ 056732 PCT/ EP2003/ 050771

- 20 catalyst C2H50COCH=CHCEOC2HS + CO + H2>

C2H50COCH( CHO) CH2CO002H5 and/or 5

C2H5000C( CH2OH) HCH2CoOC2Hs  c&eapystt al |yl benzene +

CO + dgsococu-gmanapheny botyngidetyde and/ or
del t a- phenyl butanol + 10 isoneric products The

ol efinic charge to the process of ¢HsOCAGRMHOEHGOQCHS
conprise two or nore of the above-defi r)ed sui table

ol efi ni ¢ conpounds. O efinic conpourds’RAy be

hydr of ornyl at ed under the condi t CoiePCPER Chipel) a0ty €00 Hy
15 produce m xtures of al dehydes and al cohols in which
the al cohols predom nate. The process of the present

i nvention may thus be enployedctvakfstect the direct,

single s%ggﬁ bgyz%gfpr ) eraﬁi on of ol g;i ni ¢ conpounds,

pr ef erabl'y nono ol ef’i ni ¢ conmpounds’ and especially
nono-gireibheny Inak iy Agl deyde xRl el da-pReRy InthBol +

§27 POfL 3LOUE Dely, apLecul e,

The olefinic charge to the process of the invention
may comprise two or more of the above-defined suitable
olefinic compounds. Olefinic compounds may be
hydroformylated under the conditions defined above to

15 produce mixtures of aldehydes and alcohols in which the
alcohols predominate.

The process of the present invention may thus be
employed to effect the direct, single stage
hydroformylation of olefinic compounds, preferably mono-

20 olefinic compounds, and especially mono-olefins, having,
for example, from 2 to 19 carbon atoms per molecule,
preferably to produce predominantly terminal alcohols
having 5 to 20 carbon atoms per molecule, respectively.
Olefinic fractions, such as, for example, polymeric

25 olefinic fractions, cracked wax fractions, and the like,
containing substantial proportions of olefinic compounds,
may be readily hydroformylated to fractions of
hydroformylated products comprising mixtures of
predominantly terminal aldehydes and alcohols having one

30 more carbon than the olefinic compounds in the charge and
wherein these alcohols are the predominant reaction

product. Such suitable feeds consisting of olefinic
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included in the feed to the reaction zone.

20 Admixtures of promoters, stabilizers and the like
may also be included in the process of the present
invention. Thus, minor amounts of phenolic stabilizers
such as hydroquinone, alkaline agents such as hydroxides
of alkali metals, for example NaOH and KOH, may be added

25 to the reaction zone.

The reaction mixtures obtained may be subjected to
suitable catalyst and product separating means comprising
one or more steps, for example, stratification, solvent
extraction, distillation, fractionation, adsorption, etc.

30 The specific method of product and catalyst separation
preferably employed will be governed to some extent by

the specific complex and reactants charged. Catalyst or
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The edBditt cea’disfsuseddd the t3feosedprdroformylation step
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used in the first st eg. A%%ordl n ;Co ehfurther as ec%
t he preseﬁFCPFﬂ&ﬂﬁitBn further aspect, the present invention

20 provides the use of an additive as defined hereinbefore
for suppressing the formation of methane in a

hydroformylation reaction employing a cobalt complex

catalyst.
The invention will be further described by way of
25 the following non-limiting examples.
Examples

Comparative Example 1 - Methanation activity of cobalt

carbide material from a commercial cobalt

hydroformylation plant.

30 Solids taken from a commercial cobalt
hydroformylation plant were washed with excess toluene
and subsequently dried at 50 °C in vacuo to remove

organic residues from the material. The material,



20 provides the use of an additive as defined
herei nbefore for suppressing the formation of nethane
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as To 1 g Carblde Sample 1, (the same materlal as
described in Comparative Example 1), was added 100 g of a
1 %w solution of sodium hydrogen sulfide, NaSH, in water

20 at room temperature. After standing for 6 hours at room
temperature, the liquid was decanted and the remaining
solids were subsequently washed two times with 100 g
water to remove excess NaSH. Elemental analyses showed
that the carbide solids contained 2.8 w% of chemically

25 ponded sulphur. DSC measurements on this material showed
the absence of any methanation activity.

Comparative Example 2 - Methanation activity of cobalt

carbide material in the last stage reactor of a

commercial cobalt hydroformylation plant.

30 A sample taken from the wall in the gas-phase region
of a last stage reactor from a commercial cobalt
hydroformylation plant was washed with excess toluene and

subsequently dried at 50 °C in vacuo to remove organic
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hours at room tenperature, the liquid was decant ed
and the remaining solids were subsequently washed two
times with 100 g water to F erfove excess NaSH.
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cont &PREdeE Sram Bt BREPFIG | Thoabshtrl shephlratitoeC
measuEeARIHeS safipldlig, m&&rdhatsaémad 3 ex%%ence of
any nethanation_activit Y ngar ative
Met hAREEFR5T188t FQiTaPSFt o att T Pbi a%bghlﬁt é‘PPla‘FO}?arth
the kasbidd.agler §oeiidh cofurface oar®y Ghal deahalihed to be
hydroforny tion plant. 30 A sanple taken fromthe

hal | <pn %H‘e?a /§as TohBsEpRE iR 26 Wasf WiiggBakerkaloras
frogugtgﬁmrﬁ-rt 4 C gl m&?km[atthg ttmédg@&@mmbatw&rﬁspbgntn \é@s
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- Passivation of° cobalt carbide material taken from
the gescpias® ime§PBPRTaTiHe COIMTBRAEI A, ¢@Bapdded 50 g of a

hydr of afmgbald i BEaMsHOYnt LR r Wl ReRfbieAtSe. After
sodi um hydrogen sulfide, 15 To 0.5 Car b) de .Sa

2 (t%ﬂ?qgéﬁ% &r Pgprs; &t room temperature, the ligu d was

decanted and the remaining solids were subsequently

20 washed two times with 50 g water to remove excess NaSH.
DSC measurements on this material showed a strong
reduction of the methanation activity (heat-flow of 0.4
Watts/g at 300 °C.

Comparative Example 3 - Methanation activity of cobalt

25 material taken from the liguid-phase region in a reactor

of a commercial cobalt hydroformylation plant.

A sample taken from the liquid-phase region in a
reactor of a commercial cobalt hydroformylation plant was
washed with excess toluene and subsequently dried at 50

30 °Cc in vacuo to remove organic residues from the material.
The material, hereinafter “Cobalt Sample 17, was

characterized by X-ray diffraction to consist of >95%
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a 1 %v solution of NaSH in water at room tenperature.
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liquid was decanted and the remaining solids were
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Exanpl e 3 was added 50 of a
rﬂ%ubseéuently washed twogtlmes with 50 g water to remove

excess NaSH. DSC measurements on this material showed a
20 strong reduction of the methanation activity (heat-flow
of 0.8 Watts/g at 300 °C.

Examples 4-21 - Passivation of cobalt carbide material

taken from a commercial cobalt hydroformylation plant by

treatment with aqueous sodium hydrogen sulfide.

25 Following the same procedure as described in Example
1, to 1 g Carbide Sample 1, (the same material as
described in Comparative Example 1), was added 100 g of
an agueous solution of sodium hydrogen sulfide at room
temperature. The concentration of the NaSH solution and

30 the contact time was varied as indicated in Table 1.
After standing for the indicated period at room

temperature, the liquid was decanted and the remaining
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DSC neasufenents on @h& materl al after treatmens as
shown in o Table 1. Jahje 1. Exanple [ NaSHI

treating Heat-Flux water (%) tine (h) (V\atts?:té
7.06 0.1953.560.99%5 1.75 6 ®1 7 0.72 648 8

as a
h

0.35 6 2.1p 0.63 0.5 0.2
11 0.63 1 0.2
12 0.63 2 0.2
13 0.63 3 0.2
14 0.63 4 0.2
15 0.63 5 0.2
16 0.88 0.5 0.2
17 0.72 0.5 0.2
18 0.54 0.5 0.2
19 0.39 0.5 0.3
20 0.21 0.5 0.4
21 0.09 0.5 2.0

The Examples 4-21 as listed in Table 1 demonstrate
10 that, provided that sufficient sulphur is present in
solution, neither contact time nor NaSH concentration are
critical parameters in reduction of methanation activity

of cobalt/cobalt carbide solids.
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methanation.

Example 22. Methanation activity of NaSH treated samples

15 taken from pilot plant operation.

A sample of Carbide Sample 1 (same as the material
described in Comparative Example 1), treated with NaSH as
described in Example 2, was placed in the gas-phase
region of the last stage reactor of the pilot plant as

20 decribed in Comparative Example 1. The samples were
removed after 60 and 160 days of operation and DSC
measurements showed that these samples are still inactive
in methanation.

Comparative Example 23 - Methanation activity of cobalt

25 carbide material from a commercial cobalt

hydroformylation plant.

A 25 g sample of Carbide Sample 1 , (same as the
material described in Comparative Example 1), was loaded
into a flow reactor and heated at 240 °C in a flow of

30 syngas. The product gas contained 2.4% methane as
measured by GC analysis, formed by methanation on the

solids.
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rai setbltids7@eppmenoved from the reactor and elemental
analyses showed the solids to contain 2.2 %w sulphur.
Measurement by DSC showed that no exothermic reaction

20 occurred at 25 bar syngas (heat flow at 300 °C is only

0.4 Watts/g).
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and el enental anal yses-showed the solids to contain
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comprises a gas cap region and a liquid-containing region
while said reactor is not in use.

3. A process according to Claim 1 or 2 wherein the
additive is introduced on to the walls of the gas cap
region of the at least one reactor which comprises a gas
cap region and a liquid-containing region in the form of
a liquid or gas.

4. A process according to any of Claims 1 to 3 wherein
the additive is introduced on to the walls of the gas cap
region of the at least one reactor which comprises a gas
cap region and a liquid-containing region in the form of
an aqueous and/or organic solution.

5. A process according to Claim 4 wherein the additive
is introduced on to the walls of the gas cap region of
the at least one reactor which comprises a gas cap region

and a liquid-containing region by spraying an aqueous



4. A process according to any of Clains 1 to 3 wherein
the additive is introduced on to the walls of the gas

W@ ap4/066@gt on of the at | east one reactor whi ChPCT/EP2003/050771
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process as defined in any one of Cains 1 to 9.
sulfide.
10. Use of a sulfur—-containing additive as defined in
any of Claims 1 to 9 for suppressing the cobalt-catalyzed
formation of methane from hydrogen and carbon monoxide in
a hydroformylation process as defined in any one of

Claims 1 to 9.



