3] 4 ( ) Vol. 31 No. 4

2018 12 Journal of Shijiazhuang Tiedao University(Natural Science Edition)  pec. 2018

BiOCl/Zn-Al LDHs

( s 050043)
: Zn-Al (LDHs) BiOCl
o ,BiOCl/Zn-Al LDHs BiOCl Zn-Al
LDHs, Zn-Al LDHs 19.5 % BiOCl/Zn-Al LDHs
; 94.4%  28%.,
:BiOCl;Zn-Al LDHs; ;
: 0643, 36 : A : 2095-0373(2018)04-0088-08
0
(Layered Double Hydroxides, LDHs), o
(4 LDHs \ N s
[2-4] .
— , (561 Ma et al™ BiOCE
NiFe-LDH s B NiFe-LDH 3 . Li et al®
Bi; MoOy Zn-Al LDH Bi, MoOs/Zn-Al LDH , Zn-Al LDH
5.5% B .
Zn-Al LDHs s . ,
BiOCl s Zn-Al LDHs LDHs BiOCl s
MO BiOCl/Zn-Al LDHs , ,BiOCl
1
1.1
(BI(N();){ ° 5H2())9 (ZH(N();;)Z ° 6Hg()>9 (Al(N()g )3 M
9H,0O), ((CH,OH),), (C;H;OH), (NaOH) , (NaCD ,
(Cl'l HH Ng S()g Na, M() ) 1) ( C[() H11 Nz Naz ()g M ZHZ ()9 EDTA_ZNH ) )
((CH3;),CHOH,IPA), (CsHgOg s AA)
:2017-05-12 : DOI:10. 13319/j. cnki. sjztddxxbzrb. 2018. 04, 15
(1991—), . . . E-mail: guoxinxin2016(@126. com

. BiOCl/Zn-Al LDHs L1 : ,2018,31(4) :88-95.



4 :BiOCl/Zn-Al LDHs 89

1.2
1.2.1 BiOCI
5 mmol Bi(NO;), « 5H,OCA )6 mmol NaCl(B ) 25 mL )
o B A , 30 min, 100 mL ,150 C
24 h o , , , 60 °C
) BiOCl,
1.2.2 BiOCl/Zn-Al LDHs
Zn/Al 3:1 5.625 mmol Zn(NO;), « 6H,0O 1. 875 mmol AI(NO,); « 9H,0O
, 0.5g,1.0g,2.0g,3.0g 5.0g BiOCI 20 min, 1 mol « L™
NaOH , pH 11, 30 min, 60 °C 24
h . , , ., 60°C )
Zn-Al LDHs( ) 59.3%.42.1%.26.7%.19.5% 12.7%  BiOCl/Zn-Al LDHs
) C0.5,C1,C2,C3  C5, ,Zn-Al LDHs
, BiOCl,
1.3
Bruker D8 Advance X (XRD) . , Cu Q=
0.154 nm) 5°~175°, 4°/min, Shimadzu-8400S (FF
IR) . KBr . 4 000~400 cm ',  Hitachi $4800
(SEM) o Hatachi-U4100 -
(UV-Vis DRS), BaSO, . , 200~800 nm,
1.4
0.04 g 250 W , 100 mL 40 mg-+L"' MO
R 30 min s
. 10 000 r/min 5 min ,
464 nm(MO ) )
D= A<A_OA’><1oo% (D
,D i A, s A, t
0.04 g 500 W
. 100 mL 40 mg+ L' MO L= Aﬁwm_ﬂﬁ\l_kww s BiOCL |
: W= Juwwmumgzw
| W ww,JLJ e
2 = i\ 503
% ‘am, TSI, SHRDES S S (E RS
2.1 XRD - h_,_a‘_..wuyJ‘L‘J ngWkﬁnl_az”fm. s ACIW.,
1 BiOCl, Zn-Al LDHs BiOCl/Zn-Al LN o OS5
LDHs XRD . BiOCl 20=12.0°, ﬁ L n anz_&lLDHs
25.9°.32.5°,33.4°,40. 9°,46. 6°,49. 7°,54. 1° 58.6° 10 I&M 50 Mn-go ,_,_7}_)_“
, BiOCl  (001).(101), (110),(102), 20/("
(112).€200).(113).(211) (212) (JCPDS NO. 06— B 1 BiOCl,Zn-Al LDHs &

0249), Zn-Al LDHs 20=11.6°,23.4°,34.6°,39. 2°. BiOCl/Zn-Al LDHs € & ¥ #9 XRD B i



90 ( ) 31

46.6°.60.1° 61.5° Zn-Al LDHs  (003).(006),(012),(015).(018),(110)
(113) (JCPDS NO. 38-0486) . C0.5,C1,C2.C3.C5 , Zn-Al LDHs
, BiOCl , BiOCl , Zn-Al LDHs
.BiOCl . . BiOCl,Zn-Al LDHs BiOCl/Zn-Al LDHs
2.2 FIIR
2 7Zn-Al LDHs BiOCl/Zn-Al LDHs
™ Zn—A1LDHs 430~
FFIR ; \ A ey, LI
\ > "y . 540
. 3445 em! , | a1 SN
1 = H ! C0.5 1L 15 p.q
H_O_H . 1 620 cm E = \\L /;’ _,;'—__'T\ HJ—’—_MA\\ML’\ ) ’I’j.:\ﬁ_ 12-4
= L = O H N Al e
L1364 81 \T/ ey NG
em™' 1490 em™* Zn-Al LDHs & = \3 445, - \rn]
CO:  0-CO m, &l N/ Py Y -
_ ‘ _ _ \ i _\ T f‘:;# C:i_—~ r’_f—\ rﬁﬁ ! \‘_“\_
430 em 1,540 em ' 612 em ! 3 NS e L e
T - QLI Y W“
Zn-Al LDHs (M-O) (101, il e ~—1364 I
: ~ ' Lll—’/._ | g ] y L \ A |519‘—L-
BiOCl »Zn-Al LDHs 4000 3500 3000 2500 2000 1500 1000 500
., 519 em™! Wavenumber/cm™
Bi-O e o 2 Zn-Al LDHs BiOCl/Zn-Al LDHs
5 BiOCl Zn-Al LDHs, FEFIR
CO% ., BiOCl/Zn-Al LDHs
7Zn-Al LDHs , , BiOCl LDHs
2.3 SEM
3 Zn-Al LDHs.BiOCI C3 o 3(a). (b ,Zn-Al LDHs
s 100~300 nm, 40 nm, R 3(c) BiOCI
, BiOCI . 1~3 pm, 3(d) ,BiOCI
s R o 3(e) 3(f) BiOCl Zn-Al LDHs
C3 R BiOCl s s
7Zn-Al LDHs . BiOCl Zn-Al LDHs s Zn-Al
LDHs BiOCl , .
4 C3 EDS . Bi.Cl.Zn.Al.C O y
, Zn-Al LDHs COz, FT-IR R n(Zn)  n
(AD=2.8:1, 3:1 .

3‘» : Y .
(b)Zn—Al LDHs(200 nm)




4 :BiOCl/Zn-Al LDHs 91

S
81 A

&b %

(©)C3 FE (1 pm) (HC3 FE A1 (200 nm
3 SEM
C1 ]
C1 ‘
Biy
|
y \
. |
= |
- |
\‘
Z :
Lz B g
| 1 | ! I L | ! g i L
4 6 8 10 12 14 16
Energy/keV
4 C3 EDS
2.4 BET-BJH
5 BiOCl/Zn-Al LDHs N, - o 5(a) ,
BiOCl/Zn-Al LDHs 1V H3 , .
e ( 5(b) ,
, BiOCl , o 1 ,
Co0.5.C1.,C2.,C3 G5 30.712 cm® » g '.23.703 cm® ¢« g '.27.343 cm® g ',

18.704 cm® » g '.24.671 cm® » g ', BiOCl , .



92 ( ) 31

0.14|- = CO05

e
S
T
if’f
N —

S1dd

T;
W o
3 R
e < 008
7 a N
z T 006
£ = 004-
g ]
E 0.02 ~
(=g
0 02 04 0.6 0.8 1.0 or | RN
. .. . . . 1 l ]
Relative Pressure(P:P,) Porc(s) Diameter/nm 00
(a) B Al 14 N, W 56— G o 11 2 (b)FE S I FL AR 5311 ]
5 BiOCl/Zn-Al LDHs N, -
1 BiOCl/Zn-Al LDHs BET
/Cem® « g 1) /(em® « g™ ') /nm
Co. 5 30. 712 0.161 20. 952
C1 23.703 0.122 20. 621
C2 27.343 0.115 16. 827
C3 18. 704 0.076 16. 158
Cs 24. 671 0.079 12. 808
2.5 UV-vis DRS
6 BiOCl,Zn-Al LDHs BiOCl/Zn-Al LDHs UV-vis DRS ., Zn-Al LDHs
s BiOClI , 1.6 r @ (2)BiOC1
, 14 ) b)C5
o e (c)C3
BiOCl 5g .C5 Zn-Al LDHs 12 / 4 i
, BiOCl . &10 ff;h i (é)cf
BiOCl S 0.8 (HCo.5
<2 0.6 - (g)Zn—-A1LDHs
, <04l
BiOCl  Zn-Al LDHs s _
Al < < (1)) S| | I T i T |
6 - Zn-Al LDHs, €0. 5, C1, 200 300 400 500 600 700 800
C2.C3.C5 BiOCI 397 nm., Wavelength/nm
401 nm.400 nm.398 nm.392 nm.390 nm,365 nm, 6 BiOCl.Zn-Al LDHs
(1s] UV-vis DRS
E,=1 240/, (2)
E, Y , 3.12 eV.3.09
eV,3.10eV.3.12eV.3.16 eV.3.18 eV.3.4 eV, BiOCl , E,
2.6
7(a) BiOCIl,.Zn-Al LDHs BiOCl/Zn-Al LDHs MO
o s MO o BiOCl Zn-Al LDHs
71.3%.43. 8%, C0.5.C1,C2,C3  C5 MO BiOCl  Zn-Al

LDHs , 100 min MO 94.4%,95%,80%,94. 4%



4 :BiOCl/Zn-Al LDHs 93
79.1%,C0.5.C1 C3 o 7(b) BiOCl.Zn-Al LDH BiOCl/Zn-Al LDHs
. BiOCl,Zn-Al LDHs BiOCl/Zn-Al LDHs
s MO : 180 min
BiOCl  Zn-Al LDHs MO , (Co0.5.C1.C2.C3 C5 MO
17.9%.21.8%.22.6%.28.0% 14.0%., C3 .
MO ,C3 o
1.2 -
—=7n-AlLDHs —e—CO0.5 1.2~
1.0 +C1 +C2
—<—(3 ——C5 1.0
—*—BiOCl1

0.8

0.8

. *5“’3:0.6

{‘<§06 j — *8(1)5
0.4 o
0.4 5
0.2 - - _«C5
, 02" _, Zn-AILDHs
0b— : ‘ ! Oiwfploq‘\‘\‘\\\‘\‘\‘\
0 20 40 60 80 100 0 20 40 60 80 100 120 140 160 180
/min t/min
(2) 24156 T FEfiE MO (b)FT W5 F % MO
7 MO -
’ C3 ° 8 ’
s MO , 3 ,C3 MO 70%,
MO ,C3 o
2.7
C3 MO ,
EDTA—2Na(h’ Y IPAC « OH YT AAC . OF e,
NO o 9 s EDTA-2Na IPA  ,MO
28%.31%, . AA MO 81%, .
0 , C3 MO «+OH h™ C3
MO o
100~
B N 100 <
i \ 80 \ \
<<t \ ERRE \\ N\
20| \ o \
N k 20* \
1 L I | N
% 1 2 3 4 5 0 §\;
Recyle runs No scavenger EDTA 2Na AA
8 9 MO
[17]
EVB: X - Ek+ 0.5 Eg (3)
Egp= Evy— Eg 4)
gEVB (VB) ;E(‘B (CB) ;X (



94 ( ) 31

), E* A H,0, 0,
( 4.5¢V).E,
. BiOCI  Zn-Al LDHs X 6.36 eV.6. gof pr—c— 10,
61 eV, 5 BiOCl  Zn-Al LDHs z 1
3.40 eV .3.12 eV, BIOCl  Zn =2 Big
AlLDHs VB 3.56 eV.3.67 V. Z -
CB 0.16 eV.,0.55 eV, ;g - N MO or OH-
BiOCl  Zn-Al LDHs 4r-MOor %
.10 . C3 . BiOCI *OH or degraded
-OH or degraded products
(+ 0.16 eV) Zn-Al LDHs (+0.55 eV) products
, BiOCl Zn-Al LDHs 0 oa o
BiOCI (+3.56 V)  Zn-Al LDHs (+3.
67c¢V) .  h' Zn-Al LDHs BiOCI . BiOCI  Zn-Al LDHs
09 BiOCl  Zn-Al LDHs (ECO,/H,0,) = + 0.70
vy . 0, H,0,.  HO, . OH. BiOCI  Zn-Al LDHs
h* (ECOH /+OH) = +1.99 ¢V vs. NHE) .  h° MO .
OH- . OH., MO BiOCI (+0.16 eV)  (E(O,/ * OF vs.
NHE) = —0.046 eV) ., (3 0, <05 .
.C3 MO

BiOCl /Zn-Al LDHs + hy — e (BiOCIl / Zn-Al LDHs) + h* (BiOCIl / Zn-Al LDHs)
2e” (BiOCI / Zn-Al LDHs) + O,+ 2H'"— H,0,

H,O,+ e (BiOCl / Zn-Al LDHs) -+ OH + OH™

h" (BiOCl / Zn-Al LDHs) + OH™ — + OH

« OH + MO — degraded products

h" (BiOCl / Zn-Al LDHs) + MO — degraded products

3
Zn-Al LDHs BiOCl BiOCl/Zn-Al LDHs
. ,BiOCl Zn-Al LDHs \
— N R 7Zn-Al LDHs
19.5% BiOCl/Zn-Al LDHs 94, 4%, Zn-Al
LDHs 2 C3 28%,
(1] . . [M]. : . 2007.

[2]Carja G, Nakajima A, Dranca S, et al. TiO,/ZnLLDH as a self~assembled nanocomposite with photoresponsive properties
[J]. Journal of Physical Chemistry C, 2010, 114(35):14722-14728.

[3]Zhao M Q, Zhang Q, Huang J Q. et al. Hierarchical nanocomposites derived from nanocarbons and layered double hy-
droxides-properties, synthesis, and applications[J]. Advanced Functional Materials, 2012, 22(4) :675-694.

[4]Mohapatra L., Parida K. A review on the recent progress, challenges and perspective of layered double hydroxides as

promising photocatalysts[J]. Journal of Materials Chemistry A, 2016, 4(28). DOI. 10.1039/c6ta01668e.



4 :BiOCl/Zn-Al LDHs 95

[5]Xu Y S, Zhang W D. Anion exchange strategy for construction of sesame-biscuit-like Bi, O, CO; /Bi; MoQOs » nanocompos-
ites with enhanced photocatalytic activity[J]. Applied Catalysis B Environmental, 2013, 141(8):306-316.

(6] , . (1] : » 2015,28(1):
82-85.

[7]Ma ], Ding J, Yu L, et al. BiOCI dispersed on NiFe-LDH leads to enhanced photo-degradation of Rhodamine B dye[]J].
Applied Clay Science, 2015,110:76-82.

[8]Li H, Deng Q. LiuJ, et al. Synthesis, characterization and enhanced visible light photocatalytic activity of Bi, MoQ; /Zn-Al
layered double hydroxide hierarchical heterostructures[J]. Catalysis Science &. Technology, 2014, 4(4):1028-1037.

[9] . , .o Cd™* Il . 2015, 44(5):155-157.

[10JAhmed A A A, Talib Z A, Hussein M Z B, et al. Zn-Al layered double hydroxide prepared at different molar ratios:
Preparation, characterization, optical and dielectric properties[J]. Journal of Solid State Chemistry, 2012, 191(191):
271-278.

[11]Sampath S K, Cordaro J F. Optical properties of zinc aluminate, zinc gallate, and zinc aluminogallate spinels[J]. Jour-
nal of the American Ceramic Society, 2005, 81(3):649-654.

[12]Li S, Shen Y, Min X, et al. Intercalation of 2,4-dihydroxybenzophenone-5-sulfonate anion into Zn/Al layered double
hydroxides for UV absorption properties[J]. Journal of Industrial & Engineering Chemistry, 2014, 20(4) :1280-1284.

[13] . TiO, /Fe, O4 (. , 2008(s1) . 46.

[14]A0 Y, Wang D, Wang P, et al. A BiOBr/Co-Ni layered double hydroxide nanocomposite with excellent adsorption and
photocatalytic properties[J]. Rsc Advances, 2015, 67(5) :54613-54621.

[15]Liu W, Wang M, Xu C, et al. Significantly enhanced visible-light photocatalytic activity of g-C; N, via ZnO modifica-
tion and the mechanism study[J]. Journal of Molecular Catalysis A Chemical, 2013,369(1) :9-15.

[16 ]Hazime R, Ferronato C, Fine L, et al. Photocatalytic degradation of imazalil in an aqueous suspension of TiO, and in-
fluence of alcohols on the degradation[J]. Applied Catalysis B Environmental, 2012, 126(38) :90-99.

[17] . [M]. : , 2011,

[18]Pearson R G. Absolute electronegativity and hardness: application to inorganic chemistry[J]. Journal of Organic Chem-
istry, 1988, 27(4) .734-740.

[19] , . - [Jl.

, 2015, 28(3):44-48.

Preparation and Photocatalytic Activity of
BiOCl/Zn-Al Layered Double Hydroxides Composites

Guo Xinxin, Zhang Xiqing

(School of Materials Science and Engineering. Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract ; BiOCl/Zn-Al layered double hydroxides (LDHs) composite photocatalysts assembled from
BiOCI microspheres and Zn-Al LDH nanosheets were synthesized by coprecipitation method. X-ray dif-
fraction, Fourier transmission infrared spectroscory, UV-vis diffuse reflectance spectroscopy. and scan-
ning eletron microscope confirmed the formation of the BiOCl/Zn-Al LDHs composites. And the photo-
catalytic degradation activity for methyl orange (MO) of the samples was studied under UV and visible
light. The results showed that the photocatalytic performance of BiOCl/Zn-Al LDHs composites were
higher than single BiOCl and Zn-Al LDHs. When the LDHs content was 19. 5%, the BiOCl/Zn-Al
LDHs composite showed the highest photocatalytic activity, and the degradation rate of MO was 94. 4 %
and 28% under UV-light and visible light, respectively.
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