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Catalytic Baeyer-Villiger oxidation of cyclopentanone to 6-valerolactone over
Sn-W composite metal oxides

GUO Lu-yu, FAN Zhi-peng, ZHANG Shi-peng, JIN Hai-bo, MA Lei"

(Beijing Key Laboratory of Fuels Cleaning and Advanced Catalytic Emission Reduction Technology, College of
New Materials and Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract : The Baeyer-Villiger oxidation is one of the most commonly used methods for the preparation of esters from
cyclic ketones.8-Valerolactone plays a significant role in many aspects, thus the development of a B-V oxidation of
cyclopentanone to produce d-valerolactone is of great significance.In this paper,a series of Sn-W composite metal oxide
catalysts were prepared by the co-precipitation method for the oxidation of cyclopentanone to 8-valerolactone. Firstly, the
structure of the catalyst was analyzed by various characterization methods,and it was found that the catalyst structure was
a tetragonal crystal system of SnO, and a triclinic crystal system of WO, , and the morphology was irregular granular or
massive aggregates.Subsequently,when the above catalysts were used to catalyze the oxidation of cyclopentanone to -
valerolactone, it was found that the catalyst Sn-W-2-800 had excellent catalytic performance. Finally, on this basis, the
reaction conditions were further optimized, and the optimal conditions were obtained as follows: the addition amount of
hydrogen peroxide was 2. 1 times the theoretical value, the molar ratio of ketone ( cyclopentanone) to acid ( propionic
acid) was 1:20. 25 the catalyst addition amount was 8.8 g/L, the reaction time was 5 h,and the reaction temperature
was 56°C .Under these conditions, the conversion rate of cyclopentanone was 81.47% , the selectivity of 8-valerolactone
was 63. 83% ,and the yield reached 52%.
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W3, a0 1,5- L LD puankm ke 2,3- &
ML -k L 2 TR FP ERE ™ 1, 5-
PR SR s S-SR R L
2,5- Rkt SR L Y 45, (A H
LR IERL A 8- N B Ak AR S o A A SRR
VA PR A = R N A e 2 (TR e R R R T
AT, BN A IR 22 T 8 6 IR N R OR B IR 45
[RIREE, PRI AFAE 3 R b AR AR Hofth T2
Kl , PRI BV E AT 6- Nl HAT EORR AT
7 AR A A BRI R
TR —FP LA A Baeyer—Villiger ( UL F fiiFX B-=V)
FAL R AR AR A ], AT 43 ki AR 4R
TRkt SRR R AR AR AR
Pk, sy vk S S A ALk B
TG, A A A B 5, Rt A S 3222
SR i A A S E AR R TRATRTE .

AL R FH I UTUE 48 ) Sn—-W-2-800
IRAAE T, I A AT T AL 20 IR S AR ) 6- 1%
PR PR Sy A ARG R, . 12 Ry 32 B 2o R AP
B, S — A I RRAE AR, fe st AL S B AR fifi
HEEAL R AN IR FK 5 28 — 20 i AN R A AL 34
PR R -3 PN B AT A B i) 3 480 R TR 2 0 3 R
BN R , 75 RN S BRI R AEAR T AR A,
A BTVER . 7 AR 8 T i SR S Ak v ok 1
SEASREGL T HOMERE A7 S A i S 1 O, AR T AR LA
Kt SUbIE 12 s N B I T e TS e
SUR R AR (EWSE =N 1211 I C S A AN I e o S n
2, ARICFEFEL T VTR OV R EE AR Y
FHE AR DL Rt S A SR 1 5 R R A
TN 8 i B R 2R S A5 2 T SR L A R
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1 LIEES

1.1 S5

S-ICINTER FRICER , ¥ oy i gl b BT TR
B ATBR W s NR , s P e, ¥ 23 B4l , Jb e
Tk BHE A BRA 7] 30% 3 AL R AR, 15
oy pral, 255 A A2 A BRA B 5 B RR 4N, 43
Mrat, R R R AL 2= 0 ) HoK G INE s, o
Bral, i oA AR A BR A F]
1.2 YR

FEALES : Agilent 7890A S AH (A 3% AL [ &k
JAES ALK 28 (FID) ], SX - G07123 AU & df 4 |
DF-101S RIS IR 1% ) i FE A, MR B4t A1) 2

AG204 RIG3 7 KA, B R T 44 , SHB - I AL 7
WK ZHESE,
1.3 fiEEs

FEARRLEE 50°C , Rl &I 250°C 1Ak = iR i
250°C ; BAHAEFE (FFAP) 30 mx0. 25 mmx0. 25 pum;
HEEE N 0.2 wl; ;A Fh 2, N,; AR HE .
0.4 MPa, FHld & 7¥ . ¥ 46 A5 46 i B2 50°C, R +F
4 min, %8 J5 Lk 20°C/min B3 ZE T+ E 125°C, {4
4 min, FELL 20°C/min F+Z 180°C , £ 5 5 min, K5
2 50°C
1.4 Sn-W #ELFIMNH &

KHILTUIE L 4 Sn—-W S AL RT IR
HRYEA R/ 295 IR L, B @ mmol Na, WO, -2H,0 %
FRE KD RS A I 7 OB F LB K
f) b mmol SnCl, - 5H,0 I AFrh, 76 % T i+
1 h(22~23C) SR INEB T/K (60 mL) , %HE
FE 24 h KA RIE Sn-W S ALY Y G ULTE Y It
U8, IR LB ok ek, e L a1 R
e H B T8 12 b BS e B B S kb T
AR (600,700,800 ,900°C ) F4B%E 3 h, BI753
ANRGHIREE R Sn-W 245 4R 8y, Har 4
9 Sn/W-x=T(x N b/a T HHREERE) .

1.5 fEHLFIRIE

X B AT 4T (XRD) . H A Rigaku SmartLab SE
RIS ISR A Cu HE, VS 5 ~90° , F 4k
JE 2°/min, L XA, 7 S WU (TEM) .
HZ JEOL JEM-F200 %Y, 43055 Sk 201, 5 3640 )
HEAT I FE, A 5 min, (B R AR 4 2T A8 O
(FT-IR) : 2 [# Thermo Fisher Scientific Nicolet iS20
OV AR L 2D AR, A R 400 ~
4 000 em™' A #% . DTGS KBr; 43 # 4% : KBr; G4 .
LM R 4 em™ , 12 %1% (Raman) ; H
7K Horiba LabRAM HR Evolution !5 0% #8 i K
9532 nm, PP FGEF 50 ~4 000 em™ , HHifiH
T A4 (SEM) . ff[E ZEISS GeminiSEM 300 %1%
YR SR B, N, PR ( BET) . 55
NOVA 2200e #Y bt 3 4%, b 3% Ti AR 0 E R H
BET J5 i, fLA2 4341 B9 2 >k FH BJH J7ik
1.6 SLBHE

WA 1 7R, 78 100 mL A9 RE = HRSR A
— IR NN R, B A I P A
PRI —E B AT, 2 (A 2R R 3k 31 3 e {H
B, FFURT N 30% 32t S84k &, 4 0 58 iU I LR TR,
FEDC A T IR BRI S L o 1) J 4 0k, v 20, g,
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PR AN T IR 22 3 b A 7K 43, FEIAGGES 22 1 A A 4 HR
AR E O TERI . b OB A 1. 715 min B9
Wk — S e, R BE B[] 3,018 min A N ARY) R,
PREESTE] 5. 653 min 208 56 H , £4 B4 B [E] 8. 89 min
R AR BE ] 13. 424 min 4 6-T NG,

8.89

1.715

3018 < csa 13.424
A A A

W2 RMESHEeE L

2 SRS

2.1 fENFIFRLE
2.1.1 #FHHEF REE(TEM) 5 H7

& 3 AT, M AS SnO, B R AR T FE R d =
0.337 5 nm, %)W XRD H Y (110) & A ; 175 WO,
A A% E] R d = 0.383 94 nm, X} i XRD A7)
(002) §hii ., 24387, PDF K H 5 TEM H Ay 4% ]
PRI, B TR A E AR A O

SR /a.u.

| 1
Illn Illlllllllllll

2

30 40 50 60 70 80 90
20/(°)

1—Sn0, ( PDF#41—1445) ;2—WO,( PDF#71—0305 )
(a) fiELLFI A XRD %

Fi05BFESH

1—Sn0,(110) d=0.337 5 nm;2—WO05(002) d=0.383 94 nm
(b) 1AL TEM [Ei
K3 Sn/W-2-800 & 1k 7| By XRD % TEM & i

2.1.2 X HEAT4H (XRD) 547

M 4 AT 24 4R A AR SnO, AT ST RY
&S5y &R [ 25 BN P42/mom (136) ] 1Y
PLE—3, WO, A7 FF A7 & 5 1 = Rb e R [ 25 0]
RER P-1(2) e —2, MR, 7E Sn-W 2%
YTk =B AL T 2548l Sn0, F1 WO, F9AH,
Jf HZ 8 ih A e S A0 8 b s BEAr ki A 248
BT, AL i R 5 32 R R S T AR
K, EA & B E WAL Bl EE 600°C 1 700°C T 1Y
XRD 17506 5 S 8 AL P ARARAL , W=0 §H ) fifi 4 7%
5 S A IR AR AR — R ISR LT
] 800°C B} ,XRD K& W LIE 2] =&l R WO, BIAT
S | R AR R 2GR E H W=0 $AH A5 5 1Y iR
FEA TS . e B 2 B IR £ W A n BEAE 800°C
B & AR AR IF HARYE P2 6% & Al XRD
EE TR, #E 900°C B R 7385 T £ W P G AL L T
WO, i, TEARSCHFFTR Sn—-W-2-800 ##35A 1L
YRR RER Z IR ERY I 2577 A 58 1 A 1)
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1—Sn/W-2-900;2—Sn/W-2-800; 3—Sn/W-2-700;
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F1 Raman Y6, RPN, IEE G4 B A8
B AEALSR 1,958 em ™ UL B HIBL T W=0 A%
P, It HAERTA S FEHELT 750~900 cm™
B W—O0—W [ {1 45 3z 21 16 A1 600 ~ 700 cm™ [
Sn—O—Sn WA R 2 06 | 3% LERFIEGIE S T 245 1R
R (AR P REJE [ 2 M R ERFR ) A7

BRI %
\ (((

1100 1000 900 800 700 600 500 400
/em™!
1—Sn/W-2-900;2—Sn/W-2-800;3—Sn/W-2-700;
4—Sn/W-2-600;5—Sn/W-2-5 &1L
(a) AR FT-IR &%

I

1200 1000 800 600 400 200
PLEHE/ cm™

1—Sn/W-2-900;2—Sn/W-2-800 ; 3—Sn/W-2-700;
4—Sn/W-2-600
(b) NEMHEALFIF) Raman K%
K5 FT-IR % Raman &%

2.1.4 42 w55 (SEM) 57

e 6 R, 2 4 i B 21 A A AL Bk
AR i A AL AR A B 5 A e it P 38 i s
ok, HLIRLEE MRy | AL R AR i, 2l ik

(a)Sn/W-2-F kW

(b)Sn/W-2-400

200 nm

(¢)Sn/W-2-600 (d)Sn/W-2-800

(e)Sn/W-2-900

K6 fFE#MLA M SEM %

F] 900°C i, i SR A AELLEIE, HrhIRATE2IW
TR /N — T Re 2 FT s, A LA
SnO, BIDUJ5 A F WO, B9 =2&HH &R, S BB
PR POREE B
2.1.5 N, B W5

FH N, Py B B> 3 B e o i 2 B R v, 3R 1
HIRGERA Y S%0, H BET Ml BJH J5
PR3 IR b e AR LA S LAR A, SRR IR
M\ 600°C F+2 900°C i, 525 4 & SR AL W 1 L 2 T AR
M 110.452 m’/g [% 5] 48.283 m*/g, 1fi L 4% #1 A
3.368 nm T} 8.432 nm, Z53Hr He R mAMOK,
AR 2 T P A6 5 D %) 2 fh T AR K i Ak
SRRt AnE 7 B R, 600 ~ 900°C K5 bE T 15

®1 BESBENYHNEHESE
Ak FREAY (m?-g') LA/ (em®-g')  fLEZ/nm

Sn/W-2-600 110. 452 0.093 3.368
Sn/W-2-700 88.314 0. 088 4.027
Sn/W-2-800 66. 499 0.083 5.042
Sn/W-2-900 48. 283 0.010 8.432
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0 % B ANGIE Sn-W LY AR JEUR
2% IR LA B i ISR AR T O 5 T, R
b FHEUTRERS 45 1 Sn—W 3043 I8 fik 1 750 % 12 527 L
g HISHI AR, B30T, 52 4 T — R0
£ | R TFI3 45 P 4% H 1 L4 TR AR A, B v B8 O 1
10} Sn/W=2 - 800 I, %R & b, B % B #% 1 %
00 02 04 06 08 10 81.47% ,6- I NERWCE N 52%
HIXTESI(PIP,) e e
800 2.2.2 ABAADRERRIRE 6 F R
(s ) B o S 4, B R
O ERP T AR, TR e A 8 1 R A
Tl ,:/\/\/ ARGl =L I 8 T, SRR )
ol SR H K 1 i 9 R 2 AR B 1 0 6 A
Bors” awm XRD FH7 AT, L B ) 800°C , i b
= 20 A5 = AR IR BN AR H P BRI A 1L R
1or H 81. 47% ,6- IR N BRI R N 52%
0060 02z 04 06 08 10 100
AXFEII(PIP)) 90 .
80 hd °.
(d)Sn/W-2-900 e 0F 1 °
= 60 °
BT R LA B 4 3 4 A 2 s

FL42 44 B

SN E ALY N, W — 8 B 45 I 22t A7 [
I, 49 T MR ) 55 TV 2 70 W R — RO B R £
2.2 EUFFNEEEHNER
2.2.1 Sn-W B Rt
1 2% 2 WAL, AR IR SR A Ak ) 6% Y
it S 7 B8R R SE M AR T, ZEAN A G L, 346
TEAFEAL %R R 52.39% ,6 - I BE IR R 21. 03%
I ER. 43 J8 ) A I B8CRA Fr e It (B SR IR 8¢
*2 FERRUFIREEN B-V L a5

¥ HEALFH

WAL R/ % 6- TN R/ %

1 — 52.39 21.03
2 Sn0, 53.81 27.91
3 WO, 60. 01 36.13
4 Sn0,+WO0; 60. 92 30. 20
5 Sn/W-0.5-800 60. 08 29.47
6 Sn/W-1-800 73.34 45.91
7 Sn/W-1.5-800 83.63 46. 44
8 Sn/W-2-800 81.47 52.00
9 Sn/W-2.5-800 81.36 41. 36
10 Sn/W-3-800 80. 63 49.16

L N A0 PR R 12,5 mmol,30% i3 AL, 2. 7 mL, n( B %
i) :n(PIER) = 1:20.25, {4k # 8.8 g/L, MIAF[E] 5 h, 51 iR
56C ,

AP 600 700 800 900
AL BaiRLBE/ °C

1—3RJCBR AL R  2—5- I N BRI R

Bl 8 b ] B e I B X R BL B % o
R A BRI 12. 5 mmol ;30% 3 AL A 2. 7 mL;n (3R,
i) :n(TRMR) = 1:20. 25 ; {4k 8.8 g/L;INFA] 5 h; JJE 56°C

2.3 RMNEHEE

Sk TR AT R AN S 00 R F AN IV A
R A DB T2 il AR SCH f % 4%
TN TA] BN I B AR AR R B A R A
I K set SEAL S 2 R A T S s, B
PRI 1. 6 T R TR T
2.3.1 R BLAFIE 49 %ok

HH L 9(a) W1, SN B[] 2R 4 h B, 6136 PN i
N 18.01% , 76 5 h B 8- 136 PN FR SR I8 2 i kK,
K 33.75% , Uk Sz S K I I ] B Ak 3 AR 2
D) 1 (E B S 1| B 3 SO T S B ) B
14 B DR it 2 B 7 i TR) 9 SiE K o S fL R of 2 B A
O3, - TR A& A K i SR TR H R i
OB, PR NE k22 5 /O, BT DL
RSB L Th  BURAE B R VBRI 5 b,
2.3.2 R RLIREFHA

WME 9(b) Fiw, 1E 46°C B}, 8- & N BRI % R
20. 85% , Fifi %5 TE T+ 31 56°C i, W R Tt & e KAH
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33.75% , 45 P TE R IR 6N BRWSCR T 4 F R,
2243 H T RS2 DR oA TR B X Ak 390 ) 36 1k B e AR K
TG AR, P R S A TR R
JE 3 e A 2 o A Ak S0 43 i, AT S B0 M Y
KA, SETRANA T 0] 1 W 7 el AT, PR e B e £
N i 56°C
2.3.3 EAFH AT Hh

WE 9 (c) Fras , AN AR B, 8- 13 P i e
FAUN 11.35%, 0 AMELLFR G, 07 AT g <
3 3 ARSI B R | B e b ) TE FELPE I
mfEst H,0, %L ; H BB RES S H,0, KA1E
FHLA# H,0, RSB PERERS I, MR (o Lk O
HREREL , BEE AL, 7E 0.2 ¢ BIICR i
K, BB 5L AL RN 80.13%, 6 — IR N FR LR Ny
35.86% , HKLEIGININ BT RS 20T RE
AT R SOV IR R AR T RONVAR T, K
PERMEALFIHE N 0.2 ¢,
2.3.4 BEANAENHHR

Ve 300 TR TR 1 FH i A B g A 45 TG L R Y
Wi, Qi 9 (d) Fiom , BE n (SRIGER ) :n (TNER ) 1B
IR LEHG I, & — I3 P R O A Bl 22 38 > FLE IR L
R 1:20. 25 B, FRGHA A 7% A6 R 81. 47% ,6-1% N
BRSCHEN 52% , 432 45 35 s 390 1) £, WO B i 43
[ 20 TR R TR T Sty N B S G U 2N
BRI B, DA 22 T S N I kA 7, > 4 in )
b ST 2 R 0 R R S N AR Bl S5-I
BRSCRREAR, L, A SER 2 #F n (FRICER) n (A
R ) FIEEJR B oA 1:20. 25,
2.3.5 FRMALAA TN YA

TR b S ez N S A,
BT DL A AU - DA AR 1 TN R A i A
R, R AR R 6- 1N TR, A&l 9 (e) Fiow, BE 4
LS EIEINE] 2. 7 mL B}, 6- 1% N B CFRZ H i 2
K 52% , 0 IR W5 AL FE R 81, 47% , W SR UK S
BN AL S R I 2 R R, o AT R R
i Z W EAL R S KK, TS EU= YK %

100

° 3 ) °
80} o 1
R
> 60}
g
i 401
d - .- e
20} o
0

5 6 7
SBR[/
(a)

100
-

80 L4 =3 10
8
T 60 o
z
= 4o .

20 e . o 5

0—%6 56 6 76 86

RLREE/C
(b)

100

80 ° ° o o
R ®
~ 60.
z
407 - - - .

20}

L 4
0= 90z 04 06 03
AL /g
()

100

80 @ ° ° ° e
g 6o}
§ -
i 40 o - pe 2 e

20t

0

1:675 1:10 1:13.51:20.25 1:27
n(3FI%EH) : n (L)

(d)

o 1 2 3 4
309%H,0, it /L

()
1B PR A (3% 52— 51 N g i %
B9 AR &M TR
PR 2. 7 mLL 1Y 30% 33 AL ST RN
3 ZLig

(1) MR B m A B4 8 Sn0, WO, B
TR B WET, JEORH i Ak 2R K W WIS SR AN Bl
A EPIEE SIS R B A E G 4 e E Ak, b L
Sn/W BEIR R 211 AR s B2 R FE Sl 800°C B &%
ST, 6- I P BRI R 3k 3] 52% , I8 SR % Ak R
81.47%.,

(2) H Sn—W-2-800 b 7 i 17 LA, 38
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XRD i 5 ) Sn0, FIl WO, A ifi 5 TEM A1)
A TETREAH W) A, DT IE S 9% A A0 700 1 4% iy, il
it SEM B iz RIAF & Sn0, BV J5 & R DL
WO, I =& &R, 2R HURCR s etk S 514
AT 2 S T W=0 W—0—W £l Sn—
O—Sn A7 IR BN AFAE, BET 73 R R %
AL LR TR R 66.499 m*/g FLZEH 0.083 cm’/g .
LN 5. 042 nm,

(3) K Sn—W—-2-800 fi Ak 57 H T Ak 240 1 1 4
PRl 8- N R B, 38 3k LR R AT A 3 T B fi 4%
1 BRI 12,5 mmol , 30% 35 B Ak S %0 A HIS
{ER 2. 1A%, n (BRER) :n (INTR) = 1:20.25, {1k
7 8.8 g/L,B[A] 5 h,iREE 56°C , FEHL A& F AR 18
BT, H S5-I N BRI R 52% , 34 R % AL %
81.47%.,
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