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Fig.1 FTIR spectra of (a) the ligand Ph,PCH,CH,COOH and

(b) the homogeneous catalyst and (c) the heterogenized catalyst.
FIF XPS 43 51 8 5 1 & AL VA 1 IR s
AL I AR IR 68 P 7 WG B 4R AL 3R 28 7 K, X
BUARREAHEAR SHENSHTHT. BRES
RAF1HME2,
#1 HERNEERTEES XPS S5

Table 1 XPS surface atomic concentration of elements on catalyst

Mole fraction of elements, % ,(Rh)/ n(Rh)/

Catalyst S P .y (S (P)
Fresh 39.60 1.07 0.43 0.0108 0.4019
After running

for 1 cycle 35.86 1.01 0.19 0.0053 0.1831
After running

for 7 cycles 41.41 1.02 0.17 0.0041 0.1667

R BARNEREETHRTEARE)TH

Table 2 XPS values for different elements present in catalyst

E/eV
Catalyst
Si2p P2p Rh 3d
Fresh 102.8 130.3 309.5
After running for 1 cycle 102.6 130.4 309.8
After running for 7 cycles 102.5 130.3 309.9
Literature!”! 103.4 130.1 309.1

MR 1IATUEFH , EEEAINEFRERATES,
EAFERTERVEATSBEEREETR, AR
F-XKEHUSEREFHAMEETET 50%.
ST IR R B TR SR T M &R 5 R 2 F
P—Rh MR EHRLFVEAIE S HRE
WT P—RhBESRER K. R 2TLUEFH, ##
AREEERFHEEGR SR AER R,
WA RESE N + 1 4, U8 9 7 A8 46 3R 9 ) 4 0 1 A
R R HE AL SR B G I LB AR

KH ICP %t 3 ¢4 b7 A 1 WS A4 1)
MPEINER 7 WS AR+ & BN & BH#TR
E,HERRZ 3. HRIWH, B —IKEREHRLH

EBELBEMRERTE(SEREN 12.68%), 5
& XPS ¥4 4k 37 15 B 6 A A2 B A A0 R 2k 1l A W
ReERTHMBMSANIETE LS BENR K. BF
FHIKEERBENFERIEHN 1.18% , 7 L&A
BELDENEFRERASBEPRAERER. HHEPR
K FH i 4o 25 SRR TB6 0 5 B2 — € JB AH 45 & 19 O 3R X B Ak
iR s BESBREARED TRRXKEM, AT
oA 1L ) M T I R B R AT BE
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Table 3 Content of Rh in catalyst

Catalyst w{Rh), %
Fresh 1.34
After running for 1 cycle 1.17
After running for 7 cycles 1.18

3.2 HEFHNEALAABEANER
AT ENZ pHEARE . TREE .
FERE L S & MW, L UL pH WE MR K.
STEARR) pH &4 il & B4 4630 4> U4 N, M B
L, ERIUME 4 B,
#4 ARG N, REBESSR

Table 4 N, adsorption results of catalyst

BET surface Pore volume/ Average pore
PH area/m’- g} emeg™t diameter/nm
2 0.777 3 0.0037 19.084
3 2.2617 0.004 6 7.762
4 375.313 6 0.197 4 2.032
5 14.015 8 0.011 7 3.311

HE4TLUES, Y pH=4 & , AT H LR
HERMILERRE K, FLAaHarRM, pH=2 6
AFFLARTE 30 nn A EFLMALER LG S EBRKM
80% LA I ;pH=3 B/ fL&Z7E 30 nm LA EFLAFLIER
G EFLEREK 60% A A pH=4 B AL A W5, L
BRESom LT ERS S EBA 90% U
L ipH=5 B F L2 FEF 20 nm LA L 3 nm
T, fLE7E 20 nm Ul EFLAFALER S BILERK
50% %K, fLATE 3 nm ATFRFLEBR L 27L&
K 40% A,

FLBEERRYWA, RAEE pH K 4 o #il 45 g 4
R RERELA, SR REHARA .
TRER B THBENAER W TR PEBER .
3.3 fEAFMBEEETRAEEENEE
3.3.1 pH XLl Lt ses

pH XL R RER W R %K 5. i {L5w
W& &G .- BEBESOC, FREF 70 T, A
FRhERTE A 1.34%, n(Rh)/n(P) =1/6,

OO0 Obiaoshucomd 000 000000000000020-313341790000000000C



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

0 000000000www.ayja.cn

JOddooooooioooonnniiio20-87/656800 [ L1 01 0 01 11 402(

AN T NAHAANL

Bk A BR . TG o T R I M AL SR S R P BLL AR AL I B A S HERE < 975 -

LE KM LTI AR 0.238 g, V(CO)/V(H,) =
1/1,FEH 5.0 MPa, B £ & 50 mL,RE 100
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Table 5 Effect of pH on hydroformylation of 1 —hexene

Conversion, Selectivity of

pH % aldehyde, % n/i ToN
2 71.2 99.4 0.81 3060
3 76.8 99.4 0.8 3300
4 91.2 99.3 0.85 3910
5 87.5 99.6 0.84 3767

MES TLUEN, Y pH=4 6}, {7 1L
EHRS, &S pH MEARSEHKERTLUE Y,
£ pH=4 8, EAFMLLEEHEMILEAERELR, X
HE SR 933 A HE AL N ER S AL TS 4 4y BE AR Y
NEBE FTUEEBLEEEERE. o/ HBZLE
EZEARARLANE W, pH=4 &, LB R/,
FESMES mm UF,TUAEERBILREMPIL
HE XA — € R RS, 2= (A R R A5 , 8 7= 4
n/i KK, HHEA HREFBRIALRNE LR
SEAANAREHN AT XR, BRSEAE
i, pH X EFEEME A K,

3.3.2 HEAEREXELRELEERER

BEBREXMN AR EAEENERLE 6, #
el & & pH=4, RN BHE 6 h, B E &4 R
£S5,

*6 HFREN|I-CRSABRLEMNGER
Table 6 Effect of entrapping temperature on

hydroformylation of 1—hexene

Entrapping Conversion, Selectivity of

yy

temperature/C % aldehyde, % n/i TON
50 97.6 99.5 0.88 4 196
60 98.3 99.4 0.89 4 222
70 97.8 99.4 0.83 4 200
80 96.5 99.5 0.85 4 150

HME6 ATLIE N , GAEEN 60 CHELER
Ko SREHNCABRENE BN KBRS ERS
TR T, AT L0 A RO SRS # 7= A B, 3 it
T 8 AL A RE AL TE P o 10 2008 B S 2 R e 4
=Y n/i W WA K,
3.3.3 T HR IR XS AL TR 4 AL M BE RO B 1Ry

TREE AR BLEEENERLE 7,
HRE 60T HELAM®RES,

#7 THREEY I-CHAAPRAEINAER
Table 7 Effect of drying temperature on
hydroformylation of 1—hexene

Drying Conversion, Selectivity of s TON
temperature/ T % aldehyde, %

30 97.6 99.5 0.82 4196

50 98.5 99.4 0.87 4232

70 98.3 99.5 0.89 4222

80 98.4 99.4 0.90 4226

HETARL ETERBERN SO CH, BLEE
B, THREESTSO CREAEBTRE., S£HE
HERMALASHERE. KNIESY, TREERMK
B, K LS EALABTRBAK, B FKEY
XEXKABK FEBEETRIBTHELF
ZyUS] MTTREE THEALA I b R T B, AL i Mt
BZREM. TRIEEX =Y n/i LM ERATER
HATREBEEMBAANMABLEH = EE EE
B o
3.3.4 SEBETAEiLAE AR R

e LU LR L BE R BE i L % 8, T 1R
RE 70 C,HE&HRE .

%8 HEBUEYI-CREFRARINOER
Table 8 Effect of n(Rh)/n(P) on hydroformylation of 1 —hexene

Conversion, Selectivity of

(Rh)/n(P /i TON
" (P % aldehyde, % "

1/4 98.4 99.3 0.75 4 222

176 98.3 99.5 0.87 4 232

1/8 98.7 99.5 0.90 4 244

1710 97.6 99.4 0.97 4 192

HES AT A, L BN ERARK,
BERBLLHB/N n/i E—ENEFBEE BEEEL
FHHEER/N FFESHMBLARNERMEE, n/i
HEK. S EREANERRERBILRR T n/i
HEEZHFRMMEEMCERNE W, BEAE
W B E M S HAELR B THBENEEER
EREEREA LB, TRANBRARES RL
TR He Ao, 3R B 1 K =5 (R 8 BEL 2 B 4 AR, B LA
n/i LK,

BRKEBETURBBRRIENZIE, SERE
n/itbe AN BEEANBF1-2BMUMER
R, ZRE SRR, XU &SRS P BAL R
n/i WIRRIRER . $EBE L 9B B XY 55 b 2 e #R4%
-0 Ny N
3.4 EANEGHER

HERER N &4 T SHEL RIS G G
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BRlERE

9 HAAMNERERSE
Table 9 Recycling study of heterogenized catalyst for

hydroformylation of 1 —hwvxene
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Preparation of a Novel Anchored Heterogenized Catalyst for
Hydroformylation of 1—Hexene

. . . . o1

Zhang Yuecheng''?, Zhao Jiquan ', Han Jianping',Jiao Yongjie
(1.School of Chemical Engineering, Hebei University of Technology, Tianjin 300130, China;
2.School of Pharmaceuticals and Biotechnology , Tianjin University, Tianjin 300072, China)

[ Abstract] Heterogenized rhodium complex was prepared by the combination method of anchoring and sol —gel
technique. The catalyst was characterized by means of FIIR, XPS, ICP and N, absorption. The relationship
between catalytic property and internal structure was revealed. The factors affecting properties of catalysts during
its preparation by sol—gel method were investigated. The conversion of 1 —hexene could reach 98.7% , selectivity
of aldehyde could be 99.5% and n/i was 0.90 under optimal conditions. After 7 cycles of reaction the
heterogenized catalyst did not obviously lose its activity. From ICP and XPS analysis, Rh content of catalyst
decreased only 12.68% ,leached mainly from exterior surface of the matrix. Therefore, Rh leaching problem of
heterogenized catalyst was partly solved. The catalyst can be recycled in practice.

[Keywords] rhodium complex ;1 —hexenesheterogenized catalyst;chemical anchoring;sol —gel; hydroformylation
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