Vol.39 BEFREALFE FIR No.5
2018 45 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 941 ~948

doi; 10.7503/¢jcu20170756

CoSAPO-5 4> F it B RIE & B B & REL
a-RIEST[INEN R

2 oW, 2 ¥R & W, mRR, LEE
(AL R =AU A R BRI AH O & AHLDhRE &S
N FH#CE R S S E, RN 430062)

WE WETHTRAE S EN - TRE S R o R ETRE I SR, TRE, SEMILRNR R, B, R
HIKPAE G T SAPO-5 23 FOiiHTIRIR. AH L T SR S A=, e shk B i AR =U T DLt 38 4
37 LA B TR G AR BT T] (] B PTG 00/ b RS O i 25 i ok RS (9 38—, i — 25X SAPO-5 43
T AT BEAT OIS CoSAPO-5 43 FHfifEAL T, JFXT ORIV | AL R A . 507 i 3 RS2 Bz i) s A 7
Tk, DA MR N T, a- IR IE 96. 5%, o- PR A IR BE ™= 1] 1K 89. 0%. HEALFIIE
RSO L R, AL FUERE R | W ZAEAH A ZHA L.

KR AKPEESh AL T AR EAL; o-TKME; CoSAPO-5

FESES 0643 XHEFRER A

- IR eI — RN E A ML b TR A TSN SR, AT ER - R 48 B U S B il A
a- PRI RN B, AR R, R AR A AT AR BRI, a-IRIG IR
PRSI A 1 o- SRR ot EL A 3 B2 0 T o FHANE . IR R A G A A A 14 ik 2 B A 4 ]
(L CLEL Bry AR | S SRR (DL S IR | e 4 TP R s ] St 408 YRR A S fE ) ) - | i
ST (DL AL S S0 HLIE A W o S A7) ORI T R (A R U A
FY LR 3 AR IETERD S 2 | RIS Y | ST RS B SRR (R 5 AR ) S i 2 1]
AT S2PR R 3R Sk DO T R | BRAN 20 T A5 & R A R A A3, 51k T AAT]
AORTTE DGR, & — P ERAR IR AT k.

BiAa 310 N B A S SRR B FLIE S5 H | o B K IR 8 1 S R S5 i, i) 2 W T
M5 RARAIN T KGARAL T | SRORAIAZ R A 0 A5 U, A ] R 22 5 v o 416 B 2 R (o7 1 AR S
RFE SR GRS, 1 Je S B SAPO-5 73 11 A PROE A 1L, A USRI = T 5K Buf AR
PR Y SAPO-5 7T 225 UGB . Bl S 1 2SS el 1% CoSAPO-5 73T AL 5. CoSAPO-5 71
TEMEALZS TR a-RM A L - PR SEIR e (P 1) B SR P 2 B O 5 O A 1. 3R SE R BF 9T 3%
B, CoSAPO-5 Je—Fak (| sl B n] 22 URABERME I ) ZARAEAL .

OH 0
@T u O@T ' '
Cat.

a-Pinene a-Pinene oxide Verbonol Verbonone

Fig.1 Catalytic epoxidation of a-pinene with air
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1.1 RKFIENEE

AL SN A (CHP, 70%) | B2 (H,PO, & & 85%) . VKZ MR (HAc, 99%) . = Z % (TEA,
99% ) FIZE 21 (99% ) W T |- 254 ; TR ( Ludox-HS, 40% ) 4T Sigma-Aldrich 23] ; 255177k
(AH) ; FNEER (ALO, & 24.7%) | oM (98%) | a-HI IR K (99%) . M (95% ) . BRI
W (97%) | 1-3845(95% ) MUK ZFR%5 [ Co(OAc), + 4H,0, 99.5 % | W B T 23|l N, V-
T IEH R (DMF, 99%) | MEEE ( Pyridine, 99%) . LR ( Hacac, 99%) . F 353 T 50 (MIBE,
99%) . 1,4-"4NFR(1,4-Dioxane, 99% ) FIG K (99. 5% ) W T K el fk T

Bruker D8 % X S 477 54X (15 E Bruker A ], Cu Ko $14%, HI##E N 10°/min, HI#TEH 5° ~
45°; HZ JEOL 22w JSM-7100F BU4T$ f 1 R fli%, TAEHJER 15.0 kV; HARS 2 F] UV-3600 7l 45
Hh-AT AP YEIERET, FHE I 400~ 800 nm; SE[E PE /] optimal 8000 & ICP JF1 4 S Y684 ; 14
[ Bruker /A ] AVANCE 1 400 WB BUA%#E AR ; WVTAR LA Al GC-9800 AU AH (A 3.

12 XITFE

SAPO-5 73 i il 45 . FH T8 1 SAPO-5 43U 1Y S W Bk S - A1, 0,/ P, 04/8i0,/TEA/HAc/H, 0
FIEE/REE A 1.0:1.1:1.0:14.0:17.0: 250", 7E 120 mL B VUG L HEARPAKIKINA 45.0 ¢ 8T
K. 10.2 g IKOTRFN 4. 168 ¢ SR (G S HEHE 4 h), FEEEINA 14.17 ¢ =R (B 12 h) |
2.54 g BERR GBI, $i4E 2 h) F 1.5 g REE B (5 k) R iR B R 3] 100 mL 71 A %R
VUFR LM AT RS B S 28 v o il A R A B AR A s 2 AR rh iE AT Ak, S AREs RS, G RO
SIS BRI, #EEAE 100 C LTI, F 550 CHEA FRSE 6 h LERA DL
B ). AR IS T A RE A 44 4 SAPO-5-Static-t, ¢ (h) AR ML), 4nAkE 5 SAPO-5-Static-24
FRER SR T Ak 24 h 15 2% SAPO-5 #E 5. sh B KK T A BAE & iy 45 5 SAPO-5-S-t,
S(r/min) ARFEHEEH | 1 (h)RFEFALIT], QkES SAPO-5-140-3 F/RTER #4140 r/min Y54 F ffk
3 h 153 KISAPO-5FE 4.

CoSAPO-5 AL I i & . 7€ 250 mL BRI, A 0. 38 ¢ PU/K L% FT 150 mL B8 F7K, 1F
RIS, A 3.0 g Hl45 1 SAPO-5 201, IR GHIAIE, BHiE T 90 CARMEHEFE 9~10 h,
ERNE, HPUK VR, BREZRWBARE T, T 100 CHETARES, M8 T TR hREH.

1.3 #EE - RIESTSIEN R

7 50 mL R E B h 43 B A 100 mg CoSAPO-5 43 T4k . 10 g %] DMF | 3 mmol a-JE
1 0. 3 mmol 51 &5 CHP, L)), A Lad TN RS 942 S (FHE N 40 ml/min) , FE KR
DAV BE S T VR BER VR BN I, Bk N T, O 2SR G, FRARBREE =, A 2 &R
YER AR, B0, o8, IR TR T AT,

2 #RG5L

2.1 XRD RA1E

&l 2 43 Wi RS BN S (RG34 91 56, 120 F1 140 r/min) K HGEAL S50 T 4 1 SAPO-5 43 -1
BB A XRD %K. TERASKINEMET , fafk 8~12 h A BEMELH] SAPO-5 70 T T4 1Y AFT BRUFRAF 0.
BRI T, M55 K 56 r/min B, H B AFT B30 $M g 9 BFHE] R 6 ~ 8 h, 456 120 ~
140 v/min B, HEL AFT BRI FNERET R 2 b IO, BfE R O 32 55 2] 140 o/ min, fhibl R ek o 5%
.
2.2 SEM RA1E

SEM FAELEH R, il SAPO-5-Static-24 4 1E 75 TE S A TR BN HOR SR IR & 9, 7~ iE
SR K219 wm[ K 3(A)FI(A') . BES SAPO-5-56-24[ 8] 3(B) FI(B') ]l SAPO-5-56-12[ [& 3( C) Fil
(C) ] EZ R HARFE RS IESHIE RIR A, NHE RN KGRI (3~7 pm). HELZT,
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Fig.2 XRD patterns of SAPO-5 samples prepared under static(A) and at rotating rates of
56 r/min(B), 120 r/min( C) and 140 r/min(D) , respectively
Reaction time/h: a. 24; b. 12; ¢. 8; d. 65 e. 4; f23; g. 2; h. 1.

Fig.3 SEM images of SAPO-5 samples prepared under static and rotating conditions

with different magnifications
(A), (A'") SAPO-5-Static-24; (B), (B’) SAP0-5-56-24; (C), (C’) SAP0O-5-56-12; (D), (D’) SAPO-5-120-12;
(E), (E') SAPO-5-140-24; (F), (F’) SAPO-5-140-12; (G), (G’) SAPO-5-140-4; (H), (H’) SAPO-5-140-3.
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FEdh SAPO-5-120-12[ K1 3(D) FI(D’) J A58 fiAR SOk RO B S 4a /0N, Ho R R 863827, 78
MR 2R 3~5 um. FEfh SAPO-5-140-24[ K1 3(E) fI(E’) ], SAPO-5-140-12[ & 3(F) fI(F') ],
SAPO-5-140-4[ & 3(G) F(G") ] Fl SAPO-5-140-3[ &l 3(H) FI (H') ] ftvkr Ko~ AR ¥95) H R SF 5 208
AN, RPIEAARIAAL LY 3 wm. AR, TERFEH(140 v/min) Z50F T SR ROT B/ BRSP4 3142
[T 58 S 0 G R T VA AN I 2/l = D AN I 7 < e R o = 5 S R B = E S ) B S L Bl v 3 7 E LR 8 1
B, IRAERA, IR SRR R T, i R MR E H S 2, i A F]F
AN NI
2.3 Bk ®Si MAS NMR R1E

FIFHEAR Si MAS NMR 1528 T ah A& b 240 F SAPO-5 431 it Ak i B2 P ik R AL 4 IR B 1Y
AL, FEFE S SAPO-5-140-1 1Y *Si MAS NMR i (18 4 154k o) , 6 99~ -123 JEE N RYIRSN AT I &
Si(2A1), Si(1Al) A1 Si(0Al) FREFREE , Horp Si(0AD) BRI .0 TF 8 112, Si(1AD) BRSO T
8 —101. 7EFEAh SAPO-5-140-2 1) *Si MAS NMR 3% (¥l 4§54k b) v Si(1AD) B4R 3h .0 s3] 6 -105
Lb, [EIEEE 8 —95 4b BB PR B, FTIHJE M Si(2A1) FTREFREE. 7EFE SAPO-5-140-3 (1) *Si MAS
NMR 3% (&l 4 3526 o), SEREE AL 2A Y KZE 6 -87~-127. Hf 6 -99~-127 &bz v 19
J& A Si(2A1), Si(1AL) H1Si(0AD) FURERSE, F0EA & i FORIY & -112 B ahE] 8 —113. 8 —92 Ab B
BT IS S Si(3AD) MRERREE . AT, BEE SLI R IR | GER 50 2048 R FHE, TR T
GLyIECEIUEERIAE S78:-4
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Fig.4  Solid-state *Si MAS NMR spectra of Fig.5 UV-Vis spectra of CoSAPO-5 samples pre-
SAPO-5-140-1(a) , SAPO-5-140-2(b) , pared under static and rotating conditions
and SAPO-5-140-3(¢) a. CoSAPO-5-Static-24; b. CoSAP0-5-140-3; ¢. CoSAPO-5-

140-4; d. CoSAPO-5-140-12; e. CoSAPO-5-140-24.

2.4 EHHE(UV), BEFRIHIL(ICP) 5SHENERERE

Kl 5 NS SEhABSMFE T G CoSAPO-5 43T 1) UV 1%l , 400~700 nm Z [H] Y 5E 1 ] I J&
Co™ FYRFIEIE. i ICP RAELE R (£ 1) v UL, #E 4 CoSAPO-5-Static-24 [ Co™ & 1M 0.421%, #£ i
CoSAPO-5-140-3, CoSAPO-5-140-4, CoSAPO-5-140-12 Fl CoSAPO-5-140-24 fiY] Co™ 143 %M 0. 545%
0.696%, 0. 711%F10. 738%. 1£ 140 r/min #5514 N, BEA MALBS A RER, Co™ & & o & dir ks K.
FEfh CoSAPO-5-Static-24 [ Co™ &t /INTHREMD CoSAPO-5-140-3, 3% &K N7E 140 r/min B5# 544 F, #£
it CoSAPO-5-140-3 [ ffhr ROT BRI, 30 FIl 85 738 OB Co™ g HE A, TR 140 1/ min 5% 3 50
THESEY Co ST K. i XRD %8 20 & 7.3°, 12.7°, 14.7°, 19.6°, 20.9°, 22.3°, 24.6°, 25.8°,
28.9°, 29.9°, 33.5°, 34.4°, 36.9°F1 37. 6° Kb (U Ry 25 W | TR T AR i i RE X 45 i B A A T

Table 1 ICP characterization results of CoSAPO-5 samples

Sample Mass fraction of Co( %) Sample Mass fraction of Co(% )
CoSAPO-5-Static-24 0.421 CoSAPO-5-140-12 0.711
CoSAPO-5-140-3 0.545 CoSAPO-5-140-24 0.738
CoSAPO-5-140-4 0. 696
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2 2. FE 140 v/min F# 50 T oA MAE 3 h BOFEST (SAPO-5-140-3) BYARXTES S EE (81. 1% ) A
T btk 24 h BORE S (SAPO-5-Static-24, 76. 7% ) b B2, FRIATE S T SAPO-5 ) fhfb B R iH i
finb.

Table 2 Relative crystallinity of SAPO-5 samples prepared under rotation and static conditions

Sample Relative crystallinity( % ) Sample Relative crystallinity( % )
SAPO-5-Static-24 76.7% SAPO-5-140-12 96. 3%
SAPO-5-140-3 81. 1% SAPO-5-140-24 100%
SAPO-5-140-4 87.5%

25 HEURNER

2.5.1 CoSAPO-5 7 F i1 a-T M iy = AR A A 3K 3 I T AR CoSAPO-5 7 Fiififi ik a-JRMw Y
SEAIMEA RN EE R, B3 3 I, B AUKIRE AT, HEdh CoSAPO-5-Static-24 AL IE P AR,
A SEEH 83, 3% 1Y a-PRARIREE T A5 56 1/min B AAE R, CoSAPO-5-56-24 HMEALTE PR (L, w558l
85. 1% 1) a-FREIRLE ™% 120 v/min FEE 40T, AT EALTE PR BRI (L, o PR 4ETR BE ™ %
25K 87% ; 140 r/min FEH ST, B CoSAPO-5-140-3 B AT 53 89. 0% I - IR TR 7K. 51645
SRR L, SIS Ak SN I ) 0 25 4 6, NS RE L AR, R B RER AT T R Ak R0 9 6 ik
BAR.

SE A A5 TR AT IRAR SAPO-5-Static-24 M H, ZhA&SG AT SAPO-5-140-3 PR EAT B /N Aok
ReE, FHRTFE R Co™ il CoSAPO-5-140-3 AL, (ML B2 1 B Z AR 5, R
YIRISE ST FIERGEIERS , M AE R B by R T. 54467 CoSAPO-5-140-3 fiY) Co 74 (0. 55% ) AH
o, BEIREILT] CoSAPO-5-140-12 1 Co™ & B w1 (0. 71% ) , fHANFI T Co™ 4 i BE 431, A 800 P
SR B ERE. i, #EF) CoSAPO-5-140-3 5 CoSAPO-5-140-12 AYHEALIE PRI

Table 3 Epoxidation of a-pinene with air over various CoOSAPO-5 catalysts

Catalyst Conversion (%) Selectivity (% ) Yield( %)
CoSAPO-5-Static-8 15.3 92.3 14.6
CoSAPO-5-Static-12 19.2 92.6 17.7
CoSAPO-5-Static-24 90. 2 92.4 83.3
CoSAPO-5-56-8 22.6 92.9 21.0
CoSAPO-5-56-12 91.5 92.2 84.4
CoSAPO-5-56-24 92.1 92.5 85.1
CoSAPO-5-120-3 93.7 92.3 86.5
CoSAPO-5-120-4 93.9 92.4 86. 8
CoSAPO-5-120-8 94.3 92.2 86.9
CoSAPO-5-120-12 93.8 92.5 86. 8
CoSAPO-5-140-3 96.5 92.2 89.0
CoSAPO-5-140-4 96.3 92.3 88.9
CoSAPO-5-140-8 95.9 92.1 88.3
CoSAPO-5-140-12 96.0 92.2 88.5

# Reaction conditions: a-pinene: 3 mmol; DMF: 10.0 g; m_,: 100 mg; CHP: 0.3 mmol; reaction time: 5 h; reaction temperature:

90 °C ; flow rate of dry air; 40 mL/min.
2.5.2 EAER @K R E. KSR E AR R EE R a-RE S AT AL LL CoSAPO-5-
140-3 AT, 22548 T ORRIA IR | AT Rt | 5o T RS2 7 s TR XA A - iR I 28 RO 4
A0SR B

Bl 6(A) LEE T AR RIS AL a- IR M2 A AL 52, 25 R W, BRI 7 DMF JE 3
AR B EALTE T, F bR 96. 5%, a-FREIRKEHI = 3N 89. 0% ; % ML I 8 ML IE & 2 G 16 1k 5
XPFRAEAER 1, 4- 2580 . QBRI AT JE 5 T30, 1,4-FOSIHER BB S0, o- IR M1
AL RRIRE] 94. 5% , {0 o-FRNEIRIE M BEMER 22, (U 52. 4%, FEFLE 2 AN 500 b i fb 1 M DU AR 2.
X A] BESE R DMF 58 UL Co™ Al O, BYRE JIARAE O, 50 IR AT i — Flid vk rh fal 44, b el A gk — 2
5 a-JEM RN A I o- IR TR S
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Fig.6 Effects of solvent( A), catalyst amount(B) , reaction temperature( C) and time(D) on the
epoxidation of a-pinene over CoSAPO-5-140-3
Reaction conditions : a-pinene: 3 mmol; solvent: 10.0 g; flow rate of dry air; 40 mL/min; catalyst;: 0—200 mg;

CHP: 0.3 mmol; reaction temperature; 50—100 °C ; reaction time; 1—7 h.

F6(B) 7t T A A A a-JR M 2s R EA R VL2 . AR I AL RIS | o YR IG 17%
A 12.5%, F=RAUN 8. 6% ; BHE ALK RN, FAR MR 3, 250 H &N
100 mg i, RPN BAEME, a-TEMHIFEILZR T 96. 5% , a- IR ETRBEHIFEZR A 89. 0% 5 Y HE— 1N
AL, IAE] 200 mg B, FALZRIBE RGN, 5 98. 4% , (HZ 7 Z W E R, {0 70. 3%. HJ5H
JEHEAL TG T AR 8 0 ol PR 40 4 5 5 1 v oD B A O LR S S B I, PR R A Rk e B A
PNIEG i 2 (19

B 6(C) it T RO BE XL o- iR 28 SO AR RO I SE . 2 BN I B ol 50 C R, Ak %Y
N 6.3%, TN 3. T% ; W VBN, MEATEEZEE N, 7Y o PR EIR G 1 P AL 2 %
W, 2SRV R 90 CHY, "R, o-TRIS LR N 96. 5% , 72N 89. 0%. 4 LN
TR FE R4 E 2] 100 CHT, B R4 5 2] 97. 9% , [HI2 o- PR IREE I ™ R T R 2 78. 8%. X Al GEJ& M
TR R AR RS, 7= a- B R IR e &R T i — 25 S8 A0 S RIS A8 Ak 52 Ry ) o 36 K R e,
NIRG a2

Bl 6(D) /s T RS RIS AL - IR M2 A S RN 5. XS SR [R1 R 1 h B, o YR 1%
LA 18. 9%, 725N 16. 5% ; B IR A RER: , ARG MEBBEZ 35 [N S h 5, Pk 5
KIE, a-TRIGHIFALE R 96. 5% , a- A TRIEHI 7= 3N 89. 0% 5 i — 2D K [ W I ], 5% 1k 8w 3
K, (R REH TR T . Xt FREE RV R 7= a- AR IRbE & A4 T 54 1k S v Fnd JiE 4 Ak
FLRE, M S0 R AR
2.5.3 CoSAPO-5 b vk B = AR AN BIHEIEY T8 8, %% T CoSAPO-5-140-3 1Y
HEALPERE. HE 4 AT 0L, ZEAERIXR 0 | o F TR B R 3 R BB AR L O AL 16, R 20
HIFEAL R 98. 6% , HefEME R 83.7% , A7 H K 82. 5% ; a-W LK LML Ty 84. 4% , etk
1 85. 1% , AT N T1. 8% ; VMR K 61. 8% , M N 100% , RE KN 61. 8%. {H)E,
MR TR, RN IR I A R B A RO S, R IR L
FN 42, 5%, HEEEMEH 62. 5%, FEHRAUN 26. 6% ; 1-ZMEHALR HA 4. 1%. X JEH T REE 5T 1
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Table 4 Epoxidation of different substrates over Co-SAPO-5-140-3 catalysts”

Alkene Epoxide Conversion( % ) Selectivity (% ) Yield( %)
E:(_ @8 98.6 83.7 82.5
)—@ )—@ 84.4 85. 1 71.8
(6}
O QO 61.8 100 61.8
O O
NN NN 4.1 100 4.1

0]

a. Reaction conditions; alkene; 3 mmol; DMF; 10.0 g; catalyst; 100 mg; CHP: 0.3 mmol; time: 5 h; temperature; 90 °C; flow rate of

air; 40 mL/min; b.the conversion and selective include mono- and di-epoxidation.

K, 2o FimfLaE R A BRI, 5 P xfE LA 100 F = Comv (%) = Yield%) 4100
S, R S R E | la

B Tl oo €
2.5.4 CoSAPO-5 & b7 b9 18 37 f il 14 [&] g 2

7 75 T HEAL A CoSAPO-5-140-3 ) % F i CER 140 =
ARSI SR AT WL CoSAPO-5-140-3 4L 71 20F 120

FEZeid s WEE MG, A RFEE SRl o — " p

TG A E = I R B, a- TR I R AR Number of recycle

SEAE 93. 6% ~94. 5% Z [, IR =Wy K AR Fig.7 Recycling tests of CoSAPO-5-140-3 catalyst
FEFE 86.3% ~86.9% 2 0], A AL J& Reaction conditions: a-pinene: 3 mmol; DMF; 10.0 g; catalyst: 100 mg;
FasE | T LUk E A Y AL ). CHP: 0.3 mmol; time: 5 h; temperature: 90 C ; flow rate of air: 40 ml/min.

3 &

MAEACT I R 8805 B &, 3 RS K SRR B A K 3R 2 T G i e i X LU 98 R B, e ik 3R
i PR AT S 2 4 0 7 T SR AR SAPO-5 %) A% sk ] 1 S AR s8] | 8 SR BE 1 [ AL O,/ P, 0,/Si0,/
TEA/HAc/H,0 FE/REE N 1.0:1.1:1.0:14.0: 17.0: 250 [ AR R T, ##4 120 ~ 140 r/min B 4370 {if
N DT (S 3= I =1 £ PO AT e = W 1 A P € AT R o S W N DR S € AN T N BB B
PR AR R S0 A 13— YEE N 140 o/min B, SNHTEREBKL 3 pm, CHES KT AN
PRI 173, & U SAPO-5 43 F i BT SR IR ek be | 4l 85 1 28 J5 il 5 CoSAPO-5 4 F- i i Ak 7], 4 I
FHTFHEAL a-TR K 525 SR EAL SOV ] a-BR 48 R . i 3 R HAEAR 77 A Ak 52 1 25 R i e s At Ak, 3RS
IR NIR R, a-JRIEFEALFN]IL 96. 5% , a-INEIRKE R 1T ik 89. 0%. KPRt ss KM, thik
fEALF] CoSAPO-5-140-3 XK O M | a-HH BRI 08 R - A L 3R B 0 S AL 05 1 5 Bu i fb ) 28 i
5 WIEAMERG , TIREARFFIE S AL I 1, R EAA R R, Mk, 2R EZMHEHNZH
AL

5 % x #
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Rapid Synthesis of CoSAPO-5 Zeolite and Efficiently
Catalytic Epoxidation of a-Pinene with Air’

XIA Kun, WANG Yi, ZHOU Dan” , HUANG Zhe, WU Zhonghan, XIA Qinghua”

(Hubei Collaborative Innovation Center for Advanced Organic Chemical Materials,
Key Laboratory for the Synthesis and Application of Organic Functional Molecules ,
Ministry of Education, Hubei University, Wuhan 430062, China)

Abstract A green catalytic reaction system with characteristic of high efficiency and energy saving for the
synthesis of a-epoxy pinane by catalytic epoxidation of a-pinene with air was constructed. By using rotating
hydrothermal route, the necessary time for crystal nucleation and growth of SAPO-5 was shortened distinctly,
meanwhile the crystal size was decreased and the crystal size distribution became more uniform. Then,
CoSAPO-5 catalyst was prepared by post treatment of SAPO-5 precursor. Under the investigation for various
catalytic reaction conditions systematically, including solvent type, the amount of catalyst, reaction
temperature , and reaction time, the optimal reaction system was established, under which the conversion of
a-pinene can reach 96.5%, the yield of a-epoxy pinane can reach 89.0%, better than the best results
reported. Moreover, CoSAPO-5 catalyst was also used in the catalytic epoxidation of other bulky alkene
molecules. The recycling experiments indicate that CoSAPO-5 is an excellent heterogeneous recyclability
catalyst.

Keywords Rotation hydrothermal synthesis; Zeolite; Catalytic epoxidation; a-Pinene; CoSAPO-5
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