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Decomposition of Cyclohexyl Hydroperoxide Catalyzed by
Core-shell Material Co;0,@SiO,

CHEN Xiaomei, CHEN Ying, YUAN Xia

(School of Chemical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: Decomposition of cyclohexyl hydroperoxide (CHHP) is an important step in the preparation of
cyclohexanol and cyclohexanone by non-catalytic oxidation of cyclohexane. Using Co;0, nanoparticles as the core,
cetyltrimethylammol/lonium bromide (CTAB) as the template and tetraethyl orthosilicate (TEOS) as the silicon source,
the core-shell structure material Co;0,@SiO, was synthesized by template method. The effects of the preparation
conditions for SiO, shells on the structure of core-shell material were investigated, such as the ratio of ethanol to water,
the concentration of CTAB and the amount of TEOS. Textural properties of the materials were characterized by
different techniques. Meanwhile, the catalytic performance and stability of the materials were evaluated on the
decomposition reaction of CHHP. All results showed that the materials with thin shell and high porosity exhibited a
preferable catalytic performance, and the conversion of CHHP was 81.68% and the selectivity of cyclohexanol and
cyclohexanone was 70.60% and 34.06%, respectively. This core-shell structure could protect the activity of the core
Co0;0, and significantly decrease the loss of cobalt element. However, there existed different degree of the
fragmentation of SiO, shell in the recycling process of Co;0,@SiO, samples.
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WO — M EE AN TR, FEHT
A CHBEER O R, HFEREZFEEK. 5,
B E IR O A 77 ABS C e EAVE IR R K BE N
¥, Hh kA b e E 20 HoR . BN
3R O etk B 2 R A DSM T2, %124
BB AT 55— N Ol LA A N3 O
o E A (FIFR CHHP) IR Ol 3Ol i
Wi A R4y 3.5%, CHHP EH1EAN 60%~70%,
CHHP FIELRRE Sk PEPEL) 97%; 26 — P~ CHHP 7&
TRV AN B R PE LR, 0 MR 3R AR O, 26
O S 1520 O . 4 R Br CHHP 364k Z 4%
I 100%, BEEHIEREELN 87%, &l B™H, 1 H
SRR JE A B B R T BRI R 7. R,
FE K — FhREAE TCHE S A T =i 53 fife CHHP ({4044
BT @3 A BRI S 4 1 B R .

CHHP ¥4 fiff [ B2 /& 7E 28 0 4 J 25 - PR AL AR
TR R, i 4R R A AR R A
FIHEAERE, BT ZAEH T CHHP 40 S
Saint-Arroman 2550 % 7 — 251 Si0, S AL AL
(=Si0);MOR, M=Ti. Zr. Hf, R=H), 7 CHHP 4}fi#
SN H AR ER T 25 S W) EE AR 3R Ze A HE 28 & 75 1t 58
U, {E 84 °C N 6 h, CHHP 1k ik 5] 85%, ¥
CLEE AN IR CUR S B IR B 85%. 2ATHT, R Ti @
I = AN A R AR [ B TR Si0, Btk b, R &R
HZIE 30%M & &, WEHESCORAR L & 7
AFEEE R ) Co/SBA-15 N FLARL, FE¥s 33
F CHHP 43 fi#t ) ., 8wt%Co/SBA-15 7£ 70 C KX
% 90 min, CHHP 7} fif Ak Z6 1k 5] 98.1%, A CLEEAA
PR OB S B A 98.8% o i Bt 2R A AR, &l
(PR ™ . M R G N E) 20wt%, Co HIH 42
WIBZREFEAZNLL Cos04 JERAFTE, 13 R H
FAFBHNH), — RS EN R RN 26%. a0 fi#
P4 8 BT IR R T BN S AR 2R 4 4 1 B ) ok
V% 4R S B AL LR T CHHP 73 ik 2 75 22
AR i

WS AR 2 B FHTE A VI 2 | it BE
ARG B DL AL AU . SiO, thE M iR,
FHEARRENEMREYE, 55%MEaeHE s,
R 2 K FRARE % . Wu 2R ik 1) Stober 12
BT R mEE RGO R T A%, /AL Si0, AR
(A4 AL AR Ni@SiO,, %A RHE B e 20 filt
R H R R E 1 B R A T R SR AR RN 47 2 B A
Bl XK PR 3%, LA FesO4 BL T Al
T, IERERR DY 2 8 (TEOS) M HEJR, 38 ik i 5 /% /K
k. NH4OH J TEOS WIREE, 53] 7 S8, 1

PET 5 R 72 450 Si04/Fes04 B A 99Kk 1

H BT IE A X T H55 M BN T CHHP 43 fi (1)
HERIE, A TAELL Cos0, N, AMNZRTE SiO,
TE R Cos04@SiO, a4 KL H T CHHP 43 i
L, FEARFLFEZ W% KR Co;0.@Si0, 45t
FPERR RIS, R 2 Bl R RAE AR A4 B (1 2544,
FIEE CHHP 43 i Js 52 A [R5 S 56 04 11 40 A4 ) 1)
AR .

1 EWHE

11 EEHAF

7N 7K A B R &l (Co(NO3),-6H,0, AR), 1E ¥ ¥
(AR), EUK(FiE 7 H25%, AR), t/5kidk = H LR
1k 4(CTAB, AR), IEREfRVY ZBE(TEOS, AR), THIR
E (AR AR hr TR, To7K SEE(AR) 1 FE VAL
WA, KA, POk E AP A R
2], CHHP Jiii #4741 8.39%).

12 {EHREH &

1) Co;04 W il %

¥ 5 g Co(NO;), 6H,0 I RAES A 500 mL 1EF
() = VR, 7EiB s in#kE 180 °C, [l
RN 2h, HARWHIZE SR, E.00 85800,
ToK CBEZ IR BESR, 80 CEIATE 3 h, H T/ 10h
JE 153 A Cos04 Fy K o

2) Co30,@SiO, & & KT 11l &

Be il oK 0 5 Al KRG, FREL 0.5 g
Co304 By A, 2 BUEHEH 800 mL VB A = 1 ik
L, A AR EE 40 min JERCGRIFIR, TE 30 CHESIHH
FEF, A 30 mLZ /K, #5430 min 5, A 170 mL
CTAB WIBE/KIR G4k SE 40 HE 1 h, B S RS AR
B — @ RF TEOS, IZ I = e b ik
TeIK GREIARAR LN VFeron, CTAB FIKFEN Ceras,
TEOS HIMARUN Vigoso 30 “C NEL/IHEHE 8 h )5, il
Ve B BN DITEY, FHE Al K b vk 2 0 v R
BUTEY TG 132 Cos0,@Si0, Ak, KRR
T 6 o/L MIAHIR B/ LR A, 760 C R [Hl9
FE 2 h, HEES BRI YUEYE T 300 mL 4 FE
i, BAE 60 C FEIFRAEE 1 h, Z4hiE sy S5 200
VEYD. EEZERAE R, KR 80 CHEMXTHE3 h,
FETHE 10 h, 152K R KL Cos;0,@SiO;.

M ERT7E, #il8 =A R5E) Cos04@Si0,, 77
BN CEEARFREE VFgron = 90%, 50%, 30%,
CTAB ()5 14 mmol/L, TEOS FI &~ 1.2 mL;
CTAB [ Corag = 5, 14, 25 mmol/L, Z B (R4



ERR

B/, 25 MR Cos0,@SiO, AL IR Ok Ak A4 i 67

EtA 90%, TEOS Fi&E N 1.2 mL; ZEEMIARILL N
90%, CTAB ¥ & > 14 mmol/L, TEOS & Vigos =
0.8,1.2,2.0mL.

1.3 {ELMBBIRIE

K 5 [ #2119 Niicolet-380 74 e FLIH-£1 4
R A 5E £1 AN 1 (FT-IR), 948 9% $03a Fl v 400~
4000 cm ' S HASEE 224 7 ) Rigaku D/Max-2550
B X SR ZRAT A (XRD) I 72 {46 A4 KL (1P AH 73 F
MR LE RS, LL CuKa ANYETR, 4=0.15406 nm, 14
WA 0.02 (°)/min, FHHVEE 20=5°~90°. X H
JEOL [#) JEM-2100F AY3% 5 FL 5% (TEM) WL S HF i (1)
Ko an & . R H € Quantachrome 2~ & ]
NOVA-2200e )3 FACAE 77 K3 200 BE T Wl & A
st RV D BBt P S50 4, it PLAR P 2% A1 80 C L
THEFE 8 ho SKRF DFT SRS THEAE G 1) LA 5 A0 il
Zk. X4 E SPECTRO BLUE SOP 4:if B ICP
R EAX (TCP) A IR AL A 1 1) 25 o
1.4 CHHP 4 f# & R iEM

CHHP 73 fift i REVEA PLH A A BB 3 A = (3R 2
PR IR RE, 45 IR & 5340 CHHP 8.39%,
F OB 0.79%, RO 5.49%, 1R 1.42%, [ 4.98%.
£ 50 mL = BRI IR UOMARE T 25 g AT
AN I B A AORE, BE I FH AR I 28 2 1 0 T 4
AEEET 80 CHiigta, ML R 1.5 h.
W B E ARAH, R RIS WEAT PR R
Bro H4EG 050 B AL A R TG K B2 EE 3 IR,
7E60 C FHNTF4E3 h, 80 CEE TS h, 78 Ml
AR [

PR VR 5B V5 0 AT IROBEVE R CHHP IR
KA 9790 1T 24 S AH (i A bRk i 3 B
P FOIR Ul 1R 2 2, KA DB-1701-1 HAf P (i 4,
PIFRD AR, SR B Ak 25300 v 5 TR R0 R

2 HRE5iHE

2.1 ZI5MRIE(FT-IR) A #7

Co30,@Si0, L AN 1 fros, M E ]
DAE Y, RES IR T 1631 5 3444 cm ' A
W WU, U JE T Si0, 2 TH F2 JE A BRI B /K 1) O-H
OSSR BEREHE T HET
Co304 [MHFIEE, 42 B NAETF 663 cm™ (1) Co(11)-O
gERENE, LLRALT 577 cm ' ) Co()—O 1145 4%
il £7F 470, 793, 1078 BAK 957 em ' 4b
FRAE S, 43 ) A JE8 T Si-O-Si 125 il . XFRAN
SHFRARAEAR B L & Si0, & Si-OH M 4idkzh!"),

WERE S TR AEAE Si0,. Z0AME B A LA T
2854 L% 2931 e Ak A7 R 356 14 J5AL fR 45 1 i e
U BEAR 7 CTAB 7 A% B P % 20 38 P i B 2
22 X &S

Kl 2 5 Cos0,@SiO; # i Y1 XRD K1, #£4h7E
20=19.0°, 31.2°, 36.8°, 44.8°, 59.3°. 65.2°4b1H!
LT B SR IRT I, 2 BT R T Cos04 R fI(111),
(220). (311). (400). (511). (440)&TH . SiO, M EHE
TAEREMEL, BA HIATH . XRD RAFL R
Bl Co304 P IZTE AL 7 FHZE BRI 72 H 5B B IR
2.3 ESTEBE(TEM)D

B 3 sl i AR AR A & R AR AR LA 2 1
Co30,@Si0, £ & 11 TEM W . SCHR[13-1510F7E %
BH VB AF A 2 Hhod 2 1Y) KR A% LR i B 1350 50
FOUA 7 172 Z 85 M T8 W 3 TR T LA 3, A
[ B BRI BB R Cos0,@Sio, FEft, 5821
REIMBCEE T FAAR . =M, Co0.@Si0,
(VFeron = 90%) 152 /2 BI85 . FiEE, BRI T
EigEib S s W EV A APy R - v =R N ik 4]
se ki ¥ B R AR (B 3(F), X 5T VFeron = 30%-
VFgron = 50%H % 1R T HAE R 2 %073k
T(B 3(b, d)). B, EFE VFeron = 90% 1 A J5 S
A

3444 | Co304@SiO; (VFeron= 30%,
|

N
N
A
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Fig. 1 FT-IR spectra of catalytic materials
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Fig. 2 XRD patterns of catalytic materials
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B3 RIE L2 & 45 1) Co;0,@SiO, 1) TEM i fr

Fig. 3 TEM images of Co;0,@SiO, prepared with different
ethanol contents

(a, b) 30%; (c, d) 50%; (e, f) 90%

4 JEiE A CTAB 90 A & #l %
Co30,@Si0, F£ 5 1) TEM H F K H 52 )2 B I 4t
B, BRI MU ES W, &R
40~50 nm Z A& %, I A (E 47~52 nm Z
], XK CTAB fEABERGT, ZEHCH GG T2
R ROk, HAE X TR R IR R

®) 7=(51.4¢7.1) nm

t/%
[
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Fig. 4 TEM images and shell thickness statistics of

Co03;0,4@Si0, prepared with different concentrations of CTAB
(a, b) 5 mmol/L; (c, d) 14 mmol/L; (e, f) 25 mmol/L

B s R g4 TEOS AN = il % 1
Co304@SiO, F£ i ) TEM M A R H 52 2 R E 4 it
B, A5 2 E AR BB AR 40~50 nm 2
8], LR, B 5(a)H Cos04@SiOs (Vrpos = 0.8 mL)
W2 EERAYS), 456  50)LRIILEZ
JEREJE A 25~85 nm. 4 TEOS A EH 1.2 mL
WA 0.8 mLEUIINE 2.0 mL 5, TEEENEL
Iy AGAE 25~40 nm B, 50~85 nm 2 [A], Xi{H] TEOS
& Si0, 7% 2 ), TEOS &k %, Hl
HOK AR B RE R AR 35 1 2 AR IR BE My, UURRAS
B[ Sio, E#ET, peah, SRR RIS S
TEOS IR A 2%, F R 5 L T 5 R 1%
27 15 1T 4 2) i in TEOS .

2.4 N ¥n38 W% Bt 43 4

TEALARE N W BRI 5t B 555 28 a0 ] 6(a) BT s,
LA A WE 6(b)FTaN, AH R b2 i FUFI AL R
SPEIEER 1 At . EE 6(a)F, R IUPAC 4
%, rARERE SR 1 IV()ZIRE, R R
BIRNALA EL

gh & B 6(a)f13k 1 7] LLAR I Co30,@Si0, (Ceras =
25 mmol/L)Fll Co;04@Si0, (Vrros = 2.0 mL)FE FH [ EL
R AVRIFLAR BT T B R 5, X2 R
ZAFEPRINT HEK CTAB, ML Eh A H LK
H CTAB ZEMML, 1fijE &l & fEhdsm T E5 2
(1) TEOS, FEU#EAMELF Si0, & & &, Fik—

§
g
2
g
2
e}
g
-9

5
0

Particle amount/%

40 50 60
Shell thickness / nm
® 7=56.59 nm

ailbn.

30 40 50 60 70 80 90
Shell thickness / nm

5 A JA TEOS H & % If] Co;04@SiO; 11 TEM Hi f K H
72 BT E

Fig. 5 TEM images and shell thickness statistics of Co;0,@SiO,
prepared with different TEOS dosages
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(a) " Co0@SI0: (Firou=30%)  —— Co0@SI0x(Cena = 25 mmolL)
200 '\ e 0,0,@Si0x (PFiton=50%)  —>— CosOu@SiOs (Vrsos= 0.8 mmol/L)
—~ —4—Co:04@Si0z (VFrton=90%)  —s— Co:04@SiO: (Vreos= 2.0 mmol/L)
& —+—C0:04@Si0: (Ceran= 5 mmol/L)
©n
0
-
g
N
~
% 100 |
G
>
0.25-(b) Co:04@SiO: (VFiron = 30%)
Co304@SiOz (VFisron= 50%)
= 0.20 ——Co:04@SiO: (VFiron = 90%)
lag V-4V —— C0:04@Si0: (Ceran= 5 mmol/L)
T ——— C0304@Si02 (Ceras = 25 mmol/L)
g 0.15 ——— C0:04@Si02 (Vrsos= 0.8 mmol/L)
’é . —— C0s04@Si02 (Vrvos= 2.0 mmol/L)
= 0.10
S
S 0.05F
0.00

1.5 20 25 30 35 40 45 50
Diameter / nm

Bl o fEALADRLE N, B i B 55 i 2k (a) A1 FLAR 7041 1 (b)
Fig. 6 N, physical adsorption and desorption isotherms (a)
and pore size distribution (b) of Co3;0,@Si0,

Colorful figures are available on website

H LRI FLE T K. 5 Co;0,@Si0, (VFeron=
90%)HH LL, Co30,@Si0; (Corag = 5 mmol/L) I Hi 5
NI HCR T AN AL A, BN TE ) &6 72 R s i
CTAB /b, Al 7¢ Z LR /N . 1T Cos;04@SiO;
(Vreos=0.8 mL)Jik/b> T TEOS HIH &, FEfhrItRm
FARFL AR B A WS, 3K 2 A i ] 2% 3 72
FMGEMER S REUR B BE RN 384, KT
C0304@Si0; (VFgron = 90%)I1) 2.56, 5524l
MRRmg K, RN 72 AR 2, ke 5T
JZEUR, HRTARFIFLA IR A/ A 6(b)AT LA
EBH, R ERE 3 om iz, Hh
C0304@Si0; (VFeron = 30%)F1 Co:04@SiO; (VFgron =
50%)FF it 1 FLAR B K T FL B R i, 3X ] BE RN A
FE M AE S & B E A oK S EE R, X732

Si0, A — izt .
25 HBEBEEBTFEXIEINT

2RI BIH Co &M ICP RALLE R, M
% B 1~3 "5, TEOS HEMFMFE S, HioR&E
M, 26 H 4~5 £H], TEOS FI &/ R TR &
BAEXT G, W TEOS KM & H M Sio, 72)2
JELE, TR AR A A R R R 1Y R, CTAB I &
S (R AL AR R R
2.6 CHHP 9 f# & B iEM

VAR 2 A T il 25 A AL AR5 71 T CHHP
(0 o0 i S 2 FE HEAT R e ME A B 506, % TR A B SE e
A R EQ mg Co/BAB)MIE 2 45
PrE 13 B G A RFE S I & . 7EAH R B2
PR, B ARG R R B PR A 45 Rk 3 PR,
HoAr g PR LY, XS KON TE CHHP 43 i
SN Ry R K A R T PR BRI, 5 EUF R A
P (P R BG N, X AR A T R B AR
WE . W CosO4 MIHIUGTEME & s, HIL R G2
Sy %, [E— % Ad ] CHHP 2 iR T R 5%
DA b, i HUROREJE 23 R TE IROBE B 3 DR %
FEM B Si0, 582 AT LMY CosO4 G, RIS
Al DLJE 3 8 B 7 E B R . Coz 04 AR
C0304@Si0; (Vreos = 0.8 mL) X M H1 (1) Co TG
B 9N 5.66 pg/g A14.12 pg/g, Bl Sio, 1078 AT
PAVR G 6 2k

Eise R Cos04@Si0; (Vreos = 0.8 mL)#4k
R, SHEREY SR EE R, HLRmAA
LA, RSP B8N, 845 5 i
PR FEPEBRAR AT Co304@Si0s (VFgton = 30%),
ZAE 5T B A RS P OK I B R, SR
Cos04 W R Z JG R Si0, 57¢)2, X%
HODEA TS, 5 RNV EMAGE 750
C030,@Si0, (VFeron = 50%) 1| 4% I %5 ¥ R /K 1 EE
il Co304@Si02(VFeron = 90%) K, 1HZEHIMATE
MAE S, XRFNHEEAAEE K.

R 1 EAMBEYIESAR T

Tablel Physical structural propertiesof catalytic materials

Sample netas/freos Spet/ (mz'gil) Dyore/nm Viore/ (cm3-g’1)
C030,@Si0; (VFgron = 30%) 2.56 332 3.18 0.22
C030,@Si0, (VFgron = 50%) 2.56 334 3.18 0.24
C030,@Si0, (VFgron = 90%) 2.56 319 2.94 0.18
C030,@Si0; (Ccrag = 5 mmol/L) 0.93 254 2.82 0.16
C030,@Si0; (Cerap = 25 mmol/L) 4.67 396 2.94 0.21
C030,@Si0; (V1ros = 0.8 mL) 3.84 327 2.94 0.18
C030,@Si0, (Vrgos = 2.0 mL) 1.54 486 2.94 0.27
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Table2 Co content of catalytic materials
Entry Sample Co content/%
1 C030,@Si0; (VFgron = 90%) 39.9
2 C030,@Si0; (Cerap = 5 mmol/L) 40.1
3 C030,@8Si0; (Cerap = 25 mmol/L) 39.3
4 C030,4@Si0; (V1gos = 0.8 mL) 47.8
5 C030,@8Si0; (V1gos = 2.0 mL) 30.6

C0304@Si0; (Vreos=2.0 mL) fl  Co;0,@SiO,
(Cerap = 5 mmol/L) ) 5¢ )2 1] 8 264 neras/nreos B/,
RIBLAR 71 L L% . BT () Si0, 72 &%, (HA)5R
P R AR T T, 3K R A B IR A R
FEEHI T BRI, WE 7 . X 3E
Co304 WHZ 25 K5 I M) B 45k, T 3R 15
THE N CHHP #4b . 1 J5 & W46 15 AN
55.62%, X5 HE/NWLRMAMILEME —%. -
i 2 S U BB ) LGS A AR AN T 45 21 A P B
I 1) Co304@Si0;.

Bl 8 A2 i A A ORHRE 10 B e 1 S SR .
C03;0,@Si0; (Vrros=0.8 mL)15%2 2 i i, AL
PRI, BEAE NI %2, XF CHHP 43 fif (1) 5%
WZZ W N, X ERTAEESEHERES, Co
%Ziﬁz/)ﬁ%o C03O4@Si02 (VFETOH:3O%)\
C030,@Si0; (VFeror=50%)F1 Co30,@Si0; (VFeron=
90%) Bl & [ B kB3 2, T RIS EFHE R
BRI SA, X RE R BT AR E AR R,
R FE AR B TR K, SRBUENM R EE S S
W, BT CART LR R RE MR BT, ekt R
Au/SiO, 7E CO A B AT FE R IR - Jim 22
SREE P B AR B 0 F LA 9 . Co304@Si0;
(VFEron=90%)5 X MHTJEH Co FEH 39.9%

W% 33.6%. Co304@Si0; (Cerap =25 mmol/L)E &
fEF] 5 2K, CHHP 4kt — B2 FFHA%, 5 K
5L/ K 11 TEM 240 45 B4/ 9 s, M sl
DL B A RS SE 4T, KAk T
JE AT, — A IR, WIS EL Cos0s 1
WOE % 5 5 RS B, TR SRR IR —
EFHEE.

3 Hit

AT TSR EL Co;04@Si0,,
PRUT 52 2 ) & 25 10 X AL A RL S M R s, JF 7R
CHHP 43 i Jo N H BEAT (A0 PE RE VPAN A RS 2 ME 5 4%,
BT &R

1) Co;0,@SiO, Wil &, LBEKEH
IKEBERT 10%LL F, o LA K52 BT R LRI FL
17, (AR GG Cos04 WL HIE LA K 55 JZ 4514 (1)
AFE;

2) Si0, e /= 1 FLIR#pE CTAB 5 TEOS /R
Fe i3 KK, 7EMEEAZ CTAB F &M,
M5 TEOS HEA K, Z1% Il TEOS A H T T i /&
FEBI ST T2

3) 5% J2 J5 PR B R AL 26 B vy 1) AR b
Co30,@Si0, (Vreos = 0.8 mL)#E CHHP 4} fift e v w1
REIRUT, LRy 81.68%, A CLEEFIFR LB 1)k %
PE3 5N 70.60%F1 34.06%;

4) Si0, 7o )26 1T LA 2432 i CosO4 I EIR,
IR TC R IR, 1HAE Cos04@Si0, 1 [ml s fd A it
FEHF LT A FEREE BRILR, Si0, 72 %] CHHP
I3 NI FR (R 52 5 38 75 33— A .

£ 3 EIALMBIE CHHP SRR L EaE

Table3 Catalytic performance of catalytic materialsin CHHP decomposition reaction

Catalytic material Con./% Selectivity/%

A K Acid Ester A+K
Blank 11.58 162.27 36.16 12.56 14.40 198.43
Co;04 86.83 69.15 38.08 6.73 —-15.63 107.23
Co3;0,@Si0; (VFgron = 30%) 41.54 66.93 37.70 8.14 —26.54 104.62
Co304@Si0; (VFgron = 50%) 60.44 67.73 32.87 7.33 —-18.46 100.60
Co3;04@Si0; (VFeron = 90%) 52.62 64.58 30.20 8.54 -25.15 94.79
Co3;0,@Si0; (Cerap = S mmol/L) 55.62 74.72 36.68 6.59 —20.69 111.40
C0304@Si0; (Cerap =25 mmol/L) 66.68 72.18 31.01 6.83 -15.76 103.19
Co3;0,@SiO; (Vreos = 0.8 mL) 81.68 70.60 34.06 7.12 —-15.97 104.65
Co304@Si0; (Veos = 2.0 mL) 73.55 64.75 27.90 6.28 —-18.74 92.64

Reactions conditions: 2 mg of Co per gram of cyclohexane oxide (containing 8.39% CHHP), 7=80 °C, time=90 min; A: cyclohexanol;

K: cyclohexanone
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Fig. 7 Appearance comparison of Co;04@SiO,(Vrgos= 2.0 mL)
before and after the reaction

(a) Fresh; (b) 1™ cycle

—a—C0,0,@Si0; (VFsron= 30%)
—o—C0,0,@Si0; (VFsron= 50%)
C0;0,@SiO0, (VFgron= 90%)
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35k C0;0,@8Si0; (V1gos = 0.8 mmol/L)
30 1 1 1 1 1
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Fig. 8 Reaction evaluation results of fresh and recovered
samples catalytic materials
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Fig. 9 TEM images of Co0;0,@SiO; (Ccrag=25 mmol/L)
recovered after 5 cycles
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