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Some embodiments of the present invention relate to processes to recover rhodium from a
hydroformylation process that comprises producing at least one aldehyde in a reaction zone, the reaction
zone comprising a C;to Cypolefin, hydrogen and carbon monoxide in the presence of a catalyst, wherein the
catalyst comprises rhodium and an organophosphorus ligand. In some embodiments, the process to recover

rhodium from the hydroformylation process comprises (a) treating a catalyst-containing stream from the
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hydroformylation process with 2.5 to 20 weight percent, based on the total weight of the stream, of a water-

soluble organic amine of the following structure:

R32

R R

wherein R3%, R33, and R3%are each independently alkyls and ethoxylates, and wherein no more than one of

R32, R33, and R34is alkyl; (b) heating the resulting solution in the presence of syngas to a temperature of at
least 65° C to generate a thodium-rich phase and a supernatant; and (c) removing the supernatant to recover
the rhodium-rich phase.
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Some embodiments of the present invention relate to processes to recover
rhodium from a hydroformylation process that comprises producing at least one
aldehyde in a reaction zone, the reaction zone comprising a Cy to Cs; olefin, hydrogen

and carbon monoxide in the presence of a catalyst, wherein the catalyst comprises
FIH - #2 HEHED
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rhodium and an organophosphorus ligand. In some embodiments, the process to
recover rhodium from the hydroformylation process comprises (a) treating a
catalyst-containing stream from the hydroformylation process with 2.5 to 20 weight
percent, based on the total weight of the stream, of a water-soluble organic amine of the

following structure:

R32

R34~ I{l\ R

wherein R*?2, R*, and R** are each independently alkyls and ethoxylates, and
wherein no more than one of R*¥, R¥, and R* is alkyl; (b) heating the resulting solution
in the presence of syngas to a temperature of at least 65° C to generate a rhodium-rich

phase and a supernatant; and (c) removing the supernatant to recover the rhodium-rich

phase.
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5K (6.3EE% TEA) TLIREIRE KT A 1:1 HxCO 'EET 2 /7§ - #5
RS G AR A LEDARAT 50°C NERE 3 /8% o (IR RETHART - AREUHIE]
MH5EE-7E 50C T 24 /NEE 2 1% RS/ D B R Y O B R R i
(ERHB R a2 A HE -

[0081] LLErEHE: B © #F 18.0 g fE{LENAR ABL 1.2 g TEAJRES » HIE 90
C THEPEFTEAR (6.3 8% TEA) 20 /NI - fEERTE > FifE & R RIETE - 11
BEESREHAR > A CBDARAR I BB H R 2 e -

[0082) ELi#xEhs C: #F 18.0 g {LALAR AP 1.2 g ZRNEERIES >
HRFEER (6.3 HEER=S2NER ) TIREREREITH 1:1 HxCO E5f 2
or$E o E RS SRR A EBIARAE 90°C THERE 3 /N8 o FESLHF AR
LB REFE - (HREUIEE 5 -

[0083] tL#EEs D : #F 18.0 g #{LHIER ABL 1.2 g =ZHEE » B
FTsaR (6.3 EER =K ) TIRERE KB TH 111 HxCO IE5T 2 43 -
BEBE AR REE B EENARE 90°C THERE 3 /N\F o FECRFRTHART > 1L

EE24H o 3 30 H(EHHEREHE)

i

e Kl
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BlERELRE » EREBUNEE 8 -

[0084] EC#X&ERR E1ji 18.0 g EE(LEIAR A B 1.2 g PRIMENE™ TOA( 55
=¥ ) RE - HRFFEAR (6.3 EE% PRIMENE™ TOA ) fREREGHE K ER
JITH 1:1 Ha:CO M5 2 738 - P RHE SRR B R (ERTERAE 90°C T EH
37N o AEIFERFTESIIE] - MR(ERERORSCEEA & H RSN E A 78 -

[0085) HAER 1-2 K ELEE R A-E Z &R Ma = 1 040 -

F1
= B N =& Rh 2 HHAY
R s v | %) cmmon) 155
o B, N) (YEN)
SHHE ] 1 A Y 90 = ZlERE (6.3) Y
SXHHE ] 2 A Y 70 = ZlERE (6.3) Y
LLirEE: A A Y 50 =ZlERE (6.3) N
[LrE s B A N 90 =ZlERE (6.3) N
chirEss C A Y 90 | =FPEEKE (6.3) N
LLir &R D A Y 90 =2/ (63) N
LLErEES E A Y 90 FEFER (6.3) N

[0086] #1F 1 FfTR » SRR =GN (6.2 EE% ) REFEHE O
ZAREIEACIAS A UERYREERDTA 2 S FRR b (ERE 8k - F>70°C 2%
THnEME(CETERIE LAE 3 /INEF NEAERE T3 - AL S0C TIIEVE 24 /NRkF.Z 1%

[0087] SEHAEH] 3 : BUE 19.5 g ERRETRENTA 2 &5 R (LAE(CHERY
B HHEEH 92 EERRER/EEy (97 EERR LR - 3 EEPREHE
$Hor) ~ 271 ppmw HY$E ~ 1.5 HERFCALAG A K 6.2 BED=CLFER - Rt
BlE R mE BT T 1:1 HaCO M85 2 7748 » HESTRAE 90C TRH: 3
/N o (LRSI - SRR VB AR R (CEERE i - EREERE
E 271 ppmw $E[#(EE 76 ppmw > FHH T2%AY A A EHHIEE Y R &Yt

[0088] SEHAE( 4 © BUE 19.5 g =pk 2-ZECRENTAEZ ST HAR(ERE(L

EE25H o 3t 30 H(EHHEREHE)
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BIRER » HESHE N2 EE% 2-ZHCHE - 237 ppmw $# - 1.5 EE%ACAE A
K 6.2 ER%=ZF3H o Rt CEIERAT IR KBRS TN 1:1 HaCO g5
2 774 > HFETEAE 90°C MRFE 3 /NRF - FERLIF AR - PRPr iR &Y AR (b

Bl R i - LIRREEREE 237 ppmw $EE(KZE 70 ppmw > FRIF T1%HY A%
FCHTeNE i REYT -

[0089) ZFHHERIS : 2l 19.5 g SR EEENTE Z & S HER(CEE(EERY
B HHEE 2 B8R TR/EH) (97 ERB%E TR -3 EEBPRTHE
&H77) ~ 252 ppmw FYSE ~ 1.5 EERACAIAE A K 6.2 BERHE_ZER - it
fEACENA RIS KBRS T 111 Ha:COMEES 2 7348 » A FEIRTE 90°C TR
37N - FEREIFEEAR] - AR R S YBIARR R LR B - [EREERE
H 252 ppmw $£[#NE 187 ppmw > FH 26707 AR BEZ REY
d o

[0090] Z2BHER 6 - 2 19.6 ¢ GRELEENTEZ S HER(CRE(CEHY
B HHER N EERRTR/EHy (97 EE% R TH: - 3 EERRTHEEHE
4H53y ) ~ 277 ppmw FVE ~ 1.5 BEREDECAAE A~ 62 HEERFE __JBEH K 0.5 H
B%HET K - BRI CEDE RIS KBRS T A 1:1 Ha:CO M55 2 7§
HEERAL 90°C TR 3 /\IF - fELHFRTHIRT - R IR SRR R LEIAR
MHorEE - EERFEREHE 277 ppmw $2[#{K £ 193 ppmw > FH] 30%HY A5 #EE
e REYE -

[0091] ECc#k&BIF @ 2ifE 19.5 ¢ A EEENTA 2 & @ HER(CRE(ERRY
B HHEE 2 B8R TR/EH) (97 ERB%ETE -3 EEPRTHKE
4H77 ) ~ 268 ppmw FYSE ~ 1.5 HERACAIAE A & 6.2 HE% = SNHEZHL - G
{EBNERACEESRORE BRI T A 111 HaCO MBS 2 7348 » HFETRAE 90°C MEFE 3
/N o FESEEFETHARE - AREDHIEIE &8 2 AHRYE o -

F26H - 3t 30 H(EFHRIAE)
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[0092] ECEEPI G : B 19.6 g ERRETRENTAE 2 & S R (LAE(CERY
B HEEH 2 EERRTR/EEy (97 EERR LR - 3 HEERRLHE
$H73) ~ 271 ppmw HYEE ~ 1.5 BERACIIAS A ~ 62 HEEX =AM K 0.5 HE
D BET K o R ERTEREERSFRE KBRS T A 111 HxCOMEES 2 5758 > H.
PETRAE 90°C TRH: 3 /NS  FEIEHFREIIE] - AREHIE]E St Z AR 8l -

[0093] EEerE I H © BUfE 195 ¢ TRITAEZ S HBR(CEEBERYER
HESH N EE% | B/EH T (4 EE% B 59 EE%HEH ) -85 ppmw Rh
K 1.5 BEERACALAS A K 6.2 EB %=L - Rt EEIE R BRI KB
JITH L1 HxCOBE5T 2 7388 - HFERAE 90°C MREFE 3 /NF - FERERFEHAR - 2R
BUNEIE S sE Z AHAVAHE 73 -

[0094] EERrE A1 : 2l 19.6 g KEECTAZ S HRR(LE(CEIRER -
HESH N2 EERE/EHT (97 HERRE - SEE%HEH) ~ 160 ppmw
$E - 2.0 EERICAAS A K 6.1 ER% =W - &I E(CEISRITERERE K
BAJIT A 1:1 Ha:CO TG 2 5758 » HEETRAE 90°C TR 3 /N - (L PEEF IR
RENEE & s 2 AHAVAE 7k -

[0095] S2IHE A 3-6 R ELErE P F-1 Z &R =z 2 & -

=2
E(ER | BEEAH R SR =4 Rh ZHATHE
wR | (BB B (R ) 5788 (Y HN)
SEHHE R 3 C9 3 = ZIERE (6.2) Y
SEHHERI4 | C8 0 = ZIERE (6.2) Y
SEHHE P 5 C9 3 R 2R (6.2) Y
SEHHE ] 6 C9 3 R 2B (62) * Y
LLEEBIF | €9 3 = HPARER (6.2) N
L ERIG | €9 3 =Rk (62) * N
b EBIH | C4 59 = ZBEHE (6.2) N
Eey=y/1]! C5 3 —ZBERE (6.2) N

* 0.5 ' %/KER—EAR0 -

[0096] 1% 2 FHTR » BERK = ZEMEHERVGEAEE 2 M5

EE27H 3 30 H(EHHEREHE)
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C8 F C9 BerrA: 2 S HFR(LIEALEIERAVE 728 « LEAD - TEAAEECRFAE 0.5 &
BEPEBET KT » ZRNERR RN -

[0097] SEHAEE] 7 : BifE 19.5 ¢ SRR TRENTA Z &S R (LAE(CHERY
B HHEH 2 HEPRER/EHy (97 EERR LR -3 HEPRELRE
dH57) ~ 262 ppmw £ ~ 1.5 HE Dl =7 HEK 6.2 HER=LFE - Rt
{EEE AR BT T H 111 HaCOMBES 2 78 - HESTRAE 90°C TR+ 3
/N o (LRSI - SRR VB AR R (CEERE i - EREERE
5 262 ppmw $EEAEE 24 ppmw > F0H 91 AT A IEFE T E B2 SR EY) T

[0098] ELEZE ] T - Bl 195 ¢ ERETREITA 2@ HRR(CE(ER - B
HEeH N EEPRER/EHD (77T EEPEA LR - 20 EE%Y I - 3 EEXE
TEEE4HST) ~ 160 ppmw $ ~ 0.38 EE% 6,6'-[[3,3',5,5-E&(1,1- _HFEL ZHD)-[1,1"-
BrR-2,2'- RN (R A IR ALAN1,3,2]- SRR BRI ( T BCfizfe B, K
6.2 HE D= M - RILE(CRIERAEREIRE BT T A 111 Ha:CO 14T 2
7r#E > HIERAE 90C MEH: 3 /N - [EEE IR > REBNEE O E S
FHEAE 73 -

[0099] ECEREBIK - B 21.0 SRk ETREITAEZ @ HRR(CHE(ER - AX
&5 86 EENEY/EH Iy (97 EEPR TR 3 EE DL TRELT) ~ 219 ppmw
P~ 8.6 ER D=L M 5.7 BEE B =LFEN - Rt EEIE A BRI R R BR
JITH L1 HaxCOBE5T 2 7388 - HEFERAE 90°C MRFE 3 /N - FERERFEHAR - 2R
BUNEI RO E S s ARV B -

[0100] SEBHE ] 7 K LB B J-K Z &S R == 3 & -

=3
AL ok o e =1 Rh ZAHAYH
A Ak irfe (EE%) | & (E8%) 28 (Y N)
EHHERI7 | €9 bR — Al (1.5) | =ZEER (6.2) Y

EE28H o 3k 30 H(EHHEREHE)
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LR ERIT | C9 Bcfzfe B (0.38) —ZIERE (6.2) N
LERERIK | 9 —ZEEE (8.6) —ZIERE (5.7) N

[0101] 4% 3 FRATR > BECGRM = LEERG B S R Satd it =R B A 5%
{EHRECALRS B BU=ZRER R -
AR A Z EHER
[0102] FEiEFRA No Zi#{bAa P & T SUERHE BT iR Ay & L
VAR - B HEAME R % 100 mL Parr #5817 FE2S T - FESEG (LR
BARE LR (FoAk—f(beam) TEREE (500 pm) THIEE
TOCHRLERT 30 7758 - (EILRFEIR AR E 7T (Brooks) 5866 AIf &5 1174
S0psig 1:1:1 S@BE 2 BAJ7 » HLAE 30 7 (LRS (bR Bz 2 1% - RS e zs BE 738
N2 140 psig - ARFEE ) PRISFIRLESFAE 1-2 /N Z B (ERFR] - HLAAAE 5 O151E
RIzs B RARRUL - mERRRUGETE S HEE(E#ER (mol/Lehr) -
ZHEP 6 ((EHEEEZ st S HEREHED
[0103] FREZWHEN | Z LEREMETEZ BV - HRFEFERE
= atE 2 fBA 15.0 mL EEET7K ~ fE% 20 mL 90/10 )8& CofiF/Cs )RR -
ERERERFDLE VRS - HAAIERSEREEE £ /KMHZ pH K< 2.0 « &Pt
R (b 2 EMERAEIREDRE MRS - HRFERHNEE - MfciziE A (0.08g)
R~ HAREE FoCprmac 2 s R Al K S R (EE M -
ZHEP 7 ((EHEEEZ ot S HEREAED
[0104] FREZWHER 3 Z LEREMTHEZ BV - HRFFERE
et fBiFH 1.0 mL LEEF7K R 19.0 mL PUSEREREE © [Ef% - AIIECHr
iz A (03 g) - HFFTMEERES HIRE oAt 2 @ R s | PR
{BE M -
[0105] ZEBHEH] 6 & 7 ZEERMARFT 4 4

EE29H 3t 30 H(EHHEREHE)
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=4
- SEHE PG & PR R
El el ( mol/Lehr)
SEHHE ] 6 fz1k ~ AI%ZERY 1.42
EEHHE ] 7 7K THF Z£HY 0.49

[0106] 1% 4 FFpR > WiEH B et ZHRUCEMEsERRE P E A TE
SR EEELR -

30K - 3£ 30 H(EFHRIAE)
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EELELEEEE Nl D

[B1H] —fEE EEER ER PEECREE M eE 2/ b — iR a H
R{EJ7ARIGEEZ 775 » ATt el ETE Cr £ CofifE ~ @SR —a bhx - H
o ATAICHE (LR B RS R A TR FC (LA » HL P praia pe RO A Be /A TR EE o Bl
B - Hrp At dst 2 75
(a) HLZKE Pt HER(E G ARV S R(ERZVIRbR Z SBEERT 2.5 2 20
BB oW = LR B/ B R ZIE R B T AR
(b) FEEESRFE MR AR E RV 65 C AT - IEEES#Z
MR EER K
(c) #FrArZl LFRLAEIU T E &8 2 18 -
[3527H]) s HAEEEER | ARy 7% - HE—PERETES
$EZ AR R[E] £ AT [ -
[Z831H] ARSI S 1 THFTAY 757k - — D EfE AT AR
RIS SFE A - R AERTAL AL R PR & & 3 2 AH IR O] P Al i L -
[(5547H] MHERMEES | HATRY 7% > HiE— D EfmiEhE KR
IKRREEERERIEE THRATILE 238 2 HER B2/t 6 Z pH > RiFlisE B
ATl s Sst 2 tH 8 - KBRS S8 2 tHR R £ Pl el -
[3557H]) 0HAES BAISEE SR | ATy 57 » APl &R ER (b)
PAERSRBEECE 5y T eft -
[3567H] AIHEEHAISEESE | PTG 7% > HF 2D S0 HEE%HIKH
A S (EE 2 VPR Z Fratse (P i pT il B 2 Z A0 -
[3577H]) 20 EE BAIEEE SR | ATy 757k - HE—DHfE
(d)H] 2.5 £ 20 EE DHIFTI = LEERG B / BEHE . ZIEER B B R A 5 5

PIH - K2 HEHFREFE)
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B# (c) Z AR K
(e) FEERRAE MR m B BRI E £ /0 65 C 2R - LUE
SR B IR R

P2H > K2 HEHFFFREE)
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