0000000000 www.ayjg.en

-,
s
q}xxx‘\-

JOodooooooooooniniio20-87656800 L1 [0 [ L] [ [1402(

$20 % B2
2006 4£ 4 H

4 F # &
JOURNAL OF MOLECULAR CATALYSIS( CHINA) Apr. 2006

Vol. 20, No, 2

TR 1001-3555(2006)02-0102-07

MBI E R S HEA SRR S WS B B L R R
A E R LR

RgEs, BRE, TR
(M4t Tik k% b 2B KH 300130)

B OB URR-ERSHERERS AT RS T HESRAREEMRS RN, FIA FT-IR, XPS
ICP ML FRIREST T RAE. M8 T AR 1- DM E L S R IL e E, ARIBEM R RI&E, BP SRR
B 100 €, FLRIRHE 12 h, AL Y 0.3382 g(MLTLBESEN 4.4 x107° mol) | RFLFE 5.0 MPa. Jif;
i 1-CR R {L 3N 98.5% . BEROBERRYE 02.4% | n/i Hh 1.43. EMLFITRIRER 7 AN AA SR M AELEER
Y, RN R A TR XPS, ICP TRt RBAM A L ERH FAPMARENAT

CO BB MO BB

X R/ F: BB-EER; WE; RERRSY; PRI 1-T8F; 2L

PENHES: 0643.32+1 XRAARIRIE: A

AP B R R Tolk |50 S A a4 50
BREBRNRNZ—. KBHEREEEANHTER
ML R DI SE I T & P BAL B B B S R 7™,
RMZRIFRGER. B, B THREKERD
YRR R, KIEHERIECEREALN REERL T TR
BRTHROEFBARENY. HTHREAFBILR
B R VG B, SRR A AR RS IRT
THED. WAL RR R SR AL
FIEE R L R AR SR 2 B . B
BEFHBHERADENESTY . AN LM
U S A TR RS RN R, 8
BIEF AL MAR. HAh, X ER-5E
(Sol-gel) Jy iU BRI FL & W AR AL, L
LRI R AT . RITE AT AR
G4 Az e X g S (R L Bl B
SR 7 Bt B AR B AE SO, 30 |, BB ML
AP BRI AL, RABIFHAELIERE, B
RUEFE—RERATE— SRR E". e
BEWLR I i T B bt AU W 3GE R By T-58 AR RC { iy
BiEmTIR, RSO T 2R EE 68 ki #Rc
PR, S8 e T I e R S 0 ) R T Y AL
PREECEMEALT.

R E A : 2005-06-28; $[E H#Y: 2005-09-01.
FETHE: W4 BRI S PTEIH (200008 ).
BT Bake, B, £F 1963 45, M+, %

1 LIRSy

1.1 FR 5

=FEERE, oPTeE, WA X BT BE R
B s KEZEALEE, obrsl, BT A L THRIE
HRA AR ; —HOEBR R (DCC) , N-553E
RT_BER. 1-C4, otr4d, e ACROS 2t
Hl; PIARBR, IEREBRZME(TEOS) , Zriat, KEH
{2t —) 47, ARTER; |ART Sk
[8]4RL; - AMETHET “MKW [9, 10]
AR TRMNBRIEES e (11, 12]HE. BF
FRES R RS E AT 0K C AL 3.
1.2 NBREHE

KAWL S L TR R/ | SP6800-A &
ST S PR LR SRR, EKE
BRI, NS, Gl SE30 BAEH:,
K 30 m, 420.25 mm; FIUTILAY RESG 8 TREBH
AT N-2000 RGEE 6 TENEARBE. XA
Bruker Vector 22 {8 37 - 728 85 41 S5 b 33 {0 WU 1 35
5 BRI G, RALHE 30k
IRAR. FJ PHIS300 ESCA %Y X SF4R b F B {X
(XPS) xHf{bspl e m 5 B RIE 7456 BBt Ti
E. KA ICP9000(N + M) B R E FR FHIEF
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RSN e 0 RMLERAL A W BLL R RRE I R 45 S L AR LY RR 103

EEHEE SR h &R ER#ET . RA
ASAP2010 B AFLEW &, 2HrAE4LRI K L
FEERLE. LEHKA.
1.3 BB EENE S MRAe NN E
WRMEEERLKLEEREDL, AN B
HTW BO0.23 g 2-“FRBETHFET K, A
#5%+ Fo7K THF 20 mL JEARAE A BBV MKKIn)
HAmA 0.26 g DCC, 0.16 g N-3SEIFHBE W Z,
FRTFHH 24 h, A EHATIE. o3, FEBH
A 0.31 g WEARR=Z HERES, HWHETHH
24 h. W EFKWG £ THE HR8ERY, WA 20
ml TR RWHR. H0.009 g —SNBRES 4
10 mL B, BB BRERMAB MBS,
WEEH4 b, BoNARRK. WERBRELTERE,
BeRemRY. LRI KZEBBHRESH,
ANLCEBABK S IERZES, AR pH HZ 4,
60 TKEMPRBTE BB, 7 N,{RF T 50 T
LEEE, AXKZEER., #ig. TRESHE
feaEAL3.
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PhyoP CH, CHCH,COOH
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O0H

{NPEH:CH;CH:Sl(E(O);
PhsPCHCHCH2C NHCH,CH2CH, Si(E10);

2(RhCl3-3H;0) + 6CO _"[ha(CO)4C|z]

base/amd l L

o

l’h;l’CH;CHCHz l: E:Q

1.4 SRR RN

N KR ETH—ERRAAFRELADZ D,
RERNBRRNE. HERSEAMAZRN,
BT BRI, N, T8 — & LARR
EREHE 0,, RN BUE I RHE h X BRI
MABIRMESD. BJERRBEFIA CO M H, (1
D) E—EES, 7800 /A NBH T MRAZER
RORAE. RNSERERER ., . F N RABAR
RLE RN, ASAMAAEL T RMKNFEE., &
ik

FEXHEARIE Z TSN, BRAE K
BAR N R, REHRMEAEMT, fEbh—
HEEZSD, H LR T EERERG TERH#ST
BB

2 ZR51e

2.1 4 FMEE
Fx 1 26 & SR 0BEE. &%k2-
CHEBMETHERT _BRIMARELEDCCHEETS

10
EtO—§i— CHCHLCH;NH,
o

@

NlCHﬂhCthc(ExO)

Ph| ua{ﬁ NHCHLCHCHS(EIO)
i NH:H{?H:CH:S-(E:O)_\ + Si(E10),
haP

Cl chﬁ NHCH CHCHS{EtO)

—Pth

m%? 0 H?%rrr

. )Scheme 1 Route for the preparation of the heterogenized catalyst

N-BEIR T B E R RETERE, RGNS
HERSERE=Z ExBREEZTHT £ RBKE,
BRI RBICR RO, X2 RN RAFRA, ERE
1k, REEMILTIH S HMCE. Dbtk
PS4 RERRAY, RS EHRZEELH
e -SRI IL R4S Bl B AR A1)
2.2 AL SN S

FI R LA 6% 5 RE LT 0 ol A o BB AT T R
. Bl1da b, ciflh2- A RETFRET
B DhfEfUIAC S — @ PUBkAL — R & W LA K
AR LS. FTRAEL a 11 718
em™', 1698 em AR E P C =0 IR B4ETE D
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.
o
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Fig. 1 FT-IR spectra of 2- diphenylphosphine methylene succinic
acid ( a ), the functionalized homogeneous complex ( b )
and the heterogenized catalyst ( ¢ )
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HES, T 1 675 em ™', 1 650 em ™ AbA R R BEIK
S C = O fmaaiah R ik, 3A1-COOH HHE
§7FJy-CONH-, B 4hE 1 086 om ™' b4 {3 Si-0
M IRBRUCEE. b HTE 1 975 em ™' b N — iR L
e, 3R A PR b S RS D AR I A RS SE T
AU P BRREORABETE. FEcP 1075 em™ R
Si-O W, XR—MRIRAHE, RBKFES KB
Tg, ZHMECEER. TRZENRBEIHE S
1980 cm ™', JHFBEL7 em ™', XAIRERBTAE
Rt g AR R, ATTE AT Rh-CO S i3t
REEIREST, BEH T CO SRAGIREEFTEL. T A4
BB 1 e 70 B BT R
2.3 X e TR AT RE BT

FIF XPS 2 513 37 & O REAL ] L 68—
R R B 7 WAL MR BT T 57
RIRBRETFRERTFHEGE dARITLEF

R 1 EARRARNERFHRFES
Table 1 Binding energies of phosphorous and rhodium
on the surface of the catalyst

Binding energy (eV)

P2p Rh3d
132.4 308.4
132.8 308.6
132.8 308.7
132.8 308.7
H, HHEANERARE, BHEEFRAGEE
A, BEREAK, REFTEEHONS. #L
FEHATEBR T SRR TS S RILFRA R4
WAL, BERTFHESSHE 132.8 eV, BEMEGHEH
308.6eV 7AE4 308.7 eV, 5B 1L 76 /8 A fS BE IR
THEETFHNSERFRELWL, MM
—H.

WR 2 ALFE N, BATEERLESD, it

®2 EANRAR TSR
Table 2 Surface atomic concentration of the catalyst
Rh3ds Rh3d/

Catalyst Si2 P2 Rh3d
Y PP S2p  P2p

Fresh catalyst 42.59 1.57 0.23 0.0054 0.146
Running 1 time  39.15 1.44 0.12 0.0031 0.083
Running 7 times  35.11 1.45 0.11 0.0031 0.075

MRMSRER LI ATR. RHEB—KMEMG
Rh T IAERS & BEFEIR T 43% , RGP,

Catalyst

Homogeneous
Fresh catalyst
Running 1 time

Running 7 times

Rhv/Si REAAL, SUIARERA. WA RS

PR A R EA TR RS S 0 E 9 S A AL 0V TE AR R 4R

THA - K& BEHEK N S51%7. HHER
SERTR LR SEMBSICIE E VS AR, B ek
R R 2. HIRH 2 ERES FRIL&M
T COMABIAESBEERBE. MAMEMLTITEEE
EH T WE, Si &AM, XT8EL Sio, %
FBREAHETRAUIR, XERREET LE,
PHASAEAL NG PR S SR B, 1 IRARALTINE
ARG
2.4 ICP MEAFIESRES BRI

UL R XPS A ESE 4 T M o F rh A 4L
FIF RO, HIRATH I ICP Xb 5744057 |
i — R RAEFME T 7 WA P& R EE & Rt
775087, SRR BRI WLIFEH, AR

#®3 EAH S R SR
Table. 3 Content of Rh in the catalyst

Catalyst Rh (%)
Fresh catalyst 0.65
Running 1 time 0.54
Running 7 time 0.53

AR SR SRR E T — W
&, WREAN1T%. FHELKESE—-KRERE
T, BEARRE KXW, 56 XPS XTI
PR MR T R AT A, & WER Rh 5
KREEEREEBRETINRT, MEMERAEREE
Rh HBHEEKZHR L. RS HER-ERS
LR AN G A R B 2 I R R el 1B s AL
e Rk R/,
2.5 AT 1-C %S PR KRR AL MR

R T W E AR LR RE, A BIE
TR ROBLIREE, RBLEES ., AR HE L
B AL b g/ Tl L S B 2 S [ AR AL R AL R AL 1-
R EH B R MR, R %8 TR
AT RS RER, FHRE AT HTAR
L A
2.5.1 RAIREREN  HR4TEL, 48
FEARTF 110 °C i & W BhAL S 07 (1% 1 R A B b
FHIRE MR TR, BARIE R KNI AT Aok
T BALE N T, I ELAE KR A8 v AR R 4
BRI AR TN A LR A B, SRk
m, n/iFER. MIRRESHESBRIER MRS
POV RR I TR, R SR SR 5 b3 v 0 1
e, P, 110 Crrfsih3ma TR Rtk
$E100 C R4k RN T EE, i #4hR N97.8% ,
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B R E A Z LSRRG Yy B BEAL B R REAL AT A ) 4 ROLAELYERE

105

T4 REREY KRR, BRI RIE/ RIERIR M

Table 4 Effects of temperature on the conversion, selectivity of aldehyde and n/i

Selectivity (% )

Temperature (C) Conversion (% ) Aldehyds Heraro CT—— n/i
80 87.2 88.4 8.2 3.4 0.98
90 9.6 90.5 8.0 1.5 0.93
100 97.8 91.3 7.5 1.2 0.91
110 97.1 91.6 7.3 1.1 0.90

Reaction conditions: 1- hexene 5 mL, 1, 4-Dioxane 50 L, catalyst 0.2114 g, (Rh 2.75 x 10 ~° mole),

pressure 4.0 MPa, reaction time 10 h
PPN 91.3%, n/i 5 0.91.
2.5.2 REpERrmsgnn diER S WLAR HREE R
%5 REEANRERLEREHREY
IR E/ R ELAIR I

Table 5 Effects of pressure on the conversion,
selectivity of aldehyde and n/i

Pressure  Conver. Selectivity (% ) .
(MPa) (%) Aldehyde Hexane Isomer /i
3 87.9 91.4 6.3 2.3 0.8
4 97.8 91.3 7.5 1.2 0.91
5 98.2 91.5 7.8 0.7 0.94
6 98.0 91.5 7.9 0.6 0.93

Reaction conditions; 1- hexene § mL, 1, 4-Dioxane 50 mL,

catalyst 0. 2114 g, (Rh2.75 x 10~ mole),

reaction temperature 100 °C, reaction time 10 h
JIRBEIN, HeAeRBHmg i, 1k D Ry w]
RERE S A A REE, Sl TN
B, MAE—EENEEN, REESEDRIE
. ERRIER NS S w A #, REHES CO K
EA B, IS E S 6.0 MPa i, #1683
FRTRE. I (X BE A BERErE K n/i BISENR
AR, BEE LRSI BT R R I A b ke B
FAEZEN. ISR S. 0 MPa B R R
FEfy, Bentieib 607 98.2% , $8iENR 91.5% , n/i
27 0.94,

2.5.3 LN RRME N R 6 WLIE RIS
R 6 UL BEMRARAR, BHAEERE 5ILARME
Table 6 Effects of catalyst loading on the conversion,
selectivity of aldehyde and n/i

Rh (mol) Conversion Selectivity (% ) s
(%) Aldehyde  Hexane Hisomer

0.55 %103 87.9 89.9 7.5 2.6 0.98

2.75 x10°% 98.2 91.5 7.8 0.7 0.94

4.40x107%  98.7 91.7 7.6 0.7 0.93

6.29 x 103 98.6 91.7 7.7 0.6 0.93

Reaction conditions: 1- hexene 5 ml., 1, 4-Dioxane S0 ml., reaction

pressure 5.0 MPa, reaction temperature 100 C, reaction time 10 h

A R A IO R BB, LEER Ny 4.
4 x107° mol HH454L% K 98. 7% , % i fb 0
BELCRAEEM. 55, HmpEhrmg, Fr
MR FEIE N, T e L B R PR, X
EREMEAFAREEM, SAREEERESR
LA B A LR AR, X678 n/i IR{EH BT
fIE. A0 TR A3 I, X A AR AR B B R A
K. HELU LR, RBESREORN4.4x107°
mol 854k, WU RN I ILE N 98.7% , N
91.7% , n/i }70.93.
2.5.4 RMREIMREEN  HRT TLUEHEER
7 REFENEERCR, BHOEFT
B IE/FRECRIRNG
Table 7 Effects of time on the conversion, selectivity
of aldehyde and n/i

Time Conversion Selectivity (% )

(h) (%) Aldehgde  Homme  toomer "
8 94.7 90.8 7.6 1.6 0.9
10 98.7 91.7 7.6 0.7  0.93
12 98.9 9.5 7.3 0.2 0.92
14 99.0 92.4 7.4 0.2 0.92

Reaction conditions: 1- hexene S mL, 1, 4-Dioxane 50 mL,
reaction pressure5.0 MPa, reaction temperature 100 °C,
catalyst Rh 4,4 x10 =% mol

NN BREK:, SEAb Wi n, X4 N B
12h, 1-OHNFAEEHEAHET. EKRM
16 A AR R RS N, A U S AL e B I
BFRE. X BRI N B [ F TR E R
ML= 0T S P BRI SO A R A RS, Xt ns
P AT R, a0 EER, RITEE

12 h R BAL NI A, OB FEALH 9 98.9% , 1k
BYEHN92.5% , n/i H0.92.
2.5.5 R e b SRR R

S R AL R BEAE A S T (A Y & R IR R
MIERM L. ik, RAVEEBAANREAE, &
R, G T —RIER L (BB AR E
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HHEARALT], 865/ BEx AUl AEfb vE RE R Ro A,

ZRIITRS. HRSUWLUE, FEE/ BENKE

8 SE/Bbx R RE R, SRR R IE/ RILARN
Table 8 Effect of Rh/P on the conversion, selectivity of aldehyde and n/i

Selectivity (% )

Rb/P Conversion (%) Aldehyde Hexane Isomer wi
1: 10 98.9 92.5 7.3 0.2 0.92
1: 20 98.7 92.6 7.1 0.3 1.28
1: 30 98.5 92.4 7.1 0.5 1.43
1: 40 97.4 91.2 7.5 0.3 1.45
1: 50 96.3 92.4 7.2 0.3 1.50
Reaction conditions: 1- hexene 5 mL, 1, 4-Dioxane 50 mL, reaction pressure5.0 MPa,
reaction temperature 100 C, reaction timel2 h
1%, EILRBEFENE, n/i BEA TR hTee #® 9 EARTERER
AR TR EREMERD &REN S Table 9 Recycle tests
B, RS O BRI, |/ T Cowemen Sy ol
BEEE AL PR S/ BRI AR 1R i (b 0 41 g;%s) alde};yzde‘f%) 5
TG /i PR, 3B B AR 5. o4 1w
THISENREERNERRETEREOaNBY, 24 3 88.2 92.0 1.44
FBERCAREE S R R TR, B A A 7 4 o s oY e
REARE AIROR , BTLA n/i SIS 48/ BHE WD 6 88.1 91.8 1.45
SHEBEERNREWEA A YeE/8h 10 30 5, ¥4 7 89.6 91.7 1.

BOEFEHNLUR 0/ 5N 98.5%, 92.4% , FI
1.43, A,

Z LR, BERRETMRN &G, RN
HBE 100 C, KA FEF1 5.0 MPa, RN BF[E] 12 h,
AL Rh/P 2 12 30, f4LAI RN 0.3382 ¢
(MY T2RBESRRN4.4%107° mol). MRS, 1-8
AL EN 98.5% . BEMBEEMERN 92.4% | n/i
H 1. 43.

2.6 L FIMEFRER

PEALTR AL B B0 ) 45 SRR 05 50 4 T A9
PR, BRI G R 6 P v R
FTTH%, £5RNEK9. HRI ATUFHZLHL
PACRIEEMR 7 KOEARROEE, xR
5B R 89. 6% F91.7% , , {AAE{LFILEDE
MER S B AL tERE R FTRR{R. 2.3 2. 4+
ICP #1 XPS T A EJREER —E MK, Xt
EHRRE R R R Z —; oh, XPS ff{b %
E T X RPEAE R S bR mpe S /i, i
MR B A VLA AL R B R R O, X
RAELFNEERRA S —RE. FHR R TR
SHEEET REARIMTLIE, KD TA BB A
SEERIEVEH 248 foh, s B L0005 TR ARG PR AE.
W R R WRAREHRITIILE, iRy
Frems. MEALRIEERR 3 WE S 1TiBmE B,

Reaction conditions; 1- hexene 5 mL, 1, 4-Dioxane 50 mL,
reaction pressureS. 0 MPa, reaction temperature 100 °C,
reaction timel 2 h, Rh/P 1: 30,
catalyst Rh 4.4 x 10 ™% mol
* The catalyst was treated by ultrasonically

enhanced washing

PR RIN K 97.6% , SHRMBHRAE
0.9% , AR R B M B 68 i fE.
2.7 N, SIRM L N AR HaRa 547

AT E R R0 A B P S R T
S5HLBRERMAA RS, T 5-AFLERZE
HARKEIER. M N RIS F SR | A
— WAL RGP 3 AR IALA ., LB R
KR E R EAFHFT 0T, BRAK10. HFK10

F10 AR N, BIMER
Table 10 N,adsorption results of the catalyst
BET surface  Pore volume Average pore
Catalyst ) 5 .

area (m®> - g™') (em’ - g7') diameter (nm)

Fresh 1.57 0. 0023 5.82

Run 1time 1.44 0.0016 4.6l

Run 3 times 1.89 0. 0030 6.56

B, FRA—KEELFSHEELRML, kR
EEL fLE. LESAR TR XREY, MR
EEAd R PERREAHETCRNOIIE, BET
HS o BOTLAE, X U R T A AL R ik 4k 1 B

00 0biacshucomd 0000000000000 00020-3133417900000000¢C



http://www.cqvip.com
http://www.ayjg.cn
http://www.ayjg.cn
http://www.biaoshu.com

0000000000 www.ayjg.en

JOodooooooooooniniio20-87656800 L1 [0 [ L] [ [1402(

AN T NAHAANL

mam

XAk AT . GG I A K A AT S R L A Y A B I AR TR 1 A B M O

107

5. {3 WE A B, il
ALK B R E R, LA, FLENA - XK.
XRENBENRGAIE, W T AL T
PR Jenf, AALRITEERAIRE, 4
RNE9.

2.8 Hithi e py S B R

KT HER AR T E AR,
HHTHEREOS T B, 4R m%E 15
. IR VUA] LUE B B R N L R 5

£ 11 BREMSELTELIEENXR
Table 11 The relationship between the olefin structure and the catalytic property of the catalyst

Selectivity of (% )

Olefin Conversion (% ) Aldehyde Hexane Isomer /i
1-Hexene 98.5 92.4 7.1 0.5 1.43
1-Octylene 98.0 92.2 7.2 0.6 1.50
1-Dodece 97.1 91.9 7.5 0.6 1.52
Styrene 94.6 92.6 7.4 0.0 1.65

Reaction conditions; 1- hexene 5 mL, 1, 4-Dioxane 50 mL, reaction pressure5.0 MPa,

reaction temperature 100°C , reaction timel2 h, Rh/P 1: 30, catalyst Rh 4.4 x 10 ~* mol

RREWA X 1-CHROELRER, & 98.5%,
ROIBIOFAFRD, H94.6%. HERFRERR
JRE e 7 RS U A A0 FL 8 -5 AR £
WYL A A BT AL BT -2 T
BU/, RREEARXS 7 5 b 5 REAL A MO 15 R 20 S0
i, FREABCRALREG. 1+ FEBm K,
REABEALTI P ERFLIE XERESE I, B ASLRE e R A
BT FE: Wbk, KRS 4R e B Rk,
R TRRREZ —, ZEAERKE
FBALR B P B SR, KL T AR
e, MEETE AR IR FLIE MR R, M R
R EA. BR MR R ZAN, i SR A
IR A —E TN R 24 DR SRR gt
PEFRR T R T AW, i SRR friE
REAR, SR T RN . RiE ROBLE 5 146
HsgA, IR AR B n/i HBEHTIE R, X
BRI Db e Y A 5 97 A PR B /i B TR 25 1)
R0, 2 F BRI T B AR RIS R A
BERBREL, TS AWBOEM B T4 6 RAsUD
ML, TR MAE =Y. 1-CM . 14, 1-
A AR B K, R E P BEL IR n/
i KA.

3% i

~A
b2 5 I IR -BE AR 25 3 1 il 45
T AR B E Y BRI SE A & AR, O
W HMT 1-CMAE PR R. Wi R RGRE
HER BN S, BENR R EE 100 C 0 gy 5
MPa, H,: CO=1: 1, RJNIE 12 h, 44k

Rh/P Jy 1: 30, LTI AR 0.6972 g( F&JEEEN
4.4 x107° mol). WBt, 1-CIEMTEILFE N 98.5% |
IR IR 92.4% | n/i th 1. 43, AL TRFA S
M7 RUTAHARR LT R ICP 1 XPS 4
Pt & @R ek, LENFEEHT
CO U ECIA B 8k, TiERTHE P BERE A W R
. RERTAE ERR, AR R B
TR IOR IR0 R PR RE.
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The Preparation of Anchored Heterogenized Rhodium
Phosphine Complex Catalyst and Its Catalytic Performances
in Hydroformylation of 1-Hexene

ZHAO Ji-quan, JIAO Yong-jie, HE Le-qin
( School of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract: A new anchored heterogenized rhodium carbonyl phosphino complex catalyst was prepared by the combi-
nation method of anchoring and sol-gel technique. The catalyst was characterized by FT-IR, XPS and ICP. The
catalytic performances of the catalyst on hydroformylation of 1-hexene were studied and the optimized catalytic reac-
tion conditions, which were the reaction temperature 100 °C, pressure 5.0 MPa, reaction time 12h, and the cata-
lyst loading amount 0.3382g (Rh 4.4 10 ~° mol) were obtained. When the reaction was run at the optimized condi-
tions, the conversion of 1-hexene reached 98.5% with an aldehyde selectivity of 92.4% and n/i of 1.43. The re-
cycle tests confirmed that the catalyst remained higher activity in the seventh run, which indicated the catalyst had
good recyclablity. The results of XPS and ICP analysis demonstrated that the leaching of Rh was mainly due to the
replacement of phosphino ligand by CO in the hydroformylation conditions,

Key words: Sol-Gel; Anchoring; Rhodium phosphino arbonyl complex; Hydroformylation; 1-Hexene;

Heterogerization
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