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Abstract

This study investigates the catalytic degradation of chlorobenzene using Cos;0; with different
TEIEH .

SCEFI A B, XL AN E I DY A = S AR R SR BT D). MOREREAE, 2023, 13(3):
192-199. DOI: 10.12677/ms.2023.133023


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.133023
https://doi.org/10.12677/ms.2023.133023
https://www.hanspub.org/

BhiEZE, X

morphologies synthesized through hydrothermal and solvothermal methods. The results show
that the cloud-like cobalt tetroxide catalyst owns the best activity of chlorobenzene, and the tem-
perature of the catalyst is as low as 175°C when the degradation of 90% chlorobenzene is Top. C0304
nanocloud was characterized by XRD, BET, SEM, H.-TPR and XPS. The results show that Co304 na-
nocloud has more reactive sites due to larger specific surface area and smaller grain size. High
exposed surface adsorbed oxygen, trivalent Co species and good low temperature reducibility
promoted the catalytic oxidation reaction.
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1. 518§

& A% KA WAL & 9(Chloride volatile organic compounds, CVOCS) & — 215444, B A Rl
B, KB AMRMEREE E[L]. BT EMIELSE LRFREN, AR5 M, DX nT e 2 i s 5 m
WES fi 55 LN 5 — BLAE SR & 1& A 2L 75K CVOCs A6 L #4Jii - Horp, &K (CB, C6H5CI)
e WA CVOCs 2 —, FE I I[2]. S A pe 3R A AL TAT L[4, BT H AR € 5 &
RTINS SR, WHEAE CVOCs MIbRHETs S R AL 5 70 b FEARSUR I 3 BEHE AR MR
. i EVIRERE . AT S . ARG D R AR IR BEAR . RIS G/ AR S AR R T
J iz N TR fR CB [5][6] [7]. PRk, SRBER ML A B AR B R & OB [ P9 ANIF 78 B A0, T =
BECHHE A 700 D 77 32 2 G PP AR DR B e 8 . R AR B G R AR AL D0 SUR B R B R AR IERE, RE R ZE KR
AT (HEpA R R A AR SR B RE, £ —eREE LR T H TN o4
B ANG, PURGERELF, AREEBEL, & —MEAMN BN . FE(Cos0,) H T e
IF AAGTEYE R FCRM I, S AV EN CVOCs & IE B R Bo, M
BHE LI AR 7 0 =i & P 2 fe . SR1fT, CosO, MIMALIE AN T HE R, LA I SEPR 75 SR I AS T 14
£

DRI, A S I e AR AR BRI T DUTE TR S DL R K IS 3R 3 A5 A Jl 2 A il 6 1 LA TR AS R T 55
(1) Coz0, KA R, I H 23 A H S &AM bG8, B XRD. SEM. BET RAFMHALFIEE A2
PEIR . SRJ5 K Hy-TPR Fil XPS RAEMEA AR R RE ) UL ARG R AT, HRAE SR M
Z I ER AR

2. SEERERSY
2.1, SEERF

WAl ANKEHERE (AR)— g i KA RFI A R A ] . JR Z (AR)—Sigma-Aldrich A LR 574 FR
ANl FEE(AR)— BB T AT E R A F . /K CEEAR) —IL It A R A R AT . 4 FF
(AR). S H(AR). NKEMEI(AR). VIKESRRAL(AR). 3 Z UG & KB (PVP) (AR)— E 254 1k 2 741
HIRAHA-.
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22. SKIWAR

C0304 K 2 [l £ 7V 40 R : Hr & 15 mmol 175 /KA RS ERES A1 30 mmol R 27T 70 ml 1) U BEIA
Wb, G RIRR AL 700 rpm I EEEE 18R 30 min, SRS SRAF IO LT OB B L B EA A
AR R RS2 AR 52 ) 100 ml ]WIEAR, B TIER B AGE, TR 180°C, fR¥F 12 h. FFH ERRH
BT, KENTTEY RN 50% LEEK L 10,000 rpm #5035k 3~5 I Bk B O IR
VB THAT, 80°CTHER. SRG, BRI HORFE S B B4t o AR . K BT ik 4L
M RERELERMOES, JFETERH, WEL 1C min 't FHRER N ER TS 200C, FHLL
5°C min "\ 200°CFHE % 300°C, FEMREF 2 h, AR BIFERICHE Co0, 90Kk = . BB A Ak IFin 3
1 Fms 35 DLRBL L3R A0 B k2 465 Y Coa0, 42K ER . Cos0, K7L C0o304 41K 5L K Co30,4 4K H

Table 1. Synthesis condition of Co;04 nanomaterials

= 1. Cos0, ARM R A R E

Sample Reagent (15 mmol)/Solvent (70 ml) Urea (mmol)/PVP (g) Temperature ("C)/Time (h)
nanocloud Co30,4 Co(NO,),/CH3;0H 30/0 180, 12
nanosphere Co30, Co(NO,),/(CH,0H), 30/0 180, 12
nanobook C030, Co(AC),/H,0 75/0.15 100, 12
nanoflower Coz0, Co(NO3),/H,0 75/0 140, 12

nanorods Co;0, CoCl,/H,O 75/0 100, 12

2.3, EWEMEIEN

SRR A A RE IR AE [ R S8 PN 6 B AT . Horh, TR OB A — RN AR 6 mm,
KER 40 cm A S, NS MM 300 ppm K EEAR M =AM RS AREA 50 mi/min,
AT &2 200 mg, A AEAGTIBCEAE OB N, P DL & T5CE — & IR FE IR A R, G IS o) 7 1) BRI
N 15,000 mLgth AR Z 6 Y K SRR, FR IR R s A58 ) e PR b SR S R I

AR RGN — G A5 GC 2030 FHHELA E KA B Al 25 (FID) I 34 A 25 (TCD) 1 UM £
(G RRFPENE BR AR A R) . frR PR ERE S, WERRESAERER, REBE 5 min,
FEAN SR SRR, HRIERAE RIS RBCFIME . SRR () AT il I 2 015 2

_[C(in)-C(out)]

X(%) = WAOO% (1)

e, Cin) A SUAHE LIV E;  Clout) Ut IR E, X AR —IRIE T RURRALE
3. ZER5iHL
3.1 X SHE A5

1 AR M £ Cos04 HEATFITT XRD B . MEFRTLLE £ 19.0°L 31.3°, 36.8°. 38.5°. 44.8°,
55.6°59.4° K1 65.2° HIRATHF I, 73578 T VU A Ak =52k A0 S5 F bt K F (JCPDS No. 42-1467)1(111)
(220). (311). (222). (400). (422). (511)H1(440)5kMH[8]. T Cog0, FIRATH! £ AT U —(311) & [ AT 5
g, SKH Scherrer AR R S AR EPRT, W5 2 Fon. MK 2 ATUEH, BHTERNE
T Cos0, K = B i/ NERLR S, N 16.3nm, k%) Co04 9KEE SRR ST —2
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Figure 1. XRD patterns of the synthesized Co;0, nanomaterials. nanocloud
Co030; (a), nanosphere Co30, (b), nanobook Co30; (c), nanoflower Coz0, (d),
nanorods Coz0;4 (e)

1. CosO, KA HRIAY XRD R, Co30, MK (a), Coz04ZHKIK(D),
Cos0, #KH(C), Coz04ZHHKTE(d), Cos04 LK (e)

XA R 24 A1) 45 1) Cog04 AL FIEAT B AR SRR B 5256, R FH Brunauer-Emmett-Teller 77 #2115
FER LR, 5SROI 2, Co0, Ak =ML R IR A, £ 78.6933 m?g; 1 Cos0, 44K A%
(BRI R ST ek, 2908 22.3442 mPlg — AN, K ELR T AR AL G o 2 (0 S S B B, B K
(1 S BB IR, T LA B i AT

Table 2. Results from XRD and BET of synthesized Co;04 nanomaterials
7= 2. Coz0, 4K H4H8Y XRD #1 BET 455

Sample 26° Peak FWHM Crystallite (A) Surface Area (m%/g)
nanocloud Co30, 36.8 0.502 163 78.6933
nanosphere C030, 36.8 0.502 170 66.0308
nanobook Co30,4 36.8 0.415 208 35.0288
nanoflower Co30,4 36.8 0.467 184 39.9504

nanorods Co;0, 36.8 0.271 333 22.3442
3.2. FHEBH

% Coz0, FE AR AR B A Wi 2 Fiow, 45 AR SRR TE SR Cos0, AT C b I & k. Hrh
ML 2(a) RO 2] FR VT2 (AN P20/ BRI 4581080 Cos0, 9Kz [ 2(b)HH R4l N EuiR E &
M CEARZIN 4 pm BRIRFESHIC N Cos0, #1KER; 4K 2(c) HBLEIFRZ) 15 pm? HEB 1K At A Cos0,
gk, B 2(d) B 10 pm? 1 RORHE B R IAEIRESR,  IF AL 12424 4 um, idl Cos0,
KA. B E 2(e) MK EY) 5~8 um, B 4% 100~150 nm [UHESHIREER, 114 Cos0, 9KA4E

e 1 s EAGTIAS [F TS B IS AN R TSRS 7 K (A ) RGREE . DA A F Bl 26 A %
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Figure 2. SEM images of the synthesized Co;0, nanomaterials. nanocloud Co30, (a), nanosphere Coz0, (b), nanobook
Co30;4 (c), nanoflower Co304 (d), nanorods Coz0, ()
& 2. Cos0, KM BIEIFHEBEERE, Cos0, WK Z(a), Co30,4KEK(b), Cos0,4K$(c), Coz0,4AKE(d), Coz0,

2HKiE(e)

BT HEHIRNL, AFTEHN Cos0, Ik F @i AR, LA 2 Prosdbi R B BET HR IR
HELW 25, T HARRERE A IR R D, BRI SR R AL AT B

3.3. {EHLEY
SEARF TSR] Cos0, HEALF AT @AM EALTE NN, W 3 fron. MEERTTLIE B Co0,4 Ak
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Figure 3. Catalytic activity of the synthesized Co30, catalyst for chlorobenzene
under the following conditions: chlorobenzene concentration = 300 ppm, WHSV
=15,000 mLg *h ™%, m = 200 mg

[ 3. CosO, EUFITTEEMENEN, REFH: SEREH 300 ppm,
ERTZR A 15,000 mLg h ™, #ELFIRE R 200 mg
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VS SR A O . A E AR L AL RIS TSR TG IT A Co304 K2 > Co30,4 HKER >
Coz0, AKAE > Co30, 1K TS > Co04 KM o Z 255 dRRSH I BET LR A 45 SR AR R — B (AL
TEFRHFALZ N 50%F1 90% ) [ SEIJE 73 C N Teo M1 Too), C0304 4K = B HH B i HOMEAL TG VE, T
A1 Too 73519 143°CHI 173°C, 111 Cog04 A KAR ] Tso £ Too 737379 198°CH 223°C . Coz04 4K == HIMEALIR
JE H Cos0, 4K T BEAK T 50°C A 47

3.4. S5EFHRER(H,-TPR)
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Figure 4. H,-TPR profiles of the synthesized Cos;0, catalysts. nanocloud
Co030;4 (a), nanosphere Coz04 (b), nanobook Coz0;4 (c), nanoflower Coz0, (d),

nanorods Coz0y4 (e)
A 4. C030, LR H,-TPR IEEI, Co304 él’iﬂéﬁ(a), Co030, él’iﬁiéﬂi(b),
Co30, K F(c), Cos04 HIKFE(d), Cos0, HKHE(e)

] Ha-TPR JHARAE CosO, F IR JRRE T, WA 4 i, &L G IR IR B C 25 N 3&
3o Hirt Co304 95K = HA7E 306°C AL HYIL SR I A& N Coy04 3L RN CoO HYRERE, 1% i 14 iYL [ B2 W f
EL CosO, 4HKAR 1) 369°C R T K2 63°C. CoyO4 YK A FEMTERLERIE 412°CALIE R IE )T & A CoO ik
SR A48 Co [P FE, 20 A B I iR B2 B sk L Cos0, 49K (488°C) [RAIK 7K 76°C . Hififbid I 4h
A S Cos04 AWK L EE Cos04 AN BAT EAF I SR MR MG ME . S LRI LA R RS Cos04 KL
Co30, AKAEHA T4 FMRIRIE I RE T o BTN, AR R SR BROARIHR S M 5 AR L S5 RE ) SR A
B, RIS R RER A R AR AL AL AT
Table 3. Results from H,-TPR and XPS of the synthesized Co3O, nanomaterials
=2 3. Co04 KM AL H-TPR F1 XPS 25

Ratio of Co**/(Co® + Co?")  Ratio of Oyqe/(Oags + Olatr)

Sample Temperature of reduction Peaks (°C)
nanocloud Coz0, 306, 412 0.68 0.40
nanosphere Co30, 297, 416 0.66 0.41
nanobook C030, 327, 440 0.68 0.43
nanoflower Coz0, 302, 381 0.64 0.40
nanorods Cos;0, 369, 488 0.72 0.31
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Figure 5. XPS spectra of the synthesized Coz0, catalysts. nanocloud Cos04 (a), nanosphere Co30, (b), nanobook Co30, (c),
nanoflower Cos0, (d), nanorods Cos04 (€)
5. Cos0, HEALFTEY XPS T&E], Cos0, K= (a), Cos04 HKEK(D), Cos04 HIHKA(c), Cos0, MAKTE(d), Cos04 HHK

#(e)

WL XPS RAFA[FFESR Cos04 HEAFIMI R H TR AL M AFSFREADF . K 5(A)N Cos0, fif
k71 Co 2p 1 XPS i K], Co 2p 1% & = EAFELE A RE ST MR 779.5 eV Al 794.5 eV PN, X R BRI
Co 2p3/2 LA Co 2p1/2 H et . Hr Co 2p3/2 X B[ FE U m] 4l 43 WAL A5 A NMIE, K2 779.5 eV AL (1)
UV iy T AL B =BGl K2 781.0 eV LRI A J@ N DU TH A B &5 Fl; 54 Co 2p1/2
Xof L) 2 Ut AT S WS A A BN, K2 794.6 eV ARG IR N =B RE, K2 796.2 eV AbRIE T )R
N EIFI8]. BT AWE SR I Cos0, Hh /NI AARL AL Co> 7E SR HE AL A b h e 45 &8 S B B A1 A
vh, SEILUERAEE CoT RIRIRIRE. P 2 alH, JIESH Cos0, LT Co*/(Co* + Co*)IHL{H i
TRTE 0.7 K47, Co* (IR LBl ZE A K.

RPTREEN, REEFFRE L E D], SURMEBEBEREME. [ 5(B)N Cos0, AL
Ols [ XPS i, 4548 RLITE 529.8, 531.0 eV Ab A KT FR T U 433l vl 45 V1 J 2 1T i % S8 (O rart) PO
DA R THI W 55 (Oas) PO FH[9] o EHFE 3 FT A, FLFPTESRA) Cog04 AL FIZRTHT Ongs/(Oratt + Oaas) T LA K7 i 45
W, 1EF 0.4, B4 Cos04 HKAE Ougs/(Oran + Ougs) LI T HAT 0.3, %45 B 5 ML IE R .

4, &Eig

AT T TR CosO AL AR SR AN . Horh Cos04 AWK 25 i T SRR LR THAR . SE /N
RRST S BUE 2 (09 S BAE PR o 1A 5 2 SR IR R P4 =0 Co Wb LU R AP IR IR IR S, AT
FERT SR AL B A R DU D 7 RS P, BRI Too A1 Too 735104 143°CH1 173°C. IX45
RS B S e, A T eSS M.
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