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A PROCESS FOR CONVERTI NG ALDEHYDES TO ACI DS The present

i nventi onWa6008d generally to the 5 production of oxo acP§IUSPHO8IA0 cr ude
hydr of or myl ati on al dehyde product. In particular, it relates to the
catal ytic conversion of the aldehyde product to oxo acids in the
presence of water. 10 BACKGROUND OF THE | NVENTI ON . _
Hydr of ormyl ati on reactions involve the preparation of oxygenat ed
organi ¢ conpounds by the reaction of car bon nonoxi de and hydrogen
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BACKGROUND OF INVENTION
Hydroformylation reactions involve the preparation
of oxygenated organic compounds by the reaction of
carbon monoxide and hydrogen (synthesis gas) with
15 carbon compounds containing clefinic unsaturation. The
reaction is typically performed in the presence of a
carbonylation catalyst and results in the formation of
compounds, for example, aldehydes, which have one or |
more carbon atoms in their molecular structure than the
20 starting olefinic feedstock. By way of example, higher
alcohols may be produced in the so-called “oxo” process
by hydroformylation of commercial Cg to Cj;; olefin
fractions to an aldehyde-containing oxonation product,
 which on hydrogenation yields the corresponding Cg to
25 C;3 saturated alcohols. The oxo process is the
commercial application of the hydroformylation reaction
for making higher aldehydes and alcochols from olefins.
The crude product of the hydroformylation reaction will
typically contain catalyst, aldehydes, alcohols,
30 unreacted olefin feed, synthesis gas and by-products.

The oxo process is well known in the art and is
generally described in detail in Kirk-Other,
Encyclopedia of Chemical Technology, Volume 16, 3rd

35 edition, John Wiley & Sons, pp. 637-653, 1981.
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product ‘m xture containing the al cohol s and al dehydes is recovered and .
can then be treated by known neans to hydrogenate the al dehydes to

formadditional quantities of the corresponding 5 alcohols. These
al cohol's, in turn, Theteaiftelry thedproduct misvtural dantaintddiattdre in the

manuf act ure of | asti.ci zer t t Ql t d.the like. '
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is generally treated to renov I.SSO al't, catal yst, which
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"Denetal | ed” Byrdm@ealMihterf@diades 9 RhedwdnuFacture of
plasticizers, detergents, solvents and the like.

Prior to the hydrogehation step, the crude oxo
10 reaction effluent, which contains dissolved cobalt
catalysts, the aldehyde and alcohol products and '
‘reaction by-products together with any metallic '
contaminants, is generally treated to remove the
dissolved cobalt catalyst, which then for reasons of
15 economy must be recycled to the oxo reactor.

“Demetalled” hydroformylation reaction product or
crude oxo alcohol product is the reaction product which
is substantially depleted of the transition metal

20 cobalt catalyst required for the hydroformylation
reaction. Such crude oxo alcohol product will
generally contéin_cobalt'in an amount of from about
0.05 to 3.0 wt.%, calculated as elemental cobalt. The
concentration of aldehyde in the crude oxo alcohol

25 product is generally from about 40 to 75 wt.%.

The next step in the oxo process is the
hydrogenation of the crude oxo alcohol product which is
typically carried out in the presence of hydrogen and

30 at pressures of about 6.89 MPa to 31.00 MPa (1000 to
4500 psig) using sulfided bimetallic cobalt and
molybdenum oxides or nickel and molybdenum oxide
supported on alumina as the hydrogenation catalyst.



‘crude oxo al cohol product is the reaction product which
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and Clerr] aC|demmerc1al application can also utlllze linear C7, Co
10 and C;; acids.

In order to commercially produce oxo écids,-the
hydroformylation process is adjusted to maximize oxo
aldehyde formation. This can be accomplished by

15 controlling the temperature, pressure, catalyst
concentration, and/or reaction time. Thereafter, the
demetalled crude aldehyde product has typically been
oxidized according to the reaction below to produce the
desired oxo acid: '

20

RCHO + 'O, - RCOOH (1)

where R can be a normal or branched alkyl group.

_ ' The present inventors haVe developed a unique

25 process which is capable 6f producipg oxo acids from
oxo aldehydes which avoid the inherent dangers
associated with_using oxygen in a'hydrocarbon process
stream, while increasing the selectivity of acids
verses alcohols. That is, in the absence of hydrogen

30 the'catalytic reactioh'Of aldehydes and water favors

the formation of acids verses alcohols. Moreover,

present inventors have discovered that the use of a
catalyst at certain pressurés and temperatures will
also ‘cause an increase in the select1v1ty of acids

35 verses alcohols.
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A process for forming oxo acids from oxo aldehydes
preferably comprises the step of reacting the aldehyde
with water in the presence of an acid-forming catalyst

10 and in the absence of hydrogen, thereby converting the
‘oxo aldehyde to an oxo acid. The reaction is _ ‘
preferably conducted at a pressure of between about 0.1
‘MPa to 6.99 MPa, more preferably between about 0.1 MPa

to 6.99 MPa, and a temperature of about 93°C to 205°C,
15 more preferably between about 171°C to 188°C.

The production of oxo acids from the cobalt
catalyzed hydroformylation of an olefinic feedstream
preferably comprises the following steps:

20 (a) hydroformylating the olefinic feedstream
by reaction with carbon monoxide and hydrogen in the
presence of a hYdroformylation catalyst under reaction
conditions that promote the formation of an aldehyde-
rich crude reaction product;

25 (b) demetalllng the aldehyde-rlch crude
reactlon product to recover therefrom the
hydroformylatlon catalyst  and a substantially catalyst-
free, aldehyde-rich crude reaction product;

(c) separatlng the catalyst—free, aldehyde-

30 rich crude reaction product into a concentrated

~ aldehyde-rich product and an aldehyde-poor product;
(d) reacting the concentrated aldehyde-rich
product with_weter'in the presence of an acid-forming
catalyst and in the absence of hydrogen, thereby
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shal.l becwgm.pﬁrent as descri bed bel ow. 5 K,ggﬁoégljﬁ

I NVENTION A process for formng oxo acids fron1oxo a

preferably conprises the step of reactlgp the al dehyde with water in
the presence of an acid-formng catalystt 10 and in the absence of
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a tenperature of abouyt 93[err]C to 205[e noy e preferabl bet ween
about 171[ er r FERVETT3A% akncentraé Jl#ﬁg 2&%1 PeE HF R from
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t her eby Cz;1 acids, more preferably Cg to C;3 acids.

Other and further objects, advantages and features
of the present invention will be understood by
15 reference to the following specification in conjunction
with the annexed drawings, wherein like parts have been
given like numbers.

20 BRIEF DESCRIPTION OF THE DRAWINGS
| Fig. 1 is a flow diagram of the process according
. to the present invention wherein oxo acids are formed
from demetalled crude oxo aldehyde product;

25 Fig. 2 is a schematic representation of the
process for producing oxo acid according to the present
invention;

Fig; 3 is a schematic ‘representation of another
30 embodiment according to the present invention wherein
the aldehyde distillation and catalytic acid conversion
steps are combined into a éingle reactor;
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converting the concentrated al dehyde-rich product to a crude acid- .
product ; W€ g6/00711 . (e) separating the crude acid RGN0 an
acid-rich product and an acid-poor product. 5 The ol efinic
feedstreamis preferably any C4 to 6 C20 olef in, nore preferably any
Cerr] to C12 olefin. The hydr of or nyl-ati on and subsequent reacting of
t he crude hydrof ormyl ati-on product with water in the presence of 10 an
acid-formng catalyst is capable of producing C5 to C21 acids, nore
preferably C6 to Cl3 acids. Qt her and_further objects,

advant ages and fedfigest is @fgraphppb@thRGanﬂldanfquFaﬁéluhderstood by

15 reference 1054 fﬁé&&é ﬂgff&ﬁ%{ﬁ&éthaﬂahalcfaéaaeaeﬁnwnh whih the

annexed dramnngs ereln | ke parts have been given |ike numbers.

20 BRI EF DESCA QU hydnegemRaw NGS Fig. 1 is a flow diagram of
}he process accordlng to the present invention wherein oxo acids are

or med fromdepetal | ed crude oxo_al dehyde. produ Fig. 2 |s
a schemati’c repre at? ok ot gﬁ@pﬁ shoyin sghgoylﬁiéﬁug?ﬁgcﬁﬁﬁlgﬁ

accordi ng to ddid pprsdudtion from crude heptanal feedstock and crude
nonanal feedstock; and

Fig. 6 is a graph showing the weight percents for
10 catalytic acid production from crude heptanal feedstock "
and crude nonanal feedstock. ' '

DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 Oxo acids are key reactants for the production of

polyol esters, used as components for synthetic
 lubricant formulations. Such commercial application
has potential to utilize branched Cg and Cg acids.
Similar commercial application can also utilize linear
20 Cy, Co and C;; acids. '

_ The present invention provides for the production
of oxo acids from the cobalt catalyzed hydroformylation
of olefins. The oxo acids are preferably formed by the

25 following steps of: (a) hydroformylating C4 to-Czo
olefins by reaction with carbon monoxide and hydrogen
in the presence of a cobalt hydroformylation catalyst
(e.g., hydrido cobalt carbonyl) under reaction
conditions that promote the formation of an aldehyde-

30 rich crude reaction product; (b) demetalling the
aldehyde-rich crude reaction product of step (a) to
recover therefrom hbmogeneous_cobalt catalyst and to
separate therefrom an essentially cobalt-free,
aldehyde-rich crude reaction product; (c) separating

35 the cobalt-free, aldehyde-rich crude reaction product
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PCT/ US95/ 08190 | 7 6 Fig. 4is a
graph plotting yields for catalytic aci d production from crude nonanal
feedstock with and wi t hout hydrogen; 5 Fig. 5is a graph.
showi ng the yields for catalytic acid production from crude hept anal

f eedst ock and ; éEH}?r{E’J %ﬁd@élﬁ&ﬁ‘fﬂ& [ 6 is a graph
show ng the we]'?{g t%pgrogents oreél ca ytic gc?%o%l%%%u%?‘li;o%nf rom crude

hept anal feeds#isiabyde-paqar @uednatonaitl Feackingkthe concemmstRe®TI ON OF
THE PREFERRED AMEHYIE=Fi2hl DroductOwi if I bt &F i ¥hé oFFésense OF 4fe

esters, used as, conponents for synthetic

Plbr | cant f of ARISTERRIL NG, Gakahnak @ HpfAe AbegRce of hydrogen,

5 at a temperature in the range between about 93 to 205°C
and a pressure of between about 0.1 to 6.99 MPa,
thereby convérting the concentrated aldehyde-fich
product to a crude acid product; and (e) separating the
crude acid product into an acid-rich product and an

10 acid-poor product. | |

The overall stoichiometry of conversion step (d)
can be described by reactions (2) and (3) below:

15 2RCHO + Hz0 — RCH,0H + RCOOH (2)
RCOOH +. H; — RCH20H _ (3)
where R can be a normal or branched alkyl group.

The stoichiometry described by reactions (2) and
20 (3), above, can be practiced in the'absence of hydrogen
to favor reaction (2) and maximize selectivity to the
desired acid product. As such, reaction (2) can be
considered as two competing steps:

25 RCHO + Hy0 — RCOOH + Hp, (4)
RCHO + H, —» RCH,0H  (5)

Reactions (2) and (3), above, are descriptive of
the relevant stoichiometry. Reaction (2) is favored to
30 maximize the desired acid product, when the process
concept is practiééd in the absence of hYdrogén, as
indicated in reaction (4). Selectivity to acid
production can be further enhanced if a catalyst is



has potential to utilize branched C[err] and C[err] acids. . Simlar
commercial application can also utilize linear 20 C7, Clerr] and (Jerr]
aci ds. The present invention provides for the eﬂp i of
0Xx0 aci ds Pﬁgﬂg?he cobalt catal yzed hydrofornyl ation g# %%$§gm The
oxo aci-ds are preferably fornmed by thg 25 follow ng steps of: (a)

hydroformyl ating C4 to C20 ol efin8 by reaction with carbon nDnOX|de and
hydr ogen in the presence of a cobalt hydrofornylation catal yst
(e.g., hydrido cobalt carbonyl) under reaction conditions that pronote

the formation of an al dehyde- 30 rich crude reaction product; (b)

deretal! 09, anen S HACHS ERuSE SEREEIED D7) BUECLaCh TEBRLY 1S,

an essenti al | gr cobaéxténteat allalﬁe&gﬂmenlCE)eraheveeactlon product; (c)

separating 35 the cobalt-free, al dehyde-rich crude reaction product WO
96/ 00711 PCT/ US95/ 081 90
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product; () &SRGhéEat g €98d§féééﬁéé of aﬁ'QéhﬁdfofmﬁhﬁpEaﬂﬁiys%‘th vat er.
In the presence of an aci e absence of

form st and_ in_t _
hydrogen, 5 &8d al'lz%'rrp%‘?%t"tﬁealFF?%%“'?%r@é Weet- hptibe 68 P 519®5F@rr] C
and a pressure.9§ MPawece00bpsigy, lmdpe 6pPeféPably fromeabbutconyerting the

concentr at ed dehyd C oduct.to a,crude acid duct: _and (e
separ at i ng tH@£ @X £.48 ﬁba (285 pglg), and“at a @ehpegagu%e of (e)

between about 93°C (200°F) to 205°C (400°E), more

10 preferably between about 171°C (340°F) to 188°C (370°F). q
It is also preferred that the reaction have a residence
time in the reactor of between about 0.5 to 2.0 vvh
(volume of catalyst/(volume of feed/hour)).

15 - D-FORMING CATALY
Any type of catalyst known to one of ordinary
skill in the art which is capable of converting oxo
aldehydes to oxo acids is contemplated by the present
invention. It is even more preferable'if the acid-
20 forming catalyst is a supported metallic or bimetallic
catalyst.

One such catalyst is a bimetallic nickel-

molybdenum catalyst supported_on alumina or silica

25 alumina which catalyst has a phosphorous content of
about 0.1 wt.% to 1.0 wt.%, based on the total weight
of the catalyst. See U.S. Patent Application, Serial
'No. 08/159,099, filed on November 29, 1993, which is
incorporated herein by reference. _This catalyst is

30 prepared;by impregnating molybdenum onto the alumina
support using phosphomolybdic acid, 12MoQ3°H3PO4, as
the medium to carry the molybdenum onto the alumina or
silica alumina support.



“crude acid product into an acid-rich product and an 10 aci d-poor product.

The .overa hi onetry of conversion step (d) can b cﬁ %hgggH
reactlonsw %tmgk@(?)) bel ow. 15 2RCHO + Herr]O % Z‘fsﬁ

"+ RCOOH RCOOH @ Herr]  RCH2OH (3)
where R can be a nornal or branched al kyl group. - The

stoi chionetry described by reactions .(2) and 20 (3), above, can be
practiced in the absence of hydrogen to favor reaction (2) and maxi m ze
selectivity to the- desired acid product As such reaction (2) can be -

consi dered as two % rg%%tl n 91 + H20 - RCOH
+ Herr] (4 YSt rsalbber pr§Rared [‘é‘f 4singpoy (5)
Reactions (2) p&m@p@f&)ncﬁlalwﬂ &y aeIulvEnt/efgf the ndiybddvmgalts

ot oduct . when PRSIz sodubreshar Rl (ithd L TRl FomdSecs bife ¢
hydrogen, as typiicadilyatresults ea:x:tptms;(ht)rmﬁel]&\lebstqf tabat B wt.%
E@?ﬂ%tg%?g BESgnb%ﬁeuwwlﬁ@an%% \dx it AWK, 'Patent N0 96/ 00711
+151,257 discloses the use of a solution of nickel,
carbon and molybdenum oxide in phosphoric acid to
prepare a catalyst on the support and U.S. Patent No.
- 4,997,801 discloses the same solution on NiCO3 and MoOj3
10 in phosphoric acid (85%) to:prepafe a catalyst using
gamma-alumina as the support.

Still other bimetallic, phosphorous-free Ni/Mo

catalyst may be used to convert oxo aldehydes to oxo

15 acids according to the present invention. See U.S.
Patent Application, Serial No. 08/159,097, filed
November 29, 1993, which is incorporated herein by
reference. These bimetallic, phosphorous-free Ni/Mo
catalysts can be prepared by impregnating an alumina or

20 silica alumina support with an organic acid solution of
Ni and Mo salts, the acid being decomposable to CO; at

calcination temperatures of 371°C (700°F) to 593°C

(1100°F). While citric acid is preferred, other
suitable organic acids include di- and tri-carboxylic

25 acids having ﬁp to about 10 carbon atoms such as oxalic
acid, fumaric acid, and maleic acid. Such acids should
contain only carbon, hydrogen and oxygen and should be
capable of dissolving Ni and Mo salts.

30 Both of the aforementibned bimetallic catalysts,
 with and without phosphorous, are also particularly
preferred for use in their sulfided form after being
sulfided by the techniques well known in the art using
gaseous (HzS) or liquid sulfiding compounds, such as
35 ammonium or sodium sulfide solutions, to convert the



8 chosen such as to favor reaction (4), but to a | esser or no

extent at all, reaction (5), above. The conversion of al dehydes
to aci dswa9gmoafierably 5 conducted in the presence of arrcIvisysbsoei ng
~catal yst and H2O, and at a prgs ure of about 0.1 MPa (0 psig) to

6.99 MPa (1000 psig), nore preferabMy fromabout 0.1 MPa to 1.48 MrPa
(200 psig), and at a tenperature of bet ween about 93[err]C (200[err]F)
to 205[err] C (400[err]F), nore 10 preferably between about 171[err]C
(340[err]F) to 188[err]C (370[err]F). It is also preferred that the
reaction have a residence time in the reactor of between about 0.5 to
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al dehydes t 0 convexrtiets tics m&]ersnhﬁméé)ym heuch esestilfidingvention. It is
even nore prgj %2&4* f the acid- 20 formng catalyst is a supported
I'1Te i C

metallic or catal yst. One such catalyst is a
bimetal li é nickel - nnlybdenunlcatalyst supported on alumna or silica

: . 0
t2(5) ?l (l;mwtné%mbgge on t e tot %ﬁ{%%‘?%e cat a‘llg/%?r?%ggt Uoél \IIDVtai (f)nt
Appl i cati on, kd@etallic mamtlsgmmmmw QAN \predwce o0 aobds which
i's i ncor pe o diiRid) dha WL % ditposédifindltdfeously to :
the catalytic surface in the absence of'hydfogen. As _
10 such, the bimetallic catalysts according the'présent
invention can be impregnated into any suppb'rt which is '
capable of allowing catalytic conversion of aldehydes
to acid. '

15 Fig. 1 demonstrates the primary steps required for
forming oxo acids from the crude oxo product of a
hydroformylation reaction. An olefinic feedstock
(e.g., Cs to C;, olefins) are hydroformylated (1) by
reaction with carbon monoxide and hydrogen in the

20 presence of a cobalt hydroformYlation catalyst (e.g.,
 hydrido cobalt carbonyl) under reaction conditions that
promote the formation of an aldehyde-rich crude
reaction product. The aldehyde-rich crude reaction
product is then demetalled (3) to recover therefrom a

25 homogeneous cobalt catalyst and to separate therefrom
essentially cobalt-free crude product which contains 20
wt.% or more of carbonyl~containing compounds such as
aldehydes, acetals, ethers and esters. The demetalled,
crude hydroformylation product is then separated (6)

30 into a concentrated aldehyde-rich product and an
'aldehyde-poor product via distillation. Water is added
to the essentially cobalt-free crude aldehyde-rich
product via conduit 5 and reacted in the presence of an
acid-forming catalyst, thereby converting the aldehyde

35 contained within the cobalt-free crude product to a
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phosphonnwmp%%@q cid, 12MoQB3[err]H3P(J err], as t he nEdH“Hhhﬁﬁéﬁﬁﬁy t he

.ol ybdenum o e alum na or si*ica al um na support. /00711
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catal yst can be prepared by using phosphoric acid as the solvent for

t he nol ybdenum sal ts whi ch are inpregnated onto the al um na support.

Thi s typically results in phosphorous |evels of .about 3 wt.%5 on the
catal yst. For exanple, U S. Patent No. 5,151, 257 di scl oses the use of a

sol ution of nicke . , carbon and nol yhdenum oxi de_in phogphori¢c acid to

prepare a cat acfi)é‘{é c'ﬁ'f:’tqweprs‘ffg"b%frt&hﬁ L%r?gbéﬁ' I\B%‘e 81'“%,893?,1- 01 '

di scl oses t he producto|is | separateédnhtam danaBiderich ppbpsghct i andcand (85%

to prepare a c v ' -alum na as the support. _

Still otherlﬂégiéﬂéﬁ%#ﬁ%ﬂggﬁﬂ%rg%g??ree Ni / Mo catal yst may be used to
convert oxo al dehydes to oxo 15 acids according to the present invention.

See U.S. 5 Pat entEiAé)pI%qééé%t%?rl{‘@{.%)lﬁetQﬂ%?Q?Qggesgi | ed Novenber

29, 1993, which is, 1 ntorpor rein refefrence. These binetallic,
phosphor ous- f re¥pfigyation ageerding cke bhe pEpSeRE byvenpieBnat LRg an

al um na or 20 gdddrdarmte FiEh SHHOOpEedbht PRvOREEOHCaACedsential ey Of

N and o sal tondlle Aeedl eltg Sregposabl ey 0 BLehL Blancned hgbm O

reaction product is delivered via conduit 16 from oxo

10 process 10 to a distillation tower 12 wherein a light
oxo fraction (LOF) containing approximately 2-4%
aldehyde is taken overhead via conduit 14 and a.crude
aldehyde product is taken as bottoms via conduit 18 and
passed to a distillation tower 20. In distillation

15 tower 20 the crude aldehyde product is separated into a
concentrated aldehyde-rich product and an aldehyde-poor
product. The aldehyde-poor product (i.e., containing
between 5-10% aldehyde) is taken as bottoms via conduit
22 and sent to hydrogenation (24). The aidehyde-rich

20 product is taken overhead via conduit 26 wherein water
is added via conduit 28 to form a reaction mixture.
The reaction mixture is then passed over an acid-
forming catalyst 32 disposed within fixed or trickle
bed reactor 30 wherein the aldehydes are converted into

. 25 the desired oxo acid product (i.e., oxo acid,

unconverted oxo aldehyde, oxo alcohol and unconsumed
water) via catalytic reaction with water. The crude
oxo acid product'exits fixed bed reactor 30 overhead
via conduit 34 and, optionally, passes through

30 distillation tower 36 wherein an acid-poor product
(i.e., unconvertéd'oxo aldehYde, oxo alcohol and
unconsumed water) is taken overhead via conduit 38 and
an acid-rich product is taken as bottoms via conduit
40. The acid-rich product is then passed from conduit

35 40 into distillation tower 42 wherein heavies are taken



(1100[err]F). Wiile citric acid i-s preferred, other sui tabl e organic
acids include di- and tri-carboxylic 25 acids having up to about 10 carbon

at ons suwo ssoeMal i C acid, fumaric acid, and nal ei c a®CHUSSHOFIINCI ds
shoul d contain only carbon, hydr ogen and oxygen and shoul d be -

capabl e of dissolving NN and M salt4.2 30 Both of the

af orementi oned binetallic catal ysts, wi th and w t hout - phosphorous, are
al so particularly preferred for use in their sulfided formafter being
sul fided by the techniques well known in the art using - gaseous (H2S) or

l'iquid sul fiding conmpounds, -such as 35 ammpni um or sodi um sul fide
sol utions, touwoaeBottoms via m&ﬁiﬂotmland an oxo acid product

PCT/ US95/ 08190 1 oxi des of the netals
to their cor r’essp%mrhgo‘ﬁﬁlﬁ%des‘ua co yp| ca??y, about 80%to 100% of the

oxi des are converted to netal sulfides in such a sulfiding

procedure. 5 tloﬂélif &ié@lpf@& dxﬁ“@&'wéf“aﬁocéﬁéoﬁﬁé@pﬁéaed

bimetallic catalyst conpositions can ce oxo acid when, al dehyde

and wat er Sar Fe3¢RR B Fren MiDus? yCQ% "be c?%’-’&%‘?a?-‘}??casﬁ?ﬁ%% in the
absence of hygiPOefundBidd rédétor tée. bln§t§ﬂ:d>wﬁ mtnigsts,amaldl ng the

present Ié&ﬁﬁ%i&ﬁ‘éﬁﬁhégélggr%g qu Int81 Qflf 8ﬁtzgﬂécgz and

a catalyst fixed bed .zone 54. The crude aldehyde
product from conduit 18 is passed from distillation

10 tower 12 to distillation zone 52 wherein an aldehyde-
poor product is taken as bottoms via conduit 22 and ‘
sent to hydrogenation 24. The aldehyde-rich product
then passes through distribution plate 56 where it is
passed over an acid-forming catalyst 32 disposed within

15 catalyst fixed bed zone 54 .and reacted with water
supplied via conduit 58 wherein the aldehydes are
converted into the desired oxo acid product. The crude
oxo acid product exits dual function reactor 50
overhead via conduit 34 for further downstream

20 processing. '

EXAMPLE 1 |
This éxample demonstrates acid verses alcohol
yield from the reaction of crude (aldehyde-rich, 81 to
25 83 wt.% aldehyde) oxo aldehyde reaction product and
water in the presence of an alumina supported
bimetallic nickel-molybdenum catalyst and hydrogen.
The test was carried out at 6.89 MPa (1000 psig) over a

temperature range of 149°C (300°F) to 182°C (360°F).
30 Crude nonanal was the feedstock used for catalyst

performance evaluation.

Two 316 stainless steel,WH‘diaméter reactors with
appropriate high pressure connectors_were each charged
35 with 65 cm® of catalyst material to be evaluated. The



to acid. 15
form ng oxo acids

‘capabl e of allow ng catalytic conversion of al dehydes
Fig. 1 denonstrates the primary steps required for
fromthe WAMEOBlo product of a hydr of or myl ati on react PER/USEHORIPRS | nj ¢
f eedst ock (e.g., (err] to (Jerfj]3ol efins) arehydrofornylated (1) by
reaction wi th carbon nonoxi de and hydrogen in the 20 presence of a cobalt
hydr of ornmyl ati on catal yst (e.g., hydri do cobalt carbonyl)  under
reaction conditions that pronote the formation of an al dehyde-rich
crude reacti on product. The al dehyde-rich crude reaction product is
then denetalled (3) to recover therefroma 25 honbgeneous cobalt catal yst
and to separ acatelysss loaded reactersalane dm_ztschggl @ ublauist ert whi ch

contains 20 condtalftok eiipe®a®ured'saRidy lbatdN teuligitk L QPG it St £

al dehydes, acetals, ethersS and esters. The denetalled, . crude
hydr of or ny| at PERESFSIFOT tEMPEERtUES. At Fle) RPRYARFIR%®ncent r at ed

\% dehyde- ri ch mechdndicaindonhect iotsd elarde-ipsta el s al Fowlivdadtat i on.
ter

i s added t.0 the essenti.ally cobalt-fr crude ehyde;rich
b oduct vi 5 CORSFAEION AF FRlGAa) PraseiLe sk mo G CLOLESIIL N g
catal yst, thepgRy nominall vadt! RenpedAtiies3 v Oy 18d0%) haRqt 182°c
cobalt-free crude product to a WO 96/ 00711 e
PCT/ US95/ 0819Qq 360°F). ' 11 crude acid product
(7). Thereafter, the crude acid product is separated into an acid-rich
product and an aci d- poor product (9). '

Under steady state conditions liquid feed and

10 gaseous high purity hydrogen (more than 99 volume
percent hydrogen) were pumped over the fixed catalyst
bed. Liquid and gaseous product was subsequently
depressurized and sampled periodically. Aliquots of
liquid product and liquid feed were analyzed for

15 composition by gas chromatography.

The liquid feed consisted of demetalled
hydroformylation product of crude oxo aldehyde. All
evaluations were performed on nonanal which was mixed

20 with water at nominal water/feed of 3 volume percent.
- The crude oxo aldehyde component distribution for each
sample appears in Table 1 below.

Table 1
25 (Crude Aldehyde (Nonanal) Feed Composition)
Sample No. | Lights. wt.% | Aldehvde + Alcohol. - Heavy Acid. | Heavier than
(Olefin + Formate wt.% Wt.% - Acid. wt.%
Paraffin) Esters. wt.% _
1 6.79 81.20 4.05 296 5.00
2 - 6.59 83.22 107 265 3.47
3 1 6.05 83.45 3.57 2.65 427
4 7.13 ‘85.45 4.02 1.70 1.69




5 Fig. 2 depicts a nore detail ed process

to the prese
essenti al

reaction %098/38'{19

distillation

approxi mately 2-4%

nt i'nventi on.
obal t-free crude al dehyde-rich Iinear or
is delivered via conduit 16 fromoxo 10 p

In

configuration according

accordance with the present

tower 12 wherein a |ight.

i nvention, an

crude al dehyde product is taken as bottons via conduit 18 and

passed to a distillation tower 20.
al dehyde product

and an al dehyde- po

cont ai ni ng

wherein the al
(i.e., oxo aci
water) via catalytic reaction with water
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The crude
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oxo fraction (LOF) containing
al dehyde is taﬂéd overhead via conduit 14 and a

In distillation 15 tower 20 the crude
is separated into a

concentrat ed al dehyde-rich product

al dehyde- poo
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ure I's

i dal

pr aduct.
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passes through 30 dié%éllation t pwer

(i.e., unconverted o
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optionally,

Efeehea vt

d water)

condui t
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42 wherein

d via CONAUI hemical®dmposition an acl d- 11 CN_Pr PRYsedl

rich product| is then passed fro

@Ken

avi es are taken

S
m

MoO;

NiO

D into disti FP%H“B‘H-%%"@&JL‘%_*
: 3

Type

SupporPCT|

USSlipfaéeS 19
. Aream’/g

O Total Pore
Volume. mi/g

200 4.0

2.85

AhO;

180

0.45

* denotes a balanced chemical composition of

and SioO;.

f 21,03

The catalyst was tested at the conditions set
All tests were conducted at a

forth below in Table 3.

nominal feed rate of 130 ml/hr, a water rate of 4
ml/hr, a linear hourly space velocity (LHSV) of 1 ml
catalyst/(ml feed/hr), and at 6.99 MPa (1000 psig). -
Product composition for different test samples included
in Table 4 was determined by gas chromatography.

Table 3

(Test Conditions):

Sample No. Hy Temperature (°C)
1 Yes 148.89
2 Yes 182.22

forma
d-

unconsuned -
oxo aci d product

is

g



12 out as bottons via conduit 44 and an oxo aci d product S
taken overhead via conduit 46. Optionally, distillation tower 20
and fixed vedsnod1ireactor 30 fromFig. 2 can be conbined i ng@rrgsdxioditet
dual function reactor 50. As shown in Fig. 3, dual - function reactor 50
includes a distillation zone 52 and 1 5&1catalyst fixed bed zone 54. The
crude al dehyde product fromconduit 18 is passed fromdistillation 10
tower. 12 to distillation zone 52 wherein an al dehyde- poor product is
taken as bottons via conduit 22 and sent to hydrogenation 24. The

al dehyde-rich product t hen passes through distribution plate 56 where
it is passed over an acid-form ng Qagggy;t 32 disposed within 15

catal yst fixed bed zone 54 and- reacaed W wat, er, supplied via conduit
58 wherein the al dehydes are VﬁFtEB‘PHP&tﬁﬁé)deS|red oxo acid

product. The cSamgke LightsOKlﬂe!ﬁd‘ei-IChﬂﬁﬂdUCtAﬁ&iots duaheafvunctlonagae,gptor 50

over head vi a dui, 4 fyrther do ean120 ssin
EXAVPLE 1 AW Iilgﬁ s aﬂ!r'g}f')e denons “Fe?i es acift ‘Y‘% s a&é’bﬁﬂ?‘w‘%) yi el d
fromthe reaction of3scr udm (al dehyde-rigsngo 81 to 253 83 W . q@pgdenyde) oxo -

al dehyde react,j on uc and water_jn the pregsence of an al um na
supported | rre?f‘fgdl c& ni ckel - nol ybde?ﬁ'#] cat al yﬁs and hde3 en. The
test was carried out at 6.89 MPa (1000 psig) over a- tenperature range
of 149[err]C (300[err]F) to 182[err]C e r]F). 30 Crude nonanal was
the feedstock used for catal yst - nce eval uati on.
(Product Yield)
10 Sample : Delta Acid*  Delta Heavier Than Acid=**
No. (Wt%) (Wtg)
1 4.57 5.00
2 4.53 5.45 _
* Calculated as product heavy acid composition minus
15 feed heavy acid composition.

*% Calculated as product heavy_coﬁposition minus feed
heavy composition.

The catalyst's hydrogenation performance is

20 assessed by studying aldehyde conversion as well as
selectivity to by-products. Comparing product
composition in Table 4 with the corresponding feed
crude nonanal composition in Table 1, aldehyde
conversion in excess of 95% is obtained.  Alcohol and

25 acid products from the acid conversion process
according to the present invention are indicated in
Table 4 above. Alcohol production selectivity was
preferred in this examplé, as hydrogen promoted
conversion to alcohol product through reaction of oxo

30 acids with hydrogen. Thus, the alcohol content for
samples 1 and 2 is about one order of magnitude higher
than the corresponding acid prodﬁct composition.



Two 316 stainless steel, [err] dianeter reactors with appropriate high
pressure connectors were each charged 35 with 65 cnferr] of catalyst .

mat eri al valuated. The . WD 96/ 00711

per Usos Y - 13 catal Vot T oaded
reactors are imersed in a fluid beg, constant tenperature sand bath
equi pped with electrical heat erd Bor tenperature control. Appropriate
mechani cal connections were installed to allow reactor 5 operation at
nom nal pressure of 6.99 MPa (1000 psi Q) and nom nal test tenperatures
of 149[err]C (300[err]F) and 182[err]C (360[err]F). Under
steady state conditions liquid feed qgseous hi gh purity hydrogen

(more than 99 vol une percent hy ed over the fixed

cat al yst bed. lhmueitmegmt}ﬁMtcamfs e@Rena¢id

depr essur | zerURhUB WharrdrnUraline Alisboida ofi/Mo thdiifs eroduct and
liquid feed were anal yzed for Sltlon by as chronato%p

The liquid fé'é?tf%é}%tf&!’“bft%rﬁﬂ%ﬁll c re REPER i 3+ ct of
crude oxosal @eiwdgo &Inl the a*b‘é%lrw%t o ity ene.rfqrermd donditiges Whi ch was

m xed 20 wth ma n er/fee v, Iune e The
crude oxo aI &r}‘e?t 33113.@,3 B{ﬁﬁﬁﬁﬁ?%‘; ¥ 18 { nbov e
but in the absence of hydrogen. Crude nonanal was the
feedstock used for catalyst performance evaluation.

10 The catalyst's ability to convert the oxo ‘
aldehydes of Samples 3 and 4 (see Table 1) and water '
into oxo acids is set forth below in Tables 6-8.

. . Table 6
15 | (Test Conditionms)
Sample No. Hy Temperature (°C)
3 No 148.89
4 No 182.22
20 : Table 7.
(Product Composition)
Sample Lights Aldehyde + Formate.  Alcohol ~ Heavy Heavier
No.  (wi%) Esters (wi%) (W%) Acid(W%)  than Acid (W%)
3 553 3593 1964 23.79 15.11
23 4 746 14.88 2617 30.99 20.49
‘Table 8
(Product Yield)
sample Delta Acid* Delta Heavier Than Acid**
30 No. (wt%) (wt%)
3 21.14 . 10.82
4 | 29.29 18.80
* Calculated as product heavy acid composition minus

feed heavy acid composition.



"sanpl e appears in Table 1 bel ow. Table 125

(Crude Al Nonanal ) Feed Conposition) Sanmpl e hb hts. %
Al dehyde Q&n%&ﬁyéhol - Heavy Aci d. FbaV|er t han ?%Fﬂ?qn +
For mat e % . % Acid. wt. ' Paraffin) Esters. w.%
1 6.79 81.20 4.05 2193 5. 00 2 6. 59

83. 22 4. 07 2. 65 - 3. 47 3 6. 05 - 83. 45 3.57
2. 65 4.27 4 7.13 - 85.45 4.02 1.70 . 1.69
WD 96/ 00711 : PCT/ US95/ 08190

14 For this partlcular exanpl e, an al um na supported '
sul fided Ni/M*at S3iculpted af RRPICE ReawhOMpPsition Tinus feedst s
a binetallic N|/thyavylﬂampngﬁjﬂwst cont-ai ni ng about 3 melght :
per cent phosphorous. Typical 5 catalyst properties are included in Table
2 bel ow. Table 2 (Representative

Ni / Mo Cat al yst Pro@mﬂdamparison of product Gempasi t wmpixsi Talbhe 7,

Physi cal P"SOpP% e‘}@uﬁ £ atalyttlciallg.c}; @é@%%l&% vgg{er/&ln the Mggnce Ni O,

P Suppor
Type Area Mferhydrpgem tancausg) signficant selectivity2igsoxo  A1203

180 0.4 e l4cC |
Allerr]Qert] acid produdtitit Srdl K ICES $dif & 1 CARROS | ot Ofihple

1 which were conducted in the presence of hydrogen.
Thus the catalytic reaction of aldehyde and water in
10 the absence of hydrogen has a threefold improvement in
~ selectivity to oxo acid product, relative to the
competitive simultaneous occurrence of reaction (2) and
(3), above. The relative increase in oxo acid yield is
graphically presented in Fig. 4.
15 ’ '
EXAMPLE 3
This example demonstrates catalytic acid yield
when crude aldehyde is reacted with water over _
bimetallic sulfided Ni/Mo on carbon. The test was
20 carried out at 1.0 MPa (150 psig) over a temperature

range of 149°C (300°F) to 199°C (390°F). Crude heptanal

and nonanal were the feedstocks used to evaluate
catalyst performance. |

25 Two 316 stainless steel, '+ diameter reactors with
appropriate high pressure connectors were each charged
with 65 cm® of catalyst material to be evaluated. The
catalyst used was a sulfided Ni/Mo on carbon catalyst
having 20 wt.% MoO;, 4 wt.% NiO, a surface area of 1000

30 mz/g, and a total pore volume of 0.6 ml/g. The
catalyst loaded reactors are immersed in a fluid bed,
constant'temperature sand bath equipped with electrical
heaters for temperature control. Appropriate |
mechanical connections were installed to allow reactor

35 operation at nominal pressure of 1.13 MPa (150 psig)



10 and Si 2. The catal yst was tested at the conditions set
forth belowin Table 3. Al tests were conducted at a nom nal feed.rate

of 130 mvm%n?@ﬂvat rate of 4 15 m/hr, a linear hourl VPWOXEBOC' ty

(LHSV) of 1 catalyst/(nl feed/hr), and at 6.99 MPa psi Q)
Product conposition for different test §anples I ncl uded in Tabl e 4 was
determ ned by gas chronmat ogr aphy. : Table 3
(Test Conditions) Sanpl e No. H2 Tenperature ([err] Q) 1
Yes 148. 89 2 Yes 182.22 25 30 WO
96/ 00711 ' PCT/ US95/ 08190

15

and nominal test temperaPufed of 149°C(300°F) and
199°C (390°F). |

Under steady state conditions liquid feeds, crude
aldehyde and water, were pumped,over'the fixed catalyst
bed. Liquid and gaseous product was subsequently
depressurized and sampled periodically. Aliquots of
liquid product and liquid feed were analyzed for
composition by gas chromatography. _ _
10 - - - |
The liquid feed consists of demetalled
hydroformylation product, i.e., crude aldehyde.
evaluations were perfbrmed on crude heptanal and
nonanal, mixed with water at nominal water/feed of 12
15 wvol.%. Typical crude aldehyde component distribution
appears in Table 9, below.

Lh

All

20

Table 9
(Crude Aldehyde Feed Composition) |
Sample No. | Lights. wt.% | Aldehyde + Alcohol. | Heavy Acid. | Heavier than
(Olefin + Formate wt.% Wt.% Acid. wt.%
Paraffin) | Esters. wt.%
Heptanal
1 1.09 56.37 9.61 7.11 25.82
2 1.52 13.87 12.81 1.90 39.90
3 1.60 43.47 11.32 1.75 41.86
Nonanal
4 749 8535 2.67 2.05 244
5 737 85.68 - 2.50 2.02 2.43
6 7.54 85.59 2.62 1.99 2.26
7 761 85.19 2.57 2.25 2.38

The catalyst was tested at conditions listed in

Table 10, below.
rate of 130 ml/hr and the water rate was 12 volume %

All tests were run at a nomlnal feed




ZProduct Conposi ti on) Sampl e Lights Al dehyde+Formate Al cohol Heavy

Heavi er - No. (W% Esters (wt% (W% Acid (wt% than Acid (W%

5 1 6y .18 75. 90 7.53 10. 00

0.31 wosemorl 18 o % o 1 | vETussdodid |
(Product Yield) 10 Sanple ' Deltg Aci d* Del ta Heavi er Than Acid**
No. (W% (M9 1 4.57 5. 00
2 4.53 . 5. 45 * Cal cul ated as product heavy acid
conposition mnus 15 feed heavy acid conposition. **  Cal cul ated
as product heavy conposition mnus feed heavy conposition

Th tal yst' i f ; i [
Genyae Sony P, AT AU DORES Wl RRE PR W

al dehyde conversion~as ucts. npari ng

pr oduct coHepdsiadi Seedn rase o141 65 M /e c Anasisoh oRpasidion ang yde
nonanal conpogirodet Fitdldl ok tHedFIMFRrent AUBLE Sl dd) &gt of 95% i s

obt ai ned. Al cghol .and™25 _acid _products fromthe acid caonversio rocess :
according to tRELH dfefablefedt AL 12 i FRSPRELVSIY - ﬁ‘aﬁ)l%"’%ﬂﬁ‘&)ve.

Al cohol  prsducompositlion was etarmined by fa=tHrondtsgrapghipl e, as o
hydr ogen pronot ed conversion to al cohol prooduct through reaction of o0Xo

30 acids with hydrogen. Thus, the al cohol content for sanples 1 and 2
i s about one order of magnitude hi ghetable 28an the corresponding acid

product conposition. 35 (Test Conditions)

Sample No. Space Time (hr) Temperature (°C)
10 T 1.0 . ' 148.89

2 1.0 . 182.22

3 1.0 198.89

4 1.0 148.89

5 1.0 182.22
15 6a 0.5 182.22

6b 1.0 182.22

7a 1.0 | 182.22

7b 2.0 ' 182.22
20 ' _ Table 11

' (Product Composition)

Sample Lights Aldehyde + Formate Alcohol Heavy Heavier

No.  (wt%) Esters (wt%) (W%  Acid(wi%)  than Acid (W%)

I 133 58 2631 1832 8.23
25 2 279 1584 44.50 20.53 16.34

3 385 1046 39.10 '16.16 30.43

4 692  16.07 16.33 22.92 1.76

5 728 1892 2720 3554 1106

6a - 677 3505 | 2245 2883 6.90
30 6b 772 1869 2699 36.04 10.56

7a 146 2036 25.48 35.33 1137

> 819 823 2761 3808 17.89




WD 96/ 00711 PCT/ US95/ 08190

16 . EXAMPLE 2 - This exanple .
denonst r ¥egsmainl yti c oxo acid production over an al morrusIsogapert ed
Ni /M catal yst resulting fromthe catalytic reaction of oxo al dehyde 5
and Herr]Oin the absence of hydro p- Test condi tions are identi cal
to those described in Exanple 1, above, but in the absence of hydrogen.
Crude nonanal was the f eedst ock used for catal yst perfornmance
eval uati on. 10 The catalyst's ability to convert the oxo.
al dehydes of Sanples 3 and 4 (see Table 1) and water Into oxo acids is
set forth below in Tabl es 6-8. . Pable 12 Table 6 15
(Test Conditions) Sanpl e No. enperature (00 3
No 148. 89 4 O (prgguct vie1g)S™S |
Tabl e 7. Sample - DeltEBr addd® ConPeSCEnmnAldehyEanple Li ghts
Al dehyde+For Al cohol y Heavier Gwt % Esters (W\t%
(Wt % AC|nﬁ%mk t han Acﬁﬁﬁ%énwa ' Congepiond ") . 19. 64
23.79 45.11 25 4 7.481.24. 88 182G. 17 30. 99 -20. 49

2 18.63 ' 63.9

3 14.41 .~ 75.9

4 20.87 | 46.0

5 33.52 77.9

10 6a 26.84 59.0 o .

6b ~ 34.05 78.2

7a 33.08 76.1

7b 35.83 90.3

* Calculated as product heavy acid composition minus

15 feed heavy acid composition.

*% Calculated as [product aldehyde composition] minus
[feed heavy acid composition] divided by [feed
aldehyde composition] times 100.

20 The production of oxo acid using a Ni/Mo on carbon
catalyst was assessed by studying aldehyde conversion
as well as selectivity to by-products. As indicated in
Tables 10 and i;, various levels of aldehyde conversion
can be attained at different temperature and space time

25 combinations. "

Higher levels of oxo acid are produced when the
feedstock is crude llnear nonanal (i.e., acid increased
- in the range of 26 wt.% to 35 wt.%) relative to
30 heptanal (acid increased in the range of 11 wt.% to 14
wt.%). The two to three-fold difference in acid )
producing capacity for nonanal relative to heptanal is
proportional to aldehyde content in the crude
feedstocks, i.e., nonanal contains about-twice as much
35 aldehyde as heptanidl.



"Table 8 (Product Yield) Sanpl e Delta
Acid* . Delta Fbavier Than Acid** 30 No. (W% ' (W 9%

3 10. 82 4 29.

18. 80 WO%K&%\ cuI ated as product heavy acid conposition &grmsssloswo

feed heavy acid conp05|t|on WO 96/ 00711 _ '
PCT/ US95/ 08190 21 17 L *x Cal cul ated as
product heavy conp05|t|on m nus feed heavy conposition

By conparison of product conposition in Table 7, 5 aldehyde catalytically
reacts with water in the absence of hydrogen to cause significant

selectivity in oxo . acid prq uctlo rel atjive to Sanpl es and 2 of
Exanpl e 1 whi c QR g‘l‘?@t “ﬁ’%‘é‘&ﬁféf 1@ tion Thys

the catal yti c capatie Mteflnaaldduyydﬁwsimaj afemp’eﬁactuxtée(mbger&)e aid hydr ogen
has a threefold | ROy eNE CtIV y t.,0 oxo.,acid pro

relative to t K&3€ C&}?ﬁé%ef‘.c\?e t%%f r%‘hdté’ 4= r]e%cgﬁ%‘he? 2) and

(3), above. The walpt isve lgPeceasgor) 0x@ é‘ﬁ'@pﬂiﬁhﬂ témﬂpraﬁﬁﬁéhféﬁ”y
presented in Fig. 15

exanpl e defroncdsk w%% atatiestyjcangditiongen SinikartViedBle is
reacted wWith yaiddlca®ed in Fig. 6, not much further acid production

is ‘attained at reactor residence times higher than 1
vvh (volume catalyst/(volume feed/hour)).

This.

10 While we have shown and described several
embodiments in accordance with our invention, it is to
be clearly understood that the same are susceptible to
numerous changes apparent to one skilled in the art.

- Therefore, we do not wish to be limited to the details

15 shown and described but intend to show all changes and
modifications which come within the scope of the
appended claims.
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binetallic sulfided Ni/M on carbon. The test was 20 carried out at 1.0

MPa (150 psig) over a tenperature range of 149[err]C (300[err]F) to .
199[ err | woloegG "1 F) - Crude hept anal and nonanal wer gchiQodigsbst ocks
used to evaluate cat al yst perfornmance. 25 Two 316 stainless
steel, [err] dianmeter reactors w.th appropriate high pressure
connectors were each charged Wi tdh ZSTcm err] of catalyst material to be
eval uated. The catal yst used was a suII“MI“IﬂIM“ﬂ”‘H‘“r bon cat al yst
having 20 wt.% MoQ3, 4 wt.% Ni O, a surface ﬂ mMerr]/g, and a
total pore volune of 0.6 m/g. The cat &l yst todded réactors are

I mrersed in ﬁnﬂ Uip MEp 189Nstant tenperature sand bath equi pped wth
el ectrical erature control. Appropriate " mechani ca

connections were imst ahl pgocessl fow fexming 9sidspdrem §ddehydesi na

pressure of JnidhMRempt38eBSk@hcting s¥P9618@RY4e with water in
PCT/ US95/ 08190 ' and .nom nal test

A 18-

t enper at ur estBe PESFERFPCPS0BPePAFiAT EQRAing catadyst, paA I &RF F) .

Under st eadyabkah@eC8fdhiydebgehi, qthdrebgdeonventd ngs salide ajdehyde wat er,
wer e punped over tge fLéed cat al yst bed. Liquid and gaseous product was
subsequent | yt© sald acid. _

2. The prodess according to claim 1'wheréin_said

reaction is éonducted at a pressure of between about
10 0.1 MPa to 6.99 MPa. ‘

3. The pfoceSs acéording to claim 2 wherein said
pressure is 0.1 MPa to 1.48 MPa.

15 4. The process according to claim 1 wherein said
reaction is conducted at a temperature of between about

93°C to 205°C.

5. The process according to claim 4 wherein said

20 temperature is between about 171°C to 188°C.
6. The process adcording to claim 1 wherein said
acid-forming catalyst is a supported bimetallic

catalyst.
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'depressurized and sanpl ed periodically. Aliquots of - liquid product and
liquid feed were anal yzed for conposition by gas chromat ography. 10

The 1iqui 9 &W7tonsi sts of denetall ed hydr of or ny! at i orPquI/uEYs08190i
‘crude al dehyde. All evat.uations were perforned ona%?ﬁaé‘hep%ana\\\\r\
nonanal , mixed with water at.nom nal @aBer/feed of 12 15 Mﬂ'

I

and
Table 9 (Crude Al dehyde Feed Conposition)™* ¢ /@M/ih

crude aldehyde conponent distribution appears in Tab
Lights. wt.% Al dehyde + Al cohol. Heavy Acid. Heavier than

(Aefin + For mat e w.% W.% - Acid. w.% Paraffln)

Esters. w.% Hept affdle process hAccordindl 9 claimes 3rihere1:9 gdid

7.11 25. 82upported » 39. 90

3 1,60 PPOI3Ry _lm?tfil.lé%’ i%tflﬁﬂé 18%7491(9_18965&(_,8&,,%” Bl 4
7.49 85. 39roup gogpisting gf: a bimetadlic catalyst suppart®H on 85. 68
2.50 2. 02alum1na204:351.11ca al@mu.na whl%lﬁ"cataléért Yhs a 2-62 1.99

2.26 2 2.38 20 -

The cat al y3t RQQSP@?FQ& t°°6'5}ﬁdﬁtt |°d‘-n§hqustté7d]| Ft-% tpt® ME-Delow. Al
tests were rubasedaononihealtoftaad welgH‘batcﬁ afhel Fatd Ve ANl Bhfevgi Bl rate

ggﬁ/tégyggggg cétalyst @Qp%@g%ed on alumina or siljga alumina which
~catalyst has a phosphorous content of about 3 wt.% on
the catalyst; a bimetallic, phosphorous-free catalyst
10 supported on alumina or silica alumina; a bimetallic
sulfided catalyst, with or without phosphorous; and a
carbon supported bimetallic catalyst.

8. The process according to claim 7 wherein said
15 bimetallic catalyst is a nickel-molybdenum catalyst.

9. The process according to claim 1 wherein said
reaction occurs for between about 0.5 to 2.0 vvh.
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water per feed. Tests at 2 hours space tine had a nom nal feed rate of
65 n}/hr Pr oduct ConP05|tion and product yield for the different test
sanpl es are set orth in Tables 11 and 12, respectiv oduct

5 conmposiWP8HOWAL det er i ned by gas chromat ogr aphy. e'lé(rmg;%s’%

Tabl e 10- _ ( esL—CnndLLnggl______SanpIe No

fﬁgce Ti me (hr) Tenper at ur [ er r’]m 1.0
. 89 . 2 3
148 108, 89 ] i mu W -
342.89 5 182, 1.0 . ﬂ82 22 15 6a '
) _ : . 22 6b - '
182. 22 7a 10. A process for the productlon of qgggqg;ds 7b
510 from the cobai%ZC%%Fg td Codrof%rmylatlon %g an Tabl e
y osition a e Lights
Al dehyde + Fookgfdnic fegdssiream mhigh comprisgs, fhe steps @ (\%t %
Esggr 54(5 W‘é;/() Co(w %(a) h{dro%rdly(l\dt%ng sdiah o%ﬂ:(m %Yeedstream
) ) 2.79
15. 84 5 by reagtiop Wit cazbhon; '“°n°"1del6‘°§1 h%"’?t%g}"% if FBE 10 46
gg.ég Prebence of a3hyflitoformylatiors citalgtstolunder reaction 16.33
. 8 - 35.54
11. 06 °°n%6“'?'?n53§h6‘§ préhott® tife formation of %ézag%dehyde 6. 90 30
6b 7.72 ¥d.c80 crude reactlom@r@gluct, 36. 04 10. 56 7a
E73. gg 20. 3_6 27 61b2)5 d‘eﬁletalllng?""—éaoi% aldehéld‘é-x?ﬂch crudd 8.19
10 react:l.on product to recover therefrom saJ.d ‘

hydroformylatlon catalyst and a substantially catalyst-
free, aldehyde-rich crude reaction preduct;
(c) separating said catalyst-free, aldehyde-
rich crude reaction.product'intq a eoncentrated
15 aldehyde-rich product and an aldehyde-poor product;
(d) reacting said concentrated aldehyde-rich
product with water in the presence of an acid-forming
catalyst, thereby converting said concentrated
aldehyde-rich product to a crude acid product; and
20 (e) separating said crude acid product into
an acid-rich product and an acid-poor product.

11. The process according to claim 10 wherein
said catalyst is a supported bimetallic catalyst.

25 .

12. The process according to claim 10 wherein
said reaction step (d) is conducted at a pressure of
between about 0.1 MPa to 6.99 MPa.

30 13. The process according to claim 12 wherein

said pressure is 0.1 MPa to 1.48 MPa.

14. The process according to claim 10 wherein
said reaction step (d) is conducted at a temperature of

35 between about 93°C to 205°C.
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2 0. ' - . Tabl e 12

(Product “veleglpo711 Sanple Delta Acid* Per cent %@ﬁbﬁ’%swo No.
(W% Conversion** <5 1 " 11. 21 2
18. 63 63.9 3 .. 14.

20. 87 46.0 5 2% 52 mmu

26. 84 - 59.0 . 6b . 34.05 ”' llml"ﬁmum
'33.08 76.1 b - 35. 83 o "90° 3

Cal cul ated as product heavy acid conposition nhnus 15 v feed hfavy]
aci d conposition Calcul ated as oduct gde e conposition
m nus w (feed5 hea%e a%ﬁ‘%f:%%%p%%‘f?’?%ﬁ?gd??n Y‘Ef@é ng

al dehyde conpostdidrjerpdistufd).is befveen abdii€ P‘f?@cﬂd pgdE . 0x0 acid
using a Ni/M on carbon catal yst was assessed by studying al dehyde
conver si on as well as selectivity to by-products. As indicated in

16. The process according to claim 11 wherein

5 said supported bimetallic catalyst is selected from the
group consisting of: a bimetallic catalyst supported on
alumina or silica alumina which catalyst has a
phosphorous content of about 0.1 wt.% to 1.0 wt.%,
based on the total weight of the catalyst; a bimetallic

10 catalyst supported on alumina or silica alumina which
catalyst has a phosphorous content of about 3 wt.% on
the catalyst; a bimetallic, phosphorous-free catalyst
‘supported on alumina or silica alumina; a bimetallic
sulfided catalyst, with or without phosphorous; and a

15 carbon supported bimetallic catalyst.

17. The process according to claim 16 wherein
said bimetallic catalyst is a nickel-molybdenum
catalyst.

20 '

18. The process according to claim 10 wherein

said olefinic feedstream is any C; to Cyo olefin.

19. The process according to claim 18 wherein
25 said olefinic feedstream is any Cs to C;, olefin.

20. The process according to claim 18 wherein
said acid-rich product comprises any Cg to Cp; acid.

30 21. The process according to claim 19 wherein
said acid-rich product comprises any Cg to C;3 acid.

22. The process according to claim 10 wherein
said reaction step (d) occurs for between about 0.5 to
35 2.0 vvh.



‘Tabl es 10 and 11, various |evels of al dehyde conversion can be
attained at different tenperature and space tinme 25 conbinations.

Hi gher | ews ss/007110x0 aci d are produced when the - f eedspeglusb§ogivgde

| i near nonanal (i.e., acid increased: in the range of 26 wt.%to 35
w.% relative to 30 heptanal (acid increased in the range of 11 w.%to
14 w. 9% . Thetmtothree-folq?bference in acid pr oduci ng
capacity for nonanal relative to heptiahal is proportional to al dehyde
content in the crude f eedstocks, i.e., nonanal contains about tw ce as -
much 35 al dehyde as heptanal . W96/ 00711

PCT/ US95/ 08190 21 Opt i mum
conditions for maximzed acid prod@ct on chn be obtai ned by adjusting
tenperature (Fig. 5) and reactior fesigncejtine (Fig. 6). As such, as
i ndi cat ed in Fig. 5 182[err]C SO[eE]F) is an optinmm tenperature
for 5 acid production at test cCe#edid ONS Si Nj=bakdsy, as indicated in
Fig. 6, not nmuch further acid productfon 2 ip attained at reactor

resi dence times higher than 1 vvh (voiéhrre cat al yst/ (vol une feed/ hour)). .

10 Whi'le we have shown and descr| bed sevef al enbodi nents in
accordance with our invention, it is 10O ,
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“be clearly understood that the same are susceptible to nuner ous changes

apparent to one skilled in the art. Therefore, we do not wi sh to be
limted t WQ%08Ht ai | s 15 shown and descri bed but intend té’cm@?@'%ﬂl?"
“changes and nmodi fi cati ons which come within the scope of the
appended cl ai ns. 20 25 27 6 35 WD 96/ 00711

PCT/ US95/ 08190
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" 22 VWHAT IS CLAIMED | S: 1. A process for form ng acids

from al.dehydes whi ch conprises reacting said al dehyde with water in
_the presegpas¢@é7ian acid-formng catalyst and in the 5 abBETUS5HB190
“hydrogen, thereby converting said al dehyde to said acid. 2.
The process according to claim1l mhekgéq/sa reaction is conducted at
a pressure of between about 10 0.1 P 6.99 Mra. 3. The
process according to claim2 wherein said pressure is 0.1 MPa to 1. 48
MPa. 15 4, The process according to claim1 wherein said
reaction is conducted at a tenperature of between about 93[err]Cto
205[err]C 5. The process according to claim4 wherein said 20
tenperature is between about 171[err]C to 188[err]C 6. The
process according to claim1l wherein said acid-formng catalyst is a
supported binetallic catal yst. 25
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PCT/ US95/ 08190 23 7. The process
, accor di nowigebAiim 6 wherein said supported binetal |l i cPCRU&PS/8190 S
selected fromthe group consisting of: a binetallic catalyst supported
on alum na or silica alum na mhisz 9abalyst has a 5 phosphorous
content of about 0.1 wt.%to 1.0 wt.% based on the total weight of the
catalyst; a binetallic catal yst supported on alum na or silica alum na
whi ch ‘cat al yst has a phosphorous content of about 3 wt. % on t he
catalyst; a binetallic, phosphorous-free catal yst 10 supported on al um na
or silica alumna; a binetallic sul fided catalyst, with or wthout
phosphorous; and a - carbon supported binetallic catalyst. 8

The process according to claim7 wherein said 15 binetallic catalyst is a
Hhe—ptrocessraceonding to claim1l

Q.
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wherein said reactlpn locqurs for petween gbout 0.5 tag 2.|[0N\yvh.
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PCT/ US95/ 08190 2 4 10. A process
,for the pxeidoran of oxo acids fromthe cobalt catal y»etd/Us9so08190
hydr of ormyl ati on of an olefinic feﬁ?i}%fan1mhich conprises the steps
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“(a) ‘hydrofornylating said olefinic feedstream 5 by reaction with carbon
nonoxi de and hydrogen in the presence of a hydrofornylation catal yst
.under reagbiggRoryy conditions that pronote the formation opcposssieedeyde-
rich crude reaction product; (b) denetalling said
al dehyde-rich crude 10 reaction prgdzct to recover therefrom said
hydr of ornmyl ati on catal yst and a subsba tﬁally cat al yst - ~ free,
al dehyde-rich crude reaction product; (c) separating said
catal yst-free, al dehyde- rich crude reaction product into a
concentrated 15 al dehyde-rich product and an al dehyde-poor product;
(d) reacting said concentrated al dehyde-rich product with water in the
presence of an acid-formng catal yst, thereby converting said
concentrat ed al dehyde-i ch- product to a crude acid product; @aad _20
(e) separating said crude agid product into - an acid-rich prqduct gn§
an aci d- poor product. 11. The process according to dl ai m£30&;
wher ei n said catal yst ils a supported binetallic catalyst. 235 -~
12. The process according tq claim10 wherein said reaction|step {d)] -
is conducted at a pressure (f bet ween about 0.1 MPa to 6.99 [VRa. 0
13. The process according tjo claim 12 wherein said pressurg is 0| 1
MPa to 1.48 MrPa. 14. The process according to claim 10 wherein
said reaction step (d) is cobducted at a tenperature of 35 betwgen about
93[err]C to 205[err]C | _©
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15..,The. process . accordl ng to claim1l4 wherein sai d, _:l"‘ﬁ‘:u
et ween abou [err]C to 188

to claim1l Wferkin 5 sad %‘%&‘%&&"ﬁﬂ%&ﬁﬁ?“&"’éﬂ?‘&l yst s\

ected from

the B RIS ey e
abﬁ () Tgternatjopal Oteny Clpssifieaipn @y asedin l!ntdrwommicam Ng-huer of t I)éﬁ(h?élﬂ?%ll

a hi meceid s1/00 10 cat al yst support e¢dion alumna or silica
catlal yst has a phosphorous conten of (é%b‘lﬁ“"%i 13} Publicajon Date; thé”é%\‘f‘éll?gf”o‘éﬁ)
binetallic, phosphorous- free t al pport ed %lum na or silica

| | bperngon hppigtop Bomber: m&a "l*é%?z‘ pes
i G, %EE?@%‘E

and 3) mebraadodd PRRg Bakd PO t e,gizmnmb d
Sal
gto

ﬁ

ataly
acgording to claim 16 wherein bi- et al I I C Cat@((é%

ni ¢ K’ﬁ} - bdenum catal ys¢. 20 Published ; SS acc
cl 4 ‘%édd“ c fggdstreaht "5“"%'&7“ B0 ol ef i n.

?ﬁ%ﬁé 15R116bs
19) The pr oces/nacfwrg"2 claim 18 wherein 25 said olefinic feedstream

I s|an err o C12 ol ef| n. 20. The process according to claim
18 mp@s ‘{-Q)m: ON CHEMICAL PATENTS INC. [US/US];
Bayway Drive, Baytown, TX 77520 (US).

(72) Inventors: VAR&S, Jose, Manuel; 8 ladewood Drive,
Baton Rouge, LA 70821 (US). AGOSTO, Magdiel; Apart-
ment 2057, 11555 Southfork Drive, Baton Rouge, LA 70816
(US).

(74) Agent: JORDAN, Richard, D.; Exxon Chemical Company,
P.O. Box 2149, Baytown, TX 77522 (US).

(54) Title: /ﬁ;ROCESS FOR CONVERTING ALDEHYDES TO ACIDS
(57) Abstract

A process for forming acids from aldehydes which comprises reacting an oxo aldehyde with water in the presence of an acid-forming
catalyst and in the absence of hydrogen, and at a pressure of about 0.1 to 6.99 MPa and a temperature of about 93 to 205 °C, thereby
converting aldehyde to an oxo acid.
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said acid-rich product conprises any Cerr] to C21 acid. 30 21l
The process according to claim19 wherein said acid-rich product
conprises any C6 to Cl3 acid. 22. The process according to clai'm

10 wherein said reaction step (d) occurs for between about 0.5 to 35
2.0 vvh.
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