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Synthesis and photocatalytic activity of ZnS-CdS/ZnO

nanocomposite under vible light irradiation

HYUN JUNG LEE

Department of Industrial Chemistry, Graduate school

Pukyong National University

Abstract
/Zn0O has attracted attention as a multifunctional material suitable
for a variety of applications due to' its unique properties and high
chemical stability. Recently ZnO, an n-type semiconductor, has
emerged as one of the most promising photocatalyst in the
degradation “and .complete mineralization of -environmental
pollutants. Although remarkable development has been made in
recent years for the photocatalysts working under ultraviolet light,
there are limits for the photocatalysts to be applied under visible
light. Thus, in this study, the visible light responsive
7/nS-CdS/ZnO materials were successfully fabricated using the
chemical precipitation method and used as photocatalysts in
photocatalytic degradation of Rhodamine B. Combination of
semiconductors such as metal oxided (ZnO) and metal sulphides

(ZnS and CdS) as photocatalysts with visible light can be used

_Vi_



for degradation of a wide range of dye contaminations. The CdS
was used as a photosensitizing agent to activate ZnO due to its
narrow direct band gap and ZnS was also deposited on the ZnO
to 1Increase the efficiency and stability of the system. The
prepared samples were characterized by X-ray diffraction and
UV-vis diffuse reflectance spectroscopy. The prepared samples
show high crystallinity. The absorption spectrum extends to the
visible light range. As expected, the experiments of photocatalytic
degradation of Rhodamine B show that ZnS-CdS/ZnO exhibits
much higher photocatalytic.activity..compared to pure ZnO sample

under visible light irradiation.
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Table 1. Comparison of photocatalyst and conventional heterogene

ous catalyst

Conventional
Photolcatalyst
heterogeneous catalyst
Material of ; i
Metal or Metal oxide Semiconductor

catalyst

Particle & photovoltaic

Physical type Particle
cell
Reaction : | s | . .
gas/solid gas/solid, liquid/solid
phase
Reaction High temperature & Normal temperature &
condition high pressure normal pressure

Input energy

Thermal-energy (kT)

Light energy (hv)

AG AG<0 Even AG>0 is possible
Enhancement of Generation of electrons

reaction rate as change | and holes by excition

Role of reaction path of photocatalyst and

through inter action
with catalyst surface

their electron transfer

reactions
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Table 2. Character of ZnO

Materials Properties ZnO
Molar mass 81.408 g/mol
Crystal structure Hexagonal wurtzite
Lattice constant (A) a=b=3-2500a=3206
Molecular weight 81.38
Density 5.606 g/cm
Melting point 19 RY G
Boiling point 2360 °C
Band gap energy 327 eV
Exciton binding energy 60 meV
Thermal conductivity 0.006 cal/cm-K
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A3F A3
3-1. A]¢F
3-1-1. ZnO¥] precursor

ZnO Aol A= Zine nitrate hexahydrate (Zn(NO3)»-6H-O, JUNSEDZE

=

precursor@ AF&3FA 3, 2M9] Sodium hydroxide (NaOH, JUNSED)+= pH
g 2450 Agean 8t 5 RS

F e A stk

3-1-2. ZnS ¢ precursor

7nS Aol A= Zine nitrater hexahydrate (Zn(NOs),-6H,O, JUNSED)=

= AR

precursor® A3} AL, Sodium sulfide nonahydrate (NaS-9H-O, ACROS
)5 HAAARZ ARG &

2=

=i AR ahel o,

3-1-3. CdS ¢ precursor

CdS Ao 4+= Cadmium nitrate (Cd(NO3),-4H,0, SHIMAKYU)Z prec

ursor® AF£3}%1 3, Sodium sulfide nonahydrate (NaS-9H-O, ACROS)E
AAAR g, Sl FR4E

& Agatsin.
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3-2-1. ZnO ]9 A

oA ARgE Fule AP oE AzxHJG HE 02MY
Zn(NO3)y 6H,05 &9 EAZ Agstdon &ules THTE AHESSTH
2Me] NaOH= pH7} 8¢] & wj7tx] Z4dsbdA uwkgtth, ojuf vhg %
v 80CE frxlge} o] & HAde &S oF 3021t aging ¢ ¥ ZH

T 100C = 24X 7+ A=A 7T

3-2-2. ZnS-CdS/ZnO- W ¢ A

Hz 02M°] Zn(NO3)»6H0E 7|8 % NaOH= pH7F 8°] 2 w714
AW A whksle] ZnOE FAAE = ZnSE  Zn(NO3)y'6H.O, CdS+
Cd(NO3)2-4H:0= Z+7}b precursor® Ab&3to] NaS-OH.0 HAAE 713}
AA AFHJAoh . ZnSS - CdSe  molar - ratiox - 1112 o,
ZnS-CdS:ZnO% (1:4, 1:2,-1:1 molar-ratio) ZtZF Al 7t 2 A3 Th, o
o, HS2EE 30CE FAAZNG. WS m F SFES o 30w7t
aging 3t ¥ ZE & 100CE 24X 7 AXA|ZIt}E ZnO& Eaf 3lAe] &
ol A9k ZnSot CASE A FA T Fole =S eByuidlth Fig. 6

o 7ol A sk A NHFEE e AT
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Fig. 6. Preparation schemes of ZnS-CdS/ZnO catalysts.
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3-3. A" &g EX BA

3-3-1. SAEA FA

1) X-41 34 (X-ray diffraction)

HZ APEY ZARSS Felsr] A8 XHd 3" EA471(XRD,
PHLIPS X'Pert-MPD System)& ©]-&3to] A7 209 W& 5~80°7
A 0.02°9] A2 Z7gste] Bl Bkrh o] W X-H H A A

9} Scherrer's equation= &3 YAZ7]E  AAsFFE[48].

714, D2f 23 YA E7lel, KT (=0.89), A= X-4d9 3

(CuKa=0.15406nm), B #Al ¥k X, 0 32 T4l 3 dztreolty 1
g BRUF WYL @FL FAFGHSH, XRD Fv)) SAH HEL

2) UV-vis DRS (UV=yis diffuse reflectance spectroscopy)
SAAE FHue FEE 2 oo AS dolrr] 98] UV-vis diffuse
reflectance spectroscopy (DRS)(Varian Cary 100)E o]-&3}o] =743}t

o714 AbgE 7|5 22 PTFE(polytetrafluorethylene) 7} AF-& % At}

3) BET (Brunauer-Emmett—-Teller)
Eulo] EwA

9, 1% 59 % J1Fe] BE & 45 8 me 24 3

2] (Quntachrome, Autosorb-1 Surface Analyzer)Z ©]8-3to] =43ttt o]u

AEe] A= 20Tl dAGE sidler AFsE4or dAF5S 344
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4) FE-SEM (Field Emission Scanning Electron Microscope)

HE A vATE 2 AR 27 AR B 5= dotry] A8 A
AAFE FAPAAE v H (FE-SEM, JSM-6700F, JEOL(JAPAN))S °] &3}
Ael= Osa® S sto] chargeBdS A3} a1, wAl A+
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Fig. 8. Experimental apparatus for photocatalytic activity.
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Fig. 9. Structure of Rhodamine B.
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A4 dxn 2 uF

4-1. ZnS-CdS & Fd WE ZnO &9 SEAZ4E4

Ao w Axd Yie AAEe 44 TFx AAEE dotry] 93
X-4d 3ddide s 208 0.02°9 1A= ZAEAt Fig. 105 ZnS¢}
CdSE H7VelAl &L = ZnO02 1z oltt. ZnO Y= YA hexagon
al wurtzite?] 274 F2E HEAG(JCPDS card no. 89-0510). Fig. 11
7nS-CdSE| o] Eold5 2 7|2 hexagonal® ZnOo =7} Hx} oFsj
A3L Cubice] ZnS(JCPDS file no. 89-2191)¢} CdS(JCPDS file no.
80-0019)7F ¥} @& Z-rex] yELEAL e o= (11D34d 9a= o
2 5 FWHME Belth o] H 9 ZnS-CdS/ZnOel @A S Il & F 3l
3 Table 32 XRD & ¥of -2} Scherrer’'s equations ©|-&3lo] 13 ¢
ZFe] =712 AALE Aolt) 30nm~85nme] Ftol wskal, 543k

Z
B8] ZnS-CdS7F £01%F Zn0e] 9# A7)17F Had A4S & 5 Qi
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Fig. 10. XRD pattern of prepared ZnO catalyst.
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Fig. 11. XRD patterns of prepared ZnS-CdS/ZnO catalysts.
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Table 3. The 26, FWHM value and average crystal size(D) of
different ZnS-CdS/ZnO nanoparticle.

Sample 20 value(®) | FWHM(@)®) | Cvsta) size(D)
Zn0 36.2764 0.0984 84.01
7nS-CdS/Zn0 (1:4) | "86.4228 0.1574 52.54
7nS-CdS/Zn0 (1:2) | ~86.3920 0:2755 30.02
7nS-CdS/ZnO (1:1) |  36.3954 0.2755 30.02

_35_



4-1-2. UV-vis DRS

Azxd Si7F Fhdoriy Foste 3 wE F3= A4S 98
UV-vis diffuse reflectance spectroscopy (Varian Cary 100)7} A& % %1t}
Fig. 12014 = 4 3ol Az FviEL 200~900nme] <= ol
A UV-vis DRS7F ## =tk 3 ZnOx 400nm ©]7%+e] 7FA3 <
Aol A F5E Ao HolA &Fal Ao g FNt ol gt o]
Hl &, ZnS-CdS/ZnO (134, 1:2, ')+ HAA o2 7hA[3d d99 11 34y

2 absorption edge”l o538t FH o2 FA =T
4-1-3. BET

BET #4& 8| Sv)58) EUAS Zafste] Tuble 4o LFehAgIt) ZnS-C
o] F7ksle= Ao ® UEsth ZnS-CdS/ZnO
(I:D9 FHALS 117.7%m/g .2 4% 714 & 29SS YeEhg i

4-1-4. FE-SEM

nS-Cdse] ol whe dAEe] @43 =715 FE-SEM olnA ZAis

8 #FAsAL. Fig. 14 (b)e] YA7F Fig. 13 (a)¢F (b) 18] Fig. 14
(@)l vls AR Zolxl g g = vk FAEA Eol3E ZnS-Cdsel
Fol AL A dAY Z7I7F A YERg e Eoi3F ZnS-CdSe] el B
B dAe] A2717F AHAF #pokxd Aol o= Fwf Alx Al So)1F ZnS-CdS

7 Eu Q4 Gl S v
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o

dlo
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|&= Ao=m dAotech
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Absorbance(a.u.)

ZnS-CdS/Zn0 (1:1

ZnS-Cds/n0 (1:2)

200

Fig 12. DRS

Wavelength (nm)

spectra of ZnO and ZnS-CdS/ZnO catalysts.
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Table 4. Nitrogen adsorption characteristics of the neat ZnO and

ZnS-CdS/ZnO.

ZnS-CdS/Zn0O (1:1) 117.796
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(a)

Fig. 13. FE-SEM images of the (a) neat ZnO nanoparticles and
(b) ZnS-CdS/ZnO (1:4) nanoparticles.
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Fig. 14. FE-SEM images of the (a) ZnS-CdS/ZnO (1:2) nanopartic
les and (b) ZnS-CdS/ZnO (1:1) nanoparticles.
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Fig. 15. Adsorption of Rhodamine B on ZnO, TiO; and ZnS-CdS/

== Zn0
—b—Zn5-CdS,/Zn0 (1:4)}
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ZnO (under no light, catalyst loading 0.3g, Rh B).
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4.3. 7}A B4 oA ¢ ZnS-CdS/Zn0O F&v|F &4

4-3-1. 39 ZnS-CdS #7MF =<

Fig. 162 7FA334 99 slol A ZnS-CdS/ZnO (1:1) Zvje] wk&-E9o %
wafell tigk A3E HoFErh o714 Fvl H7k= 100mL W&ol 0.1~
04g 7HA AR WeERZE % 1x10°mol/Le] £ty BE YR E
A8 sto] B 23S AAEt-DRS Aol A ekl A o] 74A%

Hegel ol wgol HAs AWM Huj LS 03gow AADL W
FHe3 BEA B0 A% I AUAA B o] BEUE o

4-3-2. ZnS-CdS/Zn0O 3 F=ujzd 4

Fig. 17-18<& 71A134 939 stoll A ZnS-CdS/ZnO- vl o] o= ¥ 3123
S-S YER Aol oV ks B2 e 1x10°mol/Le =uid B}
= 100mL ¥H&7]el 03gs ARE8k . ZnS-CdS/ZnO (134, 1:2, 1:1)
2 oHjgo] FTUHEel uwEl FEA G vEH R SRS 4 F 4
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Fig.
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Time (min)

16. Photocatalytic activity of ZnS-CdS/ZnO (1:1) wunder

visible light; effect of catalyst loading.
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il 1}
=—p=7n5-Cd5,/Zn0 (1:4)
0.8
gy 7115-CdS /200 (1:2)
=ip==Zn5-CdS/Zn0 (1:1)
0.6
=]
2
=)
2
0.4 !
0.2 |
ﬂ i | |. | 1 |
-30 0 30 60 S0 120 150

Time (mimn)

Fig. 17. Photocatalytic activity of ZnO and ZnS-CdS/ZnO under
visible light; effect of ZnS-CdS concentration.
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02 | e Z05-CdS 200 {1:2}

—8— 7n5-CdS/Zn0 (1:1)

0 L I i L 1
0 11 60 S0 120 150

Time(min)

Fig. 18. Photocatalytic activity of ZnO and ZnS-CdS/ZnO under
visible light; effect of ZnS-CdS concentration.
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Fig. 19. Photocatalytic activity of ZnO, TiO; and ZnS-CdS/ZnO

under visible light.
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Fig. 20. Photocatalytic activity of ZnO, TiO; and ZnS-CdS/ZnO

under visible light.
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Fig. 21. Photocatalytic degradation rate of ZnO, TiO2 and

ZnS-CdS/ZnO.
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