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Abstract

This study compared photocatalysis reactions from titanium dioxide powder (Degussa P25),
concentrations of 0.001, 0.005, 0.01, 0.05 and 0.1 ¢/L, with nano-titanium dioxide fibers for
inactivation of Bacillus subtilis spores. The fibers were synthesized from titanium (IV) isopropoxide
and polyvinylpyrrolidone using electrospinning technic and calcined at the temperatures of 400-
640 °C to obtain anatase to rutile ratio of 100:0, 70:30, 50:50 and 30:70. The fiber concentrations
of 0.1,0.25,0.5,1, 1.5 and 2 ¢/L were studied and concurrently compared with the best
concentration of Degussa P25. Finally, the usage repetition of fibers for 5 times was investigated.
The fiber-regeneration was conducted by heating at 100, 350, and 570 °C for 1 hour before each
re-use. The experiment was conducted for 4 hours under sunlight irradiation. The results revealed
that Degussa P25 at a concentration of 0.005 g/L yielded 100 % efficiency within 90-120 min, while
a 1.5 g/L of the fiber with anatase to rutile ratio of 70 : 30 gave the highest efficiency, 80-99 %,
within 210 min. For the usage repetition, regeneration temperature of 570 °C slightly yielded better
efficiency than that of 350 °C. Both temperatures could regenerate fibers for 3 times of usage.

However, the regeneration temperature of 100 °C showed the least efficiency rate.

Keywords: photocatalysis; anatase; rutile; nano-titanium dioxide fiber
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Figure 1 Synthesis of nano-TiO, fibers
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Rep. 1 UVA = 1.1-3.6 mW/cm? UVB = 0.8-2.6 mW/cm?,
UVC = 0.09-0.29 mW/cm?, water temp. = 28-36 °C.
Rep. 2 UVA = 1.2-3.5 mW/cm? UVB = 1.0-2.3 mW/cm?,
UVC = 0.09-0.26 mW/cm?, water temp. = 30-45 °C.
Rep. 3 UVA = 1.9-3.2 mW/cm? UVB = 1.1-2.2 mW/cm?,

UVC = 0.15-0.24 mW/cm?, water temp. = 27-46 °C.

Figure 2 Inactivation of B. subtilis spores in water using different Degussa P25 concentrations.
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Rep. 1 UVA = 2.1-3.6 mW/cm? UVB = 1.4-2.38 mW/cm?,
UVC = 0.16-0.27 mW/cm?, water temp. = 21-37 °C.
Rep. 2 UVA = 1.5-3.63 mW/cm? UVB = 0.96-2.6 mW/cm?,
UVC = 0.11-0.28 mW/cm?, water temp. = 27-44 °C.
Rep. 3 UVA = 1.3-3.3 mW/cm? UVB = 0.9-2.1 mW/cm?,

UVC = 0.09-0.24 mW/cm?, water temp. = 27-45 °C.

Figure 4 Inactivation of B. subtilis spores in water using different anatase/rutile ratio of TiO, fibers
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Rep. 1 UVA = 0.7-2.98 mW/cm?, UVB = 0.5-2.12 mW/cm?,
UVC = 0.05-0.23 mW/cm?, water temp. = 28-45 °C.

Rep. 2 UVA = 0.8-3.2 mW/cm? UVB = 0.6-2.3 mW/cm?,
UVC = 0.06-0.25 mW/cm?, water temp = 27-44 °C.

Rep. 3 UVA = 2-3.1 mW/cm? UVB = 1.4-2.2 mW/cm?,
UVC = 0.15-0.25 mW/cm?, water temp = 28-43.5
°C.

Figure 5 Inactivation of B. subtilis spores in water using different TiO, fiber concentrations

[15] Famsinwiis 3 81 dmaau 50: 50 TUsans
amsesasn widndwiiliussansameiniigatu
falddaauindudagiu 30: 70 e 100:0 wana
39895IN19LAA recombination TuUEUANANS
fulUluusazen
3.3 Gunanduleseiniivanzas

YRIINNTIUNERAINR U AR DTN
70:30 Tiusgdvznngegn JelaAnwusunandy
Tusorhdernududuiimnganlugie 0.1-2 n3u
soans veuduludndiulaseasmdnaenan
Wisuiisuiunslang Degussa P25 Aauldudu
0.005 n¥ustedng $1uau 3 41 Iduadegui 5 Tng
YnAIUAN (control) visnefiadludianizalasives 8,
subtilis Wnglaididuly

nan1sAnwInuILdule 1.5 nSunedns
TiUszansnmlunisidnaaigegaris 3 adies
nsnaaas nalAgsiunsiadule 1 uay 2 nSuse

ans lneen1zeg1989lunsaf 2 way 3 T ile

NeAaUNSADRsEIINREUlY 1, 1.5 way 2 NSUAe

v v v
a o

8015 119 3 A9 A28 ANOVA WUIAULANAILY
Lififoddaymeadd (p = 0.75-0.95 Aiszduay
Fesiu 95 %) uazauaansalunsdesiures
wasiiulndiAsstudosnanusuitnutuunulyl
srafulagegluaawes 4.2-8.8 NTU (3Uf 6 ey
n304) vueiduleusunm 0.1-0.5 nfusedns T
Uszaniamiianinindesandsmanduleviay
foufiuly eyyadaseiiinduisiosnuludae
agalsfinny Wewseufisuseninansididule
Tnimdeulaeenlanuagng Degussa P25 Tun1s
Adnaves nuinduleliusednsamisninii
Tutae 180 w¥iusn (ﬂ%ﬂﬁ 1 uag 2) mm&;u'wzm
ndnwaznaneamyeaduleiiduusiu (U9

v '
£ ad A

7) JedNuNRunsduRERvales ludusenn
\Wisuniume Degussa P25 Insgangdatuiilaagng
090NN Teedodldiial 210 w1d N1s5n1In

avasvanduledasiiivuvindunisldng Degussa

682



i 28 aviuil 4 wweu 2563

155815 mansuaznalulad

P25 ¢ vauziiluadeit 3 mstdidulelyanunsa
WigumnAun1sLaue Degussa P25 Tonteluiian
240 yi ?qumama%mmmmmmLLsJuﬂuaqLé’u“la
flvgndlunded 1 uay 2 osng39elald
muAuvLAYeaUAlElv 9 AU (AU
dhinveadule) uiiiavewsudulesalesni
msduiatuavesteosantuientu uiiesen
nslding Degussa P25 Jugndenisidnesnain
dmdaannmstivnasadu nsnsestaenseany
N384 Whatman® 1uas 1 é’amwummﬂummﬁw

wineununsididuly wansdanisvanson

a) Degussa P25 (before filtration)

i ‘6 gl d] e

v

c) TiO, fiber (before filtration)

B T el

|

d

!

P

ponbU09Na Degussa P25 161 (3U7 6) n1sldidu
loFsdmnunungauunnninuaanused@nsnnay
Founinfnu SaflewSsudiousumsinnauld
dilpdaesizinnansasduriameatunaslina
donndostu W nsAnwvewdings [9] Al
Ty 0.5, 1 way 2 NSURDANS ARNBAITAIIAT)
AsiuuaBuiinndndduluneyisaislduasen
naealruuaalarinnudy 4«1 SadTndsenisna
wuiwns Wunan 1 alus wurdulelmmde
laganlad 1 nfudedns Iiuszdniaingegn

(96.7-98.5 WUasiawus)

b) Degussa P25 (after filtration)
b " & '

d

) TiO, fiber (after ﬁltra_ﬁon) !
a Pl i d' el'f

a b C d e
Concentration (g/L) 0.001 | 0.005 | 0.01 | 0.05 | 0.1
Degussa P25 Water turbidity before filtration (NTU) 30.5 504 371 | 375 | 510
Water turbidity after filtration (NTU) 16.7 16.8 24 25 145
a b C d e f
Concentration (g/L) 0.1 0.25 0.5 1.0 1.5 | 20
TiO, fiber Water turbidity before filtration (NTU) 4.2 8.8 6.3 4.3 44 | 63
Water turbidity after filtration (NTU) 1.6 2.1 1.4 1.7 1.2 1.9

Figure 6 Water turbidity before and after filtration of Degussa P25 and TiO, fibers
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Figure 7 TiO, fiber and Degussa P25 used in the

experiment.
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Figure 8 Reusability of TiO, fibers after dryness at different temperatures
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