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Scheme 1 Strategy of the preparation of Sn-NaY zeolite by liquid-solid isomorphous substitution
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A NaY 43-F0fi . B M5 FK, 90 C T IHIR
W1 2 h R G NE, IR HBUKBEREGX, 110
CTFEZETHG6h, EE LR HEE6 K, 152
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1.1.3 Sn-NaY (IE) (U#l& A 7 X e Z MR Al

Qb B Ak T 45 4 S R, ] B A e k Sn-
NaY. #% NH,-NaY : SnCl, - 5H,0 =3 : 1 fyJF &t
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Scheme 2 Reaction path diagram of Baeyer-Villiger

oxidation of cyclohexnone
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Fig. 1 FT-IR spectra of NaY and Sn-NaY with

different pretreatments
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Fig. 2 UV-Vis spectra of catalyst samples
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Fig. 3 XRD patterns of NaY and Sn-NaY with

different pretreatments

RRAE I 0 AR O B8R 2 A, BRSSO SR .
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A UL NH,BUR T AT Na®, 5
H NH,-NaY (1% & i 2 BORI AR Xt 45 & B2 A5 T 348 Jin—
. MAHEE NH,-NaY 2K i5, NaY (DeAl) 1T 5 14 ] 5
FE T I Am s , ELAT UG B A BT T I, X2
HAE AL B B AL 43 0 iR 40 LB &, sk
a5, SHARAREUN R, DA S SO S 04 14 457 R A R
RHARET | X 52 1 o NaY (DeAl) M Xt 45 &
M S B0 NH, -NaY #5043 B TR — 2.
MR 1 R IE T LIE i, Sn-NaY (DeAl) 5
SRR NaY (DeAl) M EE, 5 02806 Fir s in
X FWISn B A 4> T B 4 s L 1T Sn-NaY (IE)
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Table 1 Composition and Physicochemical Characteristics of the Samples

Relative Unit-cell Surface Pore
o . ‘ Al content” Sn content’
Sample crystallinity” parameter area’ volume*
R . /% /%
/% /nm /(m* - gh) /(ce g™

NaY 100 2.437 632 0.180 8.41 -

NH,-NaY 108 2.460 590 0. 160 8.53 -

NaY ( DeAl) 76 2.401 830 0.305 7.23 -

Sn-NaY (IE) 28 2.424 464 0.145 8.20 10.8

Sn-NaY ( DeAl) 48 2.402 682 0.204 7.20 3.71
Sn-NaY ( DeAl) -N, 68 2.432 826 0.258 7.18 3.50
Sn-NaY ( DeAl) -air 32 2.423 646 0.201 7.22 3.48

a. Calculated with NaY molecular sieve as the standard sample;

b. Determined by Multipoint BET surface area from N, adsorption isotherm;

c. Determined by t-method micropore volume from N, adsorption isotherm;

d. Determined by ICP analysis

() ML 2 M 88T NH,-NaY A B/, 2R i
AMEFRAY Sn** B T BRI NH, T [ 3 R W
TERA R Sn J5 AL TILE 20 =10° ~ 40°3E Bl M 17
TERERENY NaY 4§ Fii FEfEIgE. Hrh Sn-NaY (IE)
(AT e A 55, B 2 AR A AR, X2
A SnCl, [ 7K A 7= A B R M I35 1 1 T 43 T
() AL S35 NH, " BYBEER , DA X 43— i 45 14 3 i
IR, NH,-NaY /K HB0AR J5 P15 204 )@ Sn 19 [
AHIA] f B CARE S Sn-NaY ( DeAl) [ NH,-NaY 4% ]
# Sn MFERL Sn-NaY (IE) W45 S mIRZ , 45k

Rk, UL R READ AT R T AR R M A T IR R
HHEAENS) . Sn-NaY (IE) I Sn-NaY ( DeAl) Fp#4#
A B R SnO, MUEFIERT S IETT) | X5 UV-Vis
SER—3

P 4 SR AN AL FAE S 0 N, 40 B R - Bt B 2
T2k | NaY 1 NH,-NaY B9 N, B0 i R5a R 258 v
LRI LI T R AR AR 2% T NaY (DeAl) Fl Sn-
NaY ( DeAl) 7775 B i 1305 Jo 2R, 33 72 PR A 7Kk R 2R
DR B AL AL B T o P, ST
WP LA AR R 1 T AR Ak
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Fig. 4 N, adsorption-desorption isotherms of NaY

and Sn-NaYwith different pretreatments
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Fig. 5 NH;-TPD profiles of NaY and Sn-NaY with

different pretreatments

& Sn AL F YA Sn K 5E 4 N HE, H Sn-NaY
( DeAl) AT A7 25 (A ik FE B
2.2 RS E R

Kl 6 R AR B A T #4519 Sn-NaY 1) %%
AR & RE A 7E208 £5 nm A A — TR R K

Sn—NaY(DeAl)-air

Absorbance

Sn—-NaY(DeAl)-N,

Sn—-NaY(DeAl)
1

1 1 1 1
200 300 400 500 600 700 800
Wavelength/nm

P 6 AR Be 4R BT i % Sn-NaY B 5EA0E ]
Fig. 6 UV-Vis spectra of Sn-NaY prepared on different

calcination atmosphere
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A ZS SR IR B8 il £ A AL 57 i 4R 41 SnO, 1Y
fA1E, Sn-NaY ( DeAl) -air f14fi SnO, W¥GHL 2 %
EanpE 7 frs. Hod, 4 Sn0, 1 345, 484, 632 Fll
773 em™ AbEA FEAEMOSCIE 43 510H JE T Sn0O, 1Y
Ay, E,, A, B, (98BI Sn-NaY
(DeAl) -air ¥ 345 1484 cm™ AbFEAE Sn0, HYFFE
WG, SIS 4281 SnO, PrFh.

484
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100 200 300 400 500 600 700 800 900 1000

Raman shift/cm™!
€] 7 Sn-NaY ( DeAl) -air FI14f SnO, HYHOE
P P (532nm BOGH K )
Fig. 7 Laser-Raman specira of the Sn-NaY ( DeAl) -air and

pure SnO, samples at 532 nm excitation
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Fig. 8 XRD patterns of Sn-NaY samples prepared on

Sn-NaY(DeAl)-air
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N,y 38087 BFF o B 45 3 e 247 5L A DR kg O 40 5 12 1) i

Sn-NaY(DeAl)-air

Sn-NaY(DeAl)-N,

Volume/(a.u.)

Sn-NaY(DeAl)

1 1 s 1 " 1

0.0 0.2 0.4 0.6 0.8 1.0

P/P,
&l 9 ARIRlKEBe s BBl T il £ 19 Sn-NaY 9 N, $73E

Fig. 9 N, adsorption-desorption isotherms of Sn-NaY

prepared on different calcination atmosphere
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10 RIRIKs B4 B R il 4 B9 Sn-NaY A9 NH,-TPD FEAE
Fig. 10 NH;-TPD profiles of Sn-NaY prepared on

different calcination atmosphere

MERELT AT LLRAE R RIS, 1 450 em™ AbI1H)
Wi 37 06 U9 J& T Lewis B2, 1 540 em™ &R T
Brgnsted fiR. X T & Sn #EALFH], B2 A PUBLAL Sn
REMEHEZ LT XPE A L R Pty , BENE 5 B EE rh X
HF45E, RIS e st i
FESh A AR B Sn T2 B BR TR0, AFTEST T L
T8 NN IE O R KA, P EGREEMEREAR . 11
FEOT3 A AL ) X S A LR R B R, 1 B Sn ik

Sn—-NaY (DeAl)-air

Sn-NaY(DeAD-N,

Transmission/%
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Fig. 11 Pyridine adsorption IR spectra of Sn-NaY prepared

on different calcination atmosphere

AT Fiia 8 e i Sn(IV) , R A
KR Sn FA7E. Gl be)a L Eim, JuI
J& Sn-NaY (DeAl)-N, i L iS5 B B2 LI 8 5 T
Sn-NaY (DeAl) , X 3B & 3 1Y 55 b2 50 H A F T ok
RS Sn 575 Sy BAT AL TE R DU B A7 Sn( V).
2.3 Baeyer-Villiger [z &7 {4k 14 &E

A2 ] DU Y VA [l B 2 il 1
R AT B0 P D o R AR Rk ik R A AR

R 2 & Sn EALFIELINZER Baeyer-Villiger 1L

Table 2 Catalytic performance of Sn-containing catalysts on Baeyer-Villiger oxidation of cyclohexanone

Catalyst Conversion/% Selectivity/ % TON* Reference
Sn-NaY (IE) 37 39 35 This study
Sn-NaY ( DeAl) 37 51 103 This study
Sn-NaY ( DeAl) -N, 44 62 120 This study
Sn-NaY ( DeAl) -air 38 50 104 This study
Sn/B(DeAl) 34 58 33 [8]
Sn-B( DeAl) 24 70 36 [15]

Reaction conditions; cyclohexanone 0.03 mol, H,0,(30% ) 0.045 mol, cat 0.35 g, acetonitrile 15 mL, temperature 70 C ,

time 24 h

a. TON = moles converted cyclohexanone/ mol of active site.

PR T AR FT Sn HEAS T B R, [l
IR0 BE S i 201 07 ) B SR R, DT i vy R A
PERE. BIZCILHI A Sn-NaY (1IE) i 5> T i 45 # 2
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SEZ B VIBCA SIE A, SO PERAIK. Sn-
NaY ( DeAl) -N, HEALTEPER T Sn-NaY (DeAl) , iX
PR T 45518 Sn-NaY ( DeAl) T £ 1) Sn 5 ik F2 3k
BCEE, T RCE TG DU LA, Sn(IV) . 28 S5
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Preparation of Sn-NaY by Liquid-Solid Isomorphous Substitution
for Baeyer-Villiger Oxidation of Cyclohexanone

MA Tao-tao, GUAN Fan-fan, YUAN Xia, WU Jian "
(School of Chemical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract; The molecular sieve catalysts of Sn-NaY were prepared by liquid-solid isomorphous substitution method
using NaY as a support and SnCl, + 5H,0 as a tin source. The influence of dealumination pretreatment and calcina-
tion on the structure and active sites amount of Sn-NaY were discussed and the samples were characterized by FT-
IR, UV-Vis, XRD, N, physical adsorption, ICP, NH,-TPD, pyridine adsorption IR and Laser Raman. The results
show that the dealumination pretreatment contributes to the well-maintained zeolite structure of NaY molecular sieve
during the preparation process. Calcination is beneficial for incorporation of tin into the zeolite framework as tetra-
hedrally coordinated active Sn through bonding with silanols in the framework. Calcination in air atmosphere is re-
sponsible for the formation of Sn0O,. The catalytic properties of Sn-NaY in Baeyer-Villiger oxidation of cyclohexanone
were investigated. Catalytic activity results show that under the reaction condition of 0. 03 mol of cyclohexanone,
n(H,0,) : n(Cyclohexanone) =1.5 : 1, 0.35 g catalyst, 15 mL acetonitrile, at 70 °C for 24 h, the catalyst
through isomorphous substitution of dealuminated zeolites calcinated in N, atmosphere shows the best catalytic
performance, the conversion of cyclohexanone and the selectivity of &-caprolactone reach 44% and 62% ,
respectively.

Key words: liquid-solid isomorphous substitution; Sn-NaY ; Baeyer-Villiger oxidation; dealumination; calcination



