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ABSTRACT

Zinc oxide (ZnO) is interesting material and can be widely used in many applications, such
as catalysts and sensors. However, surface modifications can increase ZnO performance. Therefore,
this research aimed to enhance photocatalytic and antimicrobial properties of ZnO with nano-silver
and use as an additive in polylactic acid (PLA)/polybutylene succinate (PBS) films.

Nano-silver coated zinc oxide (Ag/ZnO) powders can be successfully prepared via
benzoxazine oxidation method according to Thai petty patent No. 9717. The prepared powders were
characterized by XRD, XRF, BET, SEM, photocatalytic and antimicrobial properties. After that,
5%Ag/ZnO powder was used as an additive in PLA/PBS (90:10 wt%) films at 1, 2, 3 and 4 phr. The
physical, mechanical, thermal and antimicrobial properties of composite films were examined.

The results found that the Ag/ZnO powders showed better photocatalytic and antimicrobial
properties than ZnO. In addition, the composite films at 1 phr Ag/ZnO powders showed the highest
modulus and inhibited both gram positive (S.aureus) and gram negative (E.coli and P.aeruginosa)
bacteria. It can be concluded that the Ag/ZnO powders can act as nucleating and antimicrobial

agents in PLA/PBS films.

Keywords: zinc oxide, nano-silver, photocatalytic property, antimicrobial property,

polylactic acid/polybutylene succinate films.
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2.4 waalNaudATIUA (Polybutylene succinate, PBS) [8,9,12]
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-1 wamsnagevantamsiluausalfasensueas

MWD N.1.1 AINTI08AA0TI0UUDI Com-ZnO

1321 (min) 0 15 30 45 60
C/C, 1 0.975 0.950 0.875 0.825
MINUIN N.1.2 AMNTE0saa18FE0uV3 0.1%Ag/Com-ZnO
1301 (min) 0 15 30 45 60
C/C, 1 0.350 0.125 0.075 0.025
MINUIN 1.1.3 AIMNTE0saa18TEoUV 0.5%Ag/Com-ZnO
1381 (min) 0 15 30 45 60
C/C, 1 0.0375 0.025 0.0175 0.0125
MNUIN A.1.4 AINTEEAA18TE0UVEN 1%Ag/Com-ZnO
1381 (min) 0 15 30 45 60
C/C, 1 0.1125 0.0875 0.050 0.025
MTNUIN A.1.5 AIN5TE08AA18TI0NVEN 5%Ag/Com-ZnO
1301 (min) 0 15 30 45 60
C/C, 1 0.27175 0.14825 0.05825 0.04575
MIINUIN N.1.6 AN TE0ITA8TE0UUDI Nano-ZnO
1301 (min) 0 15 30 45 60
C/C 1 0.375 0.1125 0.075 0.050

0
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MINUIN N.1.8 AN TE0saa1eTdouued 0.5%Ag/Nano-ZnO
1301 (min) 0 15 30 45 60
C/C, 1 0.1625 0.100 0.075 0.0675
MIAUIN N.1.9 AINTEBAAETE0UVDY 1%Ag/Nano-ZnO
1381 (min) 0 15 30 45 60
C/C, 1 0.125 0.075 0.050 0.025
MI9UIN N.1.10 AINTERLAAET 0NV 5%Ag/Nano-ZnO
1301 (min) 0 15 30 45 60
C/C, 1 0.375 0.275 0.125 0.025
MINUIN N.1.11 AMN5E8AA18TE0UVEY 5%Ag/Com-ZnO AN 2
1301 (min) 0 15 30 45 60
C/C, 1 0.65425 0.39575 0.25675 0.16175
MINUIN N.1.12 AN TE08Ta18TE0UVDI 5%Ag/Com-ZnO ASIN 3
381 (min) 0 15 30 45 60
C/C 1 0.63675 0.43825 0.33675 0.19575

0
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a d A
N-2 Nﬁﬂ'lﬁ?!ﬂ'i'lgﬁﬁﬂlﬂﬂﬂ]ﬁnlﬁﬁ

MINHUHIN N.2.1 ﬁ15¢]51ﬂ151‘ﬂ€1ﬂ]@\1 PLA

¥uh 1 2

3 4 5
WInin (g) 0.047 0.045 0.045 0.045 0.048
A1INNNUIN N.2.2 ﬂ'ﬁmwmﬂwamm PLA95
Fuh 1 2 3 4 5
WInin (g) 0.049 0.049 0.050 0.051 0.052
A1INNNUIN N.2.3 ﬂ'ﬁmwmﬂwamm PLA90
¥uh 1 2 3 4 5
W11iin (g) 0.061 0.055 0.056 0.062 0.060
A1 NN UIN N.2.4 ﬁ%ﬁ“mwms"lwamm PLASS
¥uh 1 2 3 4 5
W11iin (g) 0.064 0.066 0.064 0.063 0.065
A1 NNUIN N.2.5 ﬂ'TSﬁﬁﬂﬁqﬂﬁﬂl@Q PLASO
FUN 1 5 3 4 5
WInin (g) 0.080 0.070 0.084 0.084 0.094
A1INNNUIN N.2.6 ?]'15@51ﬂ15ul,ﬁﬁ"116\1 PLA90-Com-ZnO-1
FUN 1 2 3 4 5
WInin (g) 0.103 0.102 0.105 0.101 0.104
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A1519KUIN 1.2.7 A1BATINT 111aV89 PLA9O-Com-ZnO-2

¥uh 1 2 3 4 5
Uniin (g) 0.141 0.147 0.142 0.142 0.143
A1 NN UIN N.2.8 ?i"l’t’Jwﬂ'ﬂﬂ']iulMa‘ll@Q PLA90-Com-Zn0O-3
¥uh 1 2 3 4 5
WInin (g) 0.189 0.180 0.184 0.188 0.182
A1INNNUIN N.2.9 ﬁ1§ﬁi1ﬂ1§llﬂaﬂ]6\1 PLA90-Com-ZnO-4
Fuh 1 2 3 4 5
WInin (g) 0.215 0.195 0.262 0.253 0.214
A151WHIN 0.2.10 AIBATING 1MaVD PLA9O-5%Ag/Com-ZnO-1
¥uh 1 2 3 4 5
Uniin (g) 0.120 0.138 0.133 0.122 0.142
A1519WHIN 0.2.11 AIBATING 11aV09 PLA90-5%Ag/Com-ZnO-2
¥uh 1 2 3 4 5
W11iin (g) 0.154 0.158 0.158 0.163 0.173
A1519WHIN 0.2.12 AIBATING 11aVD9 PLA9O-5%Ag/Com-ZnO-3
¥uh 1 2 3 4 5
W1niin (g) 0.197 0.194 0.192 0.193 0.175
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A1519KHIN 1.2.13 AIBATING 11109 PLA9O-5%Ag/Com-ZnO-4

Fudi 1 2 3 4 5
‘1311’[11}'?1 (2) 0.200 0.226 0.241 0.256 0.195
N-3 HamInNaaeUANIAFING
MINWUIN 0.3.1 AMINAdoUANTATINAVOLHUTTY PLA
Fuii 1 2 3 4 5
Tensile strength (MPa) 64.30 67.50 56.80 42.50 55.00
Elongation at break (%) 9.28 12.91 10.13 10.86 8.16
Modulus (MPa) 1897 2101 1801 1705 1981
MINAUIN 0.3.2 AMINadoaNAFINaveBHUIaN PLAYS
Fuii 1 2 3 4 5
Tensile strength (MPa) 51.80 53.60 54.80 57.70 50.00
Elongation at break (%) 25.40 29.40 20.20 19.05 21.40
Modulus (MPa) 2125 1578 1601 1594 2099
MINAUIN 0.3.3 AMInadevauiAFInaveuHuNE Y PLA9O
Fudi 1 2 3 4 5
Tensile strength (MPa) 38.04 52.71 57.70 51.75 53.13
Elongation at break (%) 51.04 55.04 56.96 51.60 54.40
Modulus (MPa) 1543 1692 1823 1804 2074
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ATNUIN 0.3.4 AMINATIUANTATINAVWHUN S PLASS

Y

Fuii 1 2 3 4 5
Tensile strength (MPa) 44.00 54.80 51.80 51.50 49.40
Elongation at break (%) 84.60 75.20 69.80 71.00 73.00
Modulus (MPa) 1400 1265 1333 1551 2015
MINWUIN 0.3.5 AMInadoauAFInave wHuNE PLASO
Fui 1 2 3 4 5
Tensile strength (MPa) 43.28 47.92 43.39 47.68 51.79
Elongation at break (%) 81.80 117.40 76.80 81.20 106.80
Modulus (MPa) 1151 1867 1333 1232 1574
MIWUIN 1.3.6 ANINATOUANTAFINAVUHUNSN PLAYO-Com-ZnO-1
Fudi 1 2 3 4 5
Tensile strength (MPa) 41.72 46.41 37.50 45.21 38.13
Elongation at break (%) 57.10 44.90 55.60 50.40 46.10
Modulus (MPa) 2083 1518 2494 2876 2568
MINAUIN 0.3.7 MMINAToUaNTATFINAYBHENEY PLAYO-Com-ZnO-2
%u‘ﬁ 1 2 3 4 5
Tensile strength (MPa) 47.68 32.68 45.18 45.21 38.13
Elongation at break (%) 38.72 31.40 31.28 32.08 30.72
Modulus (MPa) 2966 2484 2639 2932 2755
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ATWUIN 0.3.8 AIMINATIVANTATINAVDIHUNSY PLAIO-Com-ZnO-3

Y

Fuii 1 2 3 4 5
Tensile strength (MPa) 43.75 37.50 40.54 42.32 36.04
Elongation at break (%) 18.70 22.90 31.20 23.60 35.20
Modulus (MPa) 2697 2834 2950 2872 3011
MIWUIN 1.3.9 ANINATUANTATFINAVOIHUNSTU PLAYO-Com-ZnO-4
Fui 1 2 3 4 5
Tensile strength (MPa) 39.06 39.53 45.89 40.54 38.13
Elongation at break (%) 20.90 16.10 17.10 15.50 16.30
Modulus (MPa) 2685 2593 2845 2955 3161
MIWUIN 0.3.10 AMINAToUaNTAFINAVRUHUNEN PLA9O-5%Ag/Com-ZnO-1
Fudi 1 2 3 4 5
Tensile strength (MPa) 31.25 28.57 36.25 43.06 39.58
Elongation at break (%) 35.20 39.40 19.40 36.80 21.40
Modulus (MPa) 2945 2745 2741 2089 3058
MINWUIN 1.3.11 AIMINATBUANLATINAVOWAHUTEL PLAYO-5%Ag/Com-ZnO-2
%u‘ﬁ 1 2 3 4 5
Tensile strength (MPa) 41.09 24.08 34.38 29.82 34.79
Elongation at break (%) 31.60 24.08 21.60 29.20 31.60
Modulus (MPa) 2157 2221 2119 2830 2566
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MINWUIN 0.3.12 AMInadeUauAFInave kUi PLA90-5%Ag/Com-ZnO-3

Y

Fud 1 2 3 4 5
Tensile strength (MPa) 34.38 34.84 38.47 33.28 26.25
Elongation at break (%) 19.00 13.80 18.80 13.60 19.90
Modulus (MPa) 2561 2289 2451 2476 2367

MINAUIN 0.3.13 AMINAdoUaNTAFINaVeAHUNEN PLA9O-5%Ag/Com-ZnO-4

BUN 1 2 3 4 5
Tensile strength (MPa) 35.71 30.78 37.50 20.31 33.91
Elongation at break (%) 17.10 8.15 10.80 11.50 9.13
Modulus (MPa) 2876 2476 2127 2104 2403
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ZnO Surface Modification by Nano-Silver Coating via Benzoxazine
Oxidation to Enhance Photocatalytic Activity and Antimicrobial Property

Kankaves Sukthavorn', Nollapan Nootsuwan®, Suchada Jongrunsruznzcholk’,
Nattzmon Kocmaenz* Apirat Laobuthee? and Chatebai Veranitisagul'”’

Department of Materialks and Metallurgical Enzineering, Faculty of Ensineering, Rajamangala University of Technology
Thanyaburi, Pathumthani 12110, Thailand
“Department of Materials Engineering, Faculty of Enzimeeninz, Kasetsart University, Ladyao, Chanachak, Bangkok 10900,
Thatland
"Deparuent of Pharmaceurical Cheméstry, Faculty of Phramacy, Ranzsit University, Patbumrhani 12000, Thadand
“Departmant of Chemisay, Faculty of Science, Kasetsart University, Ladyao, Chatuchak, Bangkok 10200, Thadland
(*chatchai v@en mutt ac.th)

Abstract: This research aims to prepare nano-silver coated ZnO from two different types of zine
oxide (Com-ZnO and Nano-ZnO) via benzoxazine oxidation. Various silver amounts (0.1, 0.5, 1
and 5 mol%) coated on both types of ZnO were prepared to study photocatzlytic activity for
degradation of Edicol tartrazine dye and antimicrobial property. All Az/Zn0 powders, especially for
0.5%Az/Com-Zn0 and 1%AzNane-ZnO, showed higher photocatalytic activity than both types of
ZnO in 15 min In addition, Az/Zn0 showed antimicrobial property for fimzus (C.albicans) and all
of gram pozitive bactenz (S.qwrens and B.subrlis) and gram negative bactenz (E.coli and
P.acruginesa).

Keywords: Zinc oxide, Silver nanoparticle, Photocatalytic activity. Antimicrobial property

1. Introduction to compare the photocatalytic activity and
Because of high quantum efficiency, antimicrobial property.

high redox potential, superior physical and

chemical stability. non-toxicity and low cost 2. Materials and Methods

[1-3], ZnO 15 an mteresting matenal for using 2.1 Matenals

as a photocatalyst to transform toxic and Zine oxide (commercial grade,

harmless chemicals [1.4]. However, pure ZnO Com-ZnO) was purchased from Global
has not provided z sufficient catzlytic Chemical Co., Ltd (Thailand). Zinc oxide
performance to ephance the performance of (nano-size grade. Nano-ZnO) was purchased
pure ZnO, doping with Ag on ZoO swrface has from Nanoscience Technology Co.. Ltd
been focusad [4-6]. Recently, owr group has (Thatland). Silver mtrate (4zNOs, Analytical
proposed 3.4-dihydro-1.3-2H-benzoxazines as rezgent grade) was purchased from Twupzti
a novel one-electron donator for silven() ion Industryes (India). Dichloromethane (CH:2Cla,
and patented a new process for nano-silver Commercial grade) was purchased from Ajax
coating on various swfaces via oxidation of (Australia). 3.4-Dibydro-3.6-dimethyi-1,3-2H-

benzoxazine monomer [7). This process offers benzoxazine was synthesized as a reducing
many advantages such as smmple, low agent for silver(l) ion zccording to Thai patent
processing temperature and short time. No. 9717. Edicol tarfrazine dye was purchased

Moreover, the nano-siiver formed also shows from East Asiatic Company (Thailand).

the remarkable property as antmicrobial

activity. Therefore, in this work, the obfained 22 Synthasis of nano-sitver coated ZnO
ZnO coated nano-silver from our process has (Ag'Zn0)

been expected to enhznce photocatzlytic Varous amount of nano-silver as 0.1,
activity as well as antimicrobial property. In 0.5. 1 and 5 mol% were coated on two srades
addition, two types of ZnO (commerical and of ZnO {(Com-ZnO zand Nano-ZnO) used as
nano-size grades: Com-ZnO and Nano-ZnO) supports. The method for nano-silver coating

were used a5 supports for swface modification was used according to Thai patent No. 9717,
11
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2.3 Characterization

The morpholozy of the powders was
investigated by scanning electron microscope
(Philips. XL30) with beam accelerztion
voltage at 5 kV. The samples were sputter
coated with gold to increase the conductivity.

BET :pecific swface zrea znalysis
using nitrogen as adsorption-desorption was
done by using Autosorb 1 MP,
Quantachrome. Each powder sample was
dried at 200°C and degassed for 4 h before
testing. The particle size was calculated by
Dasr = 6 x 10°/ du Sger., when Dgsr is
particle size (nm), Sger 1s specific swrface area
(m*/g) and dy, 15 the theoretical density of
matenials (glem?).

The crystallme structure of all the
powdars was camied out using Phillips
X-Pert-MPD Xaay diffractometer wath
scanning rate 0.02°mm in 28 range of
10-90°, using a CuK, radiation, operating at
40 kV and 30 mA. The peak width at half
maximum in the XRD pezks was used to
determune the crystallite size by Schemer
equation: Dyzp = 0.940/By2 cos 6. where
2=0.154 pm_ the X-ray wavelength (f) is full
width at half maximum and ¢ is Bragg's
diffrzction angle.

24 Photocatalyhic activity of ZnO and
Ag/Zn0

0.10 g of each sample (ZnO and
Ag/710 powders) was dispersed into 30.0 mL
of 10.0 mgT Edicol tartrazine dys. After
inadiztion under UV for 15 min_ 5.0 mL of the
mixtwre was collected and the catalysts were
separated by centrifugztion. The photocatalytic
degradation was mvestigated using UV-vicible
absorption  spectroscopy to measure the
absorption of Edicol tartrazine dyve at 427 om.

2.5 Antimicrobial property of ZnO and
Ag/Zn0

Anfimicrobial property of ZnO and
Az/Zn0 was studied by agar disc diffusion
method. The bacteria used in this study were
gram positive bactenz  (Staphylocoocus
aursus ATCC 23923 and Bacillus subtilis
ATCC 6633), zam negative bactena
(Escherichia coli ATCC 25922 and
Pseudomonas asruginosa ATCC 2785) and

107

fungus (Candida albicans ATCC 10231). All
bactena were incubated at 37°C 24 h while
the fungus was incubated at 30°C 48 h. The
dizmeter of the inhibition zone will appear on
the surface. The efficiency of antimicrobial
property was evaluated from the inhibition
zone arez of each sample.

x 0000 5

Figure 1. SEM images of (3) Com-ZnO
(b) 0.1%Az/Com-Zn0 (c) 0.5%Az'Com-ZnO
(d) 1%Ag/Com-Zn0 and (e) 5%AgCom-
Zn0.

3. Results and Discussion
3.1 Morphology and shuchwe

Figwes 1 and 2 show SEM images of
Com-ZnO, Ag/Com-ZnO, Nano-ZnO and
AgNano-ZnO powders with vanous ratios of
silver nanoparticle. The morpholozy of stiver
coated ZnO powders is an imegular shape as
came as pwe ZnO powders. It can be
conchuded that the various silver nanoparticle
coated ZnO will not affect significantly on the
shape and marphology of the pure ZnO
powders. However, the nano-silver particles
coated on ZnO might increase the surface
roughness resulting m the mncrement of the
specific swrface area (Sggr) and the decrement
paticle size (Dger) of silver coated ZnO
powders as shown in Table 1.

12
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Figure 2, SEM images of (z) Nano-ZnO. (b)
0.1%AzNano-Zn0 (¢) 0.5%AzNano-ZnO
(d) 1%AgNano-ZnO and (g) 5%AgNano-
ZnO.

Table 1 Specific surface area (Sger), Average
particle size (Dger) and erystallite size (Dxzo)
of powders.

Samples Seer | Deer | Dxro
(m%z) | (nm) | (om)
Com-ZnO 43 624 37
5%Ag/Com-Zn0 74 477 37
Nano-ZnO 17.2 238 32
5%Ag/Nzano-Zn0O | 225 146 32

Figures 3 and 4 show the XRD
patterns  of Com-ZnO, Ag/Com-ZnO,
Nano-ZnO and Ag/Nano-Zn0 powders. It was
found that Com-ZnO ard Nano-ZnO showed
Jtheta peaks at 31.71, 34.37. 36.19, 47.51,
56.53, 62.81, 66.33, 67.89, 69.03, 72.75,
76. 91, 81. 35 and 89. 57, respectively
comresponding to JCPDS 01-0704. For the
Az/Com-ZnO and Ag/Nano-ZnQ samples,
new weak peaks were obzerved and assigned
to cubic metallic Ag comresponding to JCPDS
01-0597. In addition, Nano-ZnO and
AzNano-ZnO samples exhibit slightly
brozder peaks than that of Com-ZnO and
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Az/Com-ZnQ due to the small particle size of
Nano-ZnO. From XRD pattems, the
crystalline size of the Com-ZnO and
Az/Com-Zn0 zamples were calculated to be
about 37 nm._ while that crystalline size of the
Nano-ZnO and AgNano-ZnO zamples were
calculated to be about 32 nm From XRD
results (Table 1) and SEM images (Figures
1-2) indicated that the coating process did not

affect the crystalline size of pure ZrO.
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Figure 3. XRD patterns of (a) JCPDS
01-0597 (b) Com-ZnO (c) 0.1%Az'Com-ZnO
(d) 0.5%Ag/Com-Zn0 () 1%Ag/Com-ZnO

and (f) 5%Ag/Com-Zn0.
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Figure 4, XRD patterns of (3) JCPDS
01-0597 (b) Nano-ZnO (c) 0.1%AgzNano-
ZnO (d) 0.5%A2Nano-Zn0O (&) 1%Ag/ Nano-
ZnO and (f) 5%AgNano-Zn0.

3.2 Photocatalytic activity

Figure 5 shows the photocatzlytic
activity of Com-ZnO znd Az/Com-ZnO to
degrade Edicol tartrazine dye under UV
iradiation. The results showed that Com-ZnO
did not show the photocatalytic activity as
compared to all Ag'Com-ZoO samples
providing the good photocatalytic activity in
13
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15 min This mmplied that coating the surface
of ZnO with silver nanoparticle can improve
photocatalytic actwvity of Com-ZnQO smnce
silver nanoparticle can reduce the
recombination rate of electron-hole pawrs on
the swface of Zn0O. However, the
0.5%Agz/Com-ZnO  shows the highest
photocatalytic activity as compared to others
for the mitial 15 mm_ This might be due to the
increment of silver loading resulting in the
agglomeration of siver paticles on the
Com-ZnO  swface to decrease the
photocatalyfic  activity. Meanwhile, the
photocatzlytic activity of Nano-ZnO was
higher than Com-ZnO as shown in Fizure 6.
This might be due to smaller particle size and
higher specific swface area of Nano-ZnO. For
AzMNano-ZnO, it was found  that
1%Ag/Nano-ZnO  exhibited the highest
photodegradztion of Edicol tarrazine in 15
min  As compared with AgzNano-ZnO
powders, 0.5%Agz'Com-Zn0 stll gave the
highest photodegradation of Edicol tartrazine.
Moreover, the cost of Com-ZnO i5 cheaper
than Nano-ZnO. Therefore, by using the
benzoxazine oxidation method for Ag coating,
both types of ZnO could be modified to
ephance the photocatalytic activity. In
addition, by using Com-ZnO as z cheap
support as compared to Nano-ZnO can reduce
the catalyst cost in practice since the
photocatzalvtic activity of Az/Com-ZnO is
much higher than thzt of Az™Nane-ZnO.

15 30
Time (min)

43

Figure %, Photocatalytic activity of Com-ZnO
samples with Ag (3) 0, (b) 0.1. () 5, (d) 1 and
(e} 0.5 mol%, for degradation of Edicol
tartrazine dye under UV irzdiation.
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Figure 6. Photocatzlytic actwity of

Nano-ZnO samples with Az (3) 5, (b) 0.1,
(c) 0, (d) 0.5 and (e) 1 mol% for degradation
of Edicol tartrazine dye under UV mradiation.

3.3 Antimicrobial property

The antimicrobial property of ZnO and
Ag/7n0 powders was shown in Tzble 2. The
results showed that Com-ZnO exhibited the
antimicrobial property especizlly for fungus
(C.albicans) and gram positive bactena
(S.aureus and B.subrilis) while Ag'Com-ZnO
provides inhibition zone for gram negative
bactenz (E.coliand P.aeruginoza). The
results indicated that by swrface modification,
Com-ZnO can be modified as Ag/Com-ZnO
to echance the antimicrobizl property for all
types microbial including fungzus. In case of
Nano-ZoO. 1t showed the anfimicrobial
property only for S.aureus and E.coli while
AzNano-ZnO provides the inhibition zone
for fungus and all gram positive and negative
bactena. Althouzh AgNano-ZnO showed
better ~ antimicrobizl  properties  than
Ag/Com-Zr0, the cost of Nano-ZoO is still
higher.

4. Conclusions

Two types of ZnO (Com-ZnO arnd
Nano-Zo0) were successfully modified by
nzno-silver coating via benzoxazine oxidation.
Various silver amounts on both types of ZnO
did not affect the shape and crystalline size of
ZnO as confiomed by SEM and XRD.
However, ZnO with nano-Ag coating has a
higher surface area as compared to pure ZnO.
The results chowed that by using the
benzoxazine oxidation method for Ag
coating, both types of ZnO could be modified
to enhance the photocatalytic activity and

14



12 Internarional Worizhop for East Asian Young Rheologists, Chonburi, Thailand, 8-11 February 2017
Hossed By Faculty of Sctence at Sriracha, Kasersare University, THAILAND.

antmicrobial property. Moreover, this
method can be used to modify low cost
Com-ZnO with no photocatalytic activity and
no ant-gram negative bacteria actmity to

Az/Com-ZnO with higher photocatalytic
activity and anfimicrobial property as
compared with Nano-ZnQ and Ag/Nano-Zn0O.

Table 2 Antimicrobial property of ZnO and Ag/Zn0 powders

Sample Inhibition zone (mm)
C.albicans S.aureus B_subnlis E coli P.aecruginosa
ATCC 10231 |ATCC 25923| ATCC 6633 | ATCC 25922 | ATCC 2785
Com-ZnO 24 40 9.70 11.60 8.15 8.30
0.1%Az/Com-Zn0 1340 9.40 11.60 12.70 8.20
0.5%Agz/Com-ZnO - 9.20 10.80 8.75 10.10
1%A4g/Com-ZnO - 9.10 10.50 10.50 10.80
3%A4g/Com-ZnO - 8.70 - 7.00 8.20
Nano-ZnO - 14.80 - 1435 -
0.1%Az/Naro-ZnO 14.30 15.45 14.20 15.00 13.20
0.5%Az/Nano-ZrO 15.15 13.10 1520 1520 16.45
1%4g/Nano-Zn0 16.90 14.40 16.45 16.80 1740
5%Ag/Nano-Zn0O 17.60 17.65 15.05 16.90 18.20
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