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Abstract

As a green and sustainable technology, photocatalytic technology can realize the decomposition of
water to produce hydrogen and degrade organic pollutants by using light, which is of great signi-
ficance for maintaining the global environment and achieving sustainable development. Layered
double hydroxides (LDHs) have been studied as photocatalysts due to their unique intercalation
structure with highly dispersed metal cations, large specific surface area, and excellent adsorption
capacity. In this paper, we prepared two flower-shaped LDHs with zinc-chromium ratio of 1:1 and
2:1 by hydrothermal method, and tested their performance in degrading methylene blue under
visible light. And try to improve the performance of ZnCr-LDHs by adding sacrificial oxidant H;0-
solution. When the degradation reaction of Zn2Cr1-LDHs is carried out to 390 minutes, the degra-
dation of methylene blue exceeds 95%. After adding a small amount of Hz0: solution as a sacrificial
oxidant, it can degrade more than 80% of methylene blue in 90 minutes, the methylene blue solu-
tion added with Zn1Cr1-LDHs and H;0; solution degrades by more than 95% within 30 minutes. In
the experiment of photocatalytic reduction of CO-, the final output of CO in Zn1Cr1-LDHs within 6
hours was 0.039 umol, and the average precipitation rate in 6 hours was 0.065 pmol-g-1-h-1.
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1. 5|8

It 5 4 BR Ak A RV 1 TS FE AN R BT 5 Gl 1) R H 2 7™ E,  SIELAR G nT A1 BA BE VR B R 1 75 SR B
208 . YA R BT 5 BRI A6 RE, R AR AL RIBEAT AL I8 S5 R B, AT A WL B g CO, F1 HLO,
Ho R OR R R CO B BE SN TR, PRS2 BT 2 ORI R R FE[1]. HAl, e
FE AR T 0 fe R A R BRARGE AL R B 2 o B BOMEAE R, 0 TiO,, HAFBA 3.2eV [2], AT TA
MUK, TERIMCEOR, MRINEAER AR RER 10 (5 LT 4%, RO REIRFI A (3] [4].
HAR AL R Y R & R Al B, AR RS AE W] WOGIX AR IR, HOROAREAR, AR IE R Tl AR
FE AT B

ARG R A A E B A T XA RS SR SR 2 — P B R AR 2 S5 M A AL
WI[5] [6]. % LDH A i {45 F SRAE RN R M % P2 s BRIS (DFT) TR R Gt 5L R W, 3% LDHs 17 Bt
)5 2.0 #13.0 eV Z 8], XA/ WIRBUR, =&+ 75 Rk 7] [8] 9] [10]. H AT %K LDHs
(14 @ AR AR K 2 BONBRIY, & OB A K BPGE S ERAETI , SRREFRRBURM 5. EIRERA
W2 20 TR SO, BON T e AR o LR 2 —

A, BATRAE T — M@ R EEN SRR, KIE, e R Sh NG KA, e
FERIZRAE TR, LG Y RS B IR R A A (ZnCr-LDHs) . I Z ARG 1) —2 3
B, WA LD, BRIk g 3REL, A BT K, A RIT KRB & S s 2) K EZ:
IR B A YR, SRR/ NARIT, B0 S SR R, IR SERE PR RE A G fE AL R B A AR R
SO o S AN SREIEAE T HoO, VAR i AT R A R B R BB, A ZnCr-LDHs 7E H,O0, ¥ I B IR]
B FH TR SKE S 5 110 2 e o P AR R R4 [ 11] [12]6
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2.1. ZnCr-LDHs B9& R

B o A a0 2 25 R R 3 ol LA, et — DR Ak . g K #GE, 4 ZnCr-LDHs £
e BT 7E 50 ml [N E A I E RN 1 mmol f Zn(NOs),-6H,0 F1 Cr(NOs);-9H,0, Ehfl
AR 11 AT 2:1. FEION 30 ml 257K, I 3 mmol [ HMT. & FHHE /N, RRdiiR &
JE ¥ N SETCE AR 120 FERIMAE oA 12 /AN U o FR R N R AR SR, B IR e,
TARAEBEOHLATEEER O 5 IR, a4 T EARIR(60 C)MEAR A HE T

2.2. SERIFRAE

{iH XRD (Rigaku D/max 2500)ZFAF fill & ¥ 5 4 J& BH 25 1~ L (1) ZnCr-LDHs FI904H, 343 3% H 3
i HE 7 52530854 (SEM, FEI Helios Nanolab 600i)F1ig 5 Hi 1 2 4#(B2(TEM, FEI Tecnai G2 F20)RAFHIESRALE R

2.3, StfECRE Rt RE M E

R AT LG FEERS T I FR R (MIB) 4 PR o 5 SR PPN DG AL TR RO PR E o K 350 W ARUAT /R AU - K 0.05
g ZnCr-LDHs IS H B 05 0K B2 9 5 mg/L 1) 200 ml VAR, HTBCE TEMG A HK RGN R
AN o FETTITICIRRT, SEHEATIE SONAREE, 75 MRS R 30 min, fEALTIAIA HLAOREIBR B - Bt B
PHARES S, ATIPGIE, BTREUK RGRER, RN — BEIRFFE 10°CAA#AT. JIRZ 5 RERE— g i [E]
BORE 3 ml, ZmndE 0 n, 70 BTN EIEW, ] Shimadzu UV-2600 B458 40 AT L 730601 B I 58 VR
W FEAE

2.4. N CO,EIRMERENIE

FERARIE T aa ik, R U AR R R AT CO etk K 350 Wl U HIELIR,
FFCEAEBERE A 10 JEOKAL o 4 100 mg A i ELAE 500 ml (1 H 1l 38 S B 28 o, IR B R 85,
FEAFAEMIRKZRSRIIE DL R R4l CO, ik B S rh A R oKUK . BB — /IS, 383 Shimadzu
GC “URH s BEASORIT O B ARG 85 X AT H AR AR 1 23 BEAT 23 Rl E 2

3. ER5118
3.1. Y9

K1 120°C SROBEIREE R BN 12 /NI, AN R B % L A1 ) SR sk /K A s 82 #6) 45 ZnCr-LDHSs 1) X
SHERATST I, T U AR B SEEG 4 BT AR 1:1 A 2:1 19 ZnCr ERR A SN 5 B 2 AR iE i i)
BEES TR AR XU A A A — 250, Ul W IR SRS B 45 1 1 AR B OA 1:1 A 2:1 ) ZnCr J2APROUE ALY -
FEVE BRI 127, 2370 34° 4k B 56 O AT 555 06 3K P/ A FEE R E(003) B THT >+ (006) 8 T AI(012) s T O RT 5
i, XRD A ki B e, S Al

3.2. ERESGHIRAE

2 3R 120°C, 12 /N ONASHI) Zn, Cr ELFI 1:1 A1 201 (2R U AL P i 4 41 e
B . it 2(a)F1E 2(c) T AIFTAS K ZnlCrl FEG AT Zn2Crl KRS EECA 2] HIESSG — . @it 2(b)
FEL 2(d) WS AT 0 R e 5 20 DR AN R0 9 5 I AR G5 i ME BT i, ROSHAE 1 oum 24 . X FAEIR
ZnCr-LDHs 65 HOR 1Y) LDHs B & 1 b R EA . BN F, A ERMEARTA, A5 TR
Bt S R, R PT R B A AL P R
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Figure 1. XRD pattern of flower-like ZnCr-LDHs with different zinc-chromium ratios

1. FEISEEEEBIRYTEIR ZnCr-LDHs B9 XRD Elif

Figure 2. SEM pictures of Zn1Cr1-LDHs (a), (b) and Zn2Cr1-LDHs (c), (d)
[& 2. Zn1Cr1-LDHs B9 SEM Bl F (a), (b)F1 Zn2Cr1-LDHs B9 SEM Bl K (c), (d)

Kl 3 43552 Zn, Cr HeoA 1:1 A1 2:1 1) ZoCr JEREEMZE S g . WE2E] 3(a) M1 3(c)
AT LAASENZE SR it (R AN KU RO R, ROSHAE 100 nm Ze A5, WUEERE it IR 25 ] DR LK 6 v
FIREAER T, @Ik B S LR 5/ 2 WS ER:, BT KIRREESS . B 3(b)FE 3(d)
53 N ANIE EG ] ZnCr-LDHs (1)1 73 1, ik &, w] RAAS 0 Bl v i T () 2R 24 0.309 nm, 5 2R
AAI(100) T VTHC .

Figure 3. TEM pictures of Zn1Cr1-LDHs (a), (b) and Zn2Cr1-LDHs (c), (d)
3. ZnlCrl-LDHs & TEM Bl K (a), (b)F1 Zn2Crl B TEM B K (c)FA(d)
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3.3. BEMRIERESTAT

AT HES AT A IR TE, T DAL AR AR JE IR S B A A — RO A R B 2 B — e
PERE, Zn EEAIAN RIS X MERE A BT o I AR R 0 P S 3, mT AR AR S R R
ZnCr-LDHs fTERE .

e 4(a)y AFERT WEHEST R, IINT Zn2Cr1-LDHs 1E A0 (4 30 B 3 15 14 7 R 48 B AR RO I IS0OI 1
TEFIAHLAERE IR E 10°CIREE, B BEMRRIEET, T F R R R R — BRSNS T R . TR N
A7) 390 43BN AR IE A AT O, BRI RIS (IR BRI T S% LR, AR AR SE L.
ATLAEH, B4R Zn2Cr1-LDHs A B AR 50 %, P1A LR MAERIERIESL, Bk ERZIHA A
HITERE, SCPRTESCER I RIMERE R — AL, SR BRE /2 B R AR LA U I B fr A, XAl
ZnCr-LDHs G E R ITEE S N .

WA Y6 LT - 20 A L2242 5 ZnCr-LDHs VEREMICHE, B BT Hb e B B 7 =2
R AR, SRAFIE G T, WD B r 52N E S, LESBETEANT A KE
AL BRI RY, B R, BRI A HARIS . HORTE A A SR T DA B S
A, SRR R DA SR RS . FRATT S 7E B SR8 S A A IR I L T N 30%9K (1) H,0,
TS VEATAE EAG 7 PR %2 ZnCr-LDHs (R AR TERE -

. 1.2
0 min ——0 min
30 min
1.5+ a 90 min b

- 120 min
=3 150 min
s 180 min
g 1.0 210 min
c 240 min
3 270 min
S 300 min
2 0.5 330 min
< 360 min

390 min

0.0
400 500 600 700 800 450 500 550 600 650
Wavelength (nm) Wavelength (nm)
109 = ®=—-Zn1Cr1
* d ® - Zn2Cr1
- 0.8 "
= Q \ .
s g
% = 0.6-
g e .
£ S 0.4
s e
Qa o
< 8 0.24 ‘ *
‘- -
0.0
450 500 550 600 650 0 20 40 60 80 100 120
Wavelength (nm) Time (min)

Figure 4. (a) Absorption spectrum of methylene blue solution added with Zn2Cr1-LDHs under visible light irradiation; (b)
Absorption spectrum of methylene solution added with Zn2Cr1-LDHs and H,0O, under visible light; (¢c) Zn1Cr1-LDHs added
simultaneously with visible light And H,O, methylene solution absorption spectrum; (d) Zn2Cr1-LDHs and Zn1Cr1-LDHs
degradation rate comparison chart

E 4. (a) ATILSERRSTT, A Zn2Crl-LDHs B3 IR RHIRBILIE; (b) AT TREIMAT Zn2Crl-LDHs
H,0, I REF KRR ; (o) AIRAXTERMAT ZnlCrl-LDHs 1 H,0, B FREFRAIIRIKIE ; (d)
Zn2Cr1-LDHs 1 Zn1Cr1-LDHs R9P&AEIRZ 3 LL &
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] 4(b) N a] WY R RN T Zn2Cr1-LDHs Al H,0, 37 B 38 0 A CAE 7] 06 R I ios i, kI EL
TR ZnCr-LDHs FIZFF, MEABCRENCR IS . EIMNS EAEIE TS 90 740 mT LARERF 80% L Hi1)
TR, AN H0, ¥, 90 708 A REREAR 45% L AEEE . HEE B AN/2, ZnlCrl-LDHs Fid %
WEIBE A G AV REZELL Zn2Cr1-LDHs MITERREFEE 2, 4] 4(c) 9 m] WG FEIB AN T Zn1Cr1-LDHs
I H,O, T 1 3V B 5 5 VA0 AT IO R RSO . 7 30 min PN, 0 AR IR 4% Mt 95%, [RIFER
ZMFEF, HUn Zn2Cr1-LDHs [(SR504H R MR T 14%, 1 Zn2Crl + HyO, [SEIG 408 N MR T 30%. MR
BIRE. B 4d) AT S E B, ZnlCrl-LDHs F1 Zn2Crl-LDHs B E 0 H . N T ik
X%, FATMER T HFANE Zn, Cr E] 1JE R A A 2507 56

Wi 5 fros, V145 X Rl A8 st B B EUE BRI iz AR5 1)1 BRAE 2 1] LAE Y BARTE SAR L,
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Figure 5. Zn1Cr1-LDHs and Zn2Cr1-LDHs band gap calculation chart
5.Zn1Crl-LDHs # Zn2Crl-LDHs B i+ EE

3.4. CO, B R4 EEMIR

FEAEAL ) CO, 7 J5 1) 14 B P LA FH 28 7=y A 7= B 26 (L pmol-h™" & pmolh g ™' F0m) e i « 18
I HEANF B0 CO, CHyr Hy BOAE 7 T AR RE AL R B 3

0.05

=
o
+

=
]

—

o
o
w

yield(umol)

o

o

N
1

0.014

0.00

o 1 2 3 4 5 & 7
Time/h

Figure 6. The CO production rate of Zn1Cr1-LDHs photocatalytic

B 6. Zn1Crl-LDHs Stf4E CO, IEJRHY CO & B BIEEKE
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S HR AT I £ AR 8 BER/NP Zn1 Crl-LDH AR A AL AR He B . ] 6 2 Zn1Cr1-LDHs St AL
CO, 54 CO B MK, MKW A, ZnCr-LDHs 7R A, H&— @ rEge, ok co, ki E
B CO. 6 /N CO B 8 0.039 pmol, 6 /N -F-H#r Hi# %N 0.065 pmol-g '-h™', CH, K4 pi &
K, FICAZES . TEGHEA RN G A KL Hy, X R BITE B FE T, G &bl 7 HyO i JE 1) 56 4 )
N, HFIT CO, #Ab NIRRL B . ZnCr-LDHs 7555 — AN/ P ZE i CO ITER LR, 55 1 AN/
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BEA . 76 B AL A B RS 0 R, ZnCr-LDHs [ B2 2R, HAR NI FIE CO, if R s25
R, WA CHy, JRRIE R 5 HARGE 1) s s 52 A L/ 28 700 BRI K.

4. g

FRAVIE IS K FAFIX T ] B (0 B BT R G BT AR RT3 I B % S R S S A . AT AR )
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TR AR B AR X ], (HZ )T A SO T2y O M E G, MRt RIFAEME, ERRR
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