WO 96/ 22265 PCT/EP96/00163
"Hydrofornyl ation Process” This invention relates to a pracess

for hydr of ornmyl ati on of a dilute ethyl ene-containing

f éedstream It has been recogni zed that .in principle the | ower
unsat urat ed hydrocarbon conponent in certain hydrocarbon fgzeans is a
val uabl e WO86/826% or hi gher organic mol ecul es. Such ﬁrg er organic

nol ecul es may be reached, for exanple, by treatnent, for exanple
hydr of or myl ati on, of unsaturated hydrocarbons, in particular t hose
containing two carbon atons, the unsaturated hydrocarbons bei ng

obt ai nabl e, for exanple, by pyrolysis of hydr ocar bons, nore
especially their pyrolysis in the presence of steamto forma |ight
ol-efi n-cont ai ni ng m xture, or pyrolysis of nmethane in appropriate
conditions, as described in gﬂﬁdhgﬂ&ﬁﬂﬁﬂéﬁﬂbh_ﬁkhéééﬁﬂ Serial No.

375, 324 of 18th January, 1995, and a correspondi ng PCT application
entitled "Direct Hydr of ormyl ati on of a Multi-Conponent Synthesis Gas
Cont ai ni ng Car bon Monoxi de, Hydrogen, Ethylene and Acet yl ene",
appl i cants Gabor rqlh;aulnmentlaysrgheteso oa PrqseﬁﬁtfRESearch &

Engi neeri ng Com file Si taneoys mnth th present
appl i cation, éﬁ%gwﬁgggllgiion of a gyiute et ne-cont.%

feedstrean.

It has been recognized that in principle the lower
unsaturated hydrocarbon component in certain hydrocafbon
streams is a valuable source for higher organic
molecules. Such higher organic molecules may be reached,
for example, by treatment, for example hydroformylation,
of unsaturated hydrocarbons, in particular those
containing twoe carbon atoms, the unsaturated hydrocarbons
being obtainable, for example, by pyrolysis of '
hydrocarbons, more especially their pyrolysis in thé
presence of steam to form a light olefin-containing
mixture, or pyroiysis of methane'in appropriate
conditions, as described in U.S. Patent Application
Serial No. 375,324 of 18th January, 1995, and a
corresponding PCT application entitled "Direct
Hydroformylation of a Multi-Component Synthesis Gas
Containing Carbon Monoxide, Hydrogen, Ethylene and
Acetylene", applicants Gabor Kiss et al., assigned to
Exxon Research & Engineering Company, filed
simultaneously with the present application, and whose

entire disclosures are incorporated by reference herein.
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entire disclosures are incorporated by reference herein. WO

96/ 22265

PCT/ EP96/ 00163

- 2- ' I n European Patent Application No. 95.300 301.9 of

18t h January, 1995, and a correspondi ng PCT application entitled
"Organi ¢ Conmpounds and Processes for their - ‘Manuf acture"],m.;l'?,bmlgy t he
present appl i Wh62265 simul'taneously with the present application, and
whose entire disclosures are incorporated by reference herein,

there are disclosed processes for the manufacpure of al dehydes,
primarily those containing 9 carbon atons, and their derivatives,
optiona&%y from an unsaturated hydr ocar bon contai ni ng two carbon

at ons, ichis in turn optignal ly gbtained.b r Qpr.i _at r eat pent
of natural gas. In E“r°Peaﬂr?QHQ§£ GPPiHEa é@gr {né§37q§f%8ér§g°ggle
to make t he

ol efi n sources,

e.

Sﬁéﬁ n‘g 05548 € fHgHOlG YS ‘éogﬁle nggré&'nﬂ{d Pé&r ‘yg?%téi.r%ation

ural® gas,” dtreamcra

hydrocarbon sour cegntPesed #Srgariid Hdnpotin@eNanlhProcessedVddxd thidier €

remai ns a need for a hydrofornylation

to use ethyl ene-

m xture of gases

procedure sufficiently flexible
Manufacthare™, nijiles dyt ahles ppésentcappkicagitsconposi ti ons.

I n DE-OS 2354217 (BASF_AGQ), there is disclosed a . process in which an
et hyl ene- cont ai ni ngimudtianeeusdy srith thehFEPEFBFn?PB}%EEtﬂqﬂdIﬂﬂg Whosess, a
entirk ST SShl ¢ Brle SRl pSEREE "By Yeflderct HetdliR] 1O

there are disclosed processes for the manufacture of
aldehydes, primarily those containing 9 carbon atoms; and
their derivatives, optionally from an unsaturated
hydrocarboﬁ containing two carbon atoms, which is in turn
optionally obtained by appropriate treatment of natural
gas. -

In view of the desirability of being able to make
the best possible economic use of the various diiﬁte
olefin sources, e.g., natural gas, stream cracking and
other hydrocarbon sources, becoming available around the
world, there remains a need for a hydroformylation
procedure sufficiently flexible to use ethylene-
containing feedstocks of a variety of compositions.

In DE-0OS 2354217 (BASF AG), there is disclosed a
process in which an ethylene-containing feedstream is
hydroformylated. In this process, a mixture of gases
resulting from thermal cracking of oil is treated to
abstract pure ethylene, acetylene or butadiene, and a
feedstock of the residual gases, being primarily C, to C4
olefins, carbon monoxide and hydrogen, is contacted with

a rhodium-based catalyst under hydroformylation



abstract pure ethylene, acetylene or butadiene, and a f eedst ock of

the residual gases. being primarily C2 to C4°. . olefins —carhaon mmnoxi de
and hydrogen, is contacted with a rhodi um based cat al yst under

hydr of or nyl ati on WD 96/ 22265

PCT/ EP96/ 00163 conditions. In the exanples, th bons are
met hane W%¢32885 ene only, and the ethyl ene represents GCM@Q%&M to 99%
vol ume percent of the hydrocarbon content. ) In Vol. 2 of the
Proceedi ngs of | NTERPEC 91, at pp - Bl4 to 620, Yin et al describe

hydr of ornmyl ati on of a feedstream resulting fromfluid bed catalytic
cracki ng, using syngas in the presence of a supported liquid phase

rhodi um based catgl yst. The ethyl ene conte 0 he f eedstream based
on total hydr &R °88nteﬁ?,t?% ?ﬁﬁﬂﬁbes' QgeBBY§BPﬁﬁEbﬁﬁ?c%ﬁ?. The

hydrocar bon C?Jéftz\;é eCbnl"Eti1&" on Yoy (54%% g:ﬁguk.tﬁ?i/ﬁiﬂ J‘.‘%%Hé?eriﬂé‘e

r emai nder bei ng rogen, abou nitfogen, out 19%
In Catal ysis leionens td3994 198 ume Jerdent34f theChPdrocarb6h EontlaRes i be
t he synthesis of propanal from nethane and alr by oxidative coupling

of a portion of th&nn¥Wbhanz ¢H the Praidedings ofaINTERPBERi 9% iatn p¥ anot her
portion of the nmet hane to syngas, and hydrofornyl ation of the
et hyl ene- 614 &ox &2A0 n&iﬂée’éﬁile%ﬁ%i%éws‘fﬁga : giﬂtﬁc"br%o%al to
AR -t G G FE SN oL TR
using syngas in the presence of a supported liquid phase
rhodium-based catalyst. The ethylene content of the
feedstream, based on total hydrocarbon content, is below
30 volume percent. The hydrocarbon content of the stream
is about 50% by volume, the remainder being hydrogen,
about 30%, and nitrogen, about 19%.

In Catalysis Letters, 13, (1992), 341 to 347, Green
et al describe the synthesis of propanal from mefhane and
air by oxidative coupling of a portion of the methane to
ethylene, partial oxidation of another portion of the
methane to syngas; and hydroformylation of the ethylene-
containing feedstream by the syngas. In a proposal to
use natural gas as a methane source, ethane is
cryogenicaily separated out of the natural gas before
oxidative coupling. In an example, the ethylene content
of the feedstream to hydroformylation is about 10 volume
percent, based on the hydrocarbon content.

The present invention provides a process for the
hydroformylation of a hydrocarbon-containing feedstreanm
which comprises contacting a feedstream containing from

27.5 to 75 percent by weight of ethylene, based on the



oxi dative coupling. In an exanple, the ethylene content of the
feedstreamto hydrofornyl ation i s about 10 vol une —._percent, based on

t he hydrocarbon content. The present invention provides a
pfocess for the hydr of or myl ati on of a hydrocarbon-cont ai ni ng

f eedstream whi ch conprises contacting a feedstrean1contﬁ&ﬂ@@@66?9n1
27.5 to 75 perwW@A#22365 i ght of et hyl ene, based on the g 22265

PCT/ EP96/ 00163 total hydrocarbon content, and having a total

ol efin content of at nost 80% by wei ght 4 al so based on the tota

hydr ocarbon content, with synthesis gas under hydr of or nyl ati on
conditions in the presence of a rhodi um contai ni ng catal yst and
recovering a hydrofornyl ation roduct . . T r .

"t eedst r eam sour ce"* &Y IYATREPTPRN §°“€e"t' a@ﬂ)t’?véngi Fu?ét%fhg}eefnfén stream
avai | able from variQiikent or GRCHLER! 888 %y YUY R13ECEABBACHR A Itdkh)
bel ow. Depending on its conponents, the feedstream source nmay or

may not require trapididarben’ eodeent! witiepilifesis das under feedstream
to the hydrofornyl ation process of the present i nvention. It is,

however, as di scusdaiinuformylation condiivionsigin dfhe presencencf| ayehed m-
that the feedstream . source may require mnipmal treatment to render it
acceptabl e as the feantaining catadystf apd cHREVeingy 2 dydroforpylation, o

hyl ene feedstr
et y ene feedst ear?)roduct.

The term "feedstream source" is used herein to
denote a dilute ethylene stream available from varioﬁs
'chemiéal and refining processes exemplified below.
Depending on its components, the feedstream source may or
may not require treatment to render it acceptable as the
feedstream to the hydroformylation process of the present
invention. It is, however, as discussed below, an
advantage of the present invention that the feedétream
source may require minimal treatment to render it
acceptable as the feedstream, also referred to belcw as
the dilute ethylene feedstream.

Advantageously, the feedstream source is obtained by
pyrolysis of hydrocarbons, for example steam cracking of
ethane, and contains the major proportion of the product,
i.e., is not merely the residual gases. The invention
is, however, also applicable tb other feedstream sources
e.g., from other hydrocarbon crécking operations, the
hydrocarbon being selected from light hydrocarbon gases
e.g., ethane, through light liquid, e.g., naphtha, to
heavy liquid hydrocarbons, e.g., vacuum gas oil,

cracking being, for example, catalytic, thermal or steam



Advant ageously, the feedstream source is obtained by pyrol ysis of

hydrocarbons for exanple steam cracking of et hane _and _caontains the
maj or proportion of the product, i.e., is not nerely the residua
.gases. The invention i's, however, also applicable to other feedstream
sour ces ‘e.g., fromother hydrocarbon cracking Operﬂ&bﬁﬂﬁmﬂﬁﬂe'

hydr ocar M®96a3R65g sel ected from i ght hydrocarbon gases e.g., ethane,-
through light liquid, e.g., naphtha, to heavy |iquid hydrocarbons,
e.g., vacuumgas oil, cracking bei gy~ for exanple, catalytic, therma
or steam WD 96/ 22265 '

PCT/ EP96/ 00163 cracking, or hydrocracking. The feedstrean1source

may also result fromthe catalytic cgonversion of alcohols'h fo
exanpl e netrwuﬁﬂaqﬁinsbh9FeH¥ FeFRHEANI o feedstregy, 8PUTGR, %%talytlc

dehydrogenatlgﬂjpf %% agggm the & {%f%ﬂ% purgrgggﬂegfa%ixoﬁglgghane) or

pet r ol eum coki esses, e streamTroma process

usi ng - higlierenl 1@' e&ﬁxh&r%&%&&ﬁ&né‘ Gischeryrebpaschi on.
Al t hough the feedstrg%L1sgurce from-what ever orlglﬁ is treated

bef ore hydr of gohietidion,t eatabptic dehydrajeriatiionpofsseatutated, sul phur-,
nitrogen- and chlori ne- cont ai ni ng conpounds, and oxygen), if
present, or rditdswcarbons;héaspeciallw of athane)h orapatyelenns goking

econon1ca||y acceptable, it is an dvantggg of the RLgcgss of t he
i nvention t hatPHafesses. . RE BRi Fhe BEres oo b prockss usin

higher purity ethylene as feed, e.g., polymerization.
Although the feedstream source, from whatever .
origin, is treated before hydroformylation to remove
catalyst poisons.(e.g., sulphur-, nitrogen- and chlorine-
containing compounds, and oxygen), if present, or reduce
them to a level at which catalyst life is economically
acceptable, it is an advantage of the process of the
invention that this is the only pretreatment needed.
Other species initially present in the feedstream source
may accordingly be allowed to remain, thereby avoiding
the need for, for example, cryogenic (-100°C to =75°C)
separation normally employed in manufacture of high
purity ethylene, or hydrogenation under severe conditions
to remove the acetylene produced by pyrolysis.
Advantageously, the feedstream source before any
treatment contains the following components, by weight of

total hydrocarbon content:

Methane - up to 30%
Acetylene . - up to 2.0%
Ethylene - up to 65%
Ethane - up to 50%



QG her species initially present in the feedstream source may
accordingly be allowed to_remain, thereby avoiding ... the need for, for
exanpl e, cryogenic (-100[err]J]Cto -75[err] QO separation normally
enpl oyed in manufacture of high purity ethyl ene, or hydrogenation
under severe conditions to renmove the acetyl ene produceg-py¥posnoies
pyrol ysis. WO 96122265 Ay ant ageousl y, the feedstream source before any
treatment contains the follow ng conponents, by wei ght of t ot al
hydr ocar bon content: Met hane -6 - - up to 30%
Acet yl ene - up to 2. 0% _ Et hyl ene - up
to 65% Et hane - up to 50% WO 96/ 22265
PCT/ EP96/ 00163 - 6- Pr opene
-.up to 50% BrERERS 2 R 0 Clerr]
- up to 95% o) turates = ufp tleP15%5% (As
used herein, the term polyunsaturates includes conpounds havi ng two
of nmore unsaturated carlgyt to carbon bondxyp weoclB& double or triple,
and al so compounds ot her t han acetyl ene which contain one triple
bond, e.g., pr opy Rolyunsaturates H gher R ity le8d¥ponent s,
especially C5+ hydr ocar bons, may be renoved from such % feedsirsan1
(As used herein, the term polyunsaturates includes
compounds having two or more unsaturated carbon to carbon

bonds, whether double or triple, and also compounds other

than acetylene which contain one triple bond, e.g.,
propyne.)

Higher boiling components, especially 05+
hydrocarbons, may be removed from such a feedstream
source as a desirable product, e.g., naphtha from fluid
bed catalytic cracking, as a result of processing or to
avoid further handling of by-products. For examéle, the
tar formed from steam cracking of vacuum gas oil may be
removed as an undesirable by-product in the primary
fractionation of the process gas, while the c5+ componenf
of the product from steam cracking of ethane may be
removed during the guench and process gas compression
stages immediately following cracking.

Intermediate boiling components (c3+) of a
feedstream source may also be removed from the dilute
olefin stream as a desired co-product or to avoid further
handling of by-products. For example, propene may be
removed from the process gas effluent of cracked naphtha

for ﬁse as a chemical feedstock.



source as a desirable product, e.g., naphtha fromfluid bed catal ytic
cracking, as a resylt of processing.or to avoid further handling of

by- products. For exanple, the tar formed from steam cracki ng of
vacuum gas oil may be renoved as an undesirabl e by-product in the
primary fractionation of the process gas, while the CriEbecudigsonent

of the prU®2¢E22665F om st eam cracki ng of ethane may be ¥ rem)vegmduri ng

t he quench and process gas conpression stages i mredi ately foll ow ng
cracki ng. | nter medi ate boi |l iAg7cenponents (C3+) of a ,
feedstream source nmay al so be renoved fromthe dilute ol efin stream
as a desired co-product or to avoid further handl i ng of by-products.
For exanpl e, propene may he renoved fromthe process gas effluent of
cracked napht ha Thef&%sﬂﬁﬁg 3§nseeﬁ€ﬁ$£%m ?éﬂﬁéﬁ%ﬁﬂ?e tor WO 96/ 22265
PCT/ EP96/ 0016 ; TS tional 'he desired
concentrations%xdﬁﬁﬁﬁﬁgﬁﬁf Sr Y beh?ﬁ?%?%ﬁ?mﬁ%&q%n$ﬂ%¥7nbéogghieved usi ng
conventional gepar®teitl Pricdessdes]cEeLSeximple Brautsl dnatdionobit i on or

absorption, to renove the higher boiling conponents. This, however,
i s not essentiabsdérptidiy aperemove thethigher boiXingntdompomentsess, and
ot her typical conponents, e.g., hydr ogen, nitrogen, carbon nonoxi de,
wat er, net haneThis, howewery| dgcnokt pasentiabpter the greratigndof] khEi enes
may be p£esent. Advanta%Fousl ,.Lhe fee st{ean1cont I ns _at

nventive process, and other typical components, e.g.,

hydrogen, nitrogen, carbon monoxide, water, methane,
acetylene, ethane, propane, propene, and alkadienes ﬁay
be present. Advantageously, the feedstream contains at
most, 1% of, and is preferably substantially free from,
c4+ components; advantageously, also the stream contains
at most 2% of, acetylene, and advantageously the stream
contains at most 10%, preferably at most 5%, of molecular
nitrogen, and is most preferably substantially féee from
molecular nitrogen, the percentages being by weight.
Advantageously, the total level of sulphur-, chlorine-
and nitrogen-containing compounds is at mést 1 wppm and
preferably the feedstream is substantially free from such
compounds. Further, the level of oxygen is at most
10 wppm and the stream is prefefably substantially free
from oxygen. Preferably, the acetylene content by mole
of the feedstream is less than 1% of the ethylene
content, and most preferably it is substantially
acetylene-free.

The conventional processes for removal of catalyst
poisons, for example, reactive separation (e.g., caustic

wash), catalytic conversion (e.g., hydrogen) or fixed bed



most, 1% of, and is preferably substantially free from CA+
conponents; advant ageously, .al so.-t-he stream contains —- at nost 2% of,
acetyl ene, and advant ageously the stream contains at nost 10%
preferably at nost 5% of nol ecul ar nitrogen, and is nost preferably
substantially free from mol ecul ar nitrogen, the percentpgapotiiedd by
wei ght . by Fﬁgeously, the total |evel of sul phur-, chlorine-

and nitrogen-contai ni ng conpounds is at nost 1 wppm and preferably
the feedstreamis substantially free fromsuch - conpounds. Furt her,
the |l evel of oxygen is at nost | 0 wppm and the streamis preferably
substantially free from oxygen. Preferably, the acetyl ene content by

et 1o 5 ST 0 it e ot

The conventional peerpsené féeas WBNENindhgCautplEF- or nitkgesrs, for
exanpl e, reactive separation (e.g., caustic wash), catalytic

conversion (e.g., bynpogeds, ofoxf iessohpile] hydrogen sAMQ6/d02@moval from
adsorption (e.g., ZnO nmay be used to pretreat dilute et hyl ene f eeds
cont ai ni ng sul phur YeEinery rfxeans. OXYBSHpSﬁHﬂg?lfQ#Y(9&Mﬁﬂ99Pﬁﬁ§&PSSeHY

sul phi de renoval from refinery streans. oxygen renoyval may be
acconpl i shed by fixed; bed 1§§PE§§&ﬂPth8ﬁ,?Fﬁvpigaﬁﬁéﬂf QNﬁﬁ§§§¥b86per or
chem cal conver si ofyef98a £X00MN G- Dl , 0 FeRALkARp P¥ Sydrogenation over a
precious metal catalyst, for example palladium or
platinum.
Advantageously, the dilute ethylene feedstrean
contains the following components, by weight of total

hydrocarbon content:

Methane - up to 30%, preferably 0.4 to 30%
Acetylene - up to 2.0%, preferably up to 1.5%
Ethylene - 27.5 to 75%, more advantageously

30 to 75%, preferably 30 to 60%

and most preferably 45 to 60%

Ethane - up to 50%, preferably 0.1 to 40%
Propene - up to 50%, preferably 0.5 to 10%
Propane - up to 10%, preferably 0.1 to 5%
cyt - up to 70%, preferably less than 1%

Polyunsaturates - up to 1.5%

In addition, as indicated above, the dilute ethyiene
feedstream may contain nitrogen in limited guantities and
hydrogen, for example up to 6%,'by weight of the total
feedstream. Advantageously the hydrocarbon content of
the feedstream is at least 50%, more advantageously at

least 80%, and preferably at least 90%, and most



preci ous netal catalyst, for exanple palladi um or pl ati num

Advantagequsly the dilute ethyl ene feedstream contains the follow ng
conmponents, by wei ght of total hydr ocar bon content:

Met hane - up to 30% preferably 0.4 to 30% Acet yl ene

- upto 0% eferably up to 1.5% Et hyl ene é27-5to
75% nnr@"%ﬂﬁ%ﬁ?ageously cF?“E?¢£’ preferably
30 to 60% and nost preferably 45 to 60%

Et hane - up to 50% preferably ® % to 40% Pr opene

- up to 50% preferably 0.5 to 10% _ Pr opane - up to 10%
preferably 0.1 to 5% C[err] + - up to 70% preferably Iess t han

| n, addi ti.on,

1% Pol t t

i ndi cated aboP&' et é g urg'féﬂﬁﬁ/ by “elﬂgédst?%3n$?ﬁ%'Qﬁﬁnﬁﬂﬁ? nltrogen
inlimted spgn §§ﬁ¥' by wei ght
1)f tlhe t ot aﬂu%hltsiﬁeg st rréanﬁ?no varft ageousl;E/l tsﬁﬁaﬁygar%tgav?%%@on{entl gf

the feedstreakapsugl | east 50% nore advantageously at | east 80% and
preferably at |east 90% and nost WO 96/ 22265

PCT/ EP96/ 00163 As examples of suitable sources-8f feeds andrthfedxabl y at

| east 94% by weight. The feed may al so contai n carbon npnoxi de,

car bon d|ox|d§ypaﬁglmmgb¢-up, therg,may be mentioned the following:

ocess o e
Component Approximate Wt.%
Hydrogen 3.6

Methane 3.7
Acetylene | 0.3

Ethylene 48

Ethané : 40
Polyunsaturates 0.07

Propene ' 1.2

Propane ' 0.2

c,t 3.0



As exanpl es of suitable sources of feeds and their typi cal make-up,
there may be nentioned the fol |l ow ng: A - Process Gas from Steam
Cracki ng of Ethane Component Appr oxi mate W . %
Hydr ogen 3.6 Met hane 3.7
Acetyl ene . 0.3 Et hyl ene PCI/EP96/001634 8
Et hane W0 96/22265 40 Pol yunsat ur at es 0. 07
Pr opene 1.2 Pr opane 0.2
Jerr]+ 3.0 W01961r 22265
PCT/ EP96/ 00163 - 10 - B - Process Gas
from St eam Cracki ng of Napht ha Conponent Appr oxi mat e
W'% |_|y O-g N ”7.;, 3 Of .“o; ne
16.0 AcetyTen 0.6 yl ene
33.0 Et hane component 4. Bpproximate WEokyunsat urates
0.8 Pr opene 16. 8
’ Hydrogen 1.0

Methane 16.0

Acetylene 0.6

Ethylene 33.0

Ethane 4.5

Polyunsaturates 0.8

Propene 16.8

Propane 0.5

cyt 26.7

€ - Light Gas from Fluidized Catalytic Cracking

Conponent Approximate Wt.$%

Hydrogen 0.4

Methane 33.6

Ethylene 30.0

Ethane 31.4

Propene 4.6



Pr opane 0.5 derr]
C= llﬂth%s,frnmqaaudgzeszuaL¥Lu;J}ark'nﬂ Conpanent
Appr oxi mate W . % Hydr ogen 0.4
Met hane 33.6 Et hyl ene 0.0
Et hane 31. 4 Pr opene 63 4.6
WO 92/ 289622265 pcT/ EBSEFBELeY
- 11 - D - Process Gas from Vacuum Gas O | Cracking
Conponent Approxi mate WT%1 - Hydr ogen
0.5 Met hane 10. 3 . Acet yl ene
0.2 Ethylene 19 Et hane
5 Pol AL Ur AL € . g 34 acking KT OPENE
13.5 ‘ y o ' CA' s
8.4 Tatomponent Aphl'_quasg_it_&a her Co+
31
; Hydrogen 0.5

Methane 10.3

Acetylene 0.2

Ethylene _ 19

Ethane 5

Polyunsaturates 0.5

Propene 13.5

Propane 0.6

Cy's 8.4

Tar 11

Oother cg* 31

Although, as indicated above, the process of the
invention does not require the removal of other typical
components, the concentration of these compcnents may, if
desired, optionally be controlled using conventional
processing steps. More specifically, acetylene and
polyunsaturates, for example propadiene or butadiene may
be controlled to a target level by chemical conversion,
for example hydrogenation or extraction, for example
absorption by acetone or water. The concentration of c3*
components, for example propene, propadiene or butadiene,
may be further managed by fractionation, for example
simpie distillation.

As will be described in more detail below, in a

preferred embodiment of the process, the feedstream



Al t hough, as indicated above, the process of the i nventi on does not
require the renoval of other typical ‘conponents, the concentration of
t hese conponents may, if desired, optionally be controlled using
conventi onal processi ng steps. Mre specifically, acetylene and

pol yunsaturates, for exanple propadi ene or butadi ene may rcﬂfhwmeJ
control l ed to WOPER@EY | evel by chenical conversion, for ‘exampl e

hydr ogenati on or extraction, for exanple - absorption by acetone or
water. The concentration of C3+ conpengeats, for exanpl e propene,
propadi ene or but adi ene, may be further managed by fractionation, for
exanpl e sinple distillation. As will be described in nore

S\le)t SIG} 2t2)gl6§W, ina sourcep,r eafd%ra;a gggggg J{naenéi]?tité he%&gtﬁ(éggggﬁﬁ%gﬁ ztggtgfé{n?m
- 12 - sour ' et a. ultin
fom Zsﬁ]e%m 298aNsh Qfdé%lﬁ 2 ri@ BAGesLEE 2R LES 9

from steam cracki ng ane, 1s cofverte quenching to an

accept abl e form f orgquusbiiing e ahi a8clptable fdiai FGHrc hypresertylaridre by n
an aqueous al kal i ne sol ution, then with water, and optionally dri ed.
| f desired, the being nompregsepg; cvashed yiniran aguegysr adkakipepsolution,
hydr ogenat ed, fractionated, and de-oxygenated before bein

hydr of or nyl at ed. A $88% deith Emivngnéi pptionally arigd.ondfs Sﬁﬂgfﬁ"%an’?%s

the followng Conpqgégdfggng, preferably dry, feedstream may be

hydrogenated, fractionated, and de-oxygenated before
being hydroformylated. A typical resulting dilute

ethylene feedstream has the following composition:

E - Dilute Ethylene Feedstream from Steam Cracking of
Naphtha _
Component Approximate Wt.%
Hydrogen : 3.7
Methane. 3.8
Acetylene less than 506 ppm
Ethylene 50
Ethane 42
Polyunsaturates less than 100 ppm
Propene 6.2
Propane less than 0.2
c,t 0.2
Sulphur Compounds less than 1 ppm
Oxygen less than 10 ppm
Nitrogen Compounds less than 1 ppm
Chlorine Compounds less than 1 ppnm

Water less than 10 ppm



E - Dlute Ethyl ene Feedstream from Steam Cracki ng of Napht ha

Conponent Approxi nate \¥ . 9% - .. .Hydragen

3.7 Met hane. 3.8 Acetyl ene

| €ss than 500 ppm Et hyl ene 50

Et hane 42 Pol yunsat ur ate | ess
than 100 YPrP6/22265 Propene 0.2 PCTIEP9GI00163 Pr opane
| ess than 0.2 Cerr]+ 0.2 Sul phur
Conpounds | ess than 1 ppm - 13 - xygen

| ess than 10 ppm Ni t rogen Conpounds | ess than 1 ppm

Chl ori ne Conpounds | ess than 1 ppm _ Wat er
| ess than 10 ppm . 0 96/.2226 i __ .

PCT/ EP96/ 00I 6 Dilute

Et hane Feedstrean1fﬁéﬁﬁ%§§:§aaigg?g£%§g of Naphtha and Refining
Conponent proxi mat e % Hydr ogen

1.6 Vet hedigponent: APpréximate Wt.3 Acetylene
1.0
Hydrogen 1.6
Méthane - 27.2
Acetylene 1.0
Ethylene 56
Ethane 7.7
Polyunsaturates 1.4
Propene 3.4
Propane 0.9
c,t 0.8
Sulphur Compounds less than 1 ppm
Oxygen less than 10 ppﬁ
_Nitrogen Compounds less than 1 ppm
Chlorine Compounds less than 1 ppm
Water less than 10 pp

As described in more detail in the above-identifieé
co-pending U.S. and PCT applications, the literature
contains many references to hydroformylatibn of pure
ethylene with syngas; literature sources include "New
Syntheses with Carbon Monoxide", Ed. J. Falbe, Springer
Verlag, New York, 1986, especially the Chapter
"Hydroformylation, Oxo Synthesis, Roelen Reaction" by B.
Cornils; U.S. Patents Nos. 3527809, 3917661 and 4148830,

which describe an o0il soluble phosphine-modified rhodium



Et hyl ene 56 ' Et hane 7.7
Pol yunsat ur at es S I S Propene ..— 3.4
Pr opane 0.9 Cerr]+ 0.8
Sul phur Conpounds | ess than 1 ppm Oxygen

| ess than 10 m Ni t rogen Conpounds | ess JciaiboctoondM

Chl ori ne Cbnpgﬁ%ﬂﬁnmﬁ | ess than 1 ppm Wat er o

| ess than 10 pp . As described in nore detail in the
above-identified co-pending U S. and PO applications, the literature
contains many references to hydrofornylation of pure ethylene with
syngas; literature sources include " New Syntheses wi th Carbon

(Yo} ide", Ed. J. F I |
thQO)((:Ihagt er 2 %‘Iig]sgp“ p tlon ‘&""}‘% t%%sy S, 4 oe éng-gé%gc?lon 13)6/1 B?/
Cornils; US. Patth%SU@i @ﬁg7398313§U£3§ibfaBdl4¥ﬂ8§§0documentdwbé¥h

descrlbe an oil soluble phosphlne nodi fi ed rhodi um 96/ 2265
PCT/ EP96/ 00163 incorporated herein by referencel4 According tnﬂt&qst, and
U S. Patents Nos. 4742178, 4769984 and 4885401, the disclosures of

al| these docunent Prigsen§ inventiemorhsivafarmydasianpisradvartageousldvr di ng

to the
carried out using as catalyst an oil-soluble rhodium

complex comprising a low valence rhodium (Rh) complexed
both with carbon monoxide and a triorganophosphorus
compound. As triorganophosphorus compound there may'be
. mentioned, for example, one or more oil-soluble
triarylphosphines, trialkylphosphines, alkyl-diaryl-
phosphines, aryl-dialkylphosphines, triorganophosphites,
especially trialkylphosphites and triarylphosphites (in
which list alkyl includes cycloalkyl), containing one or
more phosphorus atoms per molecule capable of .
complexation with Rh by virtue of having a lone pair of
electrons on the phosphorus. Instead of, or in addition
to, such monodentate compounds, at least one bidentate
phosphorus compound may be used as ligand.
Triorganophosphorus ligands which are known to provide
good catalytic activity in the hydroformylation of pure
olefin feeds are suitable for use in the process of the
present invention, their concentration preferably being
such that (a) the molar P/Rh ratio is at least 2:1, (b)
the total concentration of the coordinately active
phosphorus is preferably at least 0.01 mol/l; and (c) the
[P)/Pco ratio maintained in the reactor is preferably at

least 0.1 mmol/l/kPa, where [P] is the total



present invention, hydrofornylation is advantageously carried out

using as.catalyvst an _oil-soluble rhaodiim complex conprising a | ow
val ence rhodi um (Rh) conpl exed both with carbon nonoxi de and a

tri organophosphorus conmpound. As triorganophosphorus conpound there
may be menti oned, for exanple, one or nore oil-sol

triaryl phWO26R228% tri al kyl phosphi nes, al kyl -diaryl - . ¥E&§Hgg%HPnes,
aryl - di al kyl phosphi nes, triorganophosphites, especially .
trial kyl phosphites and triaryl phosphites 18 & which list alky

I ncl udes cycl oal kyl ), containing one or nore phosphorus atons per
nol ecul e capabl e of conpl exation with Rh by virtue of having a | one

[ f I X h h . d _of ' disti
o, such monodErRetitiRkdh, adc thE’ERaRAYRanely SEIVE prderndelfin O
conpound My benaiSeshASidn I8 poo, is The PHRORPN aRMMe Lrdeadponhi ch are

known to provide good cataF?tlc activity 1n'the hydrofornylation of
pure ol enorodk kel imthes gasaphaséor use in the process of the
present invention, their concentration preferably being such that (a)

the nol ar P/ Rh rat iA&s iexamplesaof the ligands thexréaayoiel mentdonedati on of
the coordinately, active phosphorus is preferably at |east 0.01 nol/l;
and (c) the triogtylphosphine, LELRYSIAREXYIPRORPRINEt or is preferably at

Lg?fEpg6}0ggggé&é¢i3kpﬂgkyf%hggbhkgethSyéf%ﬁ%xleiqR;qyfggo%% %%%?5
phenyldioctylphosphine, phenyldicyclohexylphosphine,
triphenylphosphine, tri-p-tolyiphosphine, '
trinaphthylphosphine, phenyl-dinaphthylphosphine,
diphenylnaphthylphosphine, tri-(p-methoxyphenyl)-
phosphine, tri-(p-cyanophenyl)phosphine, tri-(p-
nitrophenyl)phosphine, and p-N,N-dimethylaminophenyl-
(diphenyl)phosphine, trioctylphosphite or tri-p-tolyl-
phosphite; as bidentate compound there may be meﬁtioned
diphos-bis (diphenylphosphino)ethane.

Advantageously, the Rh concentration in the reaction
mixture is in the range from 1 x 105 to 1 x 102
moles/litre or, in effect, in the range from 1 to
1000 ppm, preferably 20 to 500 ppm, based on the total
weight of the solution.

The catalyst is advantageously contacted with the
feedstream in a solution in an oily solvent or a mixture
of such solvents, for example aliphatic and aromatic
hydrocarbons (e.g., heptanes, cyclohexane, toluene),
esters (e.g., dioctyl phthalate), ethers, and polyethers
(e.g., tetrahydrofuran, and tetraglyme), aldehydes (e.gq.,

propanal, butanal) the condensation products of the oxo



concentration of the coordinately active phosphorus in t he sol ution,

and P[err] is the partial _pressure.of carbon nopoexi de in the gas
phase. As exanples of the |ligands there may be nenti oned

t-ri octyl phosphi ne, tricyclohexylphosphine, oct yl di phenyl phosphi ne,
cycl ohexyl di phenyl phosphi ne, phenyl di oct yl phosphi ne, PCT/EP96/00163
phenyl di cycl oQ $Sphi ne, tri phenyl phosphi ne,

tri-p-tolyl phosphi ne, t ri napht hyl phosphi ne,

phenyl - di napht hyl phosphi ne, di phenyl napk®hyl phosphi ne,
tri-(p-nmethoxyphenyl)- phosphi ne, tri-(p-cyanophenyl)phosphi ne;
tri-(p- nitrophenyl)phosphine and p- N, N-di net hyl am nophenyl -

(dlphenyl)phosphln Q{lqgt d% agglsg E%Ft{f;d}diﬂd%hosphoruspf?§£$ﬁte as

bi dent at e conpound TR may nent |

di phos- bi s(di phenyl phasighi Q). qtbgagnenylphosphineﬁdvantageously, the Rh
concentration in the reaction m xture is in the range from1 x

10[err] to 1 x 10-2 Altexinatilvelye as, descmﬁﬁeﬁnyn nnSFheatange Feam 1 to
1000 ppm preferably 20 to 500 ppm based on the tot g ht_ of the
sol uti on. 4248R0 214 HOPI 56! s 5AUFPY a@ftfbtféﬂ‘] °é§nt HBF-&B nlhe

feedstreamin a sol ytion |n a i vent _or uch
sol vents, for exanplRFHRPRHE ?‘Eﬁélﬁr h{-?%erence, ﬁ?&r SREPBIRE %\e§g ,

heptanes, cyclohexahg,e{Ql 4e ’ro.p,hiél.%%:regﬁcgﬁaé ér?d Gn aduethy! mQEEbﬁ' #4¢)be

et hers, and polyethers uran, and tetraglyne),

al dehydes (e.qg. useda propanal , butanal) the condensatlon products of the

o Rhodium may be introduced into the reactor either as
a preformed catalyst, for example, a solution of
hydridocarbonyl tris(triphenylphosphine) rhodium(I) or
it may be formed in situ. If the catalyst is formed in
situ, the Rh may be introduced as a precursor such as
acetylacetonatodicarbonyl rhodium(I) {Rh(CO)j(acac)},
rhodium oxide {Rh;03}, rhodium carbonyls {Rh4(cof12,
Rhg(CO) 36}, tris(acetylacetonato) rhodium(I),
{Rh(acac)3}, or a triaryl phosphine-substituted rhodium
carbonyl {Rh(CO),(PAr3)};, wherein Ar is an aryl group.

Hydroformylation is advantagecusly conducted at a
temperature in the range from 40 to 200°C, more
advantageously from 80 to 180°C, and preferably from 90
to 155°C.
The reaction is advantageously conducted at a low

pressure, e.g., a pressure in the range of 0.05 to 50 MPa
(absolute), and preferably in the range of about 0.1 to
30 MPa, most preferably at a pressure below 5 MPa, with a

partial pressure of carbon monoxide advantageously not

greater than 50% of the total pressure.



WD 96/ 22265 . PCT/ EP96/ 00163

S 16 - product al dehydes ar.the trj —garnd

itself (e.g., triphenyl phosphine). Al ternatively, as described
iFn U S. Patents Nos. 4248802, 4808756, 5312951 and 5347045, which are
al | I ncorporated herein by reference, the catalys contain
a hydr opWP|96:222§ goup and an aqueous nedi um nmay be tlfs‘,:g%b‘mm“ :
Rhodi um may be introduced into the reactor either as a preforned
catal yst, for exanple, a solution of = 17 =hydri docar bonyl

tris(triphenyl phosphine) rhodiun(l) or it may be fornmed in situ. If
the catalyst is fornmed in situ, the Rh nay be introduced as a

. h
?rRﬁ?&JS(Z)E aigg) }, = Mvanta%%&%nggi%gga%% err %(%#um car%onyl S
{Rh4(CO 12, pyaroddifi( @ral @cnyiens( 3nctie a@@é@r& %er loxd ¥ebbtor at

{Rh(acac)3), or a trlaryl phosphi ne-substituted rhodi um car bonyl
{Rh(CO 2( PAr 3, fortetycding pressuresaaye gaintpained as followslydcOf or nyl ati on
I s advant ageously conducted at a nperature in the range from40 to

200[ err] C, nofxom aboutsdy e 5§c80dRy Pir%fﬁ-w:hb akgyiteds Lo, 3§nﬂ°b¥éf erably

conduct ed at %ztf’ i abot; 1. £ 98, mglY, paeﬁ%?ﬁy‘ ahart, 18 E8 38707 0705 1o
gg xgg nost p ef%%ﬁ?’a ngr%?§é§3?g| € gﬂ%ﬂﬁﬁﬁﬁ_?%e%ggukl9 1at? al
pressure of Ca&AN m&ﬁ%&@VantﬁgﬁQﬂﬂﬂerﬁﬁpreclatﬁ ehber Eh&ﬁe50% of
the total pressure.

dilute ethylene feedstream itself contains significant

quantities of carbon monoxide and/or hydrogen, which is

not at present preferred, the proportions of syngas and

its components may be adjusted accordingly to achieve the

desired proportions in the reactor.

The reaction may be conducted either in a batch mode
or, preferably, on a continuous basis. In a conéinuous
mode a residence time of up to 4 hours may advantageously
be used; if, as indicated as advantageous below, a
plurality of reactors is employed, a residence time as
short as 1 minute may be employed; otherwise a preferred
residence time is in the range of from % to 2 hours.

Since the hydroformylation process of the invention
advantageously takes place in the liguid phase and the
reactants are gaseous compounds, a high contact surface
area between the gas and liquid phasgs is desirable to
avoid mass transfer limitations. A high contact surface
area between the catalyst solution and ;he gas phase may

be ensured in any suitable manner, for example, by

stirring in a batch autoclave operation. In a continuous
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- 17 - Advant ageously, the proportions of carbon nonoxi de,
hydrogen, and ethylene in the feed to the oxo reactor at t he

f-oregoi ng pressures are maintained as follows: CO fromabout 1 to 50
nol % preferably about 1 to 35 nol % ~ Herr] from about o168 %
preferably ab3{R9623265, 90 mol % ethyl ene fromabout 0.1 to 35 nol %
preferably about 1 to 35 nol% It will be appreciated that if the
dilute ethyl ene feedstreamitself contains Si&®iTicant gquantities of
carbon nmonoxi de and/or hydrogen, which is not at present preferred,

t he proportions of syngas and Its conponents nmay be adjusted

accordingly to achi I:tieo deetof leddP RALS IARS beNcbRtattadtwith the
The reacti on may be‘ﬁ\ﬁc@(}ﬁaI uctnea:hgi fher {’n a balg(% node or, preferably,

on a continuous bas¢gtalystd stANkiBHOLA, for exaxide; mesbrtinwousnflo®w up to
4 hours may advant ageously be used; if, as indicated as _advantageous
bel ow, a pl urstirmedfautosdaveswheretheaas is iafreduced: aRd as

short as 1 minute nay be eqr;g}l oyed; otherw se- é)ref erred Lisiggnceh
time is in the ranghispersesnatoithe bgtbopRf the vessel, prefgrably throug
hydr of ormyl ati on process_of _.the.inventigQn v u ace
in the |iquid phase® aﬂ?ﬁ?ﬁate% in Fgactgﬂ?% %?"etagé}sg%t&g’gggn%ééngggggyﬁ# gh

tC gnt act Sg\r/];?gerrassaxt‘?ans e‘#!f% \i@raeﬁ%taa%nlggngﬁ%aﬁ?géhﬂ%%lnéta a??a g&r&P :ggiﬁél ﬁﬁbgfea
bet ween t he cat al yséob@tidn OF ahé Rhccgtalystsen mmihigh surface area

support, a technigue well known in the art as supported
ligquid phase catalysis, or providing the Rh as part of a
permeable gel, although such catalysts may not be
commercially preferred.

The hydroformylation reaction may be performed in a
single reactor. Suitable reactor schemes are disclosed,
for example, in Harris et al in US Patents Nos. 4,287,369
and 4,287,370 (Davy/UCC), Tsonuda et al in US Patent
No. 4,322,564 (Mitsubishi), Fischer et al in US Patent
No. 4,479,012, Kummer et al in EP-A-114,611 (both BASF),
Cornils et al in EP-A-103,810, Kalbfell et al in
EP-A- 144,745 (both Hoechst/Ruhrchemie). Optionally tﬁo
or more reactor vessels or reactor schemes may be
configured in parallel. For a dilute feed, a plug flow
reactor design, optionally with partial liquid product
backmixing, gives a more efficient use of reactor volume
than a continuous stirred tank reactor design.

Advantageously, however, hydroformylation is

carried out in at least one reaction zone or vessels in



be ensured in any suitable manner, for exanple, by stirring in a

batch autoclave.gparation In 3 continious WO 06L222065

PCT/ EP96/ 00163 - 18 - operation the
reactor feed gas can be contacted with the catal yst solution in, for
exanpl e, g%,&%ggsnuous-f | ow stirred autocl ave wher epiinpogdniss S

I ntroduc a di spersed at the bottom of the vessel, preferably

t hr ough a perforated inlet. Good contact between the catal yst

and the gas feed may al so be ensured by H?Sbersing t he sol ution of
the Rh catalyst on a high surface area support, a technique well
known in the art as supported | i qui d phase catalysis, or providing
the Rh as parigefiesd. suitRBI&BAUGtdeIconFighedtions Cdré adfdodsedipy not be
comercially preferred. The hydrofornyl ation reacti on nay be
performed in £or exampiepgby Fawldéwret @l timbBritiabtPatentenes are

di scl osed, for exanple, in Harris et al in US Patents Nos. 4,287, 369

and 4, 287, 370 SpesificationTlen 38R, 657, byuBupningiet al in\§8 4 322 564
(M tsubishi), Fischer et.al_in Pat ent No, 4 012  Kunmer et al
in EP-A-114, 6FREB th°BA$F§?$'12L§' by Miyazeva, ef a1 n“%é}i-g 0, Kal bfel |
et al in EPrAz ad4 45 he chgai tionally two

or nore react gro'v_e!sséa'?é'é}gf e%é*%WM§vm% gie; 85" fate%_nf igured in
parallel. For ya.dsl 369,166, fnRldryirRVout the pPaséRE DiewdriiiorPptionally

with partial |iquid product _
with dilute feed gas recycle over one or several reactors
is advantagecusly kept low, or even not used.at all. The
individual hydroformylation reactors may be of the
standard types as described by Denbigh and Turner in
“Chemical Reactor Theory" ISBN 0 521 07971 3, by Perry et
al in "Chemical Engineers' Handbook" ISBN 0-07-085547-1
or any more recent editions, e.g.,'a continuous stirred
tank or a plug flow reactor with adeqguate contacé of the
gas and the liquid flowing through the reactor.
Advantageously these plug flow reactor designs or
configurations include ways of partial backmixing of the
reactor product iiquid, as explained, for example, by
Elliehausen et al in EP-A-3,985 and in DE 3,220,858).

The presence of diluenﬁ in the process of the
invention may require different conditions or reactor
configurations than are needed for purified ethylene,
these differences becoming most important when high
conversion of the ethylene is desired. Advantageously,
at least 80%, preferably 920% and most preferably 95% of

the ethylene in the feedstream is converted.

Advantageously high conversions are achieved under



backm xi ng, gives a nore efficient use of reactor volune than a

continuous stirred tank reactor_design. Advant ageousl vy,

however, hydrofornylation is carried out in at |east one reaction
zone or vessels in WD 96/ 22265

PCT/ EP96/ 0016%!g - 19 - PCITERIGIB0163

Sui tabl e reactty Y435, gurations are disclosed, for exanple, by Fow er
et al in British Patent Specification No. 1,387,657, by Bunning et al
in US Patent No. 4,593,127, by Myazawe?®t~al in US Patent No.
5,105, 018, and by Unruh et al in US Patent No. 5,367,106. In carrying
out the present invention with dilute feed gas recycle over one or
several reactors reactiionagvaaieens iyidepinindzeooverahl noéactsar sitzeal | .
The i ndi vi dual hydrofornylation reactors may be of the standard

types as descri bed and Benboghdegraderthe catalyst. " Tnedi einglexeagtomeory”
| SBN 0 521 07971 3, by Perry e '

t . al in" m,cal. Engi neers' book"
I'SBN 0- 07- 085547- 1 8tage, FRagherpize aeRe é‘tﬁ“ﬁ?“c}ﬁﬁ‘,’ EYg?‘,’“&%’b?ﬂ?n us
gas and the |1 qui o FPERERYLPRPoRERSTRE) st pRUESHE, Debl 260 diotdlfe oo
plug flow reactor qgg FRAtalyst. In C&NHr&fErFdO RhboREMEAE, VENEr&foray ti al
backm xi ng of the reaCtor product liquid, as explained, for exanple,
by El | i ehaus atyarioformydatPor- s ddrmiwll iontDEn3diffefént . reaction
The presence of diluent in the process of the
zones. These zones may be different reaction vessels or
zones in a single reaction vessel with physically
different reaction conditions. An example of a single
vessel with different reaction zones is a plug flow
reactor in ﬁhich the temperature increases with travel
downstream along the lengtﬁ of the plug flow reactor. By
appropriately utilizing different reaction zones, high
conversion hydroformylation of ethylene may be achieved
with minimum reactor volume and maximum catalyst
stability. In a preferred embodiment, two or more
reactors are used in series. When two reactors are used
they are advantageously staged such that there is an
"increase in severity (e.g. higher temperatures or
catalyst or ligand concentration). 1Increasing the
severity in the second reactor aids in achieving high
conversion while minimizing reactor volume and overall
catalyst degradation. The reactors used may be two
sequential well-stirred tank reactors in which the

gaseous dilute ethylene is contacted with a liquid phase

that contains the Rh catalyst.



i avention may require different conditions or reactor configurations

t ane. —=these differences hecom ng
nost i nportant when high conversion of the ethylene is desired.

Advant ageousl vy, at | east 80% preferably 90% and nost preferably 95%
of WodeRhdgy! ene in the feedstreamis converted. PCT/EMEOHRERgEoUs| y
hi gh conversions are achi eved under WO 96/ 22265 . .

PCT/ EP96/ 00163 - 27 - -~ 20 - reaction

condi tions which mninize overall reactor23izZe and do not degrade the
catalyst. In a single reactor . stage, reactor size nmay be mnim zed by
goi ng to high tenperatures (>130C); this, however, tends to degrade
the catalyst. In a mieateremdvalbfriomesich tdeactiorecmay be abyiéeédry! ation
is carried out in different reaction zones. These zones may be

di fferent reacBUPings$bpsliguid or gamohase ghronghearbeati exchangar. wit h

hysi cal | di ff t,creactipn conditigns. An exanple_ of a single
D eveel with di b8 gAF PBACAIGRIG FB G reagtor may,pe mixed either i whjch

t he tenperatur %,iltﬂchﬁaiﬁgeﬂép &F W€ rrer or %9‘”&3#1#)?' gaagl? ad haelf‘:!“}e"g tCP i 8];1

the plug flow reactor. _ approprrately-u z rfferen :
zones, high  throwgRv&hsififebréF ottt cknisO bubb18khY! £hca "BYefér@gd eved
Wi th mnimumreactor volume and nmaxi mum cat al yst stability. In a

preferred enbodmbodimentiothe reastors are atagetssach that morécthas. Wen
two reactors a%%%ug%dthe ethylene is converted in the first reactor and
more than 70% of the remaining ethylene is converted in
the second reactor. This gives an overall ethylene
conversion in excess of 91%. Another configuration of
two reactors that may be used to obtain high conversion
from a dilute ethylene feed is a well-stirred tank
reactor followed by a plug flow reactor.

There are several ways of coupling two reactors in
series. The simplest is to take the gas phase effluent
from the first reactor containing at least unconverted
ethylene and propanal vapor and inject it into the second
reactor. An alternative scheme is to separate the
product propanal between the two reactors by condensing
it out of the gas phase material transferring it between
the first and second reactors. The composition of the
gas exiting the first reactor may be controlled in other
ways. For example, some of the hydrogen may be omitted
from the feed entering the first reactor and injected
into the gas being transferred between the first and
second reactor. The liquid phase catalyst solution may

or may not be pumped between the two reactors.



t hey are advantageously staged such that there is an I ncrease in
severity (e.g. higher tenperatures..or catal yst or ligand
concentration). Increasing the severity in the second reactor aids in
achi eving high conversion while mnimzing reactor volune and overal

cat al yst degradati,%g. The reactors used nmay be two S e UREIlyERY6/00163
vel | -stirred t%RR%2%%:t ors in which the gaseous dilute ethylene is

contacted with a liquid phase that contains the Rh catal yst.

WO 96/ 22265 = 22 =pCT/ EP96/ 00163

- 21 - Heat renoval from such reactors may be achi eved by
punpi ng the liquid or gas phase through a heat exchanger. The gas and

liquid in the reactor ”Bi’hé)gnﬁi&%daﬁbt Betferred, Wridaudt iofPelthglens stirrer
or by punping the gas aroun through an injector that forns bubbles.

In a preferred hy&rdfsiwglat ilone caegiedr sutirin stapadaneeh wiikht there t han
70% of the ethylene is converted in the first reactor and nor e t han

70% of the renai ni nineentdes drocessnisr prapapal together,s POSFIPL¥acYLED

This gives an overall ethyl ene conversio&iiné§¥ &3S of  91% Anot her
configuration of SomeR¥PRANAL.or FhenRroRaNaL PR A3 ¥ ES AMhi gh

conver si on fr Ogi:%%%&ﬁtgewﬁﬁnh *h?gﬁ;kﬁfgc{:&@ JF lﬂ}iﬂ@forurse @ohﬁak'cfally

reactor followed by1 _ eact _ ere are several ways
of coupling two reaghpsStdit chemicdlkl,©and TERe Sintdritilon alsd pre@itBe gas

phase effl uent

processes in which hydroformylation is followed by
reactions producing such chemicals. Where the dilute
ethylene feedstream also contains higher unsaturated
hydrocarbons, a mixture of aldehydes will result. Such
mixtures have especial value when the aldehydes are
aldolized, hydrogenated to saturated alcohols, and the
alcohols esterified, etherified or formed into acetals to
give plasticizers or éynthetic lubricants. Undef
circumstances where the dilute ethylene stream is
generated from a low-value feedstock like natural gas,
for which in certain areas the cost of transport or the
available volume is a major impediment to its
commercialization, the products or product mixtures from
aldolization and hydrogenation may have value as liquid
transportable fuels, optionally after dehydration to the
olefin, and if desired hydrogenation to a paraffin or
paraffinic mixture.

More especially, the present invention provides a
process for the manufacture of propanol, wherein the
propanal formed by hydroformylation is hydrogenated; a

process for the manufacture of propanoic acid, wherein



fromthe first reactor containing at |east unconverted et hyl ene and
propanal vapqor.agoddonlect it into the secand .. L 83ei-OleAR—al-t-arRaiie—
schenme is to separate the product propanal between the two reactors
by condensi ng it out of the gas phase material transferring it

bet ween o e first and second reactors. The conposipdPEpeeorsie

gas exitr%g first reactor nmay be controlled in other ways. For
exanpl e, sonme of the hydrogen nmay be omtted fromthe feed entering
the first reactor and injected i it®3tThe gas being transferred between
the first and second reactor. The liquid phase catal yst solution may
or may not be punped between the two reactors. WO 96/ 22265

PCT/ EP96/ 00163pe propanal is oxidized; a process fé2 the manufacture The

maj or, and preferred, product of ethylene hydr of ormyl ati on carried
out in accordafcanwallolh@imer or itrier, ehereinsthe spropyeaklis oget her,
possibly, with sone propanol. The propanal has utility as an

i nt er nedi at e mlﬁnelﬁaﬁ&xa@zm@mcemué:ﬁeomvémtm of a jpportant

chem cals, and the inyention al so _provid processes Jjn. which
hydr of or ny| at FaFrated QE‘EIY% ' W ere:,negziaﬁ Br]rg"ﬂaré RF STRARCh Mt cal s.

wh the dil i ' t ur at ed
hyar ccar bons. 1yaregenat 8l W AN 8 RufaPed fachyllE] 4152 U4 8
especi al val ugryeesst BeratHeNsmstasttire of anl dAkhEeFatdy W ndsnel ed to

saturated al cohols, and the
wherein the aldol dimer or trimer is selectively

hydrogenated; a process for the manufacture of a
saturated alcohol, wherein all double bonds in the aldol
dimer or trimer are hydrogenated; a process for the
manufacture of a saturated alcohol or acid, wherein the
saturated aldehyde produced by hydrogenation of the aldol
dimer or trimer is hydrogenated or oxidized to form the
corresponding saturated alcohol or acid; a procesé for
the manufacture of trimethylol ethane, wherein propanal
is condensed with formaldehyde to form the trimethylol
ethane; a process for the manufacture of a multi-methylol
alkane or alkene, wherein the aldol dimer or trimer
and/or the saturated aldehyde produced therefrom is
aldol-condensed with formaldehyde to form the
corresponding multi-methylol alkane or alkene, a process
for the manufacture of an ester, wherein the saturated
alcohol or the acid is esterified; a process for the
manufacture of an aldol tetramer or pentamer, or mixtures
thereof, by aldolization of the propanal or. aldehyde
mixture from hydroformylation; a process for the

manufacture of a Cj5 to C3g alcohol or alcohol mixtures,



al cohol s esterified, etherified or fornmed into acetals to gi ve

pl asticizers or synthetic lubricants. Under ci rcunst ances where the
dilute ethylene streamis generated froma | owval ue feedstock like
mat ur al gas, for which in certain areas the cost of transport or the
avai | abl e vol ugg %mﬁj or inpedinent to its comrer ci apéFRpdeNest NE
products or J xtures from al dol i zati on and hydrogenati on may
have val ue as liquid ‘transportable fuels, optionally after
dehydration to the olefin, and if desit&4 RAydrogenation to a paraffin
or paraffinic m xture. More especially, the present

I nvention provides a process for the manufacture of propanol,

wherein the Phekei o rdRIb10 by et Pr panedndy) iox hm&taeaoaisd a
process for the manufacture of propanoic acid, wherein WO 96/ 22265
PCT/ EP96/ 00163 hydrogenated to the correspond;ﬁgzalcohol or Bﬂeopompanal

I s oxidized; a process for the manufacture of an al dol di mer

tTimer, wherein theBXENESn 2 process fog| the mnutagture Gﬁbééﬂ?lﬁoPl?ﬁbn
manuf act ur e of ein the al dol _diner

| dehyd wh
TR aciare of & o7 aRat Hf HEtaRel " PhERait B Lodiied 53! pEnPRne?,
process for the nmang@gsien ei[é)fdé?{?#'aﬁah“rﬁﬂﬁ a%m (for the""ﬂﬁﬁﬁf?c{:ﬁf .

al dol dinmer or trimer is select ydriogenat e a process ftor t
manuf acture of a of aSBEiquid qxiralfcfehobr PELALE In ahixtinws,c wherdsni théhe

al dol olefin or olefin mixture is hydrogenated.

One process carried out in accordance with the
invention will now be described by way of example only
with reference to the accompanying drawings, in which the
sole figure is a flow diagram.

Referring now to the figure, there is shown a steam
cracker (100) producing a process gas (2) containing,
inter alia, ethylene from ethane (1). The gas (é) is a
feedstream scurce; which might, for example, have a
composition similar to Example A. The gas (2) is
processed through a_quench step (110) in which water (3)
is used to reduce the temperature and stop the reaction.
The water removed (4} from this quench contains most of
the components, for example Cg*, which are condensable
at room temperature and atmopheric pressure. A product
stream (5) from the guench is then compressed (120), for
example, in several compression stages, to achieve an
appropriate pressure, typically from about 0.3 to about
3.8 MPa absolute, for subsequent operations. In the
compression, the remainder of the components which are

condensable at room temperature (c5+) and much of the



diner or trinmer are hydrogenated; a process for the manuf acture of a
5%&2@_@.@2&.&&@.—\@@% —sat urated aldehyde produced—by—
hydr ogenati on of the al dol dimer or trinmer is hydrogenated or
oxidized to formthe correspondi ng saturated al cohol or acid; a
process for t he manufacture of trinethylol ethane, psiop1ed’ Opanal

i s conderfE@AR2e5, formal dehyde to formthe trinethyl ol PERE et hane; a
process for the manufacture of a multi-nmethyl ol al kane or al kene,
wherein the al dol diner or trimer = ZRdTor the saturated al dehyde
produced therefromis al dol - condensed with fornmal dehyde to formthe
correspondi ng nul ti-nethyl ol al kane or al kene, a process for the
manuf act ur e ofyg¥lereSirirodift@iaciin the 2ainieé &ha qfuencﬂ @faokrembvelie acid is
esterified; a process for the manuf acture of an aldol tetraner or
pentamer, or n{&) ufxsm the dilllatecethybgnel ddthe ailuteoiethiydepeoptineam

or. al dehyde m xture from hydrofornylation; a process for the

manuf act ure of (B G therCrrogiessed| through ohFaustdq wash (130) wheye)

96/ 22265 \ PCT/ EP96/ Q0163

- 24 - a ganskic gaiution (B 18 used Lo xapqve EWBP%?FJrEPdis
hyd ted t ' | : ' : Q)

oY ocase for ¢ renigElddRaNid g cBnBEne e’ () SO WiLIoning EabbiiE:

wherei n the tafdghEwaer 113Nk introddééd®itd théeRidutecdithgdna process
for the manufacture of aliquid paraffin or paraffin m xtures,

wherein the stream (10) in a water wash (140) to ensure that caustic

is not carried forward to the remaining steés and also
remove nitrogen-containing compounds (12). The dilute
ethylene stream (13), now free of most of the components
which act as catalyst poisons in hydroformylation, is
then dried using, for example, a molecular sieve (150),
with water and any water soluble contaminants or poisons
being removed (14). At this point, this dilute éthylene
stream (15) is a suitable feedstream to hydroformylation.
Optionally, the stream after drying (15) is further
processed to ensure consistency of the non-ethylene
unsaturates. The further processing, for example,
includes hydrogenation (160) to control the level of
acetylene and polyunsaturates. The dilute ethylene (16)
is then fractionated (170), with overhead temperatures
typically not lower than -50°C, to control the level of
C4* components which are rejected as heavies (17).
Finally, the oxygen level of the dilute ethylene (18) is
managed using a fixed bed of reduced metal (180) and,

optionally, a fixed bed (150) of additional adsorbent is



olefin or olefin mxture is hydrogenat ed. One process carried
out in accordance with the . i nvention will now be described by way of
exanpl e only with reference to the acconpanying draw ngs, in which
t-he sole figure is a flow diagram Referring now to the
figure, theredvagm a steam cracker (100) produci ng PCRE®EA6183 Jas
(2) contai ning, inter alia, ethylene-fromethane (1). The gas (2) is
a f eedst ream source, which mght, for e§gnple have a

conposition simlar to Exanple A The gas (2) processed through a
guench step (110) in which water (3) S used to reduce the
tenperature and stop the reaction. The water renoved (4) fromthis
guench cont ai ns noa:trqyfided to shavengepontor sxamplegxanpl ee€banalhi ch are
condensabl e roomtenperature and atnopheric pressure. A product

stream (5) fromt hé’%ﬁ@ﬁ% !'—HEE Right cenadn dpother gkream u%karrpl e, in
I ta achieve an propria SS

ypi Gal 1y 11om about 0. F83e Byl Broeeed Taggne By Be o1 Forady ohir e

operations. In the eyampleSOBRYERG! AFrest MRrd ﬂ&@q& OEoﬁhEﬁ;Bﬂ@P@e&t s which

are condensabl e at room tenperature WO

96/ 22265 engineering purposes, thiEChriddesingbnay produce a
- 25 - wat er introduced in the furnace and quench are renoved

(6) fromthe dil ut slidute etbyl@he fle¢dstreamhtice yydsoformylation ((20) witthen

processed through a caustlc wash (130) where a caustic solution (8)
is used to renove SuISOMRCS itign similar to that of Example E above.

The following Examples illustrate the invention.
Ex e

This example illustrates continuous hydroformylation
of an ethylene/methane mixture. A 500 ml Autoclave
Engineering Zipperclave stainless steel autoc}ave was
equipped with a continuous gas feed system, with back
pressure control, and with gaseous feed and prodﬁct
characterization via gas chromatography. Catalyst
solution was prepared by mixing under nitrogen 201 g of
tetraglyme, 15.6 g of triphenylphosphine, and 0.70 mg of
rhodium (added as Rh(CO),(acac), where acac is the
acetylacetonato ligand). This corresponds to 3.23 wppm
of Rh, and a P/Rh ratio of 8700. <Catalyst solution was
tranferred into the autoclave under nitrogen, the
autoclave purged with nitrogen, and then gas flows
commenced as indicated in Table 1. Pressure then built
up to the 1000 kPa (abs) setting of the back pressure
control, after which the autoclave and contents were

heated to 100°C.



chl ori ne-containing conponents (9). Follow ng caustic wash, wat er
(11) is introduced into the dilute.ethylene . stream (10} in a vater

wash (140) to ensure that caustic is not carried forward to the
rémai ni ng steps and al so remove nitrogen-containing conpounds (12).
The dilute et hyl ene stream (13), now free of nost Q%ﬂiﬂ$MH? onents
whi ch act“@E“@ﬁ?%lyst poi sons in hydrofornylation, is t hen g?ied

usi ng, for exanple, a nolecular sieve (150), with water and any water
sol ubl e contam nants or poi sons bei Tenoved (14). At this point,
this dilute ethylene stream (15) is a suitable feedstreamto

hydr of or nmyl at i on. optionally, the streamafter drying (15) is
further processed to ensure consi gcy of the non-ethyl ene

unsat urates. The further processing, for exanple, i ncl udes -

hydr ogenati on (160) t-o—contraol—the leovel of
pol yunsaturates. The dilute ethylene (16) is then fractiornated (170),
wi th overhead tenpefaturesGas Flow Rateal [(pljmin) oner than -50[er|r]C, to
control the level o C4+ conponents which are rejected as |heavies
(17). Final | y[_The OXYgen 1 evel or tne daitute etnyrene (1g9) is
managed using a fixed bed reduced netal (180) and, optilonally, a
fixed bed (190) of fdditional adsorbent is WO 9%%422265
PCT/ EP96/ 00163 H - 26 gag Provijded to
scavenge, for exanple, any % esi dual het eroatons that mght] remain in
the stream (19). CH, 137

Ethylene 82

Observed Conversion 19%

Examnple 2

The procedures of Example 1 was repeated, but using
as catalyst Rh at 85 wppm and a P/Rh ratio of 464, and
operating at 90°C. Gas flows and conversion were as

shown in Table 2.

Gas Flow Rate (ml/min)

CcO 314
' Hp 1776
CHy 136
Ethylene 172

Observed Conversion 65%




Wil e the process sequence nmay be altered, for exanpl n gl'
hydr ogenati on for econom c QL ....—_engi neering purposes, mlu Wlm llmlll
may produce a dilute ethylene f eedstream to hydrof ormA atti oh (20)3

vii th a conposition simlar to that of Exanple E above.

foll owi ng Exa ustrate the invention.

Exanple 1 Iqw&ahdiéhls exanpl e illustrates continuous hydrgFgrnyﬂgtlon
of an et hyl ene/ net hane m xture. A 500 mi Autoclave Engi neeri ng

Zi ppercl ave stainless steel autoclave was ~ 28 2quipped with a continuous
gas feed system wth back pressure control and with gaseous feed
and product characterization via gas chronatography. Cat al yst

sol uti on was prepa@gguggﬁpixing under nitrogen 201 g of tetragl yne,
15.6 g of triphenyl phosphine, and 0.70 ng of rhodi um (added as
Rh(CO 2(acac), where acac I s t h® processciuyy lthechgazbforngiat)jon o .
corresponds to 3.23 wp of Rh, and a P/Rh ratio of 8700. Catal yst
sol uti on was thEWFéFPEB'FﬂPEﬂ%#i?guﬁﬁﬁﬂﬁﬁﬂgaunﬂbich|G¢!§E¢S95he

aut ocl ave purged wi th t hen gcas fl comenced as

i ndi cated in Tabl e PP tl9r° §§ r@ fﬁ% Hran °“tam&}5‘9t TP DR PP (abs)
tt f the b t f t d
o0t 0 Do agAeg e oLy, Sl B A

PCT/ EP96/ 00163 hydrocarbon content, and having aZfotal olefin content of

‘at most 80% by weight, based on the total hydrocarbon
content, with synthesis gas under hydroformylation
conditions in the presence of a rhodium-containing
catalyst and recovering a hydroformylation product.

2. .A process as claimed in claim 1, wherein the
feedstream is derived from ethane.

3. A process as claimed in claim 1 or claim 2,
wherein the source of the feedstream is the.proddct of
a steam cracker.

4. A process as claimed in any one of claims 1
to 3, wherein the source of the feedstream to
hydroformylation is compressed, washed with an agqueous
alkaline solution and washed with water to form the
feedstream.

5. A process as claimed in claim 4, wherein the
feedstream is dried to form a dry feedstream.

6. A process as claimed in claim 4 or claim 5,
wherein the feedstream or dry feedstream is hydrogenated,

fractionated, and deoxygenated before hydroformylation.



o o™ T T ol —
688 CH4 137« ¢ b w8

Et hyl ene 82 Observed Conversi on
19% Exanpl e 2 cg gaedur es of
Exanpl e 1WR&¥2R6heat ed, but using as catal yst Rh af wppm and a
P/Rh ratio of 464, and operating at 90[err]C. Gas flows and
conversi on were as shown in Table 29 =

Table 2 Gas Flow Rate (m/m n)

CO 314 H2

1776 : : ;

Et hyl ene 7 “h Procpss as claimed in any onés%?r \fela%gn\}ersi on
65% VEL 96/ Adiékein the hydrocarbon conteg;}of the feedstream

PCT/ EP96/ 00163 -
- is at least 50% by weight.

8. A process as claimed in claim 7, wherein the
hydrocarbon content of the feedstream is at least 80% by
ﬁeight.

9. A process as claimed in ahy one of claims 1
to 8, wherein the feedstream contains at most 2% by '
weight of acetylene.

10. A process as claimed in claim 9, wherein the
feedstream is substantially free from acetylene.

11. A process as claimed in any one of claims 1
to 10, wherein the feedstream contains from 30 to 75% by
weight ethylene, based’on its total hydrocarbon content.

12. A process as claimed in any one of claims 1
to 11, wherein the feedstream contains from 45 to 60% by
weight ethylene, based on its total hydrocarbon content.

13. A process as claimed in any one of claims 1
to 12, wherein the feedstream contains at most 10% by
weight molecular nitrogen.

14. A process as claimed in any one of claim 1
to 13, wherein the feedstream contains at most 10 wppm
oxygen.

15. A process as claimed in any one of claims 1
to 14, wherein the feedsteam contains a total of at most
1 wppm sulphur-, chlorine-, and nitrogen-containing

compounds.



%er (I\)/([:Sar bon- cont ai nllng feegsﬂgggfjmrga E:gre}pwg(ragformil gjln?um“ mllu“" "Ill "IIII
f eedstream containing from27.5 to 75 percent by wei ght *of ¢ etthyl"ené, *

based on the total hydr ocarbon content, and having a total olefin
content of at _nost 80% by wei ght, based on the total hy 63
content, with Y92 s gas under hydrofornyl ation condittons in the
presence of a rhodi um contai ni ng catal yst and recovering a

hydr of or myl ati on product. 2. A ¥ otess as claimed in claiml,
wherein the feedstreamis derived from et hane. 3. A
process as clainmed in claiml or claim 2, wherein the source of the

feedstreamis the produgf of 3 p ccéses"‘rﬂscrd”lﬁli%d in any one ‘bf claifs 1
process as claimed in any one o alns 1 3, wherein the source of

the feedstreamto to 15bydnai—eiﬂyheélmawwmar enaadumvwdmle:md lw iz
aqueous al kal i ne solution and washed with water to formthe

f-eedst ream carbpn monopide cand A eta-iamamnpnphoaum compeNnNdi n t he
feedstreamis dried to forma dry feedstream xﬁwoqess as
r

claimed in claim4 or cRdrm5, A Pr°%ﬁﬂ§w§§1qﬁ%é“F@e&EtF%%&Hcﬁsd erein

feedstreamis hydr n deoxygenat ed before
hydr of or nyl ati on. e %ng°9E99%7ééé&égéyyysﬂ%SPigge'

PCT/EP96(00163 1s8. A process as claimed in any one of claims 1
to 17, wherein the catalyst is in solution.

19. A process as claimed in any one of claims 1
to 18, wherein at least 80% of the ethylene in the
hydrocarbon-containing feedstream is hydroformylated.

20. A process as claimed in any one of claims 1
to 19, wherein hydroformylation is carried out in at
least two different reaction zones.

21. A process as claimed in claim 20, wherein
the severity of the reaction conditions in at least a
second reaction zone is greater than that in a preceding
zone.

22, A process as claimed in any one of claims 1
to 21, wherein at least 70% of the ethylene is
hydroformylated in a first reaction zone and at least 70%
of the remaining ethylene is hydroformylated in a second
reaction zone.

23, A process as claimed in any one of claims 1
to 22, wherein hydroformylation is carried out in at

least two separate reactors.



-.29 - 7. A process as clained in any on
t 6. wherein.ha bydrocarbon content of the feedstream ﬁm““ﬂ“ﬂmﬂumulﬂ
50% by wei ght . 8. A process as clained in ctaitm® wWhefeih

t he hydr ocarbon content of the feedstreamis at |east 80% by

wei ght.  we s 9 A process as clained in any oncratreebmsss 1

to 8, wherein the feedstreamcontains at nost 2% by wei ght of

acet yl ene. 10. A process aspglaimed in claim9, wherein the
feedstreamis substantially free fron1ace%y|ene 11. A
process as clainmed in any one of clains 1 to 10, wherein the
feedstream contains from30 to 75% by wei ght et hyl ene, based on its
total hydrocarbon c@4t.ent. A process aslZlaimed pnoctaima23c|whemslin ratany
one of clains 1 to 11, wherein the feedstreamcontains from45 to 60%
by melghﬂﬁgﬁﬁypﬁﬁereBEEEE eperates ds p ﬁ?&FSSﬁrBEHkCEERQ#Rr and

13.. A proces clai ned_i one f clal tpo 12, wherein the
f eedst reaﬁ1 contag’ ﬁ'gaﬁf‘ %gtribgf%%/( opera ﬁﬁef‘ﬂh? Hgl E%ﬁya?oﬁ?t rogen.
14. A process as gl ai ”Eda'gréél&/sé’rlfs YadmaMih claim 29, lﬁ.ema{ ei ” the

f eedstream contai ns at nost wppm oxygen.

process as cl aithesrel Araniis@dca®f16ast Bwol stirredt aaﬁﬁ,rweww. t he
feedsteam contains a total of at nost 1 wppm sul phur-, chlorine-, and

ni t r ogen- cont amiithgn whichctheocatislyst is in a liquid phase and

ethylene is in a gaseous phase.

26. A process as claimed in any one of claims 1
to 18, wherein the hydroformylation product is propanal.

27. A process as claimed in claim 26, wherein
the propanal is hydrogenated to propanol.

28; A process as claimed in claim 26, wherein
the propanal is oxidized to propanoic acid.

29. A process as claimed in claim 26, wherein
the propanal is subsequently aldolized.

30. A process as claimed in claim 26, wherein
the propanal is condensed with formaldehyde to form
trimethylolethane.

31. A process as claimed in claim 26, wherein
the propanal is subjected to aldolization to form an
unsaturated dimer, trimer, tetramer or pentamer.

32. A process as claimed in claim 31, wherein
the unsaturated product is hydrogenated to form a
saturated aldehyde, or an unsaturated or saturated

alcohol.



YX‘D3(9)6{ 22208 16. A process as clained i ECZ]EP(?%OBIWJ |u||L|r“I'!I1"I|I “ I!II

to 15, wherein the catalyst is rhodium conplexed with car bon ‘noflox?’ de
and a triorganophosphorus conpound. 17. A process as cl ai ned
in claim16, viveegikmes the conpound is triphenyl phosphi ne. PCI/EP96/00163
18. A process as clained in any one of clains 1 to 17, wherein the
catalyst is in solution. 19. A.p§pcess as clainmed in any one
of claims 1 to 18, wherein at |east 80%of the ethylene in the

hydr ocar bon-cont ai ni ng feedstreamis hydrof ornyl at ed. 20. A
process as clainmed in any one of clains 1 to 19, wherein .
hydrof ornmyl ation i s carrBdd out Arpracess as glaimedoln|¢lainR2+ sheredn a
zones.

- 21. A imed i i m 20 ' .
the severity of thesFé’&EPFSﬂp%g%%?‘ﬁ icaf'rs%c' T ’ éggfkﬁé@amra\é}%@foe&%ﬂgg& i8N

zone is greater tha ' rﬁfﬁpi zone. 22. A
process as clai nmed ‘:.ar?hg%agﬁga%? clal rfiggfleﬂn' to 21, wherein at |least 70%
of the ethylene is alydr of of npcicik ias ¢1himed LiRaclaim ¥V ahdireial

| east 70% of the remaining ethylene is hydrofornylated in a second
reacti on zone. the olefdn is hydragsgetess tol formdannalkanene of cl ai ns
1 to 22, wherein h\édrofornzl ation is carried oyt in at | egst
two separate reactors. 5. process as claimed in claim 31, wherein

the unsaturated product is converted, via a saturated
aldehyde, to an acid.

36. A process as claimed in claim 31,'wherein
the unsaturated product or a saturated aldehyde produced
therefrom is condensed with formaldehyde to a
corresponding multi-methylol alkane or alkene.

37. A process for the manufacture of an ester,
which comprises esterifying an alcohol produced Sy a
process as claimed in claim 32 or an acid produced by a

process as claimed in claim 35.
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- 31 el . NP OCeSS@sclained in claim23._uherein at
| east one reactor operates as a stirred tank reactor and at | east one
réactor operates in plug flow node. 25. A process as clai ned
in clai MRgeeiaer ei n there are used at | east two SPCIEPWOOEAK
reactors, within which the catalyst is in a liquid phase and
ethylene is in a gaseous phase. 26. A process as clained in
any one of clains 1 to 18, wherein tifd hydrof ornyl ati on product is
pr opanal . 27. A process as clained in claim26, wherein
t he propanal is hydrogenated to propanol. 28. A process as
clainmed in claim26, wherein the propanal is oxidized to propanoic
aci d. 29. A process as clained ina.claim26, wheref t he
propanal is subsequently al dolized. 30. A pr oces cl ai mred
in claim26, wherein the propanal is congtgtnsed with fornaljdehyde to
form trimet hyl ol et hane. ) 31. pegss—as Ccljainmed in
claim 26, wherein t hempriopa®@l i tHO e 610 C- e i o form
an unsat urated diner|, tr—e—tdtranmer or pentlane! 32.
A process as clained in clfaim31, wherein the unsaturated product is
hydr ogenated to forma saturated al dehyde, or an aturated or
sat ur at ed al cohol .

o

~

‘ F

o fe
-®
169
®

140
@ ]
130
—f

120
®
O
®

Figure 1

100

SUBSTITUTE SHEET (RULE 26)

- -



- -6
WD 96/ 22265 PCT/ EP96/ @@17@;4 93

= 32 - 22 A process as clained in claim32 _wherein 3
saturated al cohol is formed, and the saturated product is ﬂehy’dsaioqﬂ,
td forman olefin. 34. A process as clai ned ;;x;»“. m 33,

wher ei n the olefin is hydrogenated to form an al kane. ‘::_’lT;{T‘ 35.
A process as PCIhed in cwokumres, ) ORGANIZATION unsat ur S product i s
converted, via a saturated al de e, to an acid. 3 A
pr oces JNAERNATIONAL APRLICATIQN BUB mmrwmggﬁmlpm@mm a
sat U (s iemstiothEPugeotoClydfoaitonc &0 t h¢ (sg) Thtardadodil INBIRGIBE Ribesdvi t h fWWe
to d corc 4580, gmepndi ng nul ti-mefyliol al kane or al kene.

37.
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