
 
 

aNuclear D

 
Photocata

pollutant on
studied as 
pollutant re
revealed and
satisfied for
chemical, t
absorption, 
area, high p
until now 
requirement
to enhance 
approaches.
photocataly
semiconduc
visible-light
carrier ge
morphologi
amount of s
carrier recom
several rep
adsorption 
synergistic e
activity.  

Along 
photocataly
easily synth
applications
semiconduc
WO3, etc) [
and dye mo
single-mole
photocataly
have been m
against hum
containing 
dispute. Rec
C3N4, C3N3S
outstanding 
from water,
(PPP) in 19
activity by i
there is no
organic pho
from water.
metal-free o
carbon and
irradiation 

elec

Department of

1. Int

alytic decom
n semiconduc

a simple an
emoval. The r
d some funda
r high photoc
thermal stabi
efficient cha

pollutant ads
on, no sing

ts. Therefore, 
the activity 

 By cont
st or combi

ctor, the light 
t spectrum reg
eneration. B
es, large sur
surface reactio
mbination bef
orts have sh
of pollutant 
enhancement 

with these 
sts should b
hesizable for 
s. During a fe
ctors, especial
[1,2], metal s
olecules with
cules) [5] ha
st. However, 
made, issues 

man health by
inorganic se
cently, metal-
S3) [6,7] have
photocatalyti

, after the fir
990 [8]. Both 
incorporating 
o reported lit
otocatalyst for
 In this paper
organic photo
d hydrogen 
on polymer 

Transa

Adso
ctron-irrad

Sung Oh Ch
of Nuclear and

*

troduction 

mposition of 
ctor materials 
nd clean pro
reaction mech
amental requir
catalytic activ
ility in wate
arge separatio
orption abilit

gle material 
lots of efforts
of photocata

trolling the 
ining with n

absorption c
gion that incr

By adopting 
rface area ca
on sites and re
fore it reaches
hown that, b
on the photo
can occur in t

fundamenta
be non-toxic

economical 
few decades, v
lly, metal oxi
sulfides (CdS

h a metal core
ave been wid

even though
related to th

y using these
emiconductors
-free organic 
e been synthes
ic activities f
st report of p
of these work
a co-catalyst. 

terature abou
r removal of 
r, we present 
ocatalyst that 
fabricated b
nanospheres. 

ctions of the Ko
Jeju, Ko

orption and
diated polys

hoa∗, Seung Hw
d Quantum En

Correspondin

aqueous org
has been wi

cess for org
hanism have b
rements shoul
vity, such as h
er, intense l
on, large sur
ty, etc. Howe
fulfills all th
s have been m
alysts by sev

band-gap 
narrow band
can expand to
reases the cha

nanostructu
an provide h
educe the cha
s these sites. A
y increasing 
ocatalyst surf
the photocatal

al requireme
, abundant, 
and eco-frien

various inorg
ides (TiO2, Zn
, PbS, etc) [3
e (Ru-, Ir- b

dely studied a
h lots of stu

he potential th
e kinds of m
s are still un
photocatalyst

sized, and sho
for H2 produc
poly(p-phenyl
k shows enhan

However, to 
ut single mat

organic pollu
a novel low-c
consists of o

by electron-b
Characteriza

orean Nuclear S
orea, May  17-1

d photocata
styrene nan

 
wa Yooa, Jea j
ngineering, Ko

 

ng author: soc
 

ganic 
dely 

ganic 
been 
d be 
high 
light 
rface 
ever, 
hese 

made 
veral 

of 
-gap 

o the 
arge-
ured 
huge 
arge-
Also, 

the 
face, 
lytic 

ents, 
and 

ndly 
ganic 
nO2, 
3,4], 
ased 
as a 

udies 
hreat 
etal-
nder 
t (g-

owed 
ction 
lene) 
nced 
date, 
erial 
utant 
cost, 
only 

beam 
ation 

resu
sho
nan

 
I

con
Exp
pho
des
 
2.1 

2
silic
sub
trea
Aft
on 
nan

 
Fig 
irrad
for 
trea
×10
 
2.2 
hea
 

T
to a
roo
Tor

Society Spring M
18, 2012 

alytic activ
nosphere m

joon Kima, Jon
orea Advanced

cho@kaist.ac.k

ults and ad
own of el
nospheres. 

2

n this sectio
nditions of el
perimental c
otocatalytic ac
cribed. 

Preparation o

2 drops of PS 
con substrate

bstrate was cut
ated in a pira
ter drying ove

the silicon 
nospheres with

1. FESEM ima
diated at fluenc
1h, (c) electro

ated at 360  fo℃
018 cm-2 and hea

Electron irra
at treatment 

The as-prepare
an electron be
m temperatur
rr. An elect

Meeting 

ity of  
multi-layer 

ng min Kuma 
d Institute of S

kr 

dsorption-phot
lectron-irradia

2. Methods an

on, sample p
lectron irradi

conditions of
ctivity of as-p

of PS multi-la

aqueous dispe
e. Prior to 
t in dimension
anha solution
ernight, PS mu

substrate. T
h 100 nm size 

ages of (a) PS m
ce 7.5 × 1017 cm
on irradiated at
or 1h and (d) el
at treated at 360

adiation on PS

ed PS multi-l
eam. The irra
re and in vac
tron beam 

film 

 
Science and T

tocatalytic ac
ated polysty

nd Results 

preparation m
iation will b
f the meas
prepared sam

ayer film 

ersion were de
deposition, 

ns of 0.8 cm ×
n for hydroph
ulti-layer film
he film con
as shown in F

multi-layer film
m-2 and heat tre
t fluence 1018 c
lectron irradiate
0  for 1h℃  

S multi-layer f

ayer films we
diation was c

cuum lower th
was generat

Technology  

ctivities are 
yrene (PS) 

methods and 
e described. 

surement of 
mples will be 

eposited on a 
the silicon 

× 3.5 cm and 
hilic surface. 

m was formed 
nsists of PS 
Fig. 1a. 

m, (b) electron 
ated at 360  ℃
cm-2 and heat 
ed at fluence 3 

film and post 

ere subjected 
carried out at 
han 2 × 10-5 
ted from a 



Transactions of the Korean Nuclear Society Spring Meeting 
Jeju, Korea, May  17-18, 2012 

 
thermionic electron gun with electron energy of 50 keV 
and current density of the electron beam was 10 μA cm-

2. The electron fluence was varied from 7.6 × 1016 to 3 
× 1018 cm-2 by adjusting the irradiation time. The 
irradiated samples were heated at 360 ℃ for 1h to 
remove the residual polymeric materials. The change in 
morphologies are shown in Fig. 1. 

 
2.3 Measurement of adsorption and photocatalytic 
activity 

 
   The adsorption and photocatalytic activity of electron-
irradiated PS nanosphere multi-layer films were 
measured by the removal of methyl orange (MO) 
molecules dissolved in water. Adsorption properties 
were measured under dark for 3 h and the photocatalytic 
activities were measured under simulated sun-light 
illumination. The estimated light power was 100 mW 
cm-2. The samples were vertically immersed in a qualtz 
cell which contains 10 mg L-1 of MO aqueous solution. 
During certain time intervals, the absorbance of the MO 
solutions were measured by UV-VIS spectroscopy. The 
absorbance of the MO solutions are compared by each 
time intervals, which has different light illumination 
time. The ratio of MO concentration C/C0 could be 
calculated as follows 

 
                                   C/C0 = A/A0                                      (1) 
 

where C0 and C are the concentration of MO at 
illumination time 0 and t, and A0 and A are the 
absorbance values at the wavelength of 464 nm at time 
of 0 and t, respectively 

Fig 2. shows the adsorption and photocatalytic 
activities of electron-irradiated and heat treated samples 
at different electron fluences. The adsorption property 
and photocatalytic activity gradually increases as 
electron fluence increases up to 1018 cm-2. However, the 
adsorption and photocatalytic activities starts to 
decrease for further electron irradiation. 
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Fig 2. Adsorption and photocatalytic activity of electron-irrdiated PS 
film at electron fluence of (a) 7.6 × 1016cm-2, (b) 7.5 × 1017cm-2 , (c) 
1018cm-2, (d) 1.25 × 1017cm-27and (e) 3 × 1018cm-2. 

 
 
 

3. Conclusions 
 

Electron-irradiated PS nanospheres show weak but 
certain adsorption and photocatalytic activity at 
different fluences. Further improvements are expected 
at optimal sample preparation procedure and 
measurement conditions. Also investigation of the 
operation mechanism of electron-irradiated PS 
nanospheres are challenging.  
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