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Preparation of Organo- Functionalized Mesoporous Zeol ites Supported
Phosphine- Rhodium Complex and Their Catalytic
Performance for Hexene-1 Hydrof or mylation

YANG Yong, PENG Qingrong, YUAN Youzhu

( State Key L aboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry,
Xiamen University, Xiamen 361005, Fujian, China)

Abgtract : Organo-functionalized mesoporous zeolites MCM-41 and MCM-48 , and amorphous SO, were used as
supports to prepare heterogenized phosphine rhodium complex via anchoring for the hydrofomylation of hexene-
1. The supports and the cataysts were characterized by meansof XRD , BET, FT-IR and AAS. The MCM-41
and MCM-48 were functionaized with slanes containing (mono-, di-, tri-) amino-, mercgto- and nitrile-
groups, regectively , without destruction of the mesoporous structure of the zeolites. The cataytic performance
of the catalysts was related to the structure of organo-groups and a9 to the structura featuresof the supports.
Higher catalytic activity and sdectivity for n-CsH13CHO were obtained in the case of the cataysts usng the
mesporous zeolites functionalized with amino- and nitrile-dlanes as supports. No dgnificant decrease in the
cataytic performance of the phoghine-rhodium complex immobilized on the amino-f unctionalized mesoporous ze-

olites used repeatedly for 6 times was observed.
Key words: mesporous zeolite, dlica, organo-f unctiondization , phogphine rhodium , complex , hexene, hydro-

formylation , heptana
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Table 1 Properties of HRh(CO) (PPhs) 3 and immobilized Rh- P complex cataysts and their cata ytic performance for hexene-1 hydroformylation
Catdyst w(RhN/ % Al (m?%q) ddnm __ Vd (cm¥g) t/h X(CsHi) | % /- TOF (h™1
HRh(CO) (PPhy) 3 - - - - 0.5 95.0 2.0 2353
Rh- P/ IN-MCM-41 1.29 805 2.3 0.48 1.0 99.8 1.8 607
Rh P/ 2N-MCM-41 1.52 759 2.1 0.44 1.0 86.6 2.9 548
Rh- P/ CN-MCM-41 1.20 900 2.5 0.71 1.0 95.0 1.1 678
Rh P/ SHMCM-41 1.24 903 2.4 0.59 1.0 10.2 1.3 68
Rh- P/ IN-MCM-48 1.65 698 2.4 0.30 1.0 94.0 1.8 475
Rh- P/ 2N-MCM-48 1.90 526 2.4 0.16 1.0 83.6 2.8 358
Rh-P/ IN-SO, 1.48 174 4.2 0.10 1.0 84.5 2.0 476
Rh-P/ 2N-S0O, 1.78 116 4.0 0.07 1.0 84.6 2.6 396

dp— Pore diameter , Vp— Pore volume, n/ i=— n(nCgHiz3CHO)/ n(i-CgHizCHO) , Rhr P HRh(CO) (PPhg) 3

A(MCM-41) =1118 m¥ g, A (MCM-48) =1076 m%/ g, A(S0,) =315 m% g; dp(MCM-41) = dp(MCM-48) =2.8 nm, dp(S0,) =4.4 nm;

V p(MCM-41) =0.96 cm®/ g, Vp(MCM-48) =0.95 cm® g, Vp(S0,) =1.8 cm® g

1N — 3-aminopyropytrimethoxyslane (APTMS) , 2N — (3-(2-aminoethyl) aminopropyl)-trimethoxyslane (AAPTMS) , CN — 4 (tri-
ethoxyslyl)-butyronitrile (TESBN) , SH — 3-mercaptopyropytrimethoxyslane (MPTMYS)

Reaction conditions: V (CgHiz1) =2 ml, V (PhCHg) =23 ml, m(cat) =0.2 g but m(HRh(CO) (PPhg)3) =12 mg, V (Hp)/ V(CO) =1,p=4
MPa, f =800 r/ min, T=373 K

MCM-41 , Rh-P/ 2N-M CM-48-S 1 ,
: Rhr ) 1(b) ,
P/ 2N-MCM-41 Rh-P/ 2N-S0,

-1 22 %, , HRh(CO) (PPhg) 3
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Fg1l Sability of different catdystsin hexene-1 hydroformylation
(a) Hexene-1 convergon, (b) n(nmCgH13CHO)/ n(i-CsHi13CHO)
(1) 1.50%RhP/ MCM-41, (2) 1.52%Rh-P/2N-MCM-41, (3) 1.78 %Rh P/ 2N-90;, (4) 1.53 %Rh P/ 2N-MCM-48-S
(The reaction conditions are the same asin Table 1, but t=1 hfor (1) (3) and t=2 hfor (4) ;
2N-M CM-48-S— amino-f unctiondized MCM-48 ins de)
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(1) HRh(CO) (PPh3) 3, (2) RhrP/ IN-MCM-41, (3) Rh-P/
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Fig2 XRD patternsof different supports and Rh-P catdysts V (CN) )
(1) MCM-41, (2) IN-MCM-41, (3) 2N-MCM-41, . 4 FT-IR
(4) CN-MCM-41, (5) RhP/ IN-MCM-41, ’ HRh (CO) (PPhs) s R H
(6) Rh-P/2N-MCM-41, (7) RhrP/ CN-MCM-41, L
(8) MCM-48, (9) IN-MCM-48, (10) 2N-MCM-48, 2039 cm” , ()

(11) RrP/IN-MCM-48, (12) Rh-P/ 2N-MCM-48
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, Rh-P/ Al,O3 Rh- PPhs/ MCM-41
[6,7.,15,16]

’

( PPhy / H),
, V (Co)
,Rh-P/2N-MCM-41  Rh-P/ 2N-S0;
Rh-P/ SHMCM-41 1981 1966 cm *
,  1869cm!

®
&

@

Transmittance

3

| VPR BN AT BT EPE VAT AT A RS

2150 2100 2050 2000 1950 1900 1850 1800 1750

-1
o/cm

4
FHg4 FT-IR ectraof different catdyss
(1) HRh(CO) (PPh3) 3, (2) RhrP/ IN-MCM-41,
(3) RhrP/2N-MCM-41, (4) RhrP/ CN-MCM-41,
(5) RhrP/ SHMCM-41, (6) RhrP/ 2N-S0,
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