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Abstract: In this research, we synthesized ZnO/ZnS shell nanostructures on the surface of glass fiber. With multiple analyses of field
emission scanning electron microscope (FESEM), energy dispersive spectrometer (EDS), Photoluminescence (PL) and X-ray diffraction
(XRD), we examined the material properties of ZnO/ZnS nanostructures grown at various time. In addition, we assessed the antibacterial
property of ZnS/ZnO core-shell structures on glass fibers by OD 600 technique.
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1. INTRODUCTION

Zinc oxide (ZnO) is a non-toxic, multifunctional material that
exhibits photoelectric [1,2,3,4], photocatalytic [5,6,7], photoelec-
tric and antibacterial capacity[8,9,10,11]. Since ZnO has hexago-
nal non-central symmetric structure, it is also a piezoelectric mate-
rial [1,2,3,4]. Besides, ZnO can absorb inorganic UVA and UVB,
and it has been grown on glass fiber and other composite materials
as a radiation absorbent against UV damages [12,13,14]. When
ZnO grows on a glass fiber, it also exhibits antibacterial and anti-
corrosion capacity [15]. Glass fiber has the characteristics of high
temperature, non-burning, good shape stability, good electrical
insulation, chemical resistance to corrosion. Glass fiber can be
made of glass fiber filters [16].

ZnS is a semiconductor material. When ZnS grows with ZnO as
a ZnO/ZnS composite material, it exhibits several superior proper-
ties including anti-bacterial capacity [17,18,19,20]. ZnO/ZnS shell
structure has been used in sensor synthesis, and until now, it has
not been grown on glass fiber. In this study, we employed the hy-
drothermal method to manufacture ZnO/ZnS shell nanostructures
on the surface of glass fibers. We verified ZnO/ZnS shell structure
using X-ray diffraction (XRD) and high resolution X-ray photoe-
lectron spectrometer (XPS), Photoluminescence(PL) and examined
the nanostructure morphology via magnification field emission
scanning electron microscope (FESEM), chemical property by
Energy Dispersive Spectrometer (EDS), and antimicrobial test via
OD 600 test.
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2. EXPERIMENT

A large piece of glass fiber was cut into smaller pieces of size 2
cm’2 cm. Glass fibers were washed in a ultrasonic shock washing
machine forl0 min, with a solution containing ethanol, acetone
and isopropyl alcohol. Samples were then heated in an oven to
remove solvents. The spinnerette was placed on a spin coater, and
spin-coated at 500 rpm for 5 s, followed by 3000 rpm for 25 s, and
then heated on a hot plate at 130 °C. Glass fibers, placed on a
clean silicon substrate, were dried on a hot plate, before spin-
coating, then repeated the process four more times. ZnO seed layer
was then deposited on the surface of glass fiber, which in turn was
placed on a clean silicon substrate and fixed with a checkered
needle on a slide to keep the glass fiber from falling during the
process of hydrothermal and vulcanization. To grow ZnO
nanostructure, glass fibers, placed in a serum bottle containing 100
ml of 0.05 M zinc nitrate hexahydrate and 0.07 M hexamethylene-
tetramine, were incubated at 80 © C for 1 hour, and then dried.

Glass fibers, placed in a solution of 100 ml containing 0.1 M
sodium sulfide nine water compound, were subjected to 5, 10, 15
or 20 min incubation at 70 ° C, and then processed for S*/0*
exchange.

In this study, FESEM analysis was used to examine the growth
of ZnO structure and ZnO/ZnS shell nanostructures. EDX, XPS
and XRD analysis were used to assess the sample compositions
and chemical bonding and crystal structure, respectively. OD 600
test was adopted for antimicrobial test, and we also conducted
corrosion resistance test.
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Figure 1. 3D illustration of the growth process of ZnO to ZnO/ZnS
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Figure 2. (a) The OM chart of the length of ZnO nanocolumn of the glass fiber. (b). The scale between mesh is 100 pm.

3. RESULTS AND DISCUSSION

Fig. 1 is a schematic view of ZnO nanorods and ZnS shell grown
on glass fiber. Fig. 1-a shows the growth of ZnO nanorods on glass
fibers only. Fig. 1-b to d show the growth of ZnS shells on ZnO
nanorods . As the time of ZnS grew longer, the ZnS shell grew
denser but eventually disintegrate.

Fig. 3 shows the growth of ZnO nanostructures on glass fibers
analyzed by FESEM. The structure of ZnO was cylindrical and the
surface of ZnO was smooth prior to the growth of ZnS (Fig 3a). As
demonstrated from Fig 3(b) through (e), ZnS crystals grew with
respect to time until the cylindrical shape of ZnO was completely
covered at 20 min, and the roughness of the ZnO’s surface strongly
correlated with the level of growth of ZnS. EDS analysis revealed
that the ratio of sulfur in the glass fiber increased with respect to
time but started to decrease after 20 min, suggesting disintegration
of some ZnS.

XRD analysis of ZnO fiber revealed a peak of ZnS at (111) and 3
peakd of ZnO at (100), (002) and (101), respectively (Fig. 4). The
highest peak of ZnO at (002) indicated that ZnO was both colum-
nar and tended to grow c-axis. In addition, the high peak of ZnS at
(111) represented the surface of ZnO covered by ZnS shell struc-
ture. The thickness of ZnS shell structure correlated with the crystal

growing time. However, EDX analysis revealed that the ratio of
sulfur in glass fiber started to decrease beyond 20 min, suggesting
disintegration of ZnS after 20 min. Since the ZnS shell is still on
the substrate following disintegration, the result of XRD analysis
still shows the longer ZnS growing time, the larger the peak of
ZnS.

XPS analysis of glass fiber revealed a clear peak for sulfur, indi-
cating complete coverage of ZnO by ZnS shell nanostructures (Fig.
5). The size of the peak of sulfur of ZnS at 10 min was higher than
that of ZnS at 20 min. EDX showed a reduction in sulfur in fiber
glass when the growth of ZnO was beyond 20 min that indicated
disintegration of ZnS after 20 min.

OD 600 antibacterial test was conducted on ZnS shell synthe-
sized on ZnO glass fiber at 5, 10, 15 and 20 min (Fig. 6). Results
showed that glass fiber with either ZnO or ZnO/ZnS shell struc-
tures synthesized on the surface exhibited antibacterial capacity,
and its effectiveness was positively associated with the amount of
ZnS. The antibacterial effectiveness reached its maximum at 15
min and declined afterwards, and that was likely attributed to the
disintegration of ZnS.

It can be seen from the photoluminescence (PL) spectrum that
ZnO has two absorption regions, 380 nm and 550 nm. The peak of
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Figure 3-1. FESEM images and EDS analysis of ZnS/ZnO core-shell nanostructures grown at 0 (a), 5 (b).
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Figure 3-2. FESEM images and EDS analysis of ZnS/ZnO core-shell nanostructures grown at 10 (c), 15 (d).
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Figure 3-3. FESEM images and EDS analysis of ZnS/ZnO core-shell nanostructures grown at 20 min (e).
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Figure 4. XRD patterns of the ZnO/ZnS on the glass fiber at 10 Figure 5. 0-300eV XPS measurement of the ZnO/ZnS on the glass
(black) and 20 min (red). fiber 10 mins and 20 mins.

ZnO is at 380 nm. When the ZnS shell increases, ZnO NRs are 4. CONCLUSION
covered by ZnS, so that the peak value of ZnO decreased(Fig.7).
The peak at 550 nm is due to crystal defects, mainly oxygen vacan-
cies, since the oxygen of ZnO is replaced by sulfur and the emis-
sion intensity is decreased.

We employed the hydrothermal coating technique to synthesize
ZnS nanostructure on the surface of ZnO, and that was verified by
FESEM analysis. The growth of ZnO shell structure, analyzed by



226 Jiun-Jr Wang et al. / J. New Mat. Electrochem. Systems

16
F = Control
14 + ¢ ZnO
= | A ZnO/ZnS 5min
+ ZnO/ZnS 10mi
% 12 : Z:OIz:s15::: ;
a_) 10 [ 4 ZnO/ZnS 20min ‘ .
g .
o L
g 8 i
8 e '
||6 L
o 4
e 2 4
d
0 L 1 L 1 L 1 L 1 L 1 L 1 L
0 50 100 150 200 250 300 350

Time(min)

Figure 6. OD 600 antibacterial tests on ZnO alone and ZnO/ZnS
on the glass fiber at 5, 10, 15 and 20 min.

EDX, was proportional with respect to time until 20 min, then de-
creased afterwards, and that was attributed to the disintegration of
ZnS after 20 min. Besides, XPS analysis showed that the peak of
ZnS at 10 min was higher than that of ZnS at 20 min, support disin-
tegration of ZnS at 20 min. OD 600 tests revealed that the antibac-
terial effectiveness augmented along with the growth of ZnS crys-
tals, and that decreased after 20 min, consistent with the disintegra-
tion of ZnS after 20 min. From PL analysis, it was found that the
ZnO nanorods were successfully covered by the ZnS shell structure
and covered more with time. However, XRD analysis showed that
although the ZnS shell structure disintegrated at 20 minutes, these
collapsing shells will still cover the substrate, making the peak of
ZnS still strong, as can be observed from the PL analysis .We suc-
cessfully synthesized ZnS/ZnO nanostructures that exhibited good
antibacterial capacity and that can be applied to biosensors synthe-
sis in the future.
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