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1.2 [ (4-FEEEE) INMFN & B AN & B

T SEA DY (AL ) nh et o
£ 19 1. 26 mmol U (4l JEHE KL ) MRV 7 762 A
100 mL DMF [ = FUBeHi rh i mli, el % v 43
HEANA 6.3 mmol 438 ZREh ( Z R4, ZIREEFZ
TRER) , RN BIRANH R, B EERIG B K
FEREA ARG, A 200 mL ZEMK#E 2 h,
UE, FHZEMK VRS R WEE. BT 70 CHET
B TR S h 5, PR A (BRI R, — &
e : HEE=10 : 1.5), WAESE — 0y IR & e i
K VA TG54 B M-TNPPL . 53647
DA B 04 4 T M AR A 1L, G4 T o R B R 2
Hoes g g7 10

CHO
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sl N———
N~ Propionate
H
NO,

Yield:25%~35% NO,

1.3 fAHE & BN &

FATH A T £ A S AR B
A AR BE T 281 Co-TNPP 5 FfAs [m] i) £ 28 4 fhie
£, LA Co-TNPP/ZnO (il 45 M), Hoib & #an
T FE= R TR 0.25 mol [y ZnSO, - 7H,0 % fig T
A 450 mL ZEIRK I = FUBSfi PO HLA I
30 min, fJ NH, - H,O ##9" PH{HZE 8.0 /&4y, P74k
HER Zn(OH), ZURTITE, dR2eidt 1 h. #iE,
ok, MZEWKuEEZ P ¥ Zn(OH), H] 300
mL ZBEESHEFE 500 mL 1 = VRS P PR d: 1 b,
76 15 min N % N 40 mL Z BEVE R Y 20 mg
Co-TNPP , 445+, 30 min, /KB HNIAZE 65 C kst
PiFE 12 h, B R, Uk, ZEMK R 2R R,
T, TE =S P BE v T &R IRAR HA 70 5 [ A
UEDE s AR S SR ARk, SRS E T 170 TR
HAS TR 24 h, SRS 3 5 A5 7 208 4 e nh ik
AR BRER BT 415 21H Zn(OH), VITE)S, %
Zn(OH), [ 300 mL Z, /4 HAE 500 mL ) = 142
PP FE 1.5 h, A Az 65 C 4k 2+
12 h, %20, Uk, Z&MRKued, T3] Zn0. 1
(4-AHEEIRIE ) WNIRORT DY (4-fiF JEAR 0 ) 4R Pk I
AR G G R T 1.

Yieid:80%~90%
NO,

P LY (4-RHEETREE ) NIRRT <6 SR A 15 LR 2K
Fig. 1 Synthesis of tetra(4-nitrophonyl) porphyrin and its metalloporphyrins

1.4 EUFIRES &

14,1 2240 ] UL i 590615 K UV-2550 #Y
UV-vis G35, X5 T RooR 43 @ nhabk DL = S B e A i
s XA m ek, IR RRIUE . 3
Bl . 300 ~700 nm.

1.4.2 LA CTE i 2% i Nicolet iS10 spectrom-
eter RUE S it 21 A0 5 1% () AE 45 4 1 il 400 ~ 4 000
em™ SRHTMERE S, XEF A @bk, LA R T
M5E 5 AN B 22 4 Jm ik LA KBr J& f i A7

5

1.4.3 X Attt o b XRD 42k FH H A B2
RigakuD/Max 2550 VB 18kW %Y X R fi 5%,
FE A FARMTEHE 20=5° ~90°, Cu Ko 4 (A =
1.5418 A) SHERTR, frasaas, FFHE R 40 kV.
1.4.4 /ESHF TG/DTG 5% TGA/DSC1/
1600 BI[a] 253 A A, 25 40 mL/min, 73
HrikL e G R 30 ~650 °C.

1.4.5 BET 43 #r BET 43 #7% H 22 [E Quanta-
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1.4.6 HUBHE G 55 B 1 IR & 58 63 4 A ICP-
AES R PS-6 R Hy BN & 45 85 1R & 5O6ig, Tl
S B BRI 4 S M 4 S T A 1Y B i
1.5 REREN K MTTE

FRE— 2 s (A AL 57 8 T 50 mL & A7 1 5 Y
RKR, A 15. 82 g 3ROV e J5 85 BHIT I o
%, R B2l S8 R A S b 48 I S k. U T
RAFIE, HEFE A Il B iz 48 3k 3 5 i B
HREZ )G, FIHFEARTT, N ERHEE
J1, FEamEa s, e SR N IR RV 4R E,
KAPEFE AR, RKOKBR RN E 2R
W, AR ST RN A, B RN Y T
WO RN g, oK S
VP S5 HEA T AT, TR [ AR R A .
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2.1 EUFIRIEER

2.1.1 540 0] U8 56 3 B K2 (a)#
(b) 43511 h U (4-R LR ) bR DY (4 BE 5 35 )
BNNIRI 25 SN SO, X Co-TNPP H: Soret #F
WU S BRAE 420 nm, AHEL (a) Soret 7, KA T H
WSS LR, HH Q il 4 MbZE 14, X
JEH T AR SR AN 0 B BT 48 b
pp- 0 $FF(e), H Soret #5282 438 nm &b, [RIAT,
Co-TNPP #J Q 7 1 532 nm ¥ % 550 nm, X&H
Ta Bk 2 AE ZnO 204K F 45
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Fig.2 UV absorption spectra of the samples
a. TNPP; b. Co-TNPP; ¢. Co-TNPP/ZnO

2.1.2  £I5MEIE b & 3 & Co-TNPP/ZnO,
ZnO Fil Co-TNPP {21 S [E . XT T 4 J& Ph ik Co-
TNPP H3 &, 1 348 F11 520 em™ Sy fitg 3 4 %5 FR
ST RRAR A e sl U, MINSRRTCAAR P 1% 24 R A S e 1 R
FE 1595 F13 110 em™, 822 em™ Ah fif) I 3% B it
TEARFRBIRAL, X F Wbk 35 XA B R L. 7E
DU (4-fi§ FERFL ) B Mk B £L A3 rf |, IRk oy
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Fig.3 FT-IR spectra of catalysts and support
a. Co-TNPP/ZnO; b. ZnO; c. Co-TNPP

o N—H S 1) £ 4 B 20 F0 25 il iR sl i 78 3 321 Fa
968 em™' 44, HAEMURAT 475 F11 010 em™ M
BT WY A U, 3 R WY R K 43 G B T 42 R Ik
w2 %t F ZnO 1 Co-TNPP/ZnO [ 4T 4 B 3
960 . 1120 F13 330 cm™ 4352k Zn( OH), 1 O—H
s MR RLAR RS, X UL ZRAR ZnO F & —H )
Zn(OH),. 5 ZnO WZLAMETEA L, Co-TNPP/Zn0O
FE520 em™ HUBLT 1 ASHETAOIE, XS RO AL Y
PR 73 5 8URTE B T8 1Y ZnO-Co-TNPP & A=
YR3h, [EF, ZnO 7E 3 568 em™' AbfIETY K, H&
WG Zn—O0 PR FIETE 520 em™ Ab7F FH K
(I3 , 3k F WIS T [ 2 7E ZnO |

2.1.3 X P& Ain 4 A Co-TNPP/ZnO F1 ZnO
(1) X AT TN E 4, X F 4K ZnO () XRD &,
76 31.8° 34, 4° 36.3° .62. 8° .69. 0°%5 i Bl A1k F
(RN, RIS, 78 12.3°F0 24. 5° B A A AL BE 1K)
FRAE 0 X U 3R AK ZnO B A /N EE 4 1
Zn(OH),. X5 FRZIANRAEL RAHF. YiGtE4
4y Co-TNPP #;[##Z7E ZnO b5, 5 ZnO 1y X 5Pk
T EFH B, Co-TNPP/ZnO [ 4iT 4§ WEFE ZnO 1) HF
R AT S e A b B4R 1) sk 55 2= K, R B AE
32.5°, 35.3°F158. 6°%5 H BUHT O RRAERT S0, AT
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Fig. 4 X-ray diffraction (XRD) patterns of catalyst and support
a).Co-TNPP/ZnO; b. ZnO
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Fig.5 TG and DTG curves of support, catalyst and supported catalyst

(a)Zn0O; (b) Co-TNPP/ZnO; (c) Co-TNPP

2.1.5 BET Zp4F  ZnO 1 Co-TNPP/ZnO f) [L 3
R FLA LA RIS R AR 1, TR e
JEUMIRAY AR, DU B AE AR A B R AR LA

FIALARIIE R, IR 5 M 2 22 B 19 T 2 A
AL, [, G305 B AR A SRR R
O ALERIALAR , A AT B = 9 -5 AR 2 18] )
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Table 1 Results of The surface area, pore volume and pore size

Surface Area Pore Volume Pore Size

Compound
P /(m* =gy /(em® - g ™) /nm
7Zn0 1.9 0.01 17.3
Co-TNPP/Zn0O 6.5 0.02 23.8

2.1.6 ICP-AES 43#t iz i ICP-AES | & 1 3% A
PEALR T B SR TR B A &, AT 5 LR 2
43 Co-TNPP 75 G 2 L fiE 4L 57 P Y % 5. Co-TNPP
1t Co-TNPP/BM, Co-TNPP/Zr (OH),. Co-TNPP/
7r0, . Co-TNPP/ZnO ., Co-TNPP/Kaolin H [ & EAK
WH:0.83mg-g' 0.2lmg-g' 0.15mg-g ",
0.12mg-g'.0.64 mg-g".

2.2 fEfLTERE

2.2. 1 AR C e i tERE AR
<53 Jo WIS AL 971 2 7R <5 Jom WIS A R i A SR AR 3 2 e
FOPERE AN 2. XoF TR [ F) JBOFR A 1 48 Ja b bk (1 -
3), A4 R BT Co™, NI, Mn™ X
Be e A3 KA IR0 B P | B R LL A T
RGBT, WERAT LA, DU (4-ASEARIE) B
NI AT L Y KA SR AR O befl fe A, Xl

feEm T&EE TR AFRMEF#HEIIEPR, A
Co'™ /Co" ™ YA K v (i Ak 2 IR e B, T H A
BRI S AR OB BE Y S TR
4 MR A0 7] A RSO R R A A R, AR AR
BT Co-TNPP 1 20A4E 5 FhAS ) ) 244 L 2%
TR IR TR OOk A R N, AL
BRI 2(4-8). HHT 4 Fpoi 2L E
ZnO 117k Co-TNPP FIE AR ISR, K&
IR e AR KA TR E A b i e 2. X2
RAPKE TG PR 43 T 3R AE ZnO b5, (G 4 4 4T
Mo BRI b, FRAK TG R AL & 2 A R A il
%R, R, ZnO YA E R R mEE =™, AEM%
RIEA S  7 Frde ZE BE 2, in 3 £ 790 v i) Ak
0=Co-TNPP/ZnO FYIL AL, MG NG AL 3R kot
C—H #ERE )y, 3 2(9) Wik—2 KW Zn0 X%k
WOBEEA AR E. XTIt 7 nd 25 B 52
55, fEAHR RN 25T, B O beit bR AR R AR,
JUF-3A B O R AIER B AE 7, SR To i fb 7] 2R
CUBEAE IR N S5 T XE LA & A R

0K 1 R 4 R PR A i AL AR O
Bt , M LC T AR 4 T8 ANk AL ], FEAH R s
N B[] S W p KA & AR B 5 9 T B, 3K T B
5 4 JE PR R £ 2808 4 PR AR TR A R A
HIRE A K, T3 UR B Co—O AT RERZ NN
ke P AP 2 R

R2EUFIELELARCTIRAIERESR

Table 2 Results of oxidation of cyclohexane catalyzed by catalysts

Entry Cat Cov/% K/A Sel/%  K/A /(mol ratio)  TON®(x10*)
v Co-TNPP 11.54 74.25 0.83 1.03
20 Ni-TNPP 9.23 72.67 0.63 0.81
30 Mn-TNPP 9.76 74.70 0.56 0.86
4% Co-TNPP/BM 8.84 76.97 0.47 5.68
5% Co-TNPP/Kaolin 7.56 78.22 0.48 6.43
6% Co-TNPP/Z10, 6.11 74.08 0.45 11.26
79 Co-TNPP/Zr(OH), - - - -
82 Co-TNPP/Zn0 9.19 82.03 0.46 20. 14
9® Zn0 3.54 42.37 0.41 -

(D Reaction conditions ; catalysts, 1.8 mg; reaction temperature, 150 °C ;

(@ Reaction conditions; catalysts, 0.60 g; reaction temperature, 155 C ;

@ The turnover number (TON) is calculated by mol product (ketone + alcohol + acid + ester)/ mol metalloporphyrin.

Note : reaction time, 2.0 h; cyclohexane, 15.82 g; oxygen pressure, 1.0 MPa
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2.2.2 ONGIREERIRZI RO IR ER O Ak
SV FE S5 RS 3. 7 145 CARIER, Ok
ML R A S, (HILET KA kel 5] 93.75% .
BEE T 5 150 C, SeAboR Pt mietl, SRimik
BV B T AR I, MR, K/A FRMEfL

PRt I BB R R 4R . B IR A — 2P Tk
PO B AL AR KA Jih gk #2181 BE/ N R R, 3al
FE PR DAy 5 et B2 T D A A AR 8 S A S 2 L
WO B A IR T B I Sy, HAw
LT, —/ Ny 4 SR N AT RE R AR T4

x 3 RNEERRNT

Table 3 Effect of reaction temperature with catalyst

Entry Reaction temperature/°C~ Cov/% K/A Sel/% K/A/ (mol ration) TON (x10°)
1 145 5.60 93.75 0.34 1.23
2 150 9.62 82.45 0.46 2.11
3 155 9.19 82.03 0.46 2.01

Note ; reaction time, 2.0 h; cyclohexane, 15.82 g; oxygen pressure, 1.0 MPa; Catalyst( Co-TNPP/Zn0O), 0.60 g

2.2.3 RWESRsEm RN 6RO b A
VN 4, BE25 KN Jj 1 0.8 MPa |7t
% 1.6 MPa, ¥ % 5% fb 38 R 10 5% 10 £ 16 W]
i, KA Ikt b1 91. 73% S T % = 68. 67% ,

X RSN 33800, e AL SR BT, 1 5
W2, (EL PR 8 T B S A A SR R S L J], 2 T

filf KA £ i T R

F4 EREHHRIT
Table 4 Effect of dioxygen pressure with catalyst

Entry Oxygen pressure/MPa Cov/% K/A Sel/% K/A/ ('mol ration) TON (x10°)
1 0.8 6.94 91.73 0.40 1.52
2 1.0 9.62 82.45 0.46 2.11
3 1.2 9.82 83.37 0.56 2.15
4 1.4 12.03 74.99 0.54 3.29
5 1.6 14.53 68.67 0.64 3.9

Note ; reaction time, 2.0 h; cyclohexane, 15.82 g; reaction temperature, 150 °C ; Catalyst( Co-TNPP/Zn0O), 0.60 g

2.2.4 IFRIARZME SONZIS AL O AR
SRR ANEE 5, 24 RN [H) 2 60 min, 3RO kE
FAL RO 4.21% , AR TR S s PR i fl
A CRER AR, X—J7 e 514 i
BAHRK, I HER T Zn0 TG RINE, &
Jag MR 0 e B AR I T M—O g

R5 RAREE

SR T AEA TP, PIGAE 60 min I, PRCLEH
AR R, Hy- Y F2 R C MmOl b

A S R RE R, e b AB sl ok, sk etk i
TR HRNAFE] 150 min 5, FRO R R A
ANRART, SN 7y R, PR ke B g s ) i

RSOt A A S AF.

IR

Table 5 Effect of reaction time with catalyst

Entry Reaction time/min Cov/% K/A Sel/% K/ A/ (mol ration) TON (x10°)
1 60 4.21 96.34 0.21 0.92
2 90 6.18 90.49 0.38 1.35
3 120 9.82 83.37 0.56 2.15
4 150 12.20 75.01 0.56 2.67
5 180 13.77 70. 44 0.67 3.02

Note; reaction temperature, 150 °C ; cyclohexane, 15.82 g; oxygen pressure, 1.2 MPa; Catalyst( Co-TNPP/Zn0O), 0.60 g
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2.2.5 fiEfLi] Co-TNPP/ZnO I JHIERE 1A
E= Ry U N = R N Sy O AT R D W &l
ntAL A P REALTRNAS 2 [Tl JCIEARERE Y
i % 6 O Co-TNPP/ZnO AL 751 978 31 F 14 fiE
WE9E, HHEMRIEEREIT S U, HARLIERE LA
W TR, b B 5L A KA e BEF- 4y
509110 9. 95% H1 83.61% , HEALTIAYF- 295 AL

2.18x10°, AL M fE Al K 194 T 2R G 2R i A0 i 4k
F, X WAL A TG P 4L FE SRR AR R AT
FERN SRR IS PR AL A P R S A D, M TS
Tk b TG A A AR AL IR O e 2o B R R O e B AR
3% ~5% , KA 350 80% ~85% , Tiifil: b & 1L 3F
CBEAE bR 8% ~10% , KA JMik#EPE 75% L£4AH 1
gL HAARGT A b AN (BRI N A 5

6 EUFIBTBIRERR
Table 6 Recycle of Co-TNPP/ZnO catalyst

Entry Cov/% K/A Sel/% K/A/(mol ration) TON (x10°)
1 9.82 83.37 0.56 2.15
2 10.30 84.10 0.57 2.26
3 9.95 83.75 0.58 2.18
4 9.65 84.25 0.57 2.11
5 10.05 82.60 0.56 2.20
Average 9.95 83.61 0.57 2.18

Note; Catalyst( Co-TNPP/Zn0), 0.60 g; reaction time, 2.0 h; cyclohexane, 15.82 g; reaction temperature, 150 °C ; oxygen

pressure, 1.2 MPa.

3 &g

TE4 BN/ O, AL AL IR O e S L Y, BB
TARACSSCR B ) DY (4-AE 2RI ) i oV Ay 36
AT TERAE 5 FlAS [ 1 2 A ] 5 15 3] 671 8078 4 s
WA TR A AR O, S5 SR I DU b
SR AR I 0 2 TR 4 i PSR £ 70 1 A 25 R B S
TR FR Y 4 T 1SRRI L 1 AR £ 2R ) 4 b e
R, HL i 3 X AL Co-TNPP/ZnO #£47— &%
(R ZRAE 5 R G PR A A I B 37 A 1, $2
1R T 4 MNP TS AV TR K s 2 T 4 Mok
R, gt 5 GG, HAEfbak
REA TR, ACHCFEE9.95% , KA T
Pveditk 83.61% , HIF O it BALA =R A H
i1 0.5% , HRW =) 3 2R COREF IR COl, i
PRI ¥ 5 ALk 2. 18 x 107, 1] Il £ 28 B Co-
TNPP/ZnO AL S48 T Toll 36 O bt Tefik b Ak
A E AL RE , B ARG Y Tl R0 Rz

JEYN
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The Catalytic Performance of Cobalt Tetra(4-nitrophonyl)
Metalloporphyrin Supported on Zinc Oxide in Cyclohexane Oxidation

FENG Ze', XIE Yu-jia’, HAO Fang', LIU Ping-le'", LUO He-an
(1. College of Chemical Engineering, Xiangtan University, Xiangtan 411105, China
2. School of metallurgical engineering, Hunan University of Technology, Zhuzhou 412008, China)

Abstract; Co-TNPP/ZnO catalyst was prepared by loading cobalt tetra (4-nitrophonyl ) metalloporphyrin ( Co-
TNPP) on zinc oxide(ZnO). The catalyst was characterized by UV-vis, FT-IR, XRD, TG/DTG, BET and ICP.
The catalytic performance was investigated in cyclohexane oxidation without solvent. The results show that the cy-
clohexane conversion is 9. 82% and the select ivity to cyclohexanol and cyclohexanone is 83.37% at the reaction
temperature of 150 °C, oxygen pressure of 1.2 MPa and reaction time of 2.0 h; Moreover, after recycle 5 times,
the average conversion of cyclohexane is 9.95% , the selectivity to cyclohexanol and cyclohexanone is 83.61% and
the average catalytic turnover number reaches to 2. 18x10°. Co-TNPP/ZnO shows better catalytic performance un-
der mild reaction conditons and it overcomes the defect that metal porphyrins is difficult to recover and recycle. It
presents high commercial value and application prospect.

Key words: cobalt tetra(4-nitrophonyl ) metalloporphyrin; zinc oxide; oxidation; catalyst; cyclohexane



