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synergistic effect on the stability of the catalyst. By *‘catalytically active rhodium™

is meant the rhodium metal in the rhodium complex catalyst which has not been
deactivated. The amount of rhodium in the reaction zone which is catalytically

active may be determined at any given time during the reaction by comparing the
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50 Referring to Figure 2 the values represented there were obtained by 50
calculating the stability factor F in the hydroformylation of propylene at a constant
free triphenylphosphine:catalyticjlly-active rhodium mole ratio of 170:1 and at
varying temperatures and carbon monoxide partial pressures. Lines A, B and C are
the areas along which the stability factor F is about 500, 800 and 900, respectively.

55 As is apparent from Figure 2, the stability factor F is highest at low carbon 55
monoxide partial pressures and low temperatures, at a fixed free
tripheny]phosphine:catalﬁtically-active rhodium mole ratio.

Figure 3 illustrates the relationship between the stability factor F and varying
temperatures and free triphenylphosphine:catalytically-active rhodium mole ratios,

60  with a constant carbon monoxide partial pressure of 25 psia for the 60 J

: hydroformylation of propylene. Lines A, B and C are the areas along which the |
stability factor F is about 500, 800 and 900, respectively. As is apparent from Figure
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carty-oper of by-proddime. Tasp.netPreishect i SPRisdurel- up Of Dy- pr oGy | N 565
11 Example  (hr) (°C) . (psia) (psia) - TPP/Rh'} 599,9@?

11 thetl_qu_! d boéy sol dfl on :cggum ng 4§n | ncreasggin the s® ution vodunme with

per at i bn - of t he hydrofornyl ation réaciion Wth a given flow rate of ol efi@

uent | oss of caralysfigprodugpi Vity: A jggrge nust-g her ef or,t]!:‘i‘ be taken --
s uti oA when20he h!rjod'roforrtpl ation prwoess is ogerated ugger sygh
| ow gaq flow raté condi ionsogn ordéP to renoviéOby-produtd s and hénce
mai nt aijn a nass aIancéS lgO er the reggtion zong - 87
ver, thg gas 8ow rabe thrqggh the reggtion zo S incr%sed by
i ngl he”aas recé@l e ria0e the 3%l ution aligehyde comtent fal g, thes

uct for ion rdfe isecreasd® and_ by- BPoduct relfoval rat4in the
hase effljgent ffpm thggreaction zoR@Ts increase 8 The net9%ffect of
ange is u® 10 4incrigase thegproporitioggof the - product$, renoved
por20phasd4efflueht fridn 10 tée reacti omozone. | mgreasi ng §he gasy
te througp the acti: zone Btill furtlh@r by a fWrther inBrease in
the ga$ recyclegate | §gds tygga sitg tion in V\/ngch by- p}xoducts ge renoved
in _thefvapor phase effbrent ppom theoreaction. zgpe at thg sanmg [alenas they.
af® fofned5 thus_establishing a mass bal ance over the reaction 1 zope.
This i the crif?cal tBPeshd® gas PRcycle rat eOéhi ch i-I8t he Erefietiand
mni num 15 gaspecycl egratq ysed ig,she procegssof the nventi o0 | f the
procesp is operated w bH a gas recy%g rate higgfr t han fghi S threghol d gas
réyclg ra@e thd2vol umed of tlke | i quédis body in. 8he reactian zore vigl | tegg
to decfease an,d% o, at zjgas r'??ycl e ﬂg es above4dhe threBiol d rate2 sone of
{l%/‘éfrodué m xt ufe® shoul d b¥-20 rBfurned t It he

t he crjde al dehyde

reactifn zone fr escitiphenglphesphiné:dhadizmnmetehmoledatio t 0 keep 20°
nstgnt the vol =‘{%‘y‘ X se

tNresHol d gas recCycéfesstdna'ys

N yol Ase in.the.reaction zone. The critical
a0 %pé,{éﬁ;?;%%mg%% g P Pt o 5
error Jfor a given olefin and synthesis gas (the m xture of carbon nonoxide
and hydrogen) feed rate. Operating EBIEE (aopényed} es bel ow the critical ’
tgresfol d rates 25 wi |1 i ncr eas@eaCHEleR CoRditieRs t he | i quid phase with
tTme. §Opergating at the threshold 2 COat e keepdi he vol une conséant.
Qper afi ng above the thriggholgpat e Leases l‘% r:ﬁ,{zol ume. The cr

served? 40
t hrespol d gas E,%d e (lm)e ceC)be cysiyl at ed f{f,gpgythe WRPARP! ess{}rﬁ@ at
t

4he rgaction te ratur’% of tihe al defhbde or al #&hydes and7of each4df the
by- prgductsg pres . 30¢ Hg W t % he proce oper at i at a g recxg:le
rate pt or great® thanasthe jjs 3Gyt hreshol dgg at e, by-pggoducts e
removid .in the g#seous Wapor 415 enovexds from t hesg eacti on zgne cont gpni ng the
y quig body at t samedratel or f¥ster than®& hey are f®rned, ans8l thus do
not cumypat e i3y the liquid phase i1 the reacty on zone. Mnder su o
circ tances, i33is ungecesy@y to jgurge the Ig quid bodggcont ai ni;kig t h& 35
cat aljyst fromttQ?br eaCtin?; zone 'in order to renove by-products.
35 AJ by- pr oduct{DofPR/Re=fregdriphenyiphisphinerhoginmcmetal eletritéo al kane forned by .
hydr dgenati on of(zlﬂBS"é‘FBH&‘-“B'Iyégi’lg}"?'&hus, for exanple, in the
hydr g ornyl ati on of propylene a by-product is propane. A purge stream nmay
be t &en f gom t |;,]e le the deactivation conditions used in Example 1—33 are not
ydroformylation conditions, since one or more of the reactant gases (olefin, 55
hydrogen or carbon monoxide arec not present, the data in Table I indicate that
lower partial pressures of carbon monoxide (compare Examples 26 and 28), lower
temperatures (compare Examples 6 and 7) and higher free

60 triphenylphosphin;:_rho ium metal mole ratios (compare Examples 20 and 22)
favor catalyst stability (the more stable catalysts being indicated in the table by the 60
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cle streamfromthe product recovery zone in order to renove propane

40 prevent its build-up within the reaction system This purge
amw |l contain,-in 40 addition to unwanted propane, unreacted
| ene, any ijpert -gases |ntroduced in the dstock and a m xture of

n nonoxi p ~-if desired, be - 14
tted to convent P %[°§ eb'arlmal tEaamplegilesd B, ifjustateyibgeffédt of the
nj.,'ques in order PESTF&EL TP PREPS g&iﬁ'@ﬁﬁ‘e gly% may be used as a fuel.
: The conposrtlon of t he recycle gagxiaMPEsgi gl | y hydrogen and

yrene

10 CionS th rhe\ﬁércwmgfmbhenow:ma the RAY iofl st 8f RlvitRkdr L£ARFRE
: -reactil on, e

c%{ 1% WR" lﬂéfomfinb’laaMB'tDHBEi The gabbilith€actor =~ 5
cl.e gas. Usual | y"ﬁiﬂﬁlca%&y asﬁtﬁ k clug1 EW‘W dp@lﬂgl ng

ré irecycle. The pymézenrmhgfh&dfgﬁidﬁ tﬁm'o?al ':lcjng Mgrf
rence to F| ure §1m £nd ¢amp80ng the mezsored asl darggm rtﬁd'rgwr:ﬁwﬁa v8 é‘.;i‘ducﬁfévri?

Y@nkiti cal | y s F%{ﬁlﬁﬁtﬁ? FERRiRg [ferditions are given iB(rableiM.abl e i n 10°
tieing t he preferred recycle process of the invention. Referring to

5 of the drawings a stainless steel reactor | is provided with one
:re disc inpellers 6 having perpendi cultarly mounted bl ades and rotated
f-ns of shaft 7, by a suitable nmotor (not shown). Located bel ow the
l.lier 6 is a 55 circular tubular sparger 5 for feeding the
‘vl efin, and synthesis gas plus the . 55 recycle gas. The sparger 5
ains a, plurarlty of holes of sufficient size to provide sufficient "gas
into t'He- Ii-gui d body at about the i'npeller 6 to provide the desired
it*of the reactants in the liquid body. The reactor is also provided
a, steam jacket (not shown) by neans of which the contents of the
. can be 60 brought up to reaction tenperature at start-up and
nal cooling coils (not 60 shown). Vaporous product effluent from
eactor | is renoved via line 10 to separator Il where they are passed
gh a dem sting pad 1la therein to return sone al dehyde and
ehsatlon product and to prevent potential carry-over of 65 catal yst.
eactor effluent Ls passed by line 13 to a condenser 14 and then 65
3 _ 1,599, 922 -
rough i ne 15 to catchpot 16 in whi-ch the al dehyde product and any
oduct can be condensed out of the off gases (effluent). Cbndensed
yde and by- products are renoved fromthe catchpot 16 by line 17.
sous nmaterials are passed via line 18 to separator 19 containing a
@ sting pad and recycle line 20. 5 ‘Recycl e \gases are renoved by |ine
o:line 8 fromwhich a purge through line 22 is 5 pulled to control
r at ed hydrocarbon content and naintain desirable system pressure. The
\i ning and maj or proportion of the gases can be recycled via line 8 to
"# into which is fed nmake-up reactant feeds through lines 2 and 3. The
ned totoal of reactants are fed to the reactor 1. Conpr essor 26 aids
0. transporting the recycl e gases.
3 resh catal yst solution can be added to the reactor 1 by line 9. The
Bl e reactor 1 can of course, be replaced by a plurality of reactors. The
M c al dehyde product of line 17 can be treated by conventi onal
Hllatlon to separate the various al dehydes and the condensatlon
ucts. A 15 portion of the crude-can be recycled to reactor. through
23 and fed as 15 indicated by broken-line 25 to a poi nt above
bliler 6 for the purpose of narntarnrng the liquid level in reactor | if
'IS required. As pointed out above, the nost preferred enbodi nent of
gresent invention is the hydrofornylation of the al pha-olefin
ylene The stability of the rhodium )




20

corfpl ex catal yst is enhanced by the techniques of the invention, and

in the c se of* 20 propylene, the reaction is controlled by the process of

the inve
t-ot al;,gag

"thog car bor

ion within the follow ng conditions:

prggsure of hydrogen,

tenperature: 90 to 120C
carbon npgwxhsie and propyl ene: |ess thans

nonoxi-de parti al

pressure:

2 to 20 psia hydrogen parti al

)

pressure:
_ rhodMdm

Jiu :
ctoP’ opy# end

60 to 160 psia free tri'g‘.henyl phosphi ne: catal ytically-active
mol e ratio;..150:1 to SLhedbrnogmdidse hydrof ornyl ation of
according to the inv&g goim "t has YREeT 30 Pound, and it is
1thd herelord preferred, that the cofg tions of ‘the reaction be controlled and
inecorrel atgd within these ranges such that the calculated stability factor F
iven s at | eqdst about 850 since this wll provide thé shallest rate of |oss of
1fog at aL st Jactivity. 35 >, EXAMPLES 1- 33
35 T %se exanples illustrate the 8l AILRIRPRIERR gases, hydrogen and
carbon ngnoxi de, tenperature andsgr e8P IOASRAEFIOSHHE ¥e: r hodi um netal nol e
ratio onfthe deactivation of a rfhodi um hydrofornyl ation catal yst.. The
procedurq enpl oyed in Exanples 1-19 was as*follows. To about 20 grans -of an
40 i soqut yral dehyde trimer solvent, Fil'mer 351 (a ¢+radenane of Union

Carbide) {in a 40 high pressure s&ajnless e [, was ‘addéd a _
sufficiet anmount of a rhodi um caE%%ﬁS%é&%éﬁ%%g t ri phenyl phosphi ne
to provilde the free triphenyl piigSphine:rhodium metal nole ratios shown
in Tabl e}l below. The reactor wasfattached to a .gas mani fold and heated to
the tenpgrature shown in Table 1. In .45 order to cause deactivation of

t he cataljyst carbon nonoxi de, a%ohﬁydr'ogen were 45 than added to the
partial gressures shown in 263 Bo o bheni-fapei adih e was nai ntai ned for
the timefindicated in Tabl edo&f &8 WK N The SO Ut on was al | owed to

cool . Th¢ resulting sol uti®gn wast hen exposed at a standard total precursor
of | ess g§han about 400 poufﬂds' per square inch to an equinolar m xture of _
propyl eng¢, 50 hydr ogen aﬁd carbon gonoxide at [ERR] and the rate ([ERR])
of butyr &l dehyde 50 flor mti9Q§E gramnol e/liter-hour was determ ned.

The rate] ([.[ERR]) of butyral dehydgSfBanati oA was aksozdet erm ned for an

i denticaf catal yst solution whi oT:n"éFElg_ not been exposed to t#e deactivating
conditiops. Exanples 20-33 were perforned in a -simlar manter except that a
“larger 5§ vol ume of solution was exposed to the deactivatg condi tions

and aligpots were

55 taken periodically during this tine aR® tested for

activityfin the sanme manner. The,results are shown in Tabl.€]E bel ow 13.
1,599, 92§ 5 E N nnoonneddJABLE, Deadiivation
Condi ti ohs CO [ ERRF SBEM Al S o> aniancs X
Gbservedf ERR] 5 Iore Tenp. Pressure :g Pressure
Activit 5 Exanpl e (hr) ([ERR]) “(psi a) (Bsi a)
TPP/ [ ERR (9 1 48 . 130 40 S, 160
25 2 2 4 _d30 40 159 36
14 oS 2T ve M9 nn 2E
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24 110 40 - ' 160 8 11 10

20 + 100 ' 40 160 78 - 55
24 100 .. 20 160 78 6
10 90 16 - 10 80 |’599:922 25 .87 7
© 120° 10 . : 3§_U_4 " . e oho 8 dou
) xamples strate the relatio p petween the reigtion condit
1g5 f?mbm}y‘faclor F g':flggc stablhlfy ol‘tht:"(}:‘g yst. dempg %‘qralcs :he ct
that the olefin more O ilalyst stabilizing ¢ ropyle
90 55 Example 34, th:g‘ rbon monoxide &gial )pressure is }gn u': lhr:e prédﬂ
[ ERR? invention but a stable caf@yst is obtained duO® tH&very high phodphme/rhodlum
[ ERR] _ ratio employed, and alsoafye to the fact that gfhylgmp enhances thgstability of the
!O ' catwts more than othirgeoleﬁns Examples ‘348 are not nsidered to be
130 ; 0 within the invention in “Yiew of lh_? é)rcsenc in s%nlhesm of ch sulfur
; impurities.
130 : - 0 160 78 24 16 24
55 10 7 EXAMPLES
55 - hese Examples uﬁcate the deactiv %{ rhodium Efziroformyiation
catal sts expressed in te of the change m of the h rmylation with
40 resp f me. The valusof Integrat d%r %'ON) given in Table
25 19 20 Ill is def@@i as the numb¢r of moles of aldehyde fb(nzﬂe per mole of-ABodium -
: er than 100 20 15 1 in the cptalyst and is any sgact measure of cal g 5§ life. The reaction
f Y47 21 M itions a sults are sh i Table 111 belmﬁ mple 49, 50 a %§2
¥ strate the t of different f‘ s on catalyst stabi ? ample 51 emplo
22 4 interndl dfefin which is ndtdntended to be within thé séope of the preseAt3Avention.
30 -23 24 . 115 42.5 . 42.5 131
_ 4 115 42. 5 . 42. 5 157 71
PP/Rh free tri phenyl phosphi ne: rhedium netal nole ratio (2) Observed
iVity=([ERR]/[ERR])x 100 35 - (3) and (4)=propylene present in an

nt suffilcient to give a partial pressure 35 of 55 and 15 p5|a
péctlvely TABLE | (continued) Deactivation Conditions CO

. 40 ! Parti al Parti al -
erved[ERR] 40 Tine  Tenp. Pressure Pressure

(hr) ([ERR]) (psi a) (psia) TPP/ [ ERR]
115 42.5 - 42.5 157 -
115 50 ' 25 .79 ' .59
6 115 50 S 25 ' 79
4 115 25, - 50 79
- 115 25 50 79 50
. 115 - 50 0 79 35 31
115 50 0 79 . 50 50 - 32
5 115 . 0 50 - 79 . 80 50
6 : 115 0 - 50 - 79 75

TPP/Rh foree.tri phenyl phosphi ne: rbodi um netal nol e ratio (2) Qoserved
i ty= ([ERR]/[ERR])XIOO Wil e the deactivation conditions used in

[l e 1-33 are not 55 hydr of ormyl ati on conditi ons, since one or nore
'he react.ant gases (olefin, °55 hydrogen or carbon nDnoxide are not

ént, the data in Table | indicate that |ower partial pressures of

on nnno%ide (conpare Exanples 26 and 28), |ower tenperatures (conpare
iples 6 gnd 7) and higher free .

i
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~ triphenyl phosphi ne rhod| umnmetal nole ratios (conpare Exanples 20 and 22)

60 faver Ratal yst st ability (the nore stable catal ysts being indicated
y the - v 14 1,599.922 . R 17
hqn &99;,119252 hi ooserved act1vity values). Exanples 18 and 19 Tttustrate
“Sf'l%@s@fef@c:t of§ t he presence of olefin on the stability of the catalyst.
,,, X 'E;f_‘!:34- The following Table I hndlcates the rate of | oss of .
sspBREAR b, T Or rhodi um 5 hydr of or B¥I gfion catal yst under

on condi tions. The st abi Lﬁﬂ;,}t"ﬁact or 5 shown in the table
using the fornmula set fq;’th her ei nabove .and the indicated
the respective Exanpl es. <The activity |oss was -det-er m ned ‘by
rate of production of al dehyde in gramnoles/liter-hour at a
conparing the neasured gsbaasagai nst the rate of al dehyde

e stapdinyodfakgy | at
;’s"o et beul at
SoHYi s of

nmeasuring th
given tine

dr PUED(]%*tqnon f 10 the fresh catal y%? ke reaction conditions are given
)Jrgn )’]at l . 10 14 !:mmh—-
olelo f5- 15 [ERR] 16

13!1659&&22 mpl es 34-46 illustrate the relationship between the reaction

'Slca?ﬁiﬁ i8ns, the stability factor F andthe stability of the catalyst.

: 0él“34 | Hlustrates the fact that t oI cfln et hyl ene has nore of a

catalyst stalfilizing effect than propylwﬁe- “M Exanpl e 34, the carbon
nonoxi de parfial pressure is higher thfn in the present 5 i nvention but

a stable catglyst is obtained due to the very high phosphine/rhodiumratio
enpl oyed, and al so due to the fact that ethylene enhances the stability of
the catalyst$ nore than other ol efins, Exanples 47 and 48 are not |
considered tp be within the invent kﬁ)ﬁag,\wgw of tge presence in the
synthesis gap of the sulfur |rrpur|13 8§$ ETO

EXAMPLES 49-p2 These Exanpl es i ndi cat é‘ t he deacti v&t i on of I’hOdI um

hydrof ornyl afi on catal ysts expressed in terns of t%e change in-the rate af
t he hydroforpylation with respect~to time. The valfie of Integrated Turnover
~Nunber (IT given in Table |1l Tis def] r&e;d‘:q_s thesnunber of noles of

al dehyde forjred per nole of rhodidm 155;, 2 al im the catalyst and is an
abstract negsure of catalyst life« The ®§'&E ion coBditions and results are
shown in Tatj e |11 bel ow Exanpl €49, 508ahd 52 i FBustrate the effect of
different ollefins on catalyst stability. Exanple 53. enpl oys an ‘i nternal

olefin whichf is not intended to be within the scopgz of the present
I nvent iRon. 17 =8 = 1,599, 922
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- ' 1,599, 922
AT WE.CLAIM IS:- 1. ‘In a process for hydrof ornyl atl H!’m ﬂ"mmmlm“] ZD
ining 2 to 20 carbon atons to produce al dehydes havi n
than the ajgpha-ol efin by reacti ng the alspignol efin wi'th® hy rogen and
i] nonoxi dé- T The presence of = l IIUUI tmconptex—cat-at-yst

Sting essentially Hr“ﬂoﬂf— th carbon 5 m)nOX| decand
Lo noanine: 2ol mﬁz@ﬁ%ﬁ Pl ot

pVefrent conpri si I’\-gaa@iﬁ@ﬂﬁtalpmg- Gk ﬁ,e ale s
] , a partidal phedismrcempltx caalizo cnnsimhmxs euami; of ti6diuih kanplbXedpatidaiboper 5
:i.nch absol ute, m%{’° Ff‘ﬁ'da‘I“Ph@ﬂPhO hise.and én he Pﬁwpbgféwe@ﬁpﬂe@dﬁwsm 200

‘per square inch” SPERYSTE ‘°;’é‘iﬁe%i£§ %raumpfr@rns@f%%@» 59#9&%9&%

®n ronoxi de and aifrtbihoﬁﬂ nokid®
; mte and at!0 eas:tresm@omde%embﬂkssebartzoo ﬁnaa ab@luld’rﬁ 1aa|cgfas 10

gytically-active HFSHFQ YAEP P caghid e pba~ol firbefilesa thag| 40§ pounds
?t i ng deact i vat iTle 2‘;53?9% sﬁmﬁﬂﬁoghl}ggk ég %%'es of ?’5& 4l ?ly'&hﬁfz'"ﬁﬁf mim
3 @f | oss of actiwvi tymﬁl 1£hg7<5 sﬁ&[&aﬁﬁ“y ﬁ}ewfcn Yiivafiod 610hidi rA8hiunt 2odpEk
& ating the War bGﬂtabémeﬁmdel rtaleaif I35 efsstivity, of Dﬂépetremipsafralwb)ecoandlhhg'ne 15
2t riphenyl phosphi?ig¢ P’F’\’/‘epa"(' Ugﬁh‘m- 3y end sfrec

4l s 4R wﬂf@v, °a‘°% I o ,afaﬁ;'zum

4&»1 ¥ such a- I’&dis@onict vil$ Scdd dlﬁg:td Fikhr¥ 136TQRE iaﬂ'gm 0 I gure ?’
20 20 sai daidstabiityi fagtof Ecbtemg @meyghdeﬁuaneni by the equatlon 20

~-where F=stability factor e= Napl eri arﬁobé)g base (2.718281828) 25
25

. 1126, [ERR]=0.07919, T=the reactlon ruerrperature ([ERR]), _
—0, 0278 30 P the car bon nonoxi de partlal pressure (psia),

=-0. 01155, ar‘i”&‘e e free

enyl hosphi ne: cat akyNighi& I,,M 5k £71ghAdhgym net al ol e ratio, 2. The
PSS! 019 Cl ai @51, V\hES’%KJfKi’H# oPg;-IKps(m}R ef mgjhas from2 to 5 carbon 35
K,=—8.1126, ~

o ' 0791 0
{The process of d | pha-ol efin is propyl ene. 4.
;"-(I)—i,](q:esg of Claiml1, ?vﬁéfta&m Eem(fer"ﬁ"rﬁ @refl nis ethylene. 5. The

psis; of Cl ai dol, whePeihe carbiot niinpkiae pirﬁillp”tedsﬁrelpéiu;tene 6. The process 44

of- Clains | emh the partial pressure of 40 car bon
dfgn?s from2 tg 57&% "’p?e‘t"PEHIX%%éspthEﬁatébgfﬂ“W@m rhodium metal mole 40
& orocess of any Omenfafprsleed mlémipvﬁme\m&ﬁ@élphat&a' Ezﬂ%&@i W .ﬁcdr? of rom
1.ERR] . 8. 3bhe ptoosess of any one of Cains rern ree ;5
gny| phosphi ne: Cat ai’ %am cft?lamel.rwlmrmlggldmgm oltrﬁdla pramyﬂtmu s at
i1p0. 45 ! 31%H r
ary | phosphi ne: car apyh s orcit B3 “s;a " wil,m ?q&gﬁes{um,o
bs from 1500t o Ba)bonmioewudn‘nsfrroaez 'td’]Z p bﬁﬁ;hﬁ.%o]ﬁ{@
yt ically acti've rpz rPrqPE%Sa?Fanymco rldgé cofin tha yenpeeatiot isChomi 905 1

erei nt he tot% cpfn%§§sw & G any one of Claims 1 to 7, whercm the free
tnphenylphosphme catalytically-active rhodium metal mole ratio is at least 150.
: 45 9. The c})rocess of Claim 8, wherein the free triphenylphosphine:catalytically- 45 -
i active ‘rhodium metal mole ratio ranges from 150 to 300 moles of free
i triphenylphosphine per mole of catalytically active rhodium metal.
10. The process of any one of Claims 1 to 9, wherein the total gas pressure of
~ - hydrogen, carbon monoxide and alpha-olefin is less than 350 pounds per square
50  inch absolute. 50
11. The Frocess of any one’of Claims 1 to 10, wherein the partial pressure of
hydrogen is from 60 io 160 pounds per square inch absolute.
12. The process of any one of Claims 1 to 11, wherein the ratio of the partial
pressures of gydrogen :carbon monoxide is at least 2:1.
55 13. The process of Claim 12, wherein the ratio of the partial pressures of 55
' * hydrogen:carbon monoxide is at least 8:1,
. 14. The process of any one of Claims 1 to\l3 wherein said catalyst is dissolved
n;da ;o:ivent which comprises the high boiling liquid condensation products of said
. aldehydes
X 60 15. The process of any one of Claims 1 to I4 wherein said stability factor F is 60
" about 850.
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35

., Carbon nonoxi de and - al pha- ol efinis less than 350 ;
0 i'nch absol ute. |I||l mil I |i|| l
he process of any one of Clains 1 to 10, where

of Idﬂnydrogen is from60 to 160 goyses per square |nch absol ute 1%

s or hydng Nﬁ@i@%ﬁ?ﬁﬁ&t’?%@ Flgingyl tapdugted substagtially as describsd The
of O ai m"THy h&vef AbdPhyd prblis 55
car bon nenexi de |s‘ at egtst f fp;prg sﬁ% ctggé)e '}%L%%;ia"ginle of
to 3, wherein said cataI s _dissol ved. ln a sol vent which

s the high boiling Ii qu‘?@l 6&?2&@ Ed4ESt s of said al dehydes
ar

15. The process of any o e2 B0 14, wherein said

y factor F is 60 about 85FarringdoBRoad, -

2 London ECIR ODS, 19 16. A process

g to daim1l conducted subst%ﬂ'it‘f‘%i“l’?"cagtsdescrl bed herein and
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