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Degradation of congo red in water by catalyzing PMS using ternary
CoFeNi-hydrotalcite
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Abstract A magnetic layered double hydroxide (LDH) synthesized by coprecipitation method was used to acti-
vate peroxymonosulfate (PMS) to generate sulfate radicals (SO, -+ ) for the degradation of congo red ( CR).
Effects of initial pH, catalyst dosage and PMS dosage were discussed systematically in this study. Experiments
results showed that CoFeNi-LDH/PMS system exhibited a high degradation efficiency for CR within a wide range
of solution pH from 4. 0 to 10. 0. The degradation rate of CR increased rapidly with the increase of PMS dosage
or catalyst dosage. After three cyclic utilization of CoFeNi-LDH, the degradation rate of CR degraded by CoFeNi-
LDH/PMS system still remained 88% within 20 min. Above results indicated that the novel catalyst have a bright
prospects in dyes treatment not only because of its efficient catalytic effect but also the characteristic of easily
separated from water.
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F(S0, ). AE)E Co ek H Tk i fe S H0 2 & h - A Ak B 25, B NS AR 2 2 35 %
i 4 I8 /PMS 1R REAT T REIFEA RIS,

KA AE R — B IR AU I G AR JLRRIR 14 2 AR 5 4 L R il 2 4 @ 2 1 )2 B) B 5 7 T AR o T
T T WK ERE, BT 2 0 TR A BRATR L ACHIF S I 1 AT T A R R — B Al R =
JL/K A7 (CoFeNi-LDH) , HI T4k PMS 7= A= s AL Pk (1 1 2 (SO, - ) MMk vh CR; RS %8¢ T
Y1t pH  CoFeNi-LDH i i . PMS # A4k 70 #5248 YOO CR A 18 R (19 82 0 ; WF 9% T CoFeNi-LDH/
PMS ff b & X CR AR AL,
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1.1 FERAFSNE

JrOR SR « o R A (PMS Al =47 % ) W T BT hz T 2550 28 w), MR £0 (CR, 43 A7 26) I T K HHk
ARG AL T, Na,S,0, .CoCl, - 6H,0 FeCl, - 6H,0 NiCl, - 6H,0 NaOH 2554 43§74l , 1 T 1 g [¥ 25 42 4]
A BRA T o S5 K38 R S Z8 18 K .

AL AE K IR B (DZKW-S-8, Jb nUK G BR7 AR ) (pH 31 (868 AU, b 5T B 57 Jp A A% A7 FR 24
Al) KR IR R G A% (THZ-82 , 35t v XA L A A BR 2 W) 48 50 AT WO 43 60t B2 3 (U-3900, H A HI-
TACHI)

1.2 CoFeNi-LDH B %l &

A FE R U IEUUE I i % CoFeNi-LDH, &5, HERA AR 14. 275 89 ¢ 7K AL 4E ,2. 376 9 g /XK
HACHR 8. 108 7 g AR EALBRIE T 100 mL K (e, nyiny =623 1) G54 MW A PRI 8 ¢ S T
VT 100 mL K (WRHEE SR 2 mol + L™1) A 44 M B3 HL 150 mL K # F 60 CAKIBH P 4k Co 1
BUBR S FE A5 ) ZUB P T, [R) I 2202 0 s i A AW B T C i JffR FF pH = 10. 5, 7533 Wi & T 60 C K
s T E R R AL 24 ho R PR TOVE M) VE TR BN WON L TS S P S T ST R AR T, 60 C T MR
{5 1, WF B 5 0, B A5 CoFeNi-LDH
1.3 CoFeNi-LDH X CR K& % SL56

W — 2 AL R A — RV 100 mg - L™ ARFR 50 mL (¥ CR ¥ P, BE S A — & Wk B
PURC Y PMS K H 8 THE IR IR & 46 T R 55 (25 °C) , 23 50 A AN ) I [) B SR | 28 B R 2 5 ) ' T S S vl 4 o
{1 2B A B0 AR B I 0 11 B P (VR 0.5 mol + L1 AL 100 L) |, SR 4R 8h/ 1] L6 43 56 0 B 10 s ( HI-
TACHI,U-3900, H A ) 5 P F 4 CR B (A =497 nm)

1.4 CoFeNi-LDH {JR1F

N7 GEABIE T BT ) 4 B R ) BRAL A PERE R SEM UXRD (FTIR 45 R AE T BOxtbr#h e 47 Ik, %
AR 28 < B A i 2T AP35 Y (Nexus-470 B, 2 [ Thermo Nicolet 23 &) ) ; 34 B3 4% (JSM-6700F Al , H A<
JEOL A w] ) 3 X-5f e 4i5 51X ( D8 /ADVANCE #Y , ##[] BRUKER /2w ) 5 & sl AF i 4 58 3+ ( MPMS-XL-7 , 3¢ [
Quantum Design 23] )
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h 2 SEAS IR 5 1 4 B 4 Ak ) 2 T B0 B RE AT, SR B FTIR X i 4L 7] CoFeNi-LDH #E4T R4, 45 S an &l 1
B o ATEIARTFSE ) £ B9 = JC K W A AE 3 4201 620 1 350 em ' Ab A 3 AN 5 W A e, o SR Pl R
(—OH) & i M 4 IR 3 (H,0 437 rh SV A9 25 3R 30 LA UK W G i B g CO3™ BRI, X — it
SER 5 CHR[6 ] B 9 LDH (4 FTIR 3% & —3% .
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(a) Al LAF H, =J0/K £ CoFeNi-LDH E. A7 /K ¥ 47 71
(o S BROIR S5 48, e T MRS o [l 2(b) 25 5 W : CoFeNi-LDH
TERTET A 260 R 11.4° 22.4° 34.6° 35.8° 60.6°.63.2°4k,
G3MAFAE LR AT 5 0 - (003 ) 5 (006 ) 5 (012) g (311)
W (110) 0 (113) W, 3% JUAN RR A A7 59 06 5 SOk i 38 1 /K
WA AT ST — B XRD Ik 4% 5 e B, AR B 5 &
BB KW A, H CoFeNi-LDH (145 i 8 45 4 .

CoFeNi-LDH [y i ¥ In & 4n 1€l 3 fr 7 o W] 1, Bifi %5 A1 3B
63758 FE (R 14, CoFeNi-LDH {4 7% 14 38 J32 32 ¥ 134 K 1 10
FRE ALk %5, H CoFeNi-LDH [ 4 1 % {1k 5% & & 1. 84
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Fig.1 FTIR spectrum of CoFeNi-LDH
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[ 2 CoFeNi-LDH f SEM [&l (a) fl XRD % [& (b)
Fig.2 SEM images(a) and XRD patterns(b) of CoFeNi-LDH

R 2% AL Y JC R 2H AL, R T BE i (A 1 X SOt
(EDX) Xtk ) B i L5 CoFeNi-LDH 1T % 28 1k 3 47
fIE, S5 R 1 iR, B 1 ATA, SR HTAE 58 (10 J7 2 i
£5 1) CoFeNi-LDH #1505 E Co Fe Ni [ EE /R FL ne,t ng,t ny,
=6.48:3.47:1. 19 iZMA L5 R RIIKE AT 3 A 4
JR A UL BE /R (6030 1) HLPTiE . EDX AY L 45
RIE W] CoFeNi-LDH 1 £ 50 %K 1 & £ 76 i 1k W 2R 21 )
N1 S I TC R R AR 4K, H 1 AT L 33 Al 280 4 1 R Ak 2%
JEAGIE , AN SR K AR 3 RS G o
2.2 EECREMEZESH

Il 4 JT 5 R A A & b CR(100 mg - L™',50 mL) 1y
FEARAS 0L . AT, 6 B A% in PMS &% CoFeNi-LDH )4 5

WAL /(emu s )
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K3 =R F CoFeNi-LDH [ #Z fifs 7] 2%
Fig.3 Magnetization curves of CoFeNi-

LDH at room temperature

i, CR A2 55 RARME, 7T HEBR CoFeNi-LDH X} CR ¥ W Bff /E H 5 ifii 7 CoFeNi-LDH/PMS i fk 1Ak % b ( PMS
Al CoFeNi-LDH 45543 5 41 mmol - L' 0.2 g« L™") , Fifi 25 if 8] 9 SE 4, %5 90 CR 1 [ A ot AR e

IR ZAE 10 min PN 3K 2 B A -4, D0 B B B AR 3 R 8 95 %
2.2.1 A4k pH A& %

W pH A AR 2 s Qe Wy A R B AT BRI S . O % %X pH {E X} CoFeNi-LDH/PMS i {1k {4
F [ CR AYSE MR, 5286 b e 9k B o0 100 mg - L' ARFR 50 mL A9 CR W4T, 5 pH 230518 4.0,
6.0.7.0.9.0.,10. 0, 4L A1 PMS A4 514 0.2 g - L™' 1 mmol « L™", SZIG 45 R UNE 5 PR .

r S B, 24 W pH {HAE 4.0 ~ 10. 0 i [ P i}, CoFeNi-LDH/PMS f#fb 1k R XF CR 11 B fift R 1 5%
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#4810 min T 25 BB AP0 . AE AR o, 24 0% %1 CoFeNiLDH a5 = % 5t
W pH SR YR Ar K W A S M R AR B Table 1 Chemical composition of CoFeNi-LDH
FEAEWR TS PMS 4 5L 35 A0 A b 4k 2 s NIIE T =1k X4 before and after degradation
RO R W pH g 4.0 IS CR BEf# %5 T pH R 7.0 28 Ve i W i I

B B AR 25, D3 A, FTIR 3K 45 S % W], CoFeNi-LDH 3£ Neyinginy  6.48:3.47:1.19 6.43:3.40:1.07
W AEFE TR, (EREIRBE T, 0 MO M 20 Co™* L mmgrsi 5 a1 s

PR RO H A I B BB Co(OH), VI 1o s o35 508

S REAL I HE T HE 5 T CoFeNi-LDH/PMS M RIOMEMAL i psrsson o o o

Ao IR B SIBR N K MR IE R R DI ST
KB pH 3524 7.0,

1.0 n\i_i_i i M .
\1 B E— —m—pH=4.0
08 r —m—PMS —e— pH=6.0
—e— CoFeNi-LDH —A— ngg-g
0.6 - —A— CoFeNi-LDH/PMS —v—pH=9.
5 : _ —<4— pH=10.0
N £ &)
Sl N\ J
\ \!k
02t
e . - =
0 1 1 L 1 L 1 L 1 L 1 L 1 L 1 1 0 N N - | L§
0 2 4 6 8 10 12 14 0 2 46 8 10
I} 6] /min i 1) /min
B4 REEZE S CR (R e AR &5 F0k pH {EXF CoFeNi-LDH/PMS
Fig.4 Degradation of CR in different AL R fi% CR A B 52 M)

Fig.5 Effect of initial pH on catalytic
degradation of CR by CoFeNi-LDH/PMS

reaction systems

2.2.2  CoFeNi-LDH # #n & # % "
MG g B R R R E AR R — AN

- < -

?\i e o ﬂ‘j%?‘j‘g COFGNI-LDH Tﬁﬁﬂ%ﬁ' CR F%ﬁ@ &ﬁ% Eg Ej ”Fﬂ I} -V mCoN\Fc—LDH/mCK:O
= mCoN\Fc—LDH/ mCR:I

SLH R HRE R 100 mg - L7 fAF, 50 mL Yy CR W o Mo Moy =2
—A—m, /m

%“q:,iﬁ%_{fg?’ﬁi pH j"] 7. O’mCoFeNi-LDl[/mCRﬁ%u% 0.1.2.4, \ coniFe-LpH Mer™
PMS {4 it & 1 mmol « L™, SER 5 RN 6 Fim, W |
02 : \ﬁ\

ar,

R BB M poniaon/ Mo 9S8, R A0 I fif 26 36 W7 38 K, i R
MM pniion/ M 70 A 1.2 A4 J R HFE] ¢ =3 min B}, CR N
(1 % 2% 4 B N 45.66% . 62.64% FiI 82.37% . W % O O
Mmoo/ Mcn ST VWL ST 8 22 40 1 BB, 6 me o mi it Coreni
FHEMAKERT I CRYY . BB FFIESINE 5L 5 LDH/PMS i fk Fe it CR 2 R 1 1
MBI mponion/men A 2, 800.2 g - L7 Fig.6  Effect of mepy,,on/ My on catalytic
2.2.3 PMS &z t3m degradation of CR by CoFeNi-LDH/PMS

SR, B E R R 100 mg - L' fABUA 50 mL [y CR
WO T WY R pH R 7.0, CoFeNi-LDH p i+ 0.2 ¢ - L™', PMS B840k 0,0.5.1.2.5
mmol + L ™" SEI4E SN E 7 s . Al A, BEZE PMS 4 n&E M 0.5 mmol - L™ "4 /115 5 mmol - L™'A},CR
(Y o it R B T 4R T . 24 ¢ =3 min, PMS (4N 0.5.1.2 A1 5 mmol - L™, CR 1Y [ fif 26 43 1] J&
35.18% 47.51% .61.80% F1 71.84% , iz PMS & 034 m, i b A AR B s 1 2, A 8 Tk
PR F 0t CR R
2.2.4 RARAFMDE 0

KR 7 4 B4 B A7 L 10 47 16T B AR LT R WA CR 7 B ASBFSE % 5 T W
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%09 it JE] 45 < Bl BRAR = 0K 1 AL PMS K T IR 4T

S8 1.5.10,15 mg « L™ A FE R X CoFeNi-LDH/PMS {4k fA R P it CR ZCR AR, SCI0 v T B vk 3
4100 mg - L™" (KRR 50 mL 9 CROIEWA T, W35 W pH {8 7.0, PMS F1 CoFeNi-LDH ) & 43 51 4y
1 mmol - L™" 0.2 g« L™" G55 UNIE 8 fir/k o A1, Bifi 5 J65 Bl IR vk 5 #) 3# K, CoFeNi-LDH/PMS i fk {4 £ %}
CR F R 555 M0 F &, 24 8 78 BR ¥k BE 1 71 %) 15 mg - L7' i, CR OB B& % R th Ok (9 94.9% T F& %
80.2% . LI 45 S T AT, S B R 0 A7 AE S % CR A [ A ™ A 40 i VB, Dt DR 3 9 b A9 TS BB R 25 A CR
T B, T T R PMS 77 25 10 1 phy 1) 5 (8L BV 97 Y0 b B8 B R W 2 735 3 15 mg + L1 HEALAR R %) CR 1Y
W fif R AT = ik 80. 2%

1.0% “—a—a a -

. HEM-

0.8

0.6

—=—(0 mmol+L"

—e— 0.5 mmol+L"
i —A— 1.0 mmol*L"
—v— 2.0 mmol+L"!

<3 ‘\ —<— 5.0 mmol *L"! o
. 4¥\
02 N 2\
b 1
0 0 2 4 6 8 10 0 1 5 10 15

I8 [} /min
7 PMS & X} CoFeNi-LDH/PMS
AL AR CR RCR R 52 10
Fig.7 Effect of PMS dosage on catalytic
degradation of CR by CoFeNi-LDH/PMS

2.3 EHERESE CR WVEFAR

FHEFE CoFeNi-LDH/PMS i fk {& & Xt CR ) [% i AL
A 5T 43 A0 R R AR T A Ok A R R AT S
B 2 of 2 Bl p o0 ) R R AT A R
AE R A BT LR K - OH SO, - TR
TEEX) - OH [ KR o

S b G B O 100 mg - LT ARFLR 50 mL
CR AW+ T ,PMS Hil CoFeNi-LDH =& 43 5% 1 mmol -
L7'0.2 g+ L™ 3 BIHUH EE 4 500 mmol - L~ fif F it Al
BT BESEAT PR S 5 3 &l 9 Firos o ml AL, Joie B B
SRR T B R4 AE — i R L AL AR R X CR Y &
fift L {0 ¢ = 10 min, AT BEIK R o CR OB B R N
93.05% , 3% —H{E 55 % B4 (9 (B AH 22 T2 )L, T 78 Y B4R &
H, CR BIRR RN 76.33% o L AT A0, SR = o0k i A
CoFeNi-LDH f#fk PMS, %} 7K sh A #HL Y K CR H A B4 1
R AR X & RO CoFeNi-LDH i fk PMS 7=/ ¥2 5L 1
F( - OH) FIGLERAR [ B 3 (SO, -+ ) i ixX 2 F [ 3 %
A WL A A 5 Y A A A o

HWFsE R, LE 3 Flad 9 48 (Co Fe Ni) H1, Co Xt
PMS [ ff AL 2R e 7 H AL PMS 7 A R AR
SO, - EIEA M - OH MALE " k(1) ~ (9)
JIs o

CJE5 %)/ (mmol L)

Pl 8 Ji BE IR Uk B XS CoFeNi-LDH/PMS
HEAL R A CR IR 19 52

Fig.8 Effect of humic acid concentration on catalytic

degradation of CR by CoFeNi-LDH/PMS

K2 BRFNEEHERNWN-ARNEZEH
Table 2 Second-order rate constants of

scavengers reacting with radicals

L+ (mol-s)™
- R TR R
W R
S0, - - OH
P s 1.1 x10’ 9.7 x10*
BT P 4.0x10° 6.0 x10°
KRF Y 2.35 %107 3.0 x10°
1.0% —m— R A
—o— 500 mmol L' Me
0.8 —A— 500 mmol-L"' TBA
0.6 F \,
&
© 04 \;\b\
\ 7 3 Y A
02 N - N
]
—_ .
0.0

0.5.4.6.810.12.14.
i []/min
B9 AFEEKF X CoFeNi-LDH/PMS
AL AR CR ZOR /Y 52 0
Fig. 9 Effect of different radicals quenchers on
catalytic degradation of CR by CoFeNi-LDH/PMS
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Co’" + H,0 «—— CoOH" + H* (1)

CoOH" + HSO; — CoO" + SO; -+ H,0 (2)

CoO" +2H" «— Co’* + H,0 (3) ﬁﬁﬁﬁc =P,

Co’* + HSO. — Co>* +80; ++ H" 4 © fﬁ

Co™ +80; « — Co’* +S0; ($) ((ILLLc] I

250+« 0,8000080; — [S0; - 0,80; -1(6) < ntins™ Q/#/

S0; - 0,80; + — 0, + 8,02 (7) o

50, - 0,80, -— 0, +280, - (8) 10 CoFeNi-LDH/PMS i1k

SO, -+ OH™ — SO; +- OH (9) Tk Z % CR (LR

CoFeNi-LDH/PMS £ 1k & Z B CR 1 #1240 & Fig. 10  Catalytic degradation mechanism of CR in
10 Jit 7% , CoFeNi /K # 47 L2 1 1 Co /UTHI 1A 734 PMS CobeNI-LDH/PMS system

(Y FL 15 336 4 o, DA T i A PMS 7 2R B R AR Ay 2

SO, - s SR , GRERAR A o AR 2 f o0 B A O 5L A i ik - OH X CR BEAT R . Besh, i 1 /% FTIR
MR 2 2R 0T L, CoFeNi-LDH fEALFE A CR 5 , F2 0k (—OH) IF 76 (6 W g 1 3 420 em ™' £ 2% 3 428 em ™',
BLH—OH 2 57T CoFeNi-LDH J R RHIFLL (4 B2, M 7E 1 116 cm ™" 4b FiT H4 301 W B 04 Sy B R AR (SO; 7)),
% SO, A AE N HY IE HL A7 A = D0 K ¥ 47 (—OH," ) W By PMS B CR f 53 fie =4 ©

2.4 EAFHESFIAMEHAR

o B A 1 R AR S R AL AT T 3 10
VIR TR T4 S 5 U R BRI AL 500 6 22 o 43 B 0| - i
eS8 I JH TR 8 08K 3 L 7E 60 °C LA P R T g -
FAEIRL R <

WL 1T AT JRU 8 U0 56 2 U AL 3 " A
B F W, (B 2 BE 20 min J , CoFeNi-LDH 7£ {f 3 3 02} ’\;§x§‘
Y 2 R A 8 AR 1 1 4 Al R e A - 4 A L N ——
KA BT BEAR T 7% 5 18 0L, % i 1k 79 7E CoFeNi- O e 8
LDH/PMS ALK R BT B 0BG MBS H05E s
o 2 ST 1, 25 A B VB I A R — = I ) T 2 B GRS 6
(hn 10 min) iF, BXAEAL IR R A EALTEPERE AT T, B iy 11 Bffect of cycle times on catalytic degradation of
TE T Bifi A5 i 1k 700 008 B5 U85 m 38 im0 3R T IS PR A AR A CR in CoFeNi-LDH/PMS system
S M R R A AR T
3 g

1) CoFeNi-LDH/PMS f b4 2 75 85 55 pH W FE N (4.0 ~ 10.0) XF & CR (% Y R} 1F /K H A 1R & i k&

2) 4% W pH =7, CoFeNi-LDH F1 PMS f# hn 3% 1 mmol « L™' 1 0.2 g - L™' ¢ =10 min i, f#
L% CROARFL R 50 mL e 100 mg « L") A R 50 95 % ; il 2 A6 550 R PMS i i 384 in L 7K %5
W CR A e il 3 8 AL 2B T 0

3) AL 4 3 AR Z J5 % CR TG B A 8 m AR 380 K CR g K BR %R 88% )
AT LLINR CoFeNi-LDH/PMS fiifb A& 2 HA 8 4F i F e 1k

4) CoFeNi-LDH/PMS fi fb. A& R X CR {1 B A 200 32 I O T 2 i 38 09 178 2 9F B AR A 1 R 2, 7 I £k 71
PN NG T U R PR R A v B A LTS e, B R R R T S M L 3 A A Ak, CoFeNi-LDH/
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