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JE YRR T HEAE AR SN Hh 5 R 1 DS 400 ) 2 fh e L
PER AL TR P T L8 AT A7 B M R e T S
WAL S 7= P ) 53 2. AT TAERIH Tio, 44
KA (TNTs) BERFI R 10 2 ¥R HL 2549, 7F TNTs 19
L ST e B N R e AR o e N T
JH TNTs BN K2 )« BRI ™ R ) 42 il it R 2. s
Pis S BEAL O EPIREE R 1) TNTs B 5 i 1Y)
FL MR SSA ), AT LAAG R 4 IR 8 284 J 4L
A, AR AR A B g G PR R M, IR RE S B
AEH 5P A RO B . T8 A B L 11 4 3 B
I, B AR A X SUH Wk Ak B A AR K A 5
M), YAPRH A C A A AL AR AR A LR B RE AT 1Y
SO, OO LR AT EE X T S v A A R I
HA AN R Y TNTs F1 Zr $8 242 9 TNTs ( Zr-
TNTs) , DAHAEZAS] 5 71 804 J8 Rh 94K 0 1 fi
TR, W 5% T ] & 0 A Ak R X 2-F J-3-T 0 I
(2M3BN) &0 H B0 5 07 () Ak B8, #R 3 6 2k i
B3 1 B BN LR (fEALIE P e ) B RIVE .

1 LG ER 4y

B . 2M3BN g F At mt i 2 A A PR A W,
R A I 7 = W Wl T S R S Wi B o B T
WA, FHETRZAEE. CO, H, AUELEURLE N
99.999% .

1.1 BTG

L1 1 AR HR G WL FEIESCHk [ 13] A i
A TNTs. Zr-TNTs 145 B B A0F . 8815 mL £k
2 IE T ERAEDEPE T 2218 Hh in 2 225 mL Jo/K 41
e, BRI A S AIAREL 1. 01 g AT 2,02 ¢
ZrOCl, , HAY AT 15 mL 2K, R E
ML A F) 225 mL Tk 2B, 55)% W B
. BERER . KA A S B A CAMRIRS D
FHHAHIR I pH = 3, BB B AR I, ks
I E AL 1 d S, T 80 CHET15 3 & 5 Bk BT,
BRI S 5 8 T 5 30 v 500 CHBERE 2 h, 430
FENEEB A A R, DA A TNTs 7K 4
(150 °C, 12 h)BEE8 24 0 — A AL B0 R 5 ALk,
B BARI Ze-TNTs, SEBR Ze &5 H 1CP JZE.

1.1.2 BE#EME4)E R %3t FRI—E Ry
BEBRAE IR T 20 mL Z&40/K P, BEJS A 1.00 g 44
KA, MBI AHER-GORE IR G, SRRl
1 h JEAREERE 2 h. B 0 2R EE I A0 K B TR A5 W0
L, KB EEHERZ I, HDEKER-E0—IK,

FEHH 45 mL Z848K, 5 mL Jo/K £ BEWs s 0 T vE %
BEATOCRMET, EH T H 300 W R RS 4
h, RZRBUE I A K G, HR-s, KR
EEWRHG DK TR 3 IR, LR3Ik, BT 40 C
o THRA P T4 12 h, 53] Rh/TNTs 2% Rh/Zr-
TNTs, SZF% Rh & 1CP 2.
1.2 L FIRAE

FH IRIS Intrepid 11 XSP %1 1CP MR ASCx T i A
i) Rh Fl Zr JTE HEA7 2 550875 XRD 43 Hr
D/MAX-RAX &I X S 77 43, B A i 0 8 s
A, B X SR AT IO R X R b AT,
[l 20 24 3° ~80°, FAFEHEE N 6°/min. X FTEATHS
U Cu # | Koo FESHE ARG B2, X SH4AE
) TAEH AN TAR R 2058 40 mA #1140 kV, A
SRR 0,154 nm. i Tecnai G2 F20 437 K 5
75 5 HL T B XA SR EA UL, A3 3] TEM &5 i
BRSO . INHH R R 200 kV, HREBEAER R
490.675 nm/min; EUREYHERIEIR N . (52 09
0.15 nm, SPEE0.24 nm, L3P 0. 102
nm; BORAREC: @ OSB3 1. 03 MX; XPS
MRAJEAE Axis Ultra DLD %Y XPS X F#EFTHY, %
TR AL SE A e ALY X SR IR R Mg/ AL SUPHAR X 5t
LRIR. LLAMEIE R T FTS6000 KUAH HLH-21 #MiEi
SO 7 FRAT 1, ME W B T, £ IR A 5 SE 7R
FLZ5 147 CFACEE 1 b, WERE L E I3 bR SRS
HATLLAMARE ; FTA A E BET HLERTAIFL(SSA) 3
1 JW-K AU 5 3l #E A AU EE R 58 1, T e
SRR BET 2. P/V(P,-P)=1/(V, Xc)+
[(c-1)/V xc)]x(P/P,).
1.3 L7 4 S R B & R BE VR4

PEAL R Ab ds e S Ak S 7E GS-0. 25 i
R itAT. BARSIIAE IR Ny . B — o 1 0 RV
Y. AR RO AR, B R A
WA—E & H, R EHRE PSR, RHCHIK.
BT, RA—EE I CO M H,. FFENIE
NFGE ST, FEIIMBRE PR RN AR E H R
Ol N o W € | ey e i S VA L1 = | 52
N, VAN AR A, SN 4 ) e O A XU
HIF R R RS, BUB OV IR A, B0 s,
GC-MS FIZHEME GC-2014 XiF K20 75 Wtk A5 /e 1 .
WO BRGSO SRR . SRR SR IR R
255 °C, Kl g8iR B Jy 260 °C, SE-30 E40% (i
(30 mx0.53 mmx1.0 pm). FFFHRSMN . ¥k
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100 °C, f#%F 3 min J5, LA 10 C/min FH{EZE 150
C, FFLL25 C/min FHE ZE 250 °C, HAAFF 5 min.
AR B8 IE ], 2.7 min FfF T AY 9 2M3BN;
3.0 min FHE 2 2M2BN, 3.9 min BRI R 1A ) FH A
5.7 min BEIT AT 5.9 min BF T K R ST BE IS R )
6.3 min Ml EBERE 4. FID Koligs, (efae
Ja, Ny H, A2 S 140 51k 0.7 MPa,
0.4 MPa #10.5 MPa.

2 ER5{TE

2.1 EUFIBIRLE

Jiv il 26 B AR R AL ) XRD 0 T R 28
EAT R BT R Tio, MR, MR
FAAERY Ze F1 Rh #RAS AR SCAT S0, G R B2 2

%1 TNTs, Zr-TNTs 71 Rh/TNTs,
Table 1 SSAs of TNTs, Zr-TNTs,

I EEIE T FR 45 1 Zr BB, — A S
ALl Zr A ALPIAT S, T Rh A 2RISR 1 5
BE IR AN H e i) 3222 S A

F 1T BET WEINAR (8 R A 17 28 Rh J5 4
FEFII%) SSA. Fl TNTs AL, Zr-TNTs 23 H B KM
SSA; ffi#k Rh ZJ5, SSA #fvN, 1M FLBE# 2k Rh &
FOMEAN T I8/, 4 Rh/TNTs, 4%k Rh & DA 0. 07 w
P # 0. 17 w B, SSA M 215. 27 m’/g [ F|
165.14 m’/g. KIATEHIE 1Y TNTs ALK A&
MY, AR Rh £k, 0 FUE AE Rh 4K 7 ]
REUTRAEER A GRS 2 0], B 28 )2 (B 532 () I 3,
X TEM FEIRTLUE 1. Al LAHEWT . i@ i3k Rh &
AFIT Rh TEGURE 5 04, eI DGEe,
T 52 M0 e A 700 40 2 B R KT ™= A ) S B

Rh/Zr-TNTs i BET L RER
Rh/TNTs and Rh/Zr-TNTs

Rh/TNTs Rh/TNTs Rh/TNTs

Sample TNTs Zr-TNTs Rh/Zr-TNTs Zr-TNTs Rh/Zxr-TNTs
() (2) (3)
Rh/w 0 0.07 0.13 0.17 0 0.15 0 0.16
Zr/w 0 0 0 0 4.54 4.54 7.55 7.55
SSA/(m* - g™')  227.59 215.27 198. 60 165. 14 239.96 213.20 231.79 227.59

1 & Rh/TNTs 1 Rh/Zr-TNTs ) TEM EI4H.
MNEERT LG T A 3 . BTG s f AR R B T 58
KRGS, TNTs i ZEES S5, HAF /N EHAR
10 nm &£, FNEAERANT nm Tiky, ERERIEZY
0.7 nm, ERAGEEE YK, 70 IGA Iy il £
AN RR Y, GRS R R A B I 0 o S b 24
X FEIE TAEGORE h (GAEAEREZ M) , L

20 nm

& Rh AL G, EEE T IITICR 15 JHE Y Fe
B WIREE SCHEAORAT B . Rh G 71244
KA L, B W R AR R (K 1B),
XA M TFHE AR R AL 15 PR o (LR L)
AL EMEAL S IR BE S IR 870 4 i, M4
e HEAL TS L.

U AR S 9 e B AR COMITH, | AR 7 1Y

1 Rh/TNTs (0.17 w Rh) (A, B) #1 Rh/Zr-TNTs (0.16 w Rh, 7.55 w Zr) (C) A TEM
Fig. 1 TEM images of the as-synthesized Rh/TNTs (0.17 w Rh) (A, B)and Rh/Zr-TNTs (0.16 w Rh, 7.55 w Zr) (C)
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TP P X P AR ) b W B FH BB DI 2 ik
R PERE. FIH CO F4: e fi A7 Je F BLAY 21 41
W, FATH FT-IR J6iE%5 48 T HELFRIXT COo ffk
SR, 2 & TNTs Fl Rh/TNTs {3575 4 MPa CO
AR N ZE T 4 h 5, B S REAS A FT-IR &3
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A TNTs #HEE, Rh/TNTs 78 1 802.65 em™ b4 Y &
WL, iR v B A B U CO Wb, 3 i3 ]
Rh/TNTs [ Rh X} CO 7 % B 8 1 24 W BfF 7
BRI E T B N AT B, AR TR
FH Ak S 0L A 1A T
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2 TNTs(A) Al Rh/TNTs (B) WHff CO J5 £ FT-IR JEi A]
Fig. 2 FT-IR spectra of TNT (A) and Rh/TNTs adsorbed CO (B)

CO J& 7 MRBCiK, emim AR A S 4 EEN,
S A 52 7 A7) PP AR A 3 1 s ) A
fEPEREA G, FRATH XPS FARMIR T 4L 7] Rh
AR, XPS i, Rh 19 3ds,, F13d,, AL
TELEATE307.2 F1312.0 eV AL BB T 41U, T HAE

309.3 F1313.3 eV b H BUKER B 10 55 0, A& 15
B Rh° £77E, J5 & BWRE WA HB5 Rh &L Rh™ Y
T A7, X5 SRS AR — 2 i
FUHEAT e L&, IS AL RS R Rh® Al
RO AU H A3, 45080 fE %R 2 .

F2 EUHF Ry S EF R, R HEHE
Table 2 The content of Rh in catalysts and percentage of Rh® and Rh**

Sample Rh/TNTs Rh/TNTs Rh/TNTs Rh/Zr -TNTs Rh/Zr -TNTs
(1) (2) (3) (4.54 w) (7.55 w)
Rh/w 0.07 0.13 0.17 0.15 0.16
Rh’/% 80.38 80.17 79.35 80.47 80.10
Rh* /% 19.62 19.83 20. 65 19.53 19.0

RHEEUL . FEZKE 2 Rh ARSI, fEfk
PP Rh BT 5 A0 ORI R R] fE
JEH . —RADCIRIRIERT, MR SAN KA U Ak )
Rh* BT 5 BOd JFUR R KL T, 145 B KA 4
AN IR T3, R B T AR S sd I, Ot BGE 4
FRENTELL R & TR, —IRIE 9K
Rh 7EAEALT )i A B A R R i AL T
2.2 EALFIBEL T RETEN

FUAG Tl i 48 2 80 B0 T 22X AT —
MRS A HON. 5T @ s — 25 HCN

i, A=Y 2M3BN. B4R 2M3BN A LU SF 4
AL, (AR Dhfefels, LA 2M3BN HKY, it
L R IR RN AR A M B . 2M3BN & H
WAL AR AT BRI P AN B 3 s, O ik R
H, IR 2M3BN B A H Ik B A5 3 7 A
— B HEERE, 1 — RO SCBRERE ;. SRR, Y
2M3BN A ] kb 1l 25 & A AUEEE S A A s B, AR iR
2-FIFE2- TS (2M2BN) 17 If gk — 2B AE A AL 5
AL T & A S A L, A5 3 RS R Y 3
.
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%56 4]
Rh catalyst
/ CO+H, ————>
N=—(C N—C
2—Methyl-3-butenenitrite
Isomerization
Rh catalyst
\ CO+H, —mp
N—C N=—C

2—Methyl-2-butenenitrite

2—Methyl-3-Formyl-
butyronitrite

(0] (0]
N=—=C

2—Methyl-3-Formyl-
butyronitrite

ﬁ
ot )\/\
N=—C CH

2-Methyl-4-Formyl-  ©

butyronitrite

2—Methyl-2-Formyl-
butyronitrite

3 2M3BN U A0SR AT e A1 74
Fig. 3 Possible aldehydes in the hydroformylation reaction of 2M3BN

BEAh, 2M3BN AT 58 544 1 ELAE A I, BT
Ph, 2M3BN & H A S ny 2 /0 BB AR 3] 3 A []
I =y, Horh— B ELEE W, Wb Ry S
Y. e 2M3BN A IR AR S 3 B Y
FEMETT LARAS-CN B 1 5% M A 7] 1) 2 1 42 il 1

e, LABHIFST b # 2M3BN 76 2 BE Ak 52 o7 i 72 vp
JET 2 -CN FER RS 564k S0

2.2.1 AR E AR 4T 2M3BN A B AL A AL
RiPERE  ARNFEERAFR R 2 Rh 544k 70 %t
2M3 BN A H 1 Ak A £k s 07 17 25 SR 91 £E 2R3 v

R 3 s 23T Rh/TNTs 4L 2M3BN & FRBHL = 57 9 2 0
Table 3 Effect of Rh loading in Rh/TNTs on hydroformylation of 2M3BN*

Con. Isomer. TOF"/ Aldehyde
Catalyst Rh/w Ir/w t b°
/% /% h' /%
Rh/TNTs (1) 0.07 (2.7x107 mmol) 0 24.5 6.4 1233 16.8 64 : 36
Rh/TNTs (2) 0.13 (5.0x107 mmol) 0 100 25.9 2 863 72.3 68 : 32
Rh/TNTs (3) 0.17 (6.6x107° mmol) 0 100 38.5 1786 59.5 61 : 39
RWZr-TNTs  0.15 (5.8%107° mmol) 4.54 (1.18 mmol) 100 29.7 2221 68.9 71 :29
RWZr-TNTs  0.16 (6.2%107° mmol)  7.55 (1.96 mmol) 100 31.1 2274 67.3 79 : 21

a. Reaction conditions; 2M3BN = 5 mL, catal. = 0.40 g, syngas pressure (CO; H,= 1) = 6.0 MPa, solvent (toluene) =
70 mL, temp. = 120 °C, and reaction time = 2 h; b. TOF = number of moles of product formed /( number of moles of Rhxh) ;

c. 1 : b is linear aldehyde : branched aldehyde.

XFF Rh/TNTs, 247 Rh f2 M 0.07 w #2510, 17 w
i, 2M3BN AUEALR 24, 5% B3] 100% , W)
PEPEMEFIE S LR 5 0di /b 384 0. 13
w Bf, Rh/TNTs € A8 ff 2M3BN B §% 1k 3% ik #|
100% , IE5EHH 68 ¢ 32, TOF 35 3| 52 56 45 1 14
KA. HEFRFE . 85—, R RAELF B T
Hls, BRYEAEIL T Rh BAE (R 2), K
TMi#% Rh AR 2520 Rh/TNTs X4 H Bk Ak 52 v

ARG PE. 25—, @ mEk Rh A 0CE Al TR
FRAEAL TN 2M3BN & Ik Ab B 7 9 AL T 1, T
HAL &3S X 2M3BN 14 Ak 544 A1 5544 & 2M2BN
R0 R IR A S R AT 1, T S A 7 0 4 P Ak
FN AT S A I, X A B 45 2 Rh s, 7~
YU () 1E S LU RRAI. A, P i S0 kA S 1 T
P e s 6 05 B 15 PEAR, BT LA 2M3BN s 4 S50 1k R
Hahn, 5=, ik nY SSA Bl (£ 1) Al A, B
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3 Rh A9 N, Rh/TNTs Y SSA F&M, #F A%k
AU T Rh 9Kk 1] BEXE ZE TR A K4S, X
AAL S AR TGP, o 2 BRI B« PR
SRAGNE”, DT fofE A5 77 A0 S 19 £ BRI I S5 L i o 8%
Rh #EIG M FEAL. b5 3] XFF Rh/TNTs, 341
7R EE R 0.13 w.

H1 Rh/TNTs (2) M, Rh/Zr-TNTs BAEAL 1% 1
AP, PR SR A R R R R
Ifii, A1 Rh/TNTs (3) 4L, Rh/Zr-TNTs 2301 0 7
FIMEAL TGP, CFIRT NS Rh/TNTs [ Rh & &5
W45 5 — 2. Rh/Ze-TNTs B4 1k 75 v B 25 55 i
Fe AL A K, X EEIR AT Rh &3
AAAE]. (HAGEEM S . X T Rh/Ze-TNTs, % 55
(B2 B N 4. 54 w HEANZE 7.55 w, P b 4k
P 11 EL A8 B 34, X 10 PR A R A7 78 B B 1 7= )
PP St (FLR T LA ) S e 1 7 ) 1 A A, B
AR I BERR .

A B AL AL S T AR T e O A7 3 A
fEEPE L (L8R ) b, B m-Fe & %0; M-H Xt
m-F A R A AR ISR R ), RS M-C 1Y
o-BLA Y G P TRR IR A, 3R A I S
(AL TR. XTI BIE IR, WA % JE AL 16 P
D2 IRV, ST R b, PP I
SR, UK RS, I8 KA 19« BRI
N7 AT DL R M ) OE S L XTI e AR R
$ o oA E AR WA AE 23 5 SRR AR ) &
M-C ) o-Fe W mIER. X T 2M3BN, HH Lewis
B PEAY-CN SEAG T RESZ W QN /&1 4 T, JE Lot ok
TG AME ; HoTH SBOY B BERE, SCHkE
FARN D Rt I e S BE AL BN T 5 A B H e
A, 155 5 L) S AR A FRAR-CN LAy T
RESZNR, A AT BERG N ™= P i) 1F 5 L.

Rh
~ C/ \N + @
2M3BN + Rh cat. —— g \ / IC cl
c—c ~c”
d |

(51 4 2M3BN & BEALET, -CN B AT R0
Fig. 4 The possible effect of -CN group in the
hydroformylation reaction of 2M3BN

PR RAETS RGE MR IE T 48 2 0 A Tio,
FRYEREI , 21 TiO, Kl A LIRAL, HHFBA
Zr BT, EYRIAFENIIA B B L KA,

H BEAFI L BRI E 24 L. Lahousse 251" 1 Xt Zr
B0 Tio, WRMHEAT T REVI, 48 H &
BEB2R ) TiO, SRR, Ze-Ti EALYEm RO F
B B R, R WIE B ik A —FE, (HFTfR4s
R . FFE Zr 194824, TiO, RKIH M B R
. RS G HRTE Zr S Ze-TNTs YT 07 I % B
IR 3% K& B, L BRI AT Ak, b i) B e 0 T
TR DA it Y o £

—a— Zr-TNTs (4.54), B acid: 33.26; L acid: 30.03
0.05 - —— Zr-TNTs (7.55), B acid: 37.90; L acid: 33.65
0.04 -
2 0.03F
=
=
S
= 0.02
<
=
=
2
2 0.01
<
0.00 L acid B acid
-0.01
I 1 1 1 ! !

1400 1450 1500 1550 1600 1650

Wavenumber cm™!
Pl 5 ANTA) Zr £k Ze-TNTs #9500 W B TR 53
Fig. 5 In-situ Py-IR spectra of Zr-TNTs

M5 BTLIE . Ze-TNTs Z 4 &4 B B2
LRy, B Ze S 83N, Ze-TNTs SR K B R
RN R B R I AT LA /> 2M3BN Hr g P
FEH-CN FEXHEAL T P LB A1ER, BN 4 BF
BT RESZ A ; Zr-TNTs ©1 4% Rh J5, {4k 2M3BN
AL BRI Y LA BN (3R 3) .

IERRT Zr B4 S HEE TIO, REW B MR1E,
BATBE R 28 Zr B4 TiO, K BRI, (SBhFRm
HEGRY B AR PE M -CN R, R MK-CN REE R
B #2 b B9 2 .l 3 Rh/Ze-TNTs 3% I £k
TEPETL (L BRAL) F Ze B2 N B 2 (4 B R4
I, AR T -CN JEDhBEM &H Bh Ik =2 i
[ IE S E, X segs M TAEM BT B AR AHAT.
2.2.2 JREAERT 2M3BN & H Bk A Ak B2 B ) 5
W SN EE S U (CO+H, ) R R R R
AR TS R R SN R, R4 AT
FN TR DL A WA F1 % 2M3BN & ek i AL
FN B BRI . Entry 1-5 /8] Rh/TNTs (2) 44k
#, Entry 6-8 fii F§ Rh/Zr-TNTs {45,

MFEdF Entryl -3, 7] LA B, Bl & & R E
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Table 4 Effect of reaction temperature and syngas pressure on Rh/TNTs (2) and Rh/Zr-TNTs
catalyzed hydroformylation reaction of 2M3BN
Entry P/MPa Temp./°C Con./%  Isomer./%  TOF"/h”' Aldehyde/% 1: b
1 4.0 120 89.5 39.0 2 000 50.5 71:29
2 5.0 120 90.7 31.7 2336 59.0 72:28
3 6.0 120 100 25.9 2 863 72.3 68 : 32
4 6.0 100 100 20.4 3152 74.6 61 :39
5 6.0 80 65.8 19.5 1833 46.3 35 : 65
6 6.0 120 100 31.1 2274 67.3 79 : 21
7 6.0 100 83.2 25.5 2037 57.7 72:28
8 6.0 80 68.9 19.7 1892 49.2 63 : 36

a. Reaction conditions; 2M3BN = 5 mL, Entry 1-5 Rh/TNTs (2) = 0.40 g, Entry 6-8 Rh/Zr-TNTs (0.16 w Rh, 7.55 w Zr) =
0.40 g, CO : H,= 1, solvent (toluene) = 70 mL, and reaction time = 2 h; b. TOF = number of moles of product formed /

(number of moles of Rhxh) ; c. 1: b is linear aldehyde :

FIsE A, Y 2M3BN 5 ALK il 89. 5% 4 i £
100% ; SUCEIN;, Az s pd et B 50. 5% 42 & 3
T 72.3% , MiHAp =y IE 57 A AN K. 4
Henrys SURER, FEREE —E R, BEING BAE 168
PR T SR BT VR BE 5 XA R TR S AR R
LA 2M3BN (A3 d e 3n] WL, By
BHRESIH 6.0 MPa. 4 1 Entry 3-5 B0 .
4 B R i A 80 °C #2521 100 C B, JEEH 2M3BN Y
TR A I A e R DA R I ) I S L 34 4
K MM 100 CHEFF] 120 CHy, R B BERE e
WA, AR R RE HE BR AR T, BERH S S
FAFTF 2M3BN (R ML. B nl 0L, A

branched aldehyde.

PR A 100 °C. N FE 4 # Entry 6-8 A 0L, XfF
Rh/Zr-TNTs fEALF], 2RO 80 °C #2552 120
CHF, 2M3BN (WAL | P e i E i DL K W i
IR LA T 5 X — 505 Rh/TNTs Z5 R0
ARV S, 76 BN BE A 100 C B, AL Rh/
TNTs 7] fff 2M3BN 9 %% fk % 35 2] 100% ; X Ui BH .
Rh/Zr-TNTs X} S0 it B SR # m, SEBG 25 R R,
A B SOV A 120 “C.

PR E W Bk s p R s, BrE CO/H, B
101, A TSR CO/H, FXt 2M3BN 41k
MAH B sgm, JRATHAT T HLEAHSE, 45
RINER S .

5 CO/H, Lttt Rh/TNTs(2) 4L 2M3BN S B K & B2 B350
Table 5 Effect of CO/H, ratio on Rh/TNTs(2) catalyzed hydroformylation of 2M3BN*

Entry CO/H, Con. /% Isomer. /% TOF"/h™ Aldehyde/ % 1.b°
1 2:1 100 33.9 2617 66. 1 65 : 35
2 1:1 100 25.9 2 863 72.3 68 : 32
3 1:2 100 34.1 2 609 65.9 61 : 39

a. Reaction conditions; 2M3BN = 5 mL, Rh/TNTs (2) = 0.40 g, temp. = 120 °C, syngas pressure =

6.0 MPa, solvent

(toluene) = 70 mL, and reaction time = 2 h; b. TOF= number of moles of product formed /( number of moles of Rhxh) ;

c. 1 : b is linear aldehyde : branched aldehyde.

S5 BAERY. B ANGT, 3 R eln
CO/H, #ffifi 2M3BN % 1L %K 100% , HE R A

CO/H,= 1 i}, 2M3BN WSk, 7= BBt
BEMEANE S ot , AT REE T IRAS CO/H, LR
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il 2M3BN (1) 541k

TEFR A B A A B0 7= 9 b, I A R E)
2M3BN 544 il B I i S A H e TR =4 3 Rh/Zar-
TNTs IR RTEM G, LBRIAR P, FIR
i AL A A P RE I A I B R A, 31X 5 Sk
ZESLAL

3 Fit

BEXTE-CN i 118 T 68 445 Ja2 1 0 WY T A A 4k e
N, B LT TNTs J Zr $57% TNTs 112k Rh R 5]
feARR, AR R B 58 6 I A IR 454 s B A 2K Rh
ERYESIN, AL SSA TR, Rh’ H 4R EA B
AR, (EARAEFH Rh X CO A G0 fb 24 W B
BT & B ) HE AL ) BE i Ak 2M3BN 1) & H Bk 1k [
fefbsf  Rh & A N ERAAEE, Zr B2 T
TNTs 2 Y Bronsted BR1E, & A-CN FA9/E A BY
THE R YIRER E S L, S AL R AT B X R
IR FH 2 B A W AR A A 300 e Rt )5 Ak
7 IR P A B A A T 2M3BN A AR R s, kT
S PE ) R (I B AN IE S Ee. fE AR SR T R PR
AR-CN FE 152 i A RER A ST
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Ti-O Nanotubes Supported Rh-catalysts and their Catalytic
Performances for Hydroformylation Reaction of
Olefin Containing -CN Functional Group

LI Jun®, CHEN Ya', JIANG Yu-jie', ZHU Bao-lin' , ZHANG Shou-min' , HUANG Wei-ping' "
(1. College of Chemistry, Collaborative Innovation Center of Chemical Science and Engineering ( Tianjin) ,
The Key Laboratory of Advanced Energy Materials Chemistry ( Ministry of Education) ,

Nankai University, Tianjin 300071, China;

2. Daging Vocational College, Department of Chemical Engineering, Dagin 163255, China)

Abstract; To develop an efficient catalyst system for hydroformylation of functionalized olefin containing -CN func-
tional group, titania and Zr-doped titania nanotubes supported Rh-catalysts were synthesized. The catalysts were
characterized with XRD, XPS, FT-IR, TEM and N, adsorption-desorption. The surface acidity of catalysts in-
creased with the increase of Zr-content in the catalysts. XRD patterns for catalysts did not show the diffraction peak
related to Rh, which should be ascribed to that Rh was highly dispersed on the outer and inner surface of nano-
tubes. The SSA of Zr-doped titania nanotubes was higher than that of primary one, and with the increase of Rh-
loading amount the SSA of catalysts decreased, but the percentage of Rh’ state in the catalysts dropped slightly.
The chemisorption of CO on Rh’ showed a clear FT-IR peak at 1 802.65 ¢cm™". 2-methyl-3-butenenitrile (2M3BN)
was used as a substrate to evaluate the catalytic activity of catalysts for hydroformylation. The catalysts all displayed
catalytic activity for the hydroformylation reaction of olefin containing -CN functional group and the activity varied
with the Rh-loading amount, the optimal Rh-loading amount was about 0. 13% . Raising reaction temperature was
favorable for the conversion of 2M3BN, but high temperature would lead to higher isomerization yield of 2M3BN.
The B-acid on Rh/Zr-TNTs was favorable for the formation of linear aldehyde. The ratio of linear to branched
aldehyde increased with the raising of B-acidity on catalysts.

Key words: Zr-doped; Ti-O nanotubes; Rh-catalyst; hydroformylation reaction; 2-methyl-3- butenenitrile; B acid



