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Photocatalytic Degradation of Methylene Blue by Schiff-base
Cobalt Modified CoCr Layered Double Hydroxides
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Abstract: A series new material of cobalt (II) with Schiff-base intercalated cobalt-chromium layered double hy-
droxides (CoCr/SBCo-LDHs) were successfully prepared via coprecipitation. Their structure and property of the
CoCr-LDHs and CoCr/SBCo-LDHs materials were thoroughly characterized by X-ray powder diffraction (XRD),
UV-Vis DRS, scanning electron microscope (SEM), transmission electrons microscope (TEM) and energy disper-
sive X-ray spectroscope (EDX), X-ray photoelectron spectroscope, and specific surface area analyzer. Using H,0,
as photocatalytic additive, the effects of different intercalation amount, catalyst dosage and initial concentration of
methylene blue (MB) solution on photocatalytic activity were investigated, and the kinetics and main active groups
of photocatalytic degradation process were explored. Experimental results show that H,O, can improve the photo-
catalytic performance of hydrotalcite materials. Under the condition of the Xenon lamp simulated sunlight and MB
initial concentration of 25 mg/L, the photocatalytic degradation rate of MB by 20 mg CoCr/SBCo,s-LDHs and
H,0, was 99%. The photodegradation process of MB conforms to the quasi-first-order kinetic model, and the active
groups playing major role are h” and *OH.
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AR, B R E 6 585 G ia 30 B oK,
Tk K HE R IR Ak, (H AR HERCE R IR E R
(1.96x10" kgly). ¥ F 3L (MB)1HE & G kR H A R
T AR RAKHE . B ORI AT, #
TR 8, RS ENAE LA R . IR E @
ATk, (BEE Eid A R b A A K5 K. MB
J& T M A PH R G RL, K EA — 2R
FHEAEE M, &R KR TS Jegh N 28 g R A=
FERR R ™ f =N Bk, #ok MB RIKARTS
el BUATEEBE. HArAbEEA HLYS G B v
B AR AR RS, (B L B
MR EBRBOR, B ATRES R ks e e b E AL
AR AR Y R KB R T, BERRA. &
RO IR YA A, TE IR A RE IR AU A2 2
Tz ERT,

I AT 2 — 2 R AL RO AR
W FELE 3.0 eV A, SRS e AR W TiO, 48
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KM AR —Fh B AR R G W I DI Re M L, H 2
R 4 R BH 25 R0 2 1) 9 88 7 1 ] 9 8 1 2 B s T
R SR AT BEN 1T DUK IS 5 ARG Ak B i
MB KW R A IRIE, BB, s F Bt
KW A AT AR i O Ak RE Y, Dinari 25058
15 4% Bif8 3| ZnCrBi-LDHs ¥ B}, DLGUT L. AT W,
6, 0.4 g/L FIMEALFILE 2 h Y lE T % MB ¥R IF 6
A2 IR 3] 99%, (HH A MB ¥R EAE
2 mg/L. Zhou 5" # 7 Cu,0/MgAI-LDHs #4
EEART RS % T 26 &RANY, I ERE
PIEST 6 h S 2444, 1 /L 47X 10 mg/L
] MB O AR FANA 86.2%. i #H = F Bk
YERK TS A B SR — e RiEP o, EHRH 4
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T S R T A48 J2 5 K g e g 1232,
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DA 3= B g M S A

1 SEIGAE
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(P& FAE T RA S SR AR L 5 R AR e ik 2 [a) (1 S
YEH.

1.1.1 BRI A A&

B2, K 9.6 g (0.07 mol)Xf & 3 4 H B VA T
200 mL ZEEE T 500 mL =#E, HFE 8.5 ¢
(0.07 mol)/K & ¥ T 100 mL 2% f& i i 18 & s <
AN = HUR T, M IEMRE N E 65 C,
0 58 B JE FHR ZE [BIAR 30 min, SR )54 H 2 iR
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1.1.2  CoCr/SBCo-LDHs Ryl

V3 5 (%) B R0l e Ak B T 4 0 DY B R 5
BN 50 mL 258 77K, FREL 6.98 g(0.024 mol)/N7k
Tl B2 5 (Co(NO3),-6H,0) A 2.34 g(0.008 mol) /LKAl
R4 (Cr(NO3);-9H,0)¥% T 80 mL 2% & F /K, ik
n(Co):n(Cr) A 3:1 WIREGW B, HAKH 2.56 ¢
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A T Ik T AR B v i DY B0/, S pH fE
9~10, WIS EHEE 1 h, SRJE ¥ PSR S VA TR
76 85 CRinft 18 he FRAEHHUE. Phik. TS
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Fig. 1 Diagram of preparative route of SBCo
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i A, 251N 40 kV #1178 mA, H Cu Ka Ht4k
(4=0.154 nm)R5F, FHTEHE K 20=5°~70°, FH##HE
ZON 4 (°)/min. FH] Shimadzu UV-2600 Y6 1E 4 &
B¢ fipt ot 2 w2 B 1] 55 ) MIB V8 TR RO FE o (RIS,
=T, L BaSO, fE A=, FIH Shimadzu
UV-2600 S35 A FE 24 B 73 BRI 7 1 A0 75 i 7 ]
A UV-Vis 8 4tk . R A Hitachi S-4700 #4344
B BB (SEM)TE 15 kV I 1K o R AR R
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e &t BOE A (EDX) o A M R e R . JE T
ASAP2020 M %% & (Micromeritics Instrument Corpo-
ration) 1] Ny W Bt —JBi Bl 5 & Bods ki FL&5 #4, Wl
SERMEIRIEE S 120 C T/ 6 h Wik . FIH
M Bt 4% 6 28 18 1E Brunauer-Emmett-Teller (BET) /¥
TFERE R A ELERTHIAR, @iT Brunauer-Joyner-Hallenda
(BIH) 77 9%, DU W8 25 i £ Ol 35 v 75 1) B B i FL 72
I3 AT CL S B FLARFR . #E Kratos AXIS Ultra-DLD R 4¢
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B
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SN 3t A A S B ] MBI TR IR FE, Co R g
RN JE MB BB B, C R IR
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Fig. 2 XRD patterns (A), UV-Vis diffuse reflectance spectra
(B) and plots of (ahv)* vs hv (C) for the samples
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8 R B AR T O T HE— 2B A SBCo KR
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Kl 3 KB Co(a) 2 CoCr/SBCo-LDHs(b)#1 i 45 #) 7= 2
Fig. 3 Molecular structure of Salen-Co(II) (a) and CoCr/SBCo-LDHs (b)
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R 77 A 7E LDHs JZHR 2 1] .

& 2(B)F7~ A CoCr-LDHs £ CoCr/SBCo-LDHs
FES UV-Vis 18 R S61IEE, ATLUE H, A
LDHs 5t 75 7] WG X 3835 e S e RE . AR Ik
W R T (ahv) vs hy BIRECNE 2(C)fiR), i
it 40L& #h 2675 81 CoCr-LDHs. CoCr/SBCog»s-LDHs-
CoCr/SBCoy s-LDHs F1 CoCr/SBCoy 75-LDHs 2535
WSRO 2.7, 2,57 2.35 F12.63 eV. HIETALL
F, 242 S S KW A MR A B TE R IR,
FUIRRE AT AT L AR T e AT BT R Y, T A
R 1 AR Gu KT A A B G AP RE
2.1.2 SEM 1 TEM 43 #f
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Fig. 4 SEM and TEM images of CoCr-LDHs and CoCr/
SBCoq s-LDHs, and EDX analysis of CoCr/SBCo s-LDHs
SEM images of CoCr-LDHs(A) and CoCr/SBCos-LDHs (B); TEM
images of CoCr/SBCogs-LDHs (C) and EDX analysis of designated
area (D)

CoCr-LDHs. CoCr/SBCogs-LDHs #1834 Frok &5
M, FOR AR S M AR AR — kS, S KN S A
MEREE LS. BHWE 4B)+FaLLEH CoCr/
SBCogs-LDHs MBI R IR 53 )= 458, i H B A
BN AR S, RG2St FE %A B IR K
WA MERGE Y, shas 353k — 5P, coCr/
SBCoos-LDHs #1 L) TEM W& Fr 2 EDX 437
Kl 4(C,D)ffi7~, TEM [ A SWon itk B RIFH A
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2.1.3 XPS 94

T T ARAOEH S R A, BT X SR
YL T BEIEMZE CoCr-LDHs ##ld Co. Cr LLJ
CoCr/SBCoqs-LDHs #4 £l Co. Cr. O LA,
DL Cls UEAE 284.6 eV B4 & BeE NS i NER AL
WRZE o PN FE S 1) XPS i an 1 5 fr s, A B 5(ALB)
7399 CoCr-LDHs #4 £l Co JLZ I Cr JLE 2p #l
T HER Ok, B 5(C,D)5r N CoCr/SBCoy s-
LDHs £k Co2p HUE M Cr2p HUIE &0 #FR ok
W, I 5(AC)FT I, TE 780~805 eV 45 A REAb H I
T Co™ [MIFFIEREIEIEAT 2 MEIE, Co2pin AT Co2psn
A RED AN 796.6 eV (797.0eV). 780.7 eV
(780.5 eV)*3H. ZEIK 5(B,D), 577.7 Al 587.0 eV
[PIRFAEVE T JE T Cr2ps, F1 Cr2pyp, WEALZE 10.7 eV,
TSR EE P B 5(B)& CoCr/SBCogs-
LDHs Z5fH Ols FUE s o e i, 2 p 7 1Y
AN, HoA 531.0 eV FIRHIENEIHE T 28 B SR
tFEA, 1 531.6 eV HIRHIEIEIH)E T2 E SBCo
FHES 79 Co 1 O Z[alfM&&, HAME 532.4 Al
533.4 eV AbH I RE U A JE T2 ) 7K 43 ARSI
il b R R
2.14 LEERERMILEST
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Fig. 5 XPS analysis for CoCr-LDHs (A, B) and CoCr/SBCo, s-LDHs (C-E)
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Fig. 6 N, adsorption-desorption isotherms and pore size distribution curves (insets) for
CoCr-LDHs (A) and CoCr/SBCo-LDHs (B)

A PR U 0 5 O P — I PR 5 U 28 R FLAR 23 AT o AR i
IUPAC 7335, PRANEE b IR B S5 4R 3 75 4 11 2R
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[l R T H3 B, HAEEGS I plpe FI&A MELRIMT
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] AE AL BT /K I RO A B T RHE AR F L 2
o, HALR A E A LUE H, MR AR Z
KAL(~60 nm) &5 #4 F /b & 1 H FL(~20 nm) &5 14 . T 4
SBCo M1 J&, CoCr/SBCogs-LDHs 4} r Hi L 7 4
5L 30 nm A AR AL, XA RER RS
KU A JE AR B FE 3G K, i R4S 5 7K 8 A 2 AR A A7
TEZSBRETE . AR SOME I A kLB B8 R B SR
A BRI FLARFR, CoCr-LDHs 1 CoCr/
SBCogs-LDHs &L Z [AFAE AL, (HR A L
BRI —E 2 5, BAREdEmE 1 fr

Ne GogtESl bR mAR . FLIE LSRR AR L
A A ) T 52 AR S AR A AL R P (AR TR e b
.
22 REMMHREAIRS
22.1 A EEEEXHEN TR
FEZEIQRS T T, LLKEA 20 mg/L () MB
NBEfRT %, RFAFEZE T CoCr/SBCo-LDHs
MR G B Rt RE . 155, RITBEALFIA BIE
AIBhFIFE DL R X MB RIS LR iR, 45 3 5]
Tk 2. NERFATLLEH, £ H0, Bisflet, PUA
KA BT MB 6B iR K. HAE O
AR, SUE RS MBI B 2 R AR
HIR, LA H0, N BHFI 25 82 itk K A AR MB (1)
St RE, SR WME 7 Fioan. WEF AT E R
H, AL Hy0, 214 X MB I 1k B i 225 SR 1
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% 1 CoCr-LDHs F1 CoCr/SBCo,s-LDHs RIZ5 14 g6 S35
Table 1 Textural properties for CoCr-LDHs and CoCr/SBCoys-LDHs

Sample Surface area/(m*g ') Pore volume/(cm®g ") Average pore size/nm Peak of pore size distribution/nm
CoCr-LDHs 96.4 0.537 22.5 20, 65
CoCr/SBCo, s-LDHs 107.8 0.526 19.2 18, 30, 60
&2 AR H,0, 533 MB BIFEREER
Table 2 Degradation rate of methylene blue by catalyst and H,0,
Catalyst CoCr-LDHs CoCr/SBCoy,5-LDHs CoCr/SBCoy s-LDHs CoCr/SBCog 75-LDHs H,0,
Degradation/% 7 9 10 10 13
ﬁ_ AR SRR, AL e R B2 B, B ) A7F FH 0k
o 5, SECHEE T,
70} 222 ERFIRAEXEEA RN MR
S ol fkHfE E— B s A R, FEERES COFMGT
40f LA CoCr/SBCoqs-LDHs #EHSOGHEAL T, 5 5EAN R
of AL £(0.2~0.8 g/L)X G AL B AR MB IR .
10} WKl 8 Frow, MfEFIHEM 0.2 /L 3 INE] 0.8 g/L
0

0 1 2 3 4 5 6
Time /h

K7 DR 3 = o e Ak MB )52

Fig. 7 Influence of intercalated schiff-base cobalt dosage
intercalation on photocatalytic MB

a: No catalyst and H,O,; b: CoCr-LDHs; c¢: CoCr/SBCogs-LDHs; d:
CoCr/SBCogs-LDHs; e: CoCr/SBCog75-LDHs

KT B MB IER . Rk, 78 H,0, Bh
A e — PR TR S AL AR S MB i
B8 A 1D S 56 2%
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MIEGL T, MB I HFFERIEFIL, £ MB B
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R ZR = T ALK CoCr-LDHs, & B3 1o 4 2 3 F< bl
Bk M REAS T mKIE A ORI R RE . T A R4 2
&1 CoCr/SBCo-LDHs £ il X MB ¥ ¥4 17 [ i 14
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SBCog75-LDHs # BLHGRE### 5 CoCr-LDHs ]
D% A TS, 390N 44%. 57%. HHF CoCr/
SBCogs-LDHs ¥ it (1) 6 M 10 M R B i, #E R 4R Y
3h WFEME MB B 2 i m, B IR WE T4, 6 h
0T MB IR 2 il 221k 31 99%.

LifJZ = A n(SBCo):n(Cr)=0.25 i, 2
TH R AR 5 8 RO B O AR A7, TRem s RA: (D)FE
RS A HE 2 R, MAGAER = R -
TN, 5 H0, WHEIE S - (2) H T AR H k%
A B R T BSOS E A, MR
R E I . 446 JZ N n(SBCo):n(Cr)=0.75
B, BTN B K, &8 % &M% 5 I B

i, MB R ff 2 2 3056 T e PR I 3 (77 % —
99%—64%). IX & BT Bl A AT H E R, O
HEP= A2 100 T 0 i A R T IR A B A, AL
AU ARG N fG, A4 b A 770 72 A B 6 TR TR
TR B R, & BOBEUH LR T MB 1
5 72N
2.2.3 AEAERER MB XXM RER R0
PA 5 mg/L S8 LW FE 22 L 15~35 mg/L Z|A]
(1) MB B, R FLFAS [RIWI UG P55 6 A B e 11
o, 5B ankE 9 Fios, CoCr/SBCog s-LDHs X+~
R 4G R FE 1) MB ¥ 3876 BT E B AR RUR, 6 h
IS MB (1) 5 Al 22 25118 31 85%LA 1. BEH MB K
FE R R, HBE MR SCR RIS T BRI .
Hrh, X MB YIGRKE N 20 125 mg/L i, itk
Boe i SR e A, MIB (1) [ i 26 350 iR 99% . Ji BRI T g
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Fig. 8 Influence of catalyst amounts on photocatalytic MB
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