i nventi &)IO elates to a process for the hydrofornyl ation of olefins. Mre
particularly, the present invention relates to a process for the r
hydrof ornyl ati on of olefins using a Goup VIl noble netal-triaryl phosphi ne
conpl ex as a catal yst which conprises renoving organi c high boiling point
by-products accunulated in the catalyst liquid to maintain the anount of ﬁ( :
the catalyst liquid within a definite range. It ijs well % wy that G oup
VII1 noble netal- triaryl phosphi ne conpl ex catalysts, parti& @dlzggodi um
triaryl phosphi ne conpl ex catal ysts, and nost especially a
rhodi umtri phenyl phosphi ne conpl ex catal yst, can be used advant ageously as
catal ysts for the so-called hydrofornylation reaction for producing

al dehydes having nore. carbon atons than the olefin starting material. In
recent years, studies concerning these catal ysts have been vi gorously
carried out, because they have excellent catalytic activity and product
strai ght chain al dehydes in hi gh yi el d. These Group VIII noble netal -

" A-PS FOR THE HYDROFORMYLATI ON OF OLEFINS'© - 2 - The present

" A PROCESS FORl THE HYDROFORMYLATION OF OLEFINS"



triaryl phosphi ne conpl ex catalysts,® which preferably contain free ' :
‘triaryl phosphi ne, _possess the advantage that after the al dehyde produce
se ated fromthe result-, ing hydrofornylation reaction |iquid containing :
‘théconpltex catal yst by distillation, strippiBg-with a blowi ng gas, etc., °

t he “resi dual sol ution containing the conplex catal yst can be recirculated
to-the -hydroformyla- tion step, due to the high thermal stability thereof.
However, reaction by- ﬁh@dnx?semQVngeathﬂghe#lbbﬁs|hg pobnpceRanfomethe

aldehyde produceg, § & SHhffat QoRCs 81 B18P1n LY JaNI C high boiling point
by- products), whith cannot be separated at the tine of the separation of

t he produced al dehyde by distillation, etc., accunulate in the catal yst
l'i qui d when the cataJmsfelpﬂﬂtﬂeuﬁafgy§edh&nbbeéeﬁeatﬁdeﬁtneﬂlebnemes to

Ge |1y, the hydrof d t
"ndustri 401y i L ePROREPRUBLEI AT BRRROS QEFTAPEAoRNBanPLoE TR cBEL RN 2 aw
materials to a.r@m@tpthﬁIrngbhecmetalntrbannﬁphvﬁehlnhesemplgan|c hi gh
boi l i ng poi nt by, QVQd&££§1 geuay%@ﬂecb £E§e§'£gmh@£h go§g£ﬁ%¥5h1ghq8%§1ﬁ

becones |npOSS|b e to nain aln t tron int act ecau
ingrease in the B@#HhebﬁfPFﬁéueﬁfaP?S?mviﬁEFé in Hheamstinlyedr LégpdAditAy to

accumu- | ated vohaiRtafNebhtfahbenanoantnef chba19eganigultighikaihi g point
by products proQgcggngxean |nd|V|duaI

rang

It is - well known that Group VIII noble metal-
triarylphosphine complex catalysts, particularly rhodlum-
trlarylphosphlne complex catalysts, and most
especially a rhodium-~triphenylphosphine complex catalyst,
can be used advantageously as catalysts for the so-called
hydroformylatlon reaction for producing aldehydes having
mere. carbon atoms than the olefin starting materlal.

In recent years, studies concerning these catalysts have |
been Vigo;oﬁsly carried out, bfcause.they'have excellent
catalytic " activity and product straight chain aldehydes
in high yield, . These Group VIII noble metal-

) /.

L4 ]



- 4-,.reaction cycle' is véry small, the accunul ated anount bgcones '
| ar ge. due to repetition of the .cycle of (1) reaction, (2) separation of t+he
ayde produced, and (3) recirculation. Accordingly, it is necessary thay
nZvnly the al dehyde produced, but also the organic.high bgiling point
"by-products, be separated fromthe reaction systemby sonme neans in an ~
amount corresponding to.the anobunt prediced. The fol I'owi ng four processes~— .
are known for renoving the organic high boiling point by-products in or deyg
to maintain the anount of the catalyst liquid within a definite range: (1)
a process which conprises purging the catalyst liquid containing said
organi ¢ high boiling point by- products in a definite amount, corresponding

to the amounirDfryapHashkidy ¢Bupoit idaaanpsed, RikiRRhOteterabayned; (2) a
process which conprises introducing a large amount of circulating gas into
t he cat al ystcéntpind freet tiiaryilphosgidnen, gpessessi ghebedvantggporhat by- product s

remoui ng ¢ hesShagathe RIS ProRSl 6 BRe et EooRy i TER Gt - i ng
ot oL o APPSR Scuid ek lnid phoess W1 ch
yst .
complex catalyst by distillationm, stripping with a .
blbwing gas, etc., the residual solution containing the o .
complex catalyst can be recirculated to -the hydroformyla-
tion step, due to thé.high thermal sfability thereof. |
_ | - However, reaction by-products having a higher
boiling point than'the'aldehydé produéed {referred,to
herein as "organic high boiling point by-products),
whieh cannot be separated at the time of the separation
of the produced aldehyde by distillation, etc.,'accﬁmulate
in the catalyst liquid.when‘thé catalyst liqui& is reused
-with repeated circulation. Generally, the hydroformyla-
tion reactioﬁ of olefins is éarried-out'iﬁdustrially' |
while con=inuously feediﬁg definite amounts of reaction
" raw materials to a reactor haviag a certain.volume. When
these organic high boiling point b&-products accumulate
in the'circulaﬁing catalyst liqﬁid, it becémes impossible
to maintain the operatién in the reactor
because of the increzse in the volume ol
the catalyst liquid in an ;mﬁunt corresponding to accumu-

lated volume. GEven if the amount of the organic high

{3

boiling pcint by-products produced by an individual



li qui d containing the organic high boiling point by- products to - (Qi}
selectively distill off -the organic high boiling point by-products alo 7/
Howeyer., these processes have sonme probleng in the industrial application.
thereof. “First, according to the process (1), even though the by-products
produeed can be renmoved, the Group VIl noble mefats and triaryl phosphine
constituting the catal yst are purged at the sanme tine. Consequent | y,

proe€ss (1) is very undesirable froman econonmic view point. Wth respect
to process (2), one such known process conprises introducing a |arge anount
of a circulating reaction gas into a reactor which retains all of the high

‘boi I'i ng poi nt by-pr t tsal yst: h : ' u in
order to carry out gggertz??lgﬁ?% %'f Xrt%hrg gfﬂgéﬁyg"eﬂp%ﬁ%%ﬁ %ﬁguﬁgh

boi I'ing point by-proedeemssunder the hydrgboany! 66 i fpeadndiohi 88 {B&ecycle
Japanese Patent Application (OPl) No. 125103/77 (the term"OPI" as used
herein refers.to a 'ofulil) sheactimxaniZledepapanbse gphttdret addphjrdat predyded | n
it hi s process, however, zﬁgar e, ampunt, of circulating gas i.s required,

particular- Iy for #hd hTSSHTTHF PNt HFcpFdtReEls Hivilfgnacesssvapdat

pressure. Further, e r M=% Ver i-f.fi,cul,t operation wher.ei,n
the production annuh?%a§é9fhéﬁb §¥Héhy%i %rqgu¥e9,_but also REL organic. 1gh:
: o boiling point by-products, be separated from the reaction

s
e _ _ : system by some means in an amount corre§ponding to the
amount produced.
' The following four processes are known for
removing the ofganic high Boiling point by-products in
" order to maintain the amount of the catalyst liquid
I _ ﬁitbin a definite range: - |
(1) a pfocess which'compriseé purging the catalyst liquid.
contzining said organic high boiling point by-
'products in a definite amount, corresponding to the.
",. | | - amount of organic high-boiling noint by-products
formed; |
(2) a process which comprises introducing a large amount.
ofécirculating gas intb.the catalyst liquid contain-
iﬁg.the organic high boiliﬁg.point by-products to

carry out gas stripping;

¥

(3) a process which comprises selectively removing the

'organic high boiling point by-products by an extract-

o

ing treatment or an adsorption treatment, etc.; and

(4) a prccess which cbmprises distilling the catalyst



- 6 - renoval amount of the high boiling point by-products nust be strictly
C ot | ed based on the anpunt.of the circulating gas. Accarding to the =
pr ss (3), since extraction or.adsorption always.involves a ptrobl em of \(J
sel ectivity, the problemoccurs that_ q;ttain conponents can. be separated
whi | e. ot her conponent's cannot be separated. Therefore, it is very difficdlt
to effect industrial practice of this process. Lastly, according to the~—
process (4), there is a drawback that by-products having a boiling point™*
hi gher than, a certain value cannot be r.enoved, although those having a
boiling point up to a certain value can _be renoved. However, this drawback
can be parti aliipuddeFeBteining s Pinggnirt hlghd PrlddgGs oiry. bArso, the
organi ¢ hi gh boil,jng point - product,s fo a.ho eneous phasg in the
circul ating cé’[rzgld%;tg"sl ?&u?ﬁf‘%’%ﬁe‘fﬂé’r d\?tnsfﬁi?h%f%'tg%g qﬂ%aplﬁog?‘ggrret al -
triaryl phosphi | ree triaryl- phosphine. :
Therefore, i nbo%?&gggghgg??ifiﬁdﬁgr tg{]].?g%é the Goup -VIIl noble

metal -triaryl phospHoweve s Ptisss aptddee sbseRaté | Snd PredRkmseiho the
reaction zone, it is inportant that not only are the high boiling point by-

product s s dotdusairjaiepgpphicatian ttherdefired anount fromthe circulating «

catalyst liquid, but also that_ the catalytic :
: : First, according to the process (1), even though

L

the by-pfoducts produced can be removed, the Group VIII

noble metals and triarylphosphine constituting the

catalyst a:e.pﬁrged at thé_same.timeu_.ansequently,

pfocess (1) is very undesirable.from én econqmic.view-
_ point.

With respect to process (2), one such known

» L

process comprises introducing a large amount of a

circulating reaction gaé_into a reactor which retains

all of the high boiling foint By-products, the catalyst,

-and the aldehyde produced, in order to carry out gas;

s#rippiﬁg of the éldehyde pfoduced and the high boiling

point by-products under the hydroformylation condition (see

Japanese Pateﬁt Application (OPI) WNo. 125103/77 (the term

"OPI" as used herein refers. to a "published uﬁexamined

Jaéanese patent applicafion")). - In this pfocess,.however,

a large amount of circulatiﬁg.gas is required, particular- | e

ly for the high boiling point by-products having a low

[ 4

vapor pressure. Further, the process requires a very

difficult operation wherein the production amount and the




activity. of the circuiating catalyst |iquid should not be damaged in
separation step. As a result of extensive studies concerning the prof
(4) ;on the basis of the ahove-described considerations, it has now be
f otndh t hat steamdistillation is singularly effective for renoving the
organi'c high boiling point by-products fromttié catal yst |iquid containing
the Group VIII noble netal - tri‘aryl phosphi ne conpl ex catal yst as the
'hyhﬁofornylatlon catal ypt for olefins. Therefore, the preéesent invention
resides in a process f or hydrofornylatlon of an ol efin which conprises the
steps of reacting the olefin with carbon nonoxi de and hydrogen in the
presence of an excegfoddP Uioudt bE'@h&'HbgﬁFﬁhﬂh%ngapbﬁﬁetb?npfoﬁdﬁﬁﬁ,muQQd
~organi ¢ high boiling point by- products using a Goup VIII noble

metal -triaryl phospbengtcolyexoatrbhtedab adgdbton tthen amepat adf nghd he :
al dehyde produced fromthe resulting hydrofornylation reaction product, and
t hereafter C|rcuIaFFﬁ§u¥¢kﬂﬂgﬁﬁﬁ§ual liquid containing the catalyst and the

hi gh boil t t th t t
Cl Peul ating catal yar [ qui d ReARaRens Bp' Fabdtrdrie 33%%3@%%%%%@**
catalyst liquid i Sﬁ bm?&ﬁiﬂﬁo@r’s aﬁﬂg$§t iﬁ‘%ﬁfiescaé Yrbshehl g¥ Qﬂ par t

of ‘t he organic hig ol nt roducts is“steamdisti ’sai d

extracted catal yst theqplhsblamdmtdaesr ehhtUge Pfairh & omipeashds Stat Iw& | on
operatlon S

separated while'other components cannot ‘be separated.
Therefore, it is very d1ff1cult to effect 1ndustr1al
'practlce of this process | _
Lastly, according to the process (4), there is
a drawback ‘that by-products ‘having’ a bOlllng point higher.
'.tham a ¢ertain value cannot be removed although those
_hav1ng a boiling. po1nt up.to a-certain value can be
removed.. ‘However, this drawback can be partlallv
.overcome by comblnlng with the process (1)
| Also, the organlc hlch boiling p01nt by- products
form a homogeneous phase in the circulating catalyst
liquid together with the Group VIII noble_metal-
triarylphosphine complex'cetalyst and the free.triaryl-
- phosphine. Therefore, in order to effectively circhlate
'the'Group VIII hoble metal~triery1phosphine complex and
= - " the free triaryiphosphine to the reaction zone, it is

important that not only are the high boiling point by-

®n

products selectively separated in the desired amount from

the circulating catalyst liquid, but also that the catalytic



usedps the raw nmaterial in hydrofornylation process of the,present v

reCI ated to the hydro=f ornyl ation reaction step. A efins which can be
i nve tion include hydr ocar bons havi,ng one or nore ol efinic unsaturated »

“ bonds, particularly, straight or=bfanched chain olefins. Lt is chain

: thereoiiqaﬂdbeoaaaihyngreparédouprMéII noble metal-

preferred to use straight/[err]-olefins having two or nore carbon atons

such as et hyl ene ropyl ene, 1-buten 1- C e decene an
1teﬂr%ﬁﬁi%§%¥ Ei‘r‘?lt ?1%¢%¥$n§a§%£ﬁsg q%ﬁ?eﬁ§°u§8p%ﬂ%eﬁ§ or

2- hexeflgnadédl DYCthe Sépitatiomystéso be used. Furthernore, ol efins havrng
a vinylidene structure such as isobutene can be used. A m xed gas conposed
of carbon nonoxi de and hydrogen which are also fed to.the reactor is
general |y cisl|adrestbt gﬁsestenaévgastuéhﬂsa°99ﬁﬁ€§Fn€oﬁB83|t|on t hereof is

[err]/ €008 %pﬁ”)sl 3 %ﬂe294;i£npkaehaaabe;re-aeecemua V11 noble

met al ?rrary I ne conpl ex catal yst used drof ornyl ati on reaction
i s bas¢@@$i§ep$5¥?ﬂéd %Foﬁ??hﬁ°EaPaF9sF°Pﬁel %85 F ®B®e residual liquid

Obtaln&ﬂs?ﬂlﬁ&ﬁﬁ%ﬁtiBgsi?§u£hﬂﬂﬁydefabﬁdueedoireambhenEyahefornylatron
reaction |1 Lllation,a t he cat al yst
to be ?@@a%}c.hr6¥ g?b i€ PRE™ reggtP%%dgg%Fokkgﬂpghgzgﬁﬁ%%gsthe supply  *
trlarylphosphlne complex catalyst as the hydroformylation
catalyst for olefins.

Therefore, the present invention resides in a process
for_hydroformylation of an olefin which comprises the steps
of reacting the . olefin with carbon monoxide'and hydrogen
in the presence of an excess amount of trlarylphosphlne,

a reactlon solvent, and organzc hlgh boiling point by-
products using a Group VIIT noble metal-triarylphosphine
complex as the catalyst, then separating the aldehyde

- produced from the resulting hydroformylation reaction
product, and thefeaffer circulating the residual 1liquid
containing the catalyst and the Qrganic high boiling point
by;products to the reaction system'as a direulating catalyst
liquid, wherein at least part of said circulating catalyst
liquid is withdrawn as an extracted catalyst liquid, at
least part of the organic high boiling point by-products
is steam distilled from said extracted catalyst liquid,
and the residue of the steam distillation operation is

recirculated to the hydroformylation reaction step.



carboxyl ates, nitrates or sulfates, and triaryl phosphi ne by a
knqQqwa process *for preparing conrpl exes. When using this conpl ex catal ysife
t he*f @act'i on, conpl ex previously prepared frgmthe Goup VIII noble netal
conpeund and tri aryl phosphi ne may be introduced into the reaction system

of -the Group VIII nob tal conmpound and the tri | phosphi.ne .may .be
supHi ed to the react %)gﬁgg‘?gt ggﬁ"ggpﬁf"gt %Ieyutsg 3rsm%§’1\ée r@é’n%’laé“fr&%ﬂ‘st in
the reaction syshydwoEramyllesioh pirec@ssupiVithie paielsentetiatvendipou o vt
can be used for RLARALLOGOLICHEUIRECAER LICHIIR LHRARLMAIRAHALS & Hha,
rutheniumtrichlo IGQ 3:} tgtraal?ﬁ’gérglté eni ;%E hy(p‘:_lr(r?oidix%‘{:gl ig{]l?d—l%fm To is

r hodi.um conpound®2F¥a_RaST-Hodi® BEAr 196 PE: F&aa i stratié, 1
rhodi um trichl or pgarerhed wa aset %&eaargh&h@a%l%ﬁwsf #efring two otdlicad um
conpounds -such as R | | adi_.um hydr'h]de, p %l: &gl um chl ori de, paI1I §d|tum I odi de,
o B B
sulfate ;.  Oshiexenegnpevredensyc SEnem e@ie

acid irigi A3 S il il ri brom de, ridiwn

t eter abr om de, | rlg' :ég?nﬁtg??#%gﬁ'?e%@c?’i éﬁsu%d{blr'l“.r'pé °Sr izg eglftelnrel (?tljulr%nglaer e@r?yl X
and pl ati num conpddn@¥cddeh cdsIingt mavc adeiod be used. '

Group VIIIl noble netal conpounhds, for exanple, hyd'r'i des, - - 9 - hal i
‘ﬁb

. _ . .
Furthermore, olefins having a vinylidene structure

such as isobutene can be used.

A mixed gas compmsdiof,carbon monoxide and hydrogeh
which are also fed to the reactor is generally called water
'.gés or oxo gas,'énd a typical composition thereof is HZ/CO
of from 1/3 to 20/1 (molar ratio).
s : . . ' :

- The Group VIII_noblé metal~triarylphosphine complex
'cataiyst used for3hydroformylation_readtion is basically.
provided from the catalysf included in the residual ligquid
gobfained by.separating'fhe-aldehyde produced from the |
hydroformylation reaction liquid by distillation and
recirculation." Hoﬁever, the catalyst to be fed
at initiatidn of the~reactioh or for'supplementing
the supply thefeof'can'be easily prepared using
Group VIII noble metal compounds, for example, hydrides,

e



pl ati nous iodi de, sodi um hexachl oroplatinate, or potassium

triv-‘&ronnnoethyleneplatinatep - 10 - As the triaryl phosphine Iigand,:
tri I - phosphine is nost suitably used. However, it is possible to us@
“ varNew§ triaryl phosphi nes having substituents which are inagtive with
respect to the hydrofornylation reagtéop, such as, for exanple, .substituted
triphenyl - phosphi nes ‘having a | ower 7al kyl group on the phenyl group, suck
as tri-p-tolyl phosphine, tri-mtolyl phosphine, trixylylphosphine -or N
- tris(p-ethyl phenyl ) phosphine, and substituted .triphenyl phosphi nes having an
al koxy group on the phenyl group such as tris(p-nmethoxyphenyl)- phosphine
As is known by persons skilled in the art, tertiary phosphines such as
triaryl phedpaene cazheydagesowsiitrateyaersallfatescoexi st 47 t he reaction

systemin order to inproye thermal stability of the conplex catalyst and to
increasetfﬁ§r¥éﬁkﬂﬁpnﬂneU¥¥fﬁlEB?V%J%ﬁﬂcﬁﬁiai TaPYERFUE % n t he al dehydes

produced ., i}gx%muq & uglgﬁgsggggééc;%g{u%%%agﬁgggsgfcg% of several ten

times to seVeral hundred as a nolar rati o,

based onrghetI®h £Scdiip ke pgeRbEY1F A Adpatled "frbhletﬁéaﬁév%; wygt em  The

reaction is generally carried out in an inert solvent. t he reaction a

sol vent , nbbbesemetd L icompound: and triarylphosphine may be - :

| introduced into the reaction system, or the Group VIII T e
noble metal compound and the triarylphqsﬁhiné ﬁay be
supplied to the reaction system separately to form the
cdmplex catalyst in the feaction,systemr" |

' Examples of ﬁhe Gréup VIII noble metal compounds

that can be used fof preparing the complexes includé
ruthenilm compounds such as ruthenium trichloride or
tetraaminoruthenium hydroxychloride;" ; thodium

;ompdunds such as rhodium dicarbonyl chloridg, rhodium

niffate, rhodium_trichloridé,'rhodium acétate or rhodium

sulfate ; palladium compounds such as pall#dium

hydride, palladium chloride,fpalladium iodide, palladium

nitrate, palladium cyanide, paliadium acetate or ﬁailadium

sulfate H osmium compounds such as osmium trichloride.

6r chloroosmic acid : iridium compoundS'sﬁch as

iridium tribromide, iridium tétrabromide, iridium

trifluoride, iridium trichloride or iridium carbonyl;

| and ﬁlatinum compounds such as platinic acid, .

platinous iodide, sodium hexachloroplatinate, or potassium

trichloromonoethyleneplatinate,



dissolve raw materials and the catalyst, are inert to the hydrofornylation
reaction, and have a higher boiling point than the al dehyde produced can*be
uged, by which. the resuyltant reaction liquid can be divided into Qq

al defyde produced and residual |i.quid-containi ﬂg t he catal yst obtain

t he*di sti || atsi on. Exanples of theminclude ardfafic hydr ocar bons such as

benzene, toluene or xyhene saturated aliphatic hydrocarbons such as
hém ane or decane, ! esters such as butyl acetate or ethyl butyrate,
and al cohol s such as butanol. If desired, the al dehyde produced may itself

be used as the reaction solvent. The.hydrofornylation reaction of present
i nvention is usually carrieésomh»utmﬁnrxmphm§phénbclbgamdgrknigheayéure
preferably at from 30 to 100 kg/[err] oxo gas partial pressure at a
reaction tenperat PROFRIMEFSSAPEH {‘é*"rﬁ]blyah’éeﬁr-ef HPUBYST § ridmiFoPOSSERLR] ,

oL o D SOt LN DS RIS tR el gl M TR, O
Eafz"azrgd“zsg‘);;%ﬁéﬂezﬁe;s%??agw%a*e%ﬁ%%t&agsﬁ;ﬁi%ﬁf ApTatipn
separ at ed by knownrgeitiams, sathhags Gos-dxiiple ,Senbsed tored evdphiealylon-,
phosphines having a lower alkyl group on the phenyl
group, such as tri-p-tolylphosphine, tri-m-tolylphosphine,
trixylylphosphine or tris(p-ethylphenyl)phosphine, and
substituted triphenylphbsphines having an alkoxy group
on the phenyl group such aé tris(p-methoxyphenyl)-
‘phosphine As is known by persons skilled in the
art, teytiary phosphines such as triarylphosphine, °
can be allowed, in genefalg_to coexist in the reaction
- system in order to improve thermal stability-of the
-complex catalyst'and to ihcrease-the amount of useful
| . straight chain aldehyde in'the aldehydes produced. The
amount of such coex1stence can be an excess of several
ten tlmes to several hundred times (e.g., about 10 to 900)
as a molar ratio, based on the moles of the complex
catalyst in the reaction systeﬁ:
" The reaction is generally carried out in an
;. . | - inert solvent. As the'reaction_solvént, those which
dissolve raw materials and the éatalyst, are inert to
the hydraformylation reaction, and have a higher boiling

point thar the aldehyde produced can be used, by which



or djstillation, and the catalyst liquid containing the then re- conplex
catiggﬁt is/circulated to the hydrofornylation reactor. In this case, at
| eas®~"@ part of the circulating catalyst liquid'is w thdraw, continuously ¢
‘or .intormttent- ly, fromthe reacti.on systemas an extracted catal yst
liquid, in order to avoid accunul ati onof the by-produced organi e high -
boi I i ng poi nt b&-products. Though the process of the present invention can~,.
be applied directly for the extracted catalyst |iquid drawn out fromthe ¥
reaction system it is advantageous to apply thé process of the present

i nvention after renoving the._reaction solvent fromthe extracted catal yst
liquid by th&kmeaultentodeastiion abiqiist idanabeodiviéedisitofant he reaction

solvent fromthe extracted catal yst, liqui.d i.g carried out by conventional
“distilla- % ,Ydreomreggﬁﬁge;an%o %%‘Id%leééﬁPéadF%’EH’r‘h‘t’}goﬁhﬁr vacuum

distillati _ A P gfale] 4& . Ng ggﬁ reethrough. The
distillat i(g%al’lsys&r gfbé:?g.g }); ;B\:%r#rlpééd&%u x‘églt?%f tﬁ’é 0 et/%‘r%])tfeé’grelﬁent in the
extracted gadAldeStaromdeid hpd2ddaMonteistich 85 besSend! efiabley 03% by wei ght
or less, and nost preferably 0% The above-described extracted catal yst
liquid is spigected to steamtkedtaliphatde Hydestaybans aflcdy ag step for %
renmovi ng solvent. Wen the extracted catal yst ' '

heptane or decane, esters such as butyl acetate or

ethyl butyrate, and alcohols such as butanol, -

1f desired, the aldehyde produced may itself be used as

the reactibn solvent. |

The hydroformylation reaction of

present invention is usually carried out under atmospheric .

or higher pressure, preferably at from 30 to 100 kg/cm2

oxo gas partial pressure at a rcaction temperature of

from 50 to 200°C, and preferably from 70 to 150°C, with

. of the _

continuous inbroduction/ olefin as the raw material |

the oxo gas and the circulating catalyst'liquid into a

continuous type reactor.

From the hydroformylation reaction liquid

discharged from the reactor, unreacted oxo gas, unreacted

olefins, and the aldehyde produée& can be separated by

known methbds,_such as gas-liquid separation, evaporation,

or distiilation, and the catalyst liquid containing the .

then re- -
complex-catalyst is/circulated to the hydroformylation

reactor. In this case, at least a part of the circulating

catalyst liquid is withdrawn, continuously or intcrmittent-



liquidis to be subjectéd to steam distillation directly, the reaction

ey

sol vent and the organic high boiling point by-products are distilled of fi
fromthe top:of. a steamdistillation tower. In this case, if-necessary(éi@
| STpossi*bl e. to separate the solvent and the orggnic hi gh boi I'i ng pol
by-products by distillation of the above- deScrfbed distillate to recover
‘the solvent. Conponentsiin the organic high boiling point.Dby-products are
vakkous and conplicated; and are chiefly forned by secondary side reactions
of al dehydes fornmed by the hydrofornylation reaction. For exanple, in the
hydr of ormyl ati on reacti on of propyl ene, straight n- butyral dehyde and
“branched i -butyral dohydeoar ehé oremcticn systehese an detymketpdodathiyste very
reactive, they can undergo _pol ymerization or condensation reactions even_in
the absence of cat diifstidat in eader it|aroidwacenpelatinme of $heopyrproduced

pol ycondensati on product,s havj hi gh hoil ing_point. Exanples of such '
pol yneri zati on or é&ﬁ&&ﬁ§agighr$% ?°ﬁ3§ih§'ﬁpﬁéfﬁFﬁﬂﬂl ing point include

al-dol diners and tri.mers pro%&%atzlegg,lrfgcgglsyg?rL%‘?%{y}eﬁ&oggﬁgﬁtﬂ;ﬁ”&an

n- but yr al dehyde, 2-ethyl hexena ensati on r ther

2-et hyl hexanal and b2 @ippyibaxaisdcelsy Budr egenakedadtadiucitalyshereghid
n- but anol as the hydrogenated product and of n-butyral dehyde,/the
di butyl acetal of n-dnawpr ahtefycle the reaction system, it is advantageous

S to apply the process of the present invention after
removing the reaction solvent from the extracted catalyst
‘liquid by 2 known method, such as distillation.

: Removal of the reaction solvent from the extracted
catalyst liQuid'is-carried=dut by bonventional-distilla-_-
tioq, fpr example, normal pressure distillation or vacuum
distillation, - o or by stfipping'by blowing a gas

: theréthréughw- Thé'distillation'is préferably carried out
.so that the solvent content in the extracted catalyst
liquid is 20% by weiéht7dr less, preferably 5% by weight

~or less, ind most preferably 0%.

" -The above-described extracted.catalyst liquid
is subjected to steam distillation directly or after a
Stepzfdr-removing solvent, Wheﬁ the extracted catélyst
- liquid is to be subjectéd fo'steém distillation directiy,
; _ - the reaction solvent and the érganic high Boiligg point

-by-products are distilled off from the top of a steam

w S

distillation tower. In this case, if necessary, it is

possible to separate the solvent and the organic high



~

Furt hernore, |-butyraldehyde al so produces diners and trimers as

se olynerltatlon products thereof by simlar reactions to those of F

n- ral dehyde, and dinmers and trinersas alternating polyners ‘from o

. ral dehyde and n-butyral dehyde, and derivatives thereof.. It has al so
been ‘known t hat organic. high boiling point by-products - 14 - other than

the above-descri bed products are ptoggiced as by-products during the T

hydr of ornyl at fon reaction of propylene.. From t he above description, it |§/

appar ent that,the organi ¢ high boiling point by-products contain diners and

trimers of the produced al dehydes, which cannot be renoved by a nere

al dehyde distjllatiron step, because they have a hi gher boiling point than

e B AR RSO el TV SRR i T § 0T
remved tegethelaaidk oGl by dbsbbet i diiRnge!. Condi tions for

operating eamd I'ati’on tower to renobve organic high boiling point

by- product s dependcsmfshent® aADYRE SoPfarti@diigh boghihgi pohrge poi nt by-
products to be renoved, the physical properties of the organic high boiling

poi nt bybpepdudﬁstst#ﬁeEﬂamamusohndheomnlxqwﬁﬂu @adakyst chiefiyl to be fed to
the Steaghghgalé;a;econdary side reactions of aldehydes formed by
the hydroformylation reaction. For example, in the
-hydroformylation reaction of prdpylene,'stradght-n- :
'butyraldehyde and branched i-butyraldehyde are formed.
Since these aldehyde pfeduets are v;ry'reactive, they can
undergo polymerization or condensation reactiens eveﬁ in
- the ?bsence of catalyst at a relatdvely low temperature,
to form polycondensation products having a high'boiling
point. Examplesldf such polymeéization or condensation
products having a high boiling point include aldol dimers
“and. trimers produced is self-polymerization products from
n-butyreldehyde, Ziethylhexenal as a condensation dimer
thereof 2-ethylhexanal and 2- ethylhexanol as hydrogenated
products ehereof n-butanol as the hydrogenated product
of n-butyraldeﬁyde,/:gg dibutylacetal: of n-butyraldehydes
furthefmore, i-butyraldehyde elso produces dimers
and trimers as self-polymerization products thereof by s
similar reactions to those of n-butyraldehyde, and dimers |
and trimers,as alternating polymefs,from i-butyraldehyde

and n-butyraldehyde, and derivatives thereof. It has also

been known that organic high boiling poiﬁt by-prodhcts



tion tower, and the concentration of the high boiling point by-proeog
sai d extracted catalyst liquid, etc. Accordingly, they cannot be/3bsBly
prk§QJ|bed but they can be conhtrolled by the operation pressures_amplnt - Bf.
~steam to be fed, external heating,- etc., so that the tenperature in the

bot fom of the. steamdistillation tower i S gehe]r“al‘l y maintained at [err].or

| ess, preferably at [err]- or less, and nost preferably at [err] or I|ess,
f red t he vi ewpoint of the stability of the catal yst and.the prevention of
‘the steam condensing in the'tower so as not to mx with the bottons

(di scharge liquid fromthe bottomof a distillation tower) of the tower.

The; above- descri bedthéeathsh sthid ladoverde seeibedpinduensr aredpreddudedapheri c
pressure or less. Prefer- ably a reduced pressure is used, and the steam
distilla- tion is bArpreducta duriagcshei hydrefonmydadd onr reaption of ocess.

In pperation of the ste n1d|st | | ation tower, for, exanple, mld operating
congitions are useBTSBY &M% o réﬁﬂbé Enk °§epg?§c§ﬁp§hgﬁanFt h?g?Pﬁé%qq Thg

POt it by Broduct's hge! be 4L EAGE 61 BLYBInd 'AUEL bYIBR0 e 2 BHa Y e

organi ¢ high boiling poin rroduC
theiamount of or gagigeRs Oknd 0liinesPRiENtRBYp P sk S 1idRGYHEEY Wﬁhé}hQ'.annot
.extracted catalyst liquid fed to the stean1d|stlllat|on ower .

j be removed by a mere aldehyde distillation step, because

they have a higher boiling point than the aldehydes
JECL*'. ) . produced. |

In the steam distillation tower,'at least a

part of the high b0111ng point by- products 1n the

extracted catalyst liquid is removed together with steam.

hhe b 2b =l s

by disvillation thereof. . _
Conditions. for operating the steam distillation
tower. to remove organic high b0111ng point by-nroducts
' ~depend upon the amounts of organic high boiling point by-'
’ o products to be removed, the physical properties of the

organic high boiling point by-pfoducts; the amount of the
_ voeTERY

s ’ [
[P P SR R I BTy TS S S

extracted catalyst liquid to be fed to the steam distilla-
tion towér, and the concentration of the high boiling
 point by-products in said extracted catalyst liquid, etc.
Accordingly, they cannot be simply prescribed, but they.
'w,i! , can be Eontrolled by the operation pressure, amount of

~steam to be fed, external heating, etc., so that the .

oy

temperature in the bottom of the steam distillation tower

-E is generally maintained at ZQp°C.or less, preferably at

4
o otdaea i
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Sever g oeperating conditions are used so as to renove al nost all amounts of

t he ni ¢ high boiling point by- products in the extracted catalyst

liq when the amount of the organic high boi'ling point by-products to hp
renoVved is nearly.equal to the anount of the organic high beiling point
by.products in the extracted catal yst5l Fqui d fed to the steamdistillatioh
tower. Accordingly, - 16 - the operating condition for.the steam 2
distillation tower can be suitably selected on the basis of the relation ho
bet ween t he anmbunt of organic high boiling point by- products to be renoved
.and that of "the organic high boiling poi nt by-products in the extracted
catal yst J7qidl Quf igséo %H C@&.ﬁa ’rhhhgtwnlsdw@rar Pagkat kggnof the steam

distillationis not rés can e carri ed out by’conventiona

met hods. ¢HedRri@%PBRhE, orh&&m@tﬂqmycam bRe C@d td 184 toundbyhdi rectly bl owi ng
the steaminto a distillation container of the steamdistillation tower or
by heat i nordévemtivheofuthe deteds |conidensing ihethe doweimiso alendtstill ation
container, but it is not limted thereto. In the steamdistillation tower,

a desi rectﬂamehtﬂthaﬁb?ybOE?PMSCBGFSESbwb%‘éH%gf%@ {the BP5EBRti on amount

of orgam c. hi %3} gf"éjél ?g lﬁ @]wertyyo%r%gucgs produced as by-products of the :

reactlon
The above-described steam'distillation tower

caﬁ be operated at atmospheric pressure or less. Prefer-
ably=a-reduced.pressuré is used, and the steam distilla-
tion is-ca;ried'out by a continuous pfocess or a batch

© process. |

.In operation of the éteém distillation tower,

for sexample, mild operating conditions are used so as to
remove only a part Bf organic high boiling point by-
products in the extracted catalyst liquid, when thg
amount of the organic high boiling point by-products to
.be rembved is much-smaller%than the amount of organic

-'h1gh boiling point by- products 1nc1uded in the extracted
catalyst liquid fed to the steam dlstlllatlon tower.
Severe operating conditions are used so as to remove
almost all amounts of the organic high boiling point by-
producfs in the extracted cataiyst liquid, when the amount
of the organic high boiling point by-products to be
removed is nearly equal to the amount of the organic high
boiling point by-products ip the extracted catalyst

liquid fed to the steam distillation'tower. Accordingly,
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bo"'”g ‘poi nt_by- products is distilled off fromthe top of the toudDryhhile
the residual liquid containing the organic high boiling. point b duct.s

|n&§,reduced amount i s discharged fromthe bottomof the tower. The
gregter part of the residue of the steamdistillation tower is circul ated
t o tike hydrof-ornylation reaction step, but it i? preferred that a part
thereof is purged fromthe systemas a waste catalyst li'quid in order to
retete - 17 - organic high boiling point by-products which cannot be
renoved by the steamdistillation. Furthernore,.when the-residue of the
steam distillation tower discharged fromthe buttom of the tower conpri ses
two-:liquid phases (viz., when.a part of steam blown condenses to.m X
therewith), it is pihef epegating ceondi tica énTthepﬁE%%mt4§3ﬂ%§13t1°n tower

Tee tri aryl phosphicfd B8 FBLERRE A T1e5ath anate corstI9A e qoiathiR ged
fronlthe systen1by'§¥€yg %agbﬁ oupaiﬁ :¥§%ngﬁeﬁ%é ?ﬂill @ntaﬁ .

desdcribed in, for exanple can recovered by
knowin process, for gyauets. t8 BeDFEHGRY GAADEAREOHE PEIRC affzande HegRTi bed in
Japqnese Patent Application (OPl) No. 39690./75. A central feature of the,
present invention |h9111ng p01nt by- products in the extracted catalyst

f;_ ' ~ liquid fed to the steam dlstlllatlon tower.

Operation of the steam distillation is not

_reStric;edg and.;an be carried out by conventional
methods. For'examble,.the operation can be carried out
1fﬁ4. L by directly blowing the steam into a distillation
B | | cdntainéffofqthe.steam distillation tower or by heating
.from the outside while blowing the steam into the
diéfillatidn'tontainer, but it is not limited thereto.
In the steam distillaticn tower; a desired
amount; namely, an amount corresponding.fo the production

e amount of organic high boiling point by-products produced .

as by-products of the reactlon of the organic h1gh

"'? _ boiling point by-products is d15t111ed off from the top
o of the tower, while the residual 1iquid' contalnlng
the.organic high boiling point by-products in a reduced |
amount is dischérged from the bottom of the tower. The
S . greater part of the'r;;idue cf the steam distillation

'; - ' B - tower is circulated to the hydroforﬁylation reaction step,
but it is preferred that a part thereof is purged from

iR the system as a waste catalyst liquid in order to remove -

3
Al
]
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"to practice renoval of ofganic Hi gh boiling point by- products in the

ext ed catalyst liquid by a steamdistillation process. Thus, in the

re step, steamdistillation.s required to attain the renoval of

organi ¢ high boiling point by-products wi thout |osing the inherent activity
-.of the catalyst contained in the extrkktted catalyst |iquid. Wen the .

renmoval of organic .htgh boiling point by-products is practiced by a e

conventional distillation - 18 - process, for exanple, a vacuum Nl

distillation process, or a gas strippi'ng.process conprising blowng a
nitrogen gas, the inherent activity of the catalyst remarkably deteriorates
in the re@g?xiétlﬁ)gh ifoil1lingSpaih £MBY Srdduct@ MK Ech heaid@ieL hi gh boiling
poi nt by-products ih an anoun?'correspondlng_to that by the steam

di still at refiopedciesstheAcrendi dijsyilldeieaf.f eCurohetrherey edet i nvention in
renoval of the arganic high boiling point by-products can be attained by
only adopthegreisadeec®fi ditbei steaarodl shid latinst tpwent ¢bseharasd ot her |

distillati T why the st distillati ' :
par | cul af FYRGFREm Gt FBRoSareD AR TsesaRte. AEGH DTSR poi n

by- product.§;js | et.el : it i n.0 ved fact that .
catal yti c%gé T\’/m/ergan .a'gttlrrg%n%g?%éqbg%y-cltor?d'?ﬁgggagéee% 2(?st eam . o
distillatitgereRyen) | fitisst phb@biPddi o circulate an oil phase to |
' the hydroformylation reaction step after'separating the
0oil and water. _After free triarylphosphineiis_recovered

from_the'whste.catﬁlyst liquid purged from the systenm

by a suitable process, such as crystallizationm, as

described in, for example,'1oﬁa;£,:irfiﬂae%eeﬁfﬁhwéﬁhaa-

% 2803 ;"'_, l'..i."f_tg the Group VIII noble
metal can be recovefed by kﬁown ﬁrocess, for example, a

submerged combustion process, as described in Japanese

Patent A@plication (OPI) No. §9690/75.

-A central feature of the presént.invention is

to practiré réhgval of organic high boiling point by-

products in the extracféd ﬁaialy;t liquid by a steam

distillation process. Thus, in_thg Temoval step, steam

'distillation is requirgd to attain the removal of organic

high boiling point by-products with6u£ losing the

inherent activity of the catalyst contained in the s
extracted cataiyst liquid. '

When the removal of organic high boiling point

by-products is practiced by a conventional distillation
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carried -out at the same operating fenperature,as shown in the foll ow ng
exanples. As is illustrated in detail in the above, according to the
-prQgess of the_present invention, the organic high boiling point
fby:pfbdutts-produced in the hydrofornylation reaction are renoved fro
-extract ed catalyst liquid essentially w thout damagi ng any catalytic _
aggjyity, and the.residue of the steamdistillation tower. tan be reused by
resyt cul ati on to the hydrofornyla-- tion reaction step. Accordingly,
‘the industrial value of the present invention is significant. - Further,
the hydrofornylation reaction of olefins can be practiced industrially and
nore advanta- geously, when the ofganic high boiling point by-products

‘whi th cannot be reRBIELSHy %Ver?%&ﬁ»dﬂs’t‘?qﬂﬂa!i@ﬁtéﬁgaﬁé%vﬁtpwspu@ ng a
parf of the residug of the steamdistillation tawer omthe regaction - :

system as the wast8 3% af YEPRYGUPIC AT THEP G od$ Qﬁgwlﬂgb?én+ﬁﬁQ§eQaﬁas’_
triaryl phosphine are Se'p%é‘ti‘?ﬂle%ﬁftlrj?&w?%‘?{ﬁd Jf el RGLURFLE ﬁé’rﬁﬂlé’a%g.f I quid

by:h suitabl e process, "because usetf expensive triarylphosphine and“G oup
VI 11 noble netal cdstbpicromeriadths 2ehobwdl Yé&y amdiki 98 Betddprdd @y the
maﬁie_catalyst liquid of the hydrofornylation reaction and can be reused
fo¥; t he hydr of or nyremeve tlheactriganisybiem bodbinm perintabyeptoductso irhian
p;b:ess,

amount'corresponding to that by the steam distillation
- process. Accordingly, the effect of the present inventibn
‘in remoyal;gf.the organic high boiling point by-products

can be attained by only.ad¢pting.the steam distillation

and.cannot be attained'by other distillation processes.
The reason why the steam distillation is particuiarly

R f effdctive for removal of fﬁe'organic high boiling point
e o ' by-produéfs is not compietely‘clear, but it is an observed
.fact-that catai&tiC'activitlean be maintained only in
fthe'dase of steam distillation, e#en if distillation is

carried out at the same'operating'temperature,.as shown

‘'in the following examples. , '

: § ' ' As is illustrated in detail in the above,

- . according to the process of the present invention, the
'organic-high boiling point by-products producéd in the
hydroformylation reaction aré.rémoved from the extracted

- o4 'catalyst'liqﬁid essentialiy'without damaging any cétalytic

;l ; aCtivity, and the rési&ue of the steam distillation tower

can be reused by recirculatjon to the hydroformyla-

tion reaction step. Accordingly, the industrial value of
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t is possible to reﬁarkaBIy reduce the waste catalyst liquid to be purged
/A t he systemin order to recover the Goup VIII noble netal and the

i)V phosphi ne. Accordi'ngly, the industrial value of the present \J

efition is significant in this respect also. In the followng, the
_present invention is i |l ustrated in-dreat er detail with reference to <
exanpl es,. but the present invention is not I|n1ted to the exanples so far_--
as it does not depart fromthe. gi st thereof. =

- 20 - EXAMPLE 1 Renoval of organic high, b0|I|ng poi nt by-products from

.  extracted catalyst liquid: |n the presence of an excess anount of

triphenyl s %;é){g,ﬂg Weﬁﬁbﬁnf jegked- to hydrof ornyl ati on using a

rhod|un}tr|p |ne conp Fata yst in a continuous flow reactor.
After unreacted olqﬁhﬁhaqq the @}@ﬁmﬁﬂgwg@QQuﬁe@em@fﬁbﬁeﬁ@rated fromthe
resulting hydrofornylation reaction liquid, a part of a catalyst liquid for
circul ati obefins hearhbdr practjted i Undussatitaldy spdt morevadchnbar out as the
extracted catalyst liquid. A npjor part of the toluene so|vent was

separ at ed889%% ¥ hé"hzﬂ?oﬁé‘ﬁdéﬁﬁb‘éd"egé rbé’étléé}gcﬁPhll?s‘?Ym’tﬂﬁ“&tﬁy

CONVent | o f hd R v AL T Sy bt e g e

. removed oy purging a part of therasidue of the steam

T

distillation tower from the reaction system as the waste
_catalys;-liquid,_and the Group VIII noble metal and
triarylphogphine are separated and recovered.from the;
waste catalyst liquid by a Suitable process, because
useful expensive triarylphosphine end Group VIII noble
metal can be recovered in a high yield and high purity
from the waste catalyst liquid of the hydroformylation.
reaction and can be reused for the'hydrdformylation:
"reaction system. Moreover, according tb this process,

- it 1s posszble to remarkably reduce the waste catalyst

. liquid to be purged from the system in order to recover
the Group VIII noble metal and the triarylphosphine.
Accordingly, the industrial value of the present invention
ié sigﬁificant in this respect also. |

In the foliowing, the present invention is

illustrated_in greater detail with reference to examples, *
but the present invention is not limited to the examples

so far as it does not depart from the gist thereof.



her€i'n "as” Extracted Catalyst ‘Liquid (1)). This Extracted Catal yst Liquid
(I).was placed in a 500 [err] pear-shaped flask kettle equipped with a
SR§9n1blowﬁng,inlét, a condenser and a distillate receiver. Wile '-a‘;ngwi
ihEtenperature of the kettle at [err] steam heated to 1,000 nm of (& w '
of‘water was fed into the flask kettle at a rafpe .of 200N1/hr to car b,
steamdistillation at nornmal atnobspheric pressure. As a result, 75.3 g of

oi k#phase distillate was obtained. Fromanalysis of the resulting oi

phase, it was found that the distillation =~ - 21 - anount of the organic
"hi gh boil'ing point by-products was 62 g and the najor part of the other oi
phase distillate was toluene. The renoval ratio_of _organic high boiling

poi ht by-products was .88% (=62/70 x100). BMMPAE 1100% of rhodi um and 99%

of triphenyl phosphj ne remained in.the. kettl.e. which e drawn out. as the
ot o TABLE 5 Relpdl BoRTartEs gt g Lind peint Bl e e R s B
‘Wi ght (% Tol ueNgytracted ' : auid e . 12.3 Organic high

-boi ki ng point sxtrac ed ?8?31%§Fp%% d%%b*l) Tri phenyl phosphine

15y Triphenyl phosphi ne OXi 4ft thepresence of an @xess amount of triphenyl-

- S—

ST ' ' phosphine; proﬁyléne was subjected to hydroformylation
‘-:° using a.rhodium;triphenylphosphine complex '
catalyst in a continuous flow reactor. After unreacted

olefin and ;he-aldehydé'pfo&uged'were separated_from-the

resulting hydrofcrmylatibn reaction liquid, a part of a

catalyst liquid for circulatﬂﬁi-to the hydroformylation
reaction system was“drawn'out as the extracted catalyst
liquid.' A major part of the toluene solveﬁt_was separated
from the'above-described extracted catalyst liquid by
conventional distillatién.tb obtain'a'residual liquid
;iaﬁ" _' : having the coﬂpoSition shown'in Tablé 1 (referred to

'~_51 : _— herein as Extracted Catalyst Liquid (I)). This Extracted

Catalyét'Liquid (1) was placed in a 500 m% pear-shaped

flask kettle eqqiéped with a steam blowing inlet, a

A beeea b

condenser and a distillate receiver. .Whiiéfkeeping the
temperature of the kettle at 150°C, steam heated to 1,000
mm of column of water was fed into the flask kettle at a
rate of 200Nl/hr to carry out steam distillatioﬁ at

. ; | normal atmospheric pressure. As a result, 75.3 g of oil
phase distillate.was.obtained.' From analysis of the

Tesulting oil phase, it was found that the distillation




* The ot her by-products having 1.6 Ibm1boi|ing.point.Tota
@g%g Rhodi unt 2) 156 ng/[err] *1) By-products

. -

ing a higher boiling point than toluene *2) Value cal cul ated .as netal,
ich is excepted fromcal culation of % by weight due to its, presence in
very small anount. - 22 - EXARPLE 2 Experinent for measur. ng the
activity of the catalyst in extracted catalyst |iquid before steam

a

@

distillation and the catalyst in the bottons renmaining in the kettl.e afteb):

steamdistillation: a) Experinment 1 SO [err] of Extracted Catal yst Liqu

d

(1) in Exanpl e 1 was placed in an autocl ave having 200 [err] of the vol une

equi ppedambtiit atif etles torggadreehighupofibimg Sieinerby -bFodugt6f wigg opyl ene was
added thereto by distillation. After the tenperature of the autoclave was
rai sed t62[grand athemajsas pairt] BRREh€Oothelr (0ill (phadiser diatidlaves i ntroduc
at a pressure of 50 kg/[ERR] G _.and {hen_an oxo gas of [ERR/CO = 1.0/1
(nol ar r¥8% ofotuens edglpt? aFRoYgLoZrEYR ?fo?ﬁ%cgﬁlﬁg‘eé%?bngas hol der

through 2o RRESsY  Froducts was 88% (=62/70 x100). Further, 100%
of rhodium and 99% of tripheﬁylphosphineffemained in the
kettle, which were'drawnuouf:as fhe bottoms.

 TABLE 1

;Comgpsition of Extracted Catalyst_Liquid (I)

Component | Weight g%!.
Toluene | | '_ o _ 12.3
Organic high boiling point 70.0
by-products*1) ' ' '
.Tr{;henylphosphine 15.7
Triphenylphosphine oxide . 0.4
Tﬁe-other by-products having ' 1.6
low boiling peint _ |
Total ’ - 100
Rhodium*2) _ 156 mg/¢

*1) By-products having a higher boiling point than
tolﬁene

*2) Value calculated as metal, which is exéepted
from calculation of % by weight due to its

presence in a very small amount.

ed

L



controlter. The rate constant Cfirst-order reaction) measured fromt
consunption rate ,of oxo gas in the high pressure gas hol der was 2.8 hzggb
Experi ment 2 -‘The reaction.was ‘carried out in the same manner as ExperiTen

-#-texcept f-or usi:ng a catalyst liquid having the same concentration as
Exftacted Catalyst ‘Liquid (1) which was prepd&2ed by addi ng tol uene and hi gh
baoi l.i ng point by-products distilled by steamdistillation to the bottons of
t e kettle obtained in Exanple 1. The rate constant (first-order
reaction) measured was 3.0 [err] Accordingly, the relative activity of
catalyst (= rate constant after distillation operation/rate constant before
drstillation operation) is 1.07 (= 3.0/ 2 @Bampe¥AMPLE 3 Renoval of organic
hi-gh boi | i ng. poi nt by-products fron1extractEéLtaralyst | i quid: Steam
distillation was BExperigEdn@UEoct 'méISuSHE tHNARL i3S ti No ExeHd| athly®tcent .
that the tenperature of the kettle of steamdistillation was [err] and the

.pressure was 50 rextgacsedematalysyahiquid e foaiel sngapodistidigricduand from
the Extracted Catal yst quUid'(léﬁ Anal ysis of the distillate showed that

-t he renoval rati ¢hef caitgdnst kmgkhedetiamspaemaipingr byuthe ket lg7afteken

c@fal ytic activi%% was ne%syied.q¥rthe :

R eam distillation: -

.

2) ¢

iii' a) Experiment 1 _
50 m? of Extracted Catalyst Liquid (I) in
' Example 1 was placed in an.autoclave having 200 m% of the

volume equipped with_anfelectromagnetic up-down stirrer.

10.5-g¢of-§ropylene was added_thereto by distillation.

After the temperature of the autoclave was réised to 110°%C,
an o%o gdas of H,/CO = 4.0/1 (molar ratio) was introduced

ZG;'and_then an oxo - gas of

_ at a pressuie_of 50 kg/cm
H,/CO = 1.0/1 (molar ratio) was fed to the autoclave

ERNS R ' from a high pressure gas holder through a pressure

;Li;-' | 'f controller. The rate coﬁ#tant_(first-order reaction)

| ‘measured from the consumption rate of oxo gas in the high

if?-_ | pressure gas holdér.was 2.8 hr'l,

| 2). Experiment 2

M The reaction was-tarried'out-in the same manner

as-Experiﬁent 1, except for using a*éatalyst ;iquid

B _ having the same concentration.as Extractéd'catélyst'

' :._ _ Liquid (I) which was prepared byladding toluene and high
: boiling point by-praducts distilled.by steam distillation

to the bottoms of the kettle obtained in Example 1. The
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S Aner as in Exanple 2, the rate constant (first- order reaction)

af istillation operatlon was 2.9 hr 1. and the relative activity was

1. COVPARATI VE EXAMPLES 1. 2 Renoyal of organic high boilihg point

by- products fromextracted catalyst liquid by distillation treatment other
than steamdistillation: Renoval of orgagic high boiling point by-products

v

3

from Extracted Catalyst Liquid Cl) was carried out in the same manner as in __

Exanpl e 1, except that distillation was - 24 - carried out by the
distillation technique and at a pressure as shown in Table 2. The reénoval
rati o of organic high boiling point by-products, the rate constant

[ n Exanpl ¢ 5 eiﬁéﬁffﬁ%n?feﬁ‘é{ e OTBET PP S AL AT IR AR 300 PEABLE. 2

Conpar at i vegq I till n form

Distillation co&’ E)l%%%ge aa Ylﬁal{@o%%l ?r %g n %{éés)sure

gg) constaﬂthfter distillatZoffesp¥shtid 1 te”constant 88
before distillation operation) is 1.07 (= 3.0/2.8).

EXAMPLE 3
Removal of organic high boiling .point by-ptodﬁcts from
éxtracted catalyst liquid:

Steam distillation was carried out in the same
manner as in Example 1, except that the temperature of
the kettle of steam distillation was 120°C and the
prgfsufe_was 50 mmHg to remove'organic-high'bdiling-point
by-products from the Extracted Catalyst Liquid (I).
Analysis of the distillate showedlﬁhat the removal ratio

" of organic high boiling point by-products was 87%.

ﬂhen catalytic activity was measured by the
same manner as in Example 2)'the rate constant (first-

~order reaction) after distillation operation was 2.9 hr'1

and the relative activity was 1.02.

COMPARATIVE EXAMPLES 1. § 2

»

Removal of organic high boiling p01nt by- products from
extracted catalyst liquid by distillation treatment other
than steam distillation: | |

‘Removal of organic high boiling point by-products
from Extracted Catalyst Liquid (I) was carried out in the

same manner as in Example 1, except that distillation was

[



Rate constant (first-order reaction) ‘ 2.2 2.3 aft :
distillation ([err]) Relative activity 0.78

As.:is clear fromthe results of: Exanpl es. and Conparati ve Exanpl es, under
conditi-ons of obtajning nearly the same renbxahArgtio of organic high
boi.l kng point by-products, renoval of organic fi'gh boiling point
by-pfoducts can be carried out w thout causing deteriora- tion of activity
of ‘e catal yst according to the steamdistillation process of the present
‘tnvehtion, while the activity of the catalyst is greatly reduced by vacuum
distillation or gas stripping with nitrogen. - 25 - F C L M
S..--* CL Al M ScatrriedAoptobesthd aiidtididaftdonytachniqed and @tefa n which
conptises the step of reacting the dlefin with carbon nonoxi de and hydrogen
using a Group VII| PagssarRedal shewn ainy | TadepRi-ne TREnPPBERVERIZATIS 9N t he

| ce of ; f.trjaryl phosphi '
o aoer < npan Dot 1§ Ay bR g p b Bl AR W 5o Ret R HEY A S 208
produced from the resyltingabydelors JSH ¥ Q3SkH 00aPL O UGleastild in

-théreafter circul ating the residua contalning the catalyst and th
organi c high boiliR%e same manner as in Example 2), and the relative. '

activity are shown in Table. 2.

TABLE. 2
| | | | Comparative = Comparative
. Example 1 Example 2
- Distillation form | _ Distillation Vacuum
e _ ' - B with blowing distillation
A - nitrogen :
- Pressure (mm Hg) T -7 760 o 2
: ) s ) - - .
; Removal ratio (%) - - 88 . 84
o _— " Rate constant '
T ' (first-order reaction),l 2.2 ' 2.3
e “after distillation (hr )
'r41i‘h  Relative activity | 0.78: | 0.82
“:zféf" . : | As is clear from the results of Examples and.

Comparative.ﬁxampies, under-conditions of obtaining
”fé_ nearly the same removal ratio of organic high boiling
point by-products, removal of organic high boiling point
by-prdducts:can'be carried out without causing deteriora-
tion of activity of the catalyst according to the steam
distillation-proéess.of the present invention, whilé the
activity of the catalyst is greatly reduced by vacuum

distillation or gas stripping with nitrogen.




feaction systemas a circulating catal yst |iquid,
in at |east part of said circulating catalyst liquid is withdrawn as.

xtra jpui d, at least part of-the organic high,boiling .~
I nt byﬂmmmﬂlﬂ/muumm distil+e5f¥om said extracted catal yst |iqui d,v

and the resi#tue of* tlie Steam distillation process recirculated to the ®
hydr of ornmyl ati on reaction step. 2. A process as claimedin daim1,
wherein the Goup VIII noble metal is rhodium 3. A process as C|aIﬁEdéhﬁ

Caiml or Gaim2, wherein the triaryl phosphine is triphenyl phosphine. 4.

A process as clai med in any preceding Caim wherein the steamdistillation:-
-of said extracted catalyst liquid is carried out after a part or the whol e
of the reaction solvent is renoved fromthe extracted catal yst |iquid. *
C L M S *5 Aprocess as clained in any preceding claim wherein the
nmol ar ratio of hydrogen/carbon rmnoxi de is from1l/3 to 20/1.- 6. A process
as claimed in any preceding g mQ Py s vyhereln the olefin is and-ol efin.

7. A process as.clainmed i.n any precedl ng claim wherein the reaction is.
carried out at at rmspherl c or higher pressure of carbon nonoxi de and

_ hydrog,en and procesrseaic éro@er[nfaytluarteloq'{ th 5(91&?11& h:lch *

comprises the step of reacting the olefin with carbon

monoxide and hydrogen using a Group VIII noble metal-
triarylphosphine comp;ex catalyst in the presence of an
excess amount of triérylphosphine, a reaction solvent, and
organic high boiling_point by-products, then separating

the aldehyde produced from the resulting hydrofofmylation
~reaction pfoduct, and thereafter circulating the residual
liquid containing the catalyst and the organic high'boiling
point By-products to the reaction system as a circulating |
catalyst liquid, wherein at least part of said circulating
catalyst liquid is withdrawn as an extracted catalyst
liquid, at least part of the'orggﬁic high boiling point
by-products is steam distilled from said extracted catalyst
liquid, and the residue of the steam distillafion proéess
recirculated to the hydroformylation reaction step.

2. A process as claimed in Claim 1, wherein the Group VIII
noble metal is rhodium. ' '

3. A process as claimed in Claim 1 or Claim 2,-whérein

the triarylphosphine is triphenylphosphine..

L, A process as claimed in any preceding Claim, wherein
the steam distillation of said extracted catalyst liquid

is carried out after a part or the whole of the reaction

L)

solvent is removed from the extracted catal'yst liquid.




10 8. A process as clained in Claim?7, mhere#naaﬂ4i4ﬂ1£ﬁiﬁﬁLl§gf (g 30
to 100 kg/[err] and said reaction tenperature is fron170 to [err]. A

process as ,claimed in claim 1 for hydrdfor

Swbst anti al | y as 15 her ei nbef ore descrjped WI @fﬂ%@,ﬁmny one of
the Exanples. 10. An al dehyde produced by hydroforny ol efin by
a process as clained in any preceding claim The text of the specification
fas: been repy, odux&eq;mtaéﬁwta%cqmmedth% aaa? CﬁEée&{ﬁgl Rala ffgy,pescri pt.

It may contain a few anendpgents Lo read. The original

typescri pt &&ﬁﬁ%%ﬂrﬁP?h@géaﬁnéﬁ&ﬁﬂn%fZRw ngﬁﬂ ﬁéE 88 BRvExd dsr & ses of

- the Patent @donr@/3 to 20/1.

6. A process as claimed in any preceding claim,
5 wherein the olefin is aneo( -olefin.

7. A process as claimed in any preceding claim,
wherein the reaction is carried out at atmospheric or
higher pressure of carbon monoxide and hydrogen and at
a teaction temperature of from 50 to 200°C.

- 10 | 8. A process as claimed in Claim 7; wherein said
pressure is from 30 to 100 kg/cm?2 and said reaction
temperature is from 70 to 150°C.

9. A process as claimed 1in claim 1 for
hydroformylation of an olefin'substantially as

15 hereinbefore described with reference to any one of the
Examples. '

10. An aldehyde produced by hydroformylation of an
olefin by a process as claimed in any preceding claim.

licants original
The tex’s of the specification has besn reproduced by photocopying the app

typesoript. Itpmay contain a few amendments which are difficult to read. The oxiginal
typescript oontaining theae amendnentis may be 1nspectad on the premises of the Patent Office



