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In ultimate terns the rhodi umconcentration in the liquid body can range
fromabout. 25 ppmto about 1200 ppm of rhodi um cal cul ated as free netal,
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- Aldol 1 can ‘undergo further condensanon w1th wobutyraldehyde to form a trimer
-+ isomeric with trimer IIT and aldols VIII..and IX and:the correspondirg. aldol X
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further reactions: with .either: normal ‘or isobutyraldehyde to form corresponding iso-
meric trimers. These trimers can react further analogously to trimer III so that 2
.complex mixture: of condensation. products is:formed.
. o . It is highly desirable to maintain the ‘substituted acrolein II and its isomers at '
« .25 low concentrations, e.g. below about-5: weight per .cenrt. The substituted acrolein II, 25
: .- specifically termed 2-ethyl-3-propyl-acrolein (“EPA”); is formed in situ along with :
other condensation products and" has been found to inhibit catalyst activity. The
ultimate effect of EPA or like products-is to reduce’ hydroformylation ratés to’ such
.an extent that any. process where.the:EPA' is. present in amounts greater than’about :
30 - 5-weight percent, even . greater. than about one: percent by weight based on the weight 30
* of the liquid body, will suffer an-economic penalty. However, when the alpha-olefin is
ethylene, this type of actolein derivative'is not found to adversely affect the catalyue
reaction and, therefore, its buildup in the reaction medium is not a critical issue.
. The conversion of aldehydes to their corresponding dimers and trimers is believed
35  to be catalyzed primarily by iron salt in the:rhodium Oxo solution and, to a far - 35
' - lesser extent. by zero valent non-ionic complexes of iron, such- as, iron pentacarbonyl '
Initially, iron pentacarbonyl is .formed when carbon monoxide in the synthesis gas
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The crude aldehyde product of line 17 can be treated by conventxonal distillation
- o separate the various aldehydes and the condensation products. A portion of the
crude aldehyde product can be recycled to reactor 1 through line 23 and fed as indicated



20 solution. The invention is further illustrated wth reference to
Figure 3, which schematically shows a diagrammatic fl owsheet suitable in
practising the process of the invention. Referring to Figure 3, a stainless
steel reactor 1 is provided with a disc inpeller 6 having perpendicularly
nount ed bl ades and rotated by ‘means of shaft 7, by a suitable 25 .
nmot or (net~shown). Located bel ow the inpeller- 6 is a circular tubul ar = :
spargerr 25 feeding the a-olefin, and synthesis gas plus the recycle.
gas. Thelsparger 5 contains a plurality of hol es:‘of sufficient size to

provi de SLflqmgm gas.flowinto the liliﬁdﬁtp body _in the vicinity of the _
impeller 6 to pr bﬁlgmtmgzglqgrar The ITqurd
body. The react o%mdslewll &orepjt@w&gnqg?fe%ﬁ%téegﬁt#a ?Enéfsm#}% m%mﬂ)e by 30 U\

means -of which tE 'Egtk reset sinvgition iwill pawes beefurtbarrledosibeld by gphiis off het folldwagCt | ON .
t enper at ur g art-up and- intefnglo ing coils-(not shown). S

Vapor ous product efj;lvm@toffsgqgme Ciod %éwgs& Al %@eoéo to 3

» '91
separator. 11" whesolutipg cmammgssedpﬁ' 1© biCion bl gheln to ot |
return sone al de jSizme nq %M@r@a’fmmmdodunteqﬁab weight ofe geloltkandnevia | i ne 12

and to prepent pHLE; “’gé CPH’s‘-sePafolPEr-” be stockfselutiomact or o
effluent is passnayo the &ﬁ‘}%‘“‘h tw°' s 5 g ; : _.fﬁﬁaﬂ‘lﬁ“ﬁugh ‘ne

15 to catchpot - 1®parmonlm ch th y y-pr. &t can be
condensed out of. t@mgmsd&padsdehytﬂeo@ﬂﬁhlbm pltpdnmoa are :
removed frgmt heaﬁeﬁ 1 ethetih S ALY -__-_-- (B)sthe digp semgining with it weic-p_wsed' \llg a

line 18 to separ&hﬁdfnoﬂ. frﬁ‘dﬁ of the . fhaildbib Lin
connected to a rmpyosinanelyr aestaﬁﬂ Rhodlum dderia 6413 e‘rgaﬁcegmaﬁep&{em%d by Ilne o

21to|rne8frol‘ﬁl§l’ o&% hcrdonpﬁbleaﬂwefeqignlﬁl:ﬁdm control =
sat urat ed “hydr ocBf B Jif G:R “ﬁé"ﬁ'&l"’l‘l’l“d@%ﬁﬁhﬁl}l@n ofr Bablsr ki on. of the -

gases can be recycled via line 8 toline 4 into which are fed nmake-up ..

react ant . f eeds through l.ines 2 and .3...The conblned ‘total of reactants is

fed to-the reactor-d. Cbnpressor 26 ards in transporting the recycle gases..

45 - Il ron: salts my be- convenrently renoved from. ‘the catal yst
solution in reactor 145 in a 'batchw se .nmariner by perrodrcally i'ntroducing
sequestering agent:into- the reactor through i'nkét line: 30. Affter suitable
agitation of the catal'yst .sol ution wth rnpeller 6 the catalyst sol ution

is allowed to separate :iit-d -an-i ron- containi hg aqueous’ phase.'and an.organic
phase, the bottom | ayer aqueous phase being thereafter renoved from50

the catal yst solution via-line 31. =~ - ..

50 Alternatrvely, the catalyst solutron nay be treated outS|de of the

reactor l.in a srdestreant "(not shomn) to remove iron salt fromthe

catal yst sol ution. ‘Thus,. for" -exanpl'e, iron ey ‘be removed from sol ution by .
i on exchange with a- nacroretlcular exchange nenbrane Slnllarly, iron nay -

be precipitated:fromsoluti.-on wth sulfides,.-55 the remaining =

sol ution being thereafter recirculated-to the reactor 1.. rt:should be 55

not ed, however, .that the use of a precrprtant nay adversely affect the .
rhodluntcatalyst neceSS|tat|ng further treatment or purification of the
catalyst prior to its-use‘in the reaction. Fresh catalyst’ solution can be
added to the reactor 1 by line 9. The single 60 -+ - reactor 1 can of

course, be replaced by a pluralrty of reactors in 'parallel. 60 The .
crude al dehyde product - of .line 17 can be treated. by conventional S
distillation to separate:the various. al dehydes and-the. condensat i-on
products. ‘A portion”of the trude aldehyde-* product can. be recycled to

reactor 1 through Irne 23 and fed .as |nd|cated 10 -

1, 584, 310 7 10 by broken-iine 25 to
a point above |npeller 6 for the purpose of narntarnrng the liquid |evel in-
reactor 1 if such i's:required. The present invention mnll now. be further

descri bed by mean_s ; of .the foll ovm ng Exarrpl es.
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EXAMPLE 1.
5 Avariety of sequestering and chel ating agents were

t est ed using. aprepared stock soluti.on containing 300 ppmiron as iron

hel ow shows

-of the stock solu f

a Registered Trade

3

were he

_the iron 11

the ir.on removedm,t he first

ganl c layer 15

B) ,.\arﬁi t,‘i’neN i g,on re]%r o.\red..,by t‘he second
of "t he .avaidlabl e :iron

bal ances were- often'se
'[he_pH of each_aqt

B 11

-

mnaterial

ben:in systens
jeous sol ution

[err] [err] [err] [err] [err][ [err] [err]

¥stersot utd o by agdi ng an fqus
% 500 fald o ‘& Wat Er )t o=t he

152
£ ExARPLE 2.

The nmi xture Wg

[err] [err]

The .

iti ng Oxo pl ant .

27,000 | bs/ day.
| ron was

ous sol ution
react or

1S agitated for

napht henate in Texanol solvent. (Theiword Texanol" is.
Mar k) - An equal wei ght of cycl ohexanone was added to facilitate
wat er - or §anic phase separati on. 25 g. aliquots -
wer e successi.vely extracted with tw 12 g. portions of a 0.1 wght
aqueous 10 solution' of the sequesterl ng agent. Sanpl es
50C to fati|itate phase separation. 1LIHBI® |
i nikjial Iy present inthe organl C Iayer (A,
aqueous extraction . ( B),, g&hp i ron remai nng w'th the or
after the first extractlé’nOé
agueous : 15° extracfE'r;:m C). "The fractidh"
renpved by each extraction. RE Appr oxi m-at el y. constant Rhodi
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where emul sion - pr obl ens’ W s gni f| cant_,’
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emul sion. The reactor contents were then transferred to a hol ding tank
wherein 500 gal |l ons of propional dehyde were added and the m xture warned
to 500C to facilitate 10 separation of the organic and aqueous |ayers.
The bottom water |ayer was drawn off . 10 and. the remai ning organic
| ayer returned to the reactor, the iron content of the organic |ayer havrng
been reduced to 80 ppm The productlon rate of al dehyde condensation ™
products declined to 2,0000 |bs/day. WHAT WE CLAIMIS:- 15 = - . 1.°A
process for controlllng t he concentration of aldehyde tondensati on products
.15 formg@ during the rhodium cat alh&dl0producti.on of al dehyde by ke

hydroforrryl ation of al pha olefins geup@rRifNg 2 to 20 carbon atoms = . \~—
conpri si ng: pr OV i Tlhé IpgodActioh Gate Gbf RIdeRHdO kondenkttiod PRAGIBLS 41 Ygettify OgONt ai ning ..
ol'efin,- alde fqyrthﬁdtbedlgn aﬂdyzcd)mmgtt ofmoqmddahmeswasdmomlbgﬂar boi | i ng

al dehyde conde a'E‘j“c on a m2 n &in a _
sol ubl e I’hOdI g(f 1 @mm%sé’ ﬁ o téa 1 ar yI> .20
phosphi ne, at Twe Qﬁs e&f@S—W!&ﬁrstafh dfeSP | d)‘m? Qgsﬁmesent for» _
each gram atomm“bion r’ﬁ&dmsmn@mtswesah@ redtb@ ldakmkm_ue:alsm ng iron

sal t - confgam nﬂ%‘}n bpropignaldehiryere 3 F"r’iﬁﬂ ‘F‘b -,%"“E e fogdmtlon
of ‘said conde % N 0 i cﬁﬁ&l , seou |
recycl e st r eanmeohgyingbedn roge xam:ihe2;§oducnonm al ﬁiﬁ:lc&:densauon : '

25 -suppl yi ng reskdsct dedtipednto] 2,008¢; Ifdasar bon nonoxi de, hydr.ogen and olefin.in

the ‘li.quid body; ‘gﬁﬂnt@hr&ﬂgﬁ& > tenperature of the [iquid body at 50C, to

130[ errss the tot mamu&bamaﬁy@mmu%ue@r bonys
nonoxi de part |faimeprdmunerhadmdeﬁﬂwbchp\ﬁd LbF aldéhydieStiyathe Bydebd doy dr ogen

partial pr essuﬁ@lm-olleﬂ;sm él!m%ﬂ mmnpmwmm ecover| ng fromsaid

| i quid body a. P@@ﬁ‘f {v ’“ﬁ@?ﬁnﬁd‘i‘ﬁ%@, yi_auﬁggdgody'

vapori zes al d . DL a Tatd R Oofy ;

so as .to contpmdphihé;at ammert nﬂEs bfrfm ﬁﬁytpﬁmphﬂ:etﬂ&ﬁglmt kagygratd nai'ntain

the. for mat i on g¢m- Ei;e ene@ér?elérhsmdbm Gehritting i3 salt contamipagtsicap- | i qui'd’ "body

at- or bel ow a tm.. vﬂf romote th formatlon of said condensation produ 2 A _
' m

process s cl. ffin; N Cl al et SR 1 aesse"o”u'msmr é’(r:“i/"%ﬁ l(’57d"0t;ream congs i ses'
hydrogen, the al ptp@lyhkeﬁakaumnﬁhnﬁmbomamﬁwoﬂ&, hﬁdrogenpﬁd)elems;nam claimed inm

claim 1 or cl| diagddodgier ein the tTia phosphl ne | s heny phi ne. 40
4. A process cTaitHEng 1 Epperas §¥h° |‘H‘Ef‘ﬁ§
al,pha- ol3sf i n %galﬂﬁ : erEd |3oany

one of clains" tre:mférmgl&bmdth_ar. edpen‘ousn bmpﬁbmlmd GleﬁnQ\ process
as clalrredlnlzx#ygwdmp i aflghytle produs ein .t he oleflnlso?,5 -

removing iron salts from said :liquid body so as to control the amount

et hyI ene. - 1 _.
45 7. - A 33rocess sﬁ%%ﬁ: g@&tlﬁdbﬁmﬁﬁd&““ Y %m% vvﬁerel niron 35a| ts
ar.e rem)ved f-r om2t h\epfmequsda amhpimMgaamsdee svegiaimptiser)y agent

added to the |hvéfgges; thp glpha-ol d opding to clajm 7, wherei n the
li:qui d body . i SppiihtisHednti Wl Alm- a?g%édﬁ?%g 4‘? ?h“leh‘% chel ati ng
agent an@-the resu ---ts@sslam&nﬁ@mnsexmlosdamrxeaétv%mmaxﬂhmmdsl n a40

separ ate aqueocli® then athms. A process as claimed in claim7 or claim8

wher ei n° sai d chel’at? pypouyaneaing i a9 Gt d4ipn | tagevwsremﬂae alpharpleBe ess as
claimed in claf Hg” 'ﬁﬂjﬁ&g& s Sl SPUHPSCH BAmPIL 4 il BeSiiein i

am nopol4scarb 45
55 11. A process 7asA<pha¢snndclmmed:Iua dzﬁ oﬂkctammttsalwhesmqmmkramg agent S
et hyl ene- di. arflﬂ re?r%b%ﬁ hod&émowosdmhmﬁhslm sgepdded o the ~ A pr ocess

as clained in e iy $PlitmSE HESH RS BghicP P s koim&e&gﬂgensed

50 an aqueous ‘solution of the-chelating: agent and the resultmg iron complex i is thereafter.
- removed in a separate aqueous phase. ' .
9. -A process as. claimed in claim 7. or cla1m 8 wherein saxd chelatmg agent is:
a ‘sequestering agent. -
: Co 10. A process as. claimed in clann 9 wherein saxd sequesuermg agent is an- o
< 55 ' aminopolycarboxylic acid. L 55
o 13. "A process as claimed in clalm 10 wherem said sequestermg agent is ethylene-
-_dlamme tetraacetic acid or a sodium salt. thereof.
12. A process as clanmed in claim 9 wherein said sequestenng agent isa condensed
. phosphate - .
60 " 13." A process a8 clauned in clann lZ, wherem said sequestermg agent is sodium 60
pyrophosphate. .
- 14, A’ process as claimed in any oneé of clalms 1to _13 in which the liquid body
is mamtamed at a temperature from 60°C to 120°C. :




phosphate. 60 13. A process as clainmed in cfaim 12, wherein said
sequestering agent _is_sodium 60 -pyrophosphate. 14. A process as clained in
any one of clains 1 to 13 in which the liquid body is nmintained at a

oo a0 o T IRMARMIOOAAR - © U > e 2 the productian

te of al dehyde cohfdehsati &n Protlucts in an operating Oxo plant for, the
rhodi um cat al yzed production of propional dehyde was 27,000 | bs/day. The .
iron concentration in the catal yst solution was 366 ppm* Iron was extracted
5 . frd&nthe catalyst solution by B#d3ly an aqueous sol ution of digodio
EDTA (65 Ibs. 5 in 1,500 gallons. ofgugislp) 10 the reactor contarning 3, 500

gal l ons of catal yShe q;eddu&wr}mwemmya&%ﬂemn%&; &fl ad Qpersting d¥OUr s at a
t enper at ure of PI&@Uorfthprmdl aatslymb lpeodequion. sf plnplon'ﬂda\ydemt 27500€¢ dha;chyrt S were

then tran ferr Mr@hﬁonsu W r al dehyde
l Il]l
were avdel and.r’rgo“a %ﬁr :sgrﬁgr:r:r,. L

L 4

separation of nﬁfcg:arwaeagada Q&LB&DU 84‘{6&&3 h,ee l te,,r,;ti:lggyer was
drawn off to awdlsme'f'heetmomc mdretalmm@ ﬁuﬂ: mrmact or t he
i ron contgnt ofg #%Uﬂ’e’e@mt@"@@) te
productron r at e,n 'c tﬁ;ﬁ g‘@s 000 10

| bs/ day. WHAT \rﬁeaaedng/rbe v ppm. The ér@@asa ng the
concentrati on e B9 $mfdapn products 15 for rred duri ng the

r hodi um cat al yzed | dehyde by the hydrofornylation of

al pha- ol gbi ns contlarAnf,,g(gsséﬂ,tgn

G QBceitld ng ags
| i qui d body of fermed BErihg tIROMEdih ¥d: Tﬁ%ﬁ@dpﬁ %}‘rﬁﬁg @E}Hﬂeh product s

and hi gher boi lof h%tbla@hywmamamtarm apmsd:mptsmgzontr nuousl y formed 20
therein, a sol ﬂlé? h‘l“tdgo g@y e and a
triaryl- 2020 p mxub@%m&m"ﬁ&%‘ 1§ ’ta" m, @ine bej ng
present for eacphosgmm;naauemm osplind

cont ai ni ng i ror?t°§’a9ftfh amah&ndshqmérbodytalsqmab ﬁorsahctorttMneetsrromhr ch

pronote the for"r’?h TR patmRon the fp 'BHBEP&“ %%ﬁ‘ |H§§5 the

liquid bady a Q&S& cycl stre’ém corrpr"? T SR %ﬁ" &

ol efin; supplying make-up quantities of carbon monox:de hydrogen and olefin in the s
25 suppl ying ndifed YqUant ities of car bon monoxi de hydr oge n and olefin in

the liquid bod g}e‘?ﬁ\? é}g’%wfeé bady at Aﬁ@ nHEﬁO @afﬁgoﬁo;to

130[err] 30t he typt&, d@rsgspg,yr y@%
nmonoxi de parti aI percezsﬁngr &omtsaﬂdem dy a vapbfoas) mixiee! Tconﬁﬁmmlsﬂd o&ﬂd t he

hydrogen parti & [apo; edla&hsdgn@ducagadt?‘zoo psi a; 3130 rtecoverr ng from
said liquid bo 5 ‘1? “??“”%I}gﬁdw gen, and
vapori zegs al de%ﬁm a@p(gelr, sgg; ‘ﬁ‘o’x rFom g%n F“rc%ui d spdy

so as to cont roI ﬂha ;amras claifned modhuﬁalvﬂﬁreinnbdﬁi&oﬁslzepyﬂdsd%ﬂﬂlyomﬁbsnai ntai n

the formation & a'eh aetbemm, gict in saj.d ]iquid body
at or bel ow a aﬂlée m cla:m 1lor claxm 2 wherem the tnarylphosphx%esxsz A
ne

process as cl al wbr @lmrémwarﬁyanetéﬁ@aﬁﬁaqeyswﬁeﬁﬁy:ﬁé &phaloleSRfas CONPY0 SES
hydrogen, the dltpﬁacubrmfatmsand carbon nonoxide. 3. A process as clainmed in

claiml or claim 2 W@Pﬁastmdrﬁnaanywmésmét?é Wm%ﬂﬂﬁr@phr ne. 40
4. A process ad BEEY ﬁ%ds@a@wm@ G Gy b i 100 HIEE S ki

al pha-ol @i n hagylest to 10 car on at ons pr ocess as clal ned i nggmny
one of claims 1 t3 4 wheseancliimed i piyacre| affclaims 1 to 6 wherein iron salts are
removed from the liquid body by complexation with a chelating agent added to the
liquid body.
8. A process according t¢ claim 7, wherein the liquid body is contacted with
50 an aqueous solution of the chelating agent and the resulting iron complex is thereafter 50
removed in a separate aqueous phase. B
9. A'process as claimed in claim 7 or claim 8 wherein said chelatmg agent is
a sequestering agent,
10. A process as claimed in claim 9 wherein said sequestering agent is an
55 aminopolycarboxylic acid. 55
11. A process as claimed in claim 10 wherein said sequestering agent is ethylene-
diamine tetraacetic acid or a sodium salt thereof.
12. A process as claimed in claim 9 wherein said sequestering agent is a condensed
phosphate.
60 13. A process as claimed in claim 12, wherein said sequestering agent is sodium 60
pyrophosphate.
14. A process as claimed in any one of claims 1 to 13 in which the liquid body
is maintained at a temperature from 60°C to 120°C.




is propylene. 6. A process as clained in any one of clainms 1 to 4 wherein

the olefinis 45 et hyl ene.

45 7. A process as clained in any one of clains 1 to 6 wherein iron salts

are renmoved fromthe |iquid body by conplexation with a chel ati ng agent

added_to the liqujd body. 8. A process according to claim?7, wherein.the

liquid body is contacted with 50 an aqueous sol ution of trua<:§§ ating
8

agent and the resulting iron conplex .is thereafter 50 renoved in d
separate aqueous phase. 9. A process as clainmed in claim7 or clai
wher qgn sal d chel at| ng agent is gsg’gﬁuesterl ng agent. 10. A progess as
\QLaI e WITE d CYUE 0. dUT o L
-ami nopol YGaE '1,0” .i glgoc n s in wluch ¢ liquid body is 'maintained -

‘55 11. A proge §pﬁ)§es§ %tam%dlm &@éfraam D25 B whihhelordIGilRAL €7 1 NY agent is
et hyl ene- idesathan50tpaih.r aacet i C aC| d or a sodiumsalt thereof. 12. A process
as cPained j# cﬁm@amﬂ%ﬂéncba#@aséq@smdbmge@gm flescribedc ondefsed

ﬁh‘osphatew‘% fereace to Example,l e?s med i ncl Al , wherein said
sequest er iyid ,age,;ﬂom o yg;%m Ey, p ospﬁlgtaé ’ﬂ .y pr g}:’eess as claimed in
any one of clalmslt013|n. ich hellqwdbodyls malntalnedata_

tenperature from er TICHELRQ eKI
1, 584, 310 P8kt {,Jf@ F{;mgdA i ¢L°“d°“°ECIR°P§ 15. A process as
claimed in claim 14 in which ]t:°ﬁe I body is maintained-at a tenperature

from900C S S S CI din.a of claims 1 to
15 in whi flbilerl%:‘s'l s'égﬁon ﬁ(fxf tiﬁgawﬁﬂﬁi,g gton%.?&? : 17, A

-~ process- as claimed in cl al"‘f’i‘i"’?"?ﬁﬂ"%m&ﬁﬂ ally as her ei nbef ore descri bed
5 with reference to Exanple 1 or Exanple 2. 18. A process as clained in
claim -1 and substantially as hereinbefore described with reference to the
acconpanyi ng draw ngs. BATCHELLOR, KIRK & EYLES, 2 Pear Tree Court,
Farringdon Road, London, ECIR ODS. For the Applicants. Printed for  Her

‘Mpj esty's Stationery Ofice by the Courier Press, Leam ngton Spa, 1981.
Publ i shed by the Patent COffice, 25 Southanpton BUI|dI ngs, London, WC2A I AY,
f-rom whi ch copi'es may be obtalned _ _ o . -
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