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Abstract: The activation of peroxymonosulfate (PMS) by cobalt-based catalysts has the advantages of high catalytic activity,
simple operation, easy recyclability, and low cost. Hence, it has attracted much attention in the field of advanced oxidation
processes in recent years. This paper reviewed typical methods for the synthesis of cobalt-based catalysts, including solid phase,
gas phase, and liquid phase methods. Several types of cobalt-based catalysts for PMS activation, including cobalt oxides with
special morphologies, supported cobalt catalysts, and cobalt-based composite metal oxides, were summarized. The applications of
these cobalt-based catalysts in environmental remediation via PMS activation were also elaborated, such as the degradation of
organic dyes, endocrine-disrupting chemicals, and pharmaceutical and personal care products. Finally, the current shortcomings of
cobalt-based catalysts in PMS activation were summarized, and some future research directions in this area were proposed.
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14 L 2 T FRURN B g AL B R DR PMIS 36 fb LA
B A AT
AT A AL 9 K b R B A b 3R T R AL R
RN HAAEAEERY . Y. Y. Ma%E" ) FH KIT-6
BOA A B T = 4847 FF A FL Co,0,(3DOM-Co,0,) (I,
K 5(c)) ¥ 3DOM-Co,O, 1 F PMS i fk , o] LAk
EBREE T (RAN) ;3DOM-Co:0, £E 7 min P ¥}
RAN Ay BR2FE R 99.2% , RAN B LK 63.7% .
J.Deng ZE¥ILL SBA-15 8% KIT-6 A &K T A ¥
AL Co 0., 45 R R W Z A AL 7 X PMS BA B A4F 1
A e R S 0% AT A2 R M 5 X T R A R L S
£ 55 Co,0, 40 K PORLIE L PMS MIRCR BEAT T H AL,
S5 R FWITE 3R AR B Co,O AL F o, LI KIT-6 K
B A B Co, O, 4 K ORI £k PMS 1 8505 Ji -
i FL 2 22 1R RIS AR vk T R R 4 1 S e b
RN, PO 58 5 5 1ol o 1) R A K Bk
BB BB R R Y Co,O 90Kk Mk, W.C.
Yun SR HK G BT Co,0, 41K TE (WL B 5
(d—e) ), H AL 2 41K o K6 B 0 48 Co,0O,
LA B, % Coy O, 98 K 48 B A BT R i b 3R T ARUR 5

B AL B S o CoyO0 48 2K 46 X 1% Ak PMS i i b #4
SR A A AT M 3 TR Co,0, 9K ik . D.
D.Tuan Z 58 1 Co 5 =#i 3k =B (TMT) B A7
# T Co-TMT HI 3K {4 , mif 9K 44 4 e )5 15 ) £ 4L
Co,O 44K A (WL 5(1)) o 25 FEM 1% £ fL Co,0,
gk B B AT SR CosO, 48 2K ik A [ fit 2 1 7 R
G K v 5 BA R L CosO, 40 K kT 5 3 Y
PMS i bV B8 | B % PR 3 5 A 7K e (9 Bl ROk 4 2

R e % g

(e) Co,0,#1 K364 TEM B (f) Co,0,24 K K 49 SEM A
5 AECoO,WFERTEE
Fig.5 Illustration of the morphologies of different Co;0,

materials
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BC J& — Bl il & B A4 W 00 28 Il 7 AR Y e b
RLOEAG 2L, FILRE S R 48 M4 )8 A
oWy UL, AR T4 e L 2 TE B, ST 40 Ak R O
AL A5, DT 2 TH X PMS (9 76 fL P g . H.D. Xu 5
fii FH BC 1 #9 Co,0, & & 4 EH Co,0,-BC) 4L T
1k PMS [t @ %5 £ (CAP) . 455 E£ W, BC # kg
i AR 4 b 43 # Co,0, UKL ; 7E Co,0,-BC/PMS 1K %
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W CAP (S ¥R ¥ 30 mg/L) Ay B fi 30 R 459 21 1] &2
Py, W — G B I A U3 i R Co,0,/PMS |
BC/PMS Ml PMS &1L 19 5.1.19.4.7.214% ., LLBCH
AR A R T BRI AR R T B AR BC 5 7k
A HL 3 T B 4 T A R R 1 B T 45 4 O T AT o
— et A B R 4% BC 8RR A B L 45 F 2 H R
5T 10— HE 2

50 AR R L, = 4R K I R LA KR
Fm A, B T AL TE M, HUTEAE S nR
o L.X.Duan %" 5 1 T —Fp =4k Co,0, f1 86 K
B A M EE, Co,0, 5 £ 8806 38 i fb 2+ S 52, W0
B2 A TE B F W RO . =4k Co,0,f S MK
BE I A2 G MR LA A v 1 L 3R T AR R AR E kL T
T AL PMS B i 4 48 11, 5 UCUE 30 ) 4 4k 751 A9 36 1
LIS G5 AL FEA AR FFAAE

F7 AR A7 8 B A AL R 25 A RS E M AR L (R
BLAE R GE T SO W AT R 33 R Co B IR i .
J L M X — [n) B, T . Zeng %7 G 1L T — Fl 8 8 720K
1) Co,0.@MOF s 9K kL, a3 Kk 458 1) 2 L 52
AR LA BELA5 A 4B Co,0, 40 K Uk 1 R 46 PR B 4 4k
F 527 A0 T IR BE 05 08, AELAS 5 e S5 L ) R ) Y
et , HLIL P9 23 s AT AR B BT A g ) T 42 fih )
B3 Pk AL A5, I BRI AR I P s I 2 AT PMS i b
(WLIE6) . ¥ A n iy & B 7R Co,0,@MOFs 44 2k
BB T 15 4k PMS B A-S 8 (4-CP) , 1€ 60 min P
) B A 20 % 323 100%, H Co B F 3= 1 B AN
0.18%~0.28% .

&e}l Products
Y N CIEC
y- ‘. ‘/ 2 SO, SO,
= m" > PMS PMS
e MOF .. t
4-CP PMS Solution Tntesiorvoid

6 FEHFIK Co,0,@MOFs Gk Iz BI 28 4-CP FE R 1
TIREHL IR =
Fig.6 Schematic illustration of possible mechanism of
4-CP degradation in the egg-yolk-shell Co,0,@MOFs

nanoreactor
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A H T 2R — & AR, ol T b s 2 A 4 B 4R
e 4 B 52 A A AL W A S AL T 2o R Rl DL 4
o A TR R0 B R SR H B RS R AT 4 R A
ISP . B, BIF ST N DK At i U 4 8 (40 Fe

Mn.Sn %) AW S5 SR G, I H Tk ik
PMS. L.W.Chen Z" I MOFs & [ # i 5 A7 9K
AT 2500 Cos0,@Fe,0, 40 2K 45 4, 3K H
F PMS i fb o &5 3R B,z A A R T A AL 1L
PMS R fife 15 50 U0 2L, FL iz A 1k 550 5L i o 1) 4k i
PE, o Tl AN 5Kk 8. TRRIE R, CL fig
i U 0 A1 S R i Ao B B CLOvR B 19 32 3 23 2B AR
CL/HCIO, B fif il B 2 W i H B & 5728 W CL/
HCIO #4845 . H.W.Liang "4 W 7 1L
Co;0,/MnO, & & 94 KBk, IF0F 58 T H A% 1L PMS
R R PR RE o 45 R R ], Co,0./MnO, i 1k 51
FE PMS T Ak v 2 30 450 w8 19 06 M 7 2 ] P X
T3 1) % figt 2R 2 300 100 %0, L% A 4k 5 7 22 KA1 26
KU E N ENE. Y.Q.Pang Z R I & 0 T
Sn 5 Co ¥ 5 19 & H AR R 89 Co,0,-SnO, & 4 # L,
SnO, AT LUAE Sy B A 700 42 55 Co, 0, 3 HL P FAR
P, S5REW,Sn 5 Co¥ i b 1: 2 0 T 42
£ 19 Co,0,-SnO, & & M BHE I fk PMS o # v R 3
AR, X O AT SnO, Fil Co,0, 22 18] H A & Y
TFAEH#EE ST 33 219 SnO, & /il Co,0, L 11 P47
Fo Y.Q.Pang AR L T Coy0,-SnO, & & #1 K
5 A At 3 X 4 T A AR R AR TS M L R B Co,0,
SnO, & A F R AL TE M A, H B A R E
PE A AT [

CoFe, O, 2R & A1 B A B 4F 1 1 M Fn Ak 2 5 e
P, Fe 5 Co 1 P [A) 1 F AT 5% B w] DA F 3% 1
AR B A LR AL PMS Bl A AT HLTS e 9
75 B AR KRB S, LoL. Liu Z55% I #7 8E 1R 4l
BV B BRI A T CoF e, O 94 K 1K), 3145
T Ak PMS B fit 2 S8 00 B (LVEF) o S5 R KB,
CoF e, O, A K b4 ) it 1t & FE 24 100 mg/L . PMS ¥ Jif
J90.25 mol/L \LVF Jit i ¢ &} 5 mg/L ¥ i pH 2y
7R EE R 25 C BT, 30 min N LVE AT [ fig
95.4% . SR, T CoFe,O, 40 K b4 F} 1 5 36 i RiE
HEALRIAE R W T & R AR, RBOSREeE 2 .
K I, B 5% & CoF e, O, 40 K ki 43 #E 2844k 1, LA
HEHEFHEBEREMILRE R, Z2.0.Zhi 55 H
VI B M s A B T WM CoFe,O,@BC AL, B T
BC [0 B 68 11 4858, BC F1 CoFe,O, 145 A M T H
Fris Y i & A IR T PMS | H AR5 Y4 5 1
PEA 5 2 (8] ) 32 fi AL 2%, P K CoFe,O,@BC 4k 71
AT LA 006 1 PMS. 8 T fRifb S5 25 38 L. L. Gao
AEELSOLR < SRS BUAR SR W 4 CoFe, Ot 47 Bk | IF
AT E YA ARG R Y Co 55 Fe 5 11 2 H 42
w7 HAEIEERE . T A K Co,sFe, ;0,5 CoFe,0,
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— R A A i AR R T Fe
AL E IR A BUE A 451 . 1A, 5 CoFe,O, 4
b, CoysFesO, 1R A2 (8.7 nm) B/, b 3% 1 1
(126.3 m*/g) K, HEAT I 95 Pk 07 i 1) 22 85, i HL
CoysFe ;O H i P vty Co(1D) i 38 i i 2 1 72 e 1k
R A B T AEEZN Y R, Wi,
CoysFe O AR LA 35 i 5 2 By 19 I A 2803 (A
50.69% #2721 93.60% ) , i HEA B A7 i - L g

1 FHE = ) PMS R %
3 4k FAE LA E L PMS & 3F

B & % oy b A

JE T4k LA L 77 95 1L PMS B9 AOPs Xt £ Fl 7
BLTS G AR A B i 2 BRASCR , s MLGL R PN 43
WT Y R B A R LR Tk
PR FEAE AL TG L PMS ZE IR B8 52 i i

x1 KRUEGEEUFFLPMSEREEEFHEA

Table 1 Applications of some typical cobalt-based catalysts in environmental remediation via PMS activation

5 4 4 p(i?%’éﬂih)/ g /0('11?4{7%'] )/ c'(PMS)ﬁ/ p(PM?)/ o 5;%10}2%/ Bt l”.ﬂ]/ S/ f‘%
(mg-l. ") (gl h) (mmol-l. ) (gl h) C min Xk

BREAE T 20 NT-Co;0, 0.05 0.100 8.00 25 30 89.0 [61]
BREAE T 20 CoFe,O, 0.50 0.800 6.30 27 40 96.0 [62]
% 4B 20 Co0;0,-0.5RHA 0.10 0.50 6.00 20 60 96.3 [63]
% B 20 CoFe,0,/Ag 0.20 1.00 6.50 — 14 100.0 [30]
4-5. B 50 MS-V,-Co;0, 0.05 0.20 — 20 20 98.4 [64]
R A 25 C0;0,-MnO,/BC 0.10 1.000 7.00 25 25 91.0 [65]
B A 20 (Co.Mn),0, 0.10 0.325 9.70 25 5 99.0 [66]
2,4-= F. By 50 FCOyNPs 0.20 1.00 6.80 25+1 90 97.3 [67]
S IR KA B 10 Co,;0, 0.15 0.15 7.00 25 120 100.0 [51]
AEE 50 Co;0,/BC 0.20 10.000 7.00 — 10 97.64+1.2 [53]
TR E 20 Co;0,/CB 0.20 0.50 5.98 25 30 93.0 [68]
&A% 10 Co,Mn,0, 0.02 0.05 6.80 25 30 96.4 [69]
wRYE 20 NiCo,0, 0.05 0.670 7.00 25 90 97.5 [70]

3.1 BEREVLE

H H AT gk — o N T A 0 A2 ekt
Hr 8, A Z RGN A NG Y, %
FHEH B(RhB) S H 2S5 B SRR I H L 21 45

518 G2 (1 Co,0, 40 K kLA L, HL A F5 3R 2 31
1) 4 4810 P T A PMLS R i A3 AL G Bt R0 B 47
Q.D.Qin 53R /K S8 BR T8 T & BT 4l
L 2 18 B K Co,0,. 90 K 4 (NT-Co,0,) , I H H
TG AL PMS L BROK B W h B R R4 7(AO7) , 4
R, AOT71E NT-Co,0,/PMS 14 F H 11 [ fff R &
Co,0./PMS KRR 151 .

IEAb Bl A AL )35 AL PMS 1 ] T 2 Fl oA LY
B LB, AT Z @l A . A Hussain 25706
C o0, 4l K A8 34 51 - 22 [ Hh 11 2% 78 B LI BE(PVA)
B b AR T AR AR T PMS TR AL . %
AR TR ELAT R A ) AL B 58 32 R 22 900 1 L % 8 1Y)
JUARTT IR i 22 2t L T8 45 48, 7T LA %80 b 25 B ™ £k
LR A, Pt R UK FE AOT R MR 52 Al
RhB, H A& F i B 3Ew 2, ol 28 A, M.

O.Abdel-Salam 45" R F ¥ 7 # ik A BT 35 H &
JE TE J) HE Ak 22 BE B 91 K 45 (IMWCNTs) b 1 # 7
CoFe,O,/Ag 9K kL , W58 T 9K A M RHE R
Ak R0 7 3 P O 8 LR TS Ak PMIS B f# RhB
W LS H AR R LA . &5 R, CoFe, 0,/
Ag-IMWCNTs B A B 4F 19 PMS {5 fLP£ 68 , 7& pH
R 6.5 GL kR ) b BT vk BE Ol 20 mg/L B, 14 min
Y 2 BR 2 AT 3k 1002, 3X H B T CoFe,0./Ag 1
fMWCNTs b B39 3 5O 5 40K &2 45 4R b3k
MR, B2 #E T 8 200 M08 R 3 T b
N HEAT o

il FEAE AL R 05 b PMS B i 5 e & =2 81 24>
SIS R R G Ak R T BV R PMIS VR BE L
JE A pH % o 1.Di % NG R 5T K (RHA) 1 2 4k
fifi Co,O. 40K i 7 RHA £ 1 3 5 4 K, Co,0, 40K
F B LR 23 AR 5 ) e Ak R A B 1Y L SR T
MR ESH . LLCo0,-0.5RHA N1k , 1E 60
min X RhB 1) B R 0] i85 96.3% . Bl CO.0,-
0.5RHA Jii 2 ¢ i\ PMS ¥ £ IR B B9 38 i, RhB Y
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ok e T8 25 R0 3 fip 36 B 22 442 15 5 Bifi % RhB ) 4R o7 & vk
JFE W3 I, RhB i o i o S8 A, HOE bV S5
T RhB # B THLE +, 40 C1 . SO; .CO; Al
PO XF RhB iy R fige B A 306 1E -

Gl S AL TR TE 15 1L PMS B i A5 HL Y2 Rl 72
B4 16 B e 1 AN AT [l Al R L . PONu
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4 IE B SR A CoFe,0,. CoFe,O, Xt i
6 PMS B it AO7 BRI PR 6 21 X-3B 3 HT 5
WA RhB &R 2 80 ih 17 4r i kg, H CoFe,O, H &
i 5 WK JE PR F5 5 W R R AR e . Y.
Liang 5™ & T 28 48 2 LIk 1% )2 CoFe, O, #% 5%
524 FREH(CoFe,0,@NPC) , K HAE 8 PMS i 1k
Fl o 45 R E W, E 20 min N RhB 1Y [ fif % 7] 3k
99.1%. ItAh,CoFe,0,@NPC HAG K 1 iy ] [m] i i
MM, S iR b R D i 2 AT

R A AL )35 1k PMS 1T LUA 50 L BR A HL
ek (K 22 Ky e i U A DL R R S ]
FEY K S v a] 7 ) A ) E R DL B A T AR
HAFRF R F AT — PRI
3.2 BREBASDTHY

o3 Wb T e A 2 — R AR M T LN A I R G
B Ak 2 W 5T, B 43 W 4 W T W S A LS e W
FEH W TR A 245 S0RERN 45 Fh 6 i S S A 9 )
WY, X A (BPA) .\ 2,4- 4 A (2,4-
DCP) B 4 fir e Fn 4-5 1 55

Xl B AL R B MR 25 B S TR M E
Y 1R) 8, B 5T K R COS By i AT DA Ja] 25 2 s
AL TS PE AR 2 PE . C.Q.Zhu 7 H Co,0, 40 K
2k 15 1k PMS F% i BPA, K BLFER & in A COZ -,
FUAR — 90 100 3 g 2 5 BORLEAT BILER 25 R 2 43 S
PR T 202.27% 1 71.32% 5 & B35 1 I R A
4.90 mg/L & % 0.03 mg/L, & % 1 ] FH % (10
min ¥ BPA Z:BRF=>90%) 8 T 3fi5. Co,0, 44k
LAET COL Firfs COL R & il fk PMS [ i BPA
MR BB E 7 BTk . BT R[AE, B COS fili
Co,0,/PMS R R M HO/SO; T3 [ 3 52 10 #%
AR O, B F AR A L AR A5 D A Co(TD)
5 8% % Co(ID); Co(IINFI COZ /OH ™ 43 4k Ky o 7
Z AR R T AZ 4K, A i PMS 4 g A SOL, T A
SO A RO,

IO, 7E Co,0, 51 A28 A (Vo) AT LA 5 4
14 2 T 25 TR 350 T 067 2R BT, AT 2 2 PMLS A9 76
fb. P.LiZESH ] Co-MOF 94K Bkl 45 17 —Fh BoA
Lo h A BN E &R A LI Co,0,(MS-V,-

C0;0,) , MS-V,-Co,O, M 1) 25 1 i H B A F & 1Y
P ARG AL A BRI, A X TF R Co,04, MS-V -
Cos0, %} 7 1k PMS [ fift 4-2 W \BPA 32K JE % Al
A3 98 S5 A8 HL A AR U 18R . Y. B Zhou %575 i fif
BRKRERIDER T —FE S HEE MW
FeCo,0, , 4 K Wik (FCO NPs) , 058 T H il 1k
PMS F% fit 2, 4-DCP 9 i fb g . &5 R F W,
FCOyNPs/PMS & Z Xf 2, 4-DCP ) [ fift % 0] 15 |
97.3% ,FCOyNPs 7£ 5 IR G Pl R AL T R 47
1 T g

S0;/-OH-controlled — > o domiaeT

: _ﬁv Non-radical Catalysis -

7 Co,O0MKLEET COL MEH COL K RHFWLPMS
iR BPAMTRER

Fig.7 Schematic diagram of Co;0, nanowire-catalyzed
PMS activation for BPA degradation in the systems with-
out and with CO;

BB A e B E AR T T K T A
TR . PR KIuE"LL MOFs i g8 4, &
BT A3 (Co Mn),O A5, IF T3 1 PMS [
fift BPA FIRFPLHE S R —H R — O BR . 4R &
B, (Co. Mn);0,/PMS {& & H PMS F| H % ( 24
36.4%) 43 ) It Co,0,/PMS il Mn,O,/PMS 14 % &
28.0% #143.8% , H(Co.Mn),0,/PMS 1k & H 1ty 4
J& 2 R Z B . Z.R Jiang 0 Co-Mn XL
SEAYEEEREAY R BRI HT
C0;0,-MnO,/BC L H . Co,0,-MnO,/BC %t i 1k
PMS [ fit BPA | fiff Jiie 1 g |k Jig 55 0 sk T g I
M SRR P T AR MR HLTS Y LA R A ROR
BE AN iz AR B A B A e R nT Al
S R R T I PR G | W R
3.3 BEBHAMMASAFESR

4P A N B IR SR R 2 R G
KA ER A TR R R R B R AE . 2-FR B OR H R
(HBA) F1 =4 4= (TCS) 55 & /& M A8 1) 25 9 F 4> A
POEL R, 3 g A R g AR AN W R R B IR B o A
AR N ZE A BB . D.D. Tuan 02 F) ] & 3
MOFs il £ 1 28 Z 4L Co,0,. 98k & (PCNB) ,
51 H Co,O, 94 K ki A7 Lt , PCNB B F &5 19 %



% 58 8

FE HEEAFANEAREBFU T —MEBRANFARER 21

1] 4825 67, T4 75 7 PCNB i 4L PMS [ fit HBA
B AR P o A, PCNB Al L2 /b 1% 42 8 & il 1]
S5 (R w5 2L/ HBA) . Z.P.Chen %4 i TR
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Jiig W8 Il Jie e BPA  RhB 25 452 B B 4F 1
S E

4 RHEHRE
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