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CHE TAO VA NGHIEN CUU TINH CHAT XUC TAC QUANG HOA
CUA SOI NANO TiO,

Nguyén Trung Hiéu'

Témtit: Soi nano TiO; dwoc ché tao bang phwong phdp phun dién thé quay (electrospinning) tir hon
hop dung dich polyme c6 thanh phan la polyvinyl pyrrolidone (PVP) va tién chat ciia TiOs, tetrabutyl
titanate (Ti(OCHo),) (TBT). Soi TBT/PVP sau khi ché tao dwoc phan tich cdc ddc tinh riéng bang
cdc phwong phdp hién dai nhw phan tich nhiét (TG-DTA), phdn tich nhiéu xa (XRD), hién vi dién tir
quét (FE-SEM) va hién vi dién tir truyén qua (TEM). Két qua cho thdy khéng thé tao mang tir hon
hop chi chita polyme PVP, trong khi dé mang tao ra tir hon hop PVP va TBT ¢ dang soi muwot va
d(fng déu. Sau khi nung o nhiét do 500 °C, soi nano TiO, chita cac tinh thé TiO, & dang anatase
dwoc hinh thanh co dwong kinh trung binh khoang 100 nm. Pdc tinh xuc tac quang hoa cua sgi
nano TiO; dwoc khdo sat dwa trén khd ndng phéan hiyy methylene blue (MB) va diét vi khudn E.coli.

Tir khoéa: Soi nano TiO,; phuwong phap dién thé quay; xtc tac quang; diét khuan.

1. PAT VAN PE

Trong nhing nim gin diy, chit xic tac
quang, dic biét 1a TiO, da va dang 13 d6i tuong
dugc nghién ctru Gng dung rong rii trong rat
nhiéu céac linh vuc nhu bio-sensor, dugc phém,
my pham... do TiO; 1a chét ban dan va c6 bé mit
riéng kha 16n, dac biét khi ton tai ¢ kich thudc
nano (Nguyén Vin Diing nnk., 2006; Nguyén
Van Hung nnk., 2014; Lakshmi nnk., 1995).
Duéi tac dong cua nang lugng tia tir ngoai, TiO,
c6 kha ning phan hay rat nhiéu loai chit 6
nhiém hitu co hap phu 1én bé mit cua nd, do vay
day duogc coi la mot trong nhitng vat liéu quan
trong dung trong xtr 1y moi truong (Ding nnk.,
2008; Doh nnk., 2008; Im nnk., 2008). Pa s6
cac san pham c6 kha ning xtc tic quang hoa
lam tir TiO,, khi dua vao str dung déu gip kho
khin trong viéc thu hdi va tan dung chét xic tac
quang, ¢ day chinh la cac hat nano TiO,. Céc
hat nay bi tach ra khoi khdi vat liéu xic tac,
phan tan va tréi theo cung véi nude thai (Doh
nnk., 2008). Dé giai quyét van dé nay, cac nha
nghién ctru da tao ra nhiéu dang TiO, c¢6 ciu
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tric don chiéu (1D) nhu dang que, dang manh,
dang soi va dang 6ng (Nuansing nnk., 2006), dé
c6 thé gin vao cac chat mang nhu gdm, soi thay
tinh, quartz, thép, cac-bon hoat tinh va zeolit
(Doh nnk., 2008; Im nnk., 2008; Park nnk.,
2009). Cac phuong phap dung dé tao ra loai vat
liéu 1D nay thuong ap dung phuong phap thuy
nhiét, phwong phap siy dong lanh, phuong phép
nhiét bc hoi (Zhao nnk., 2008), phuong phap
sol-gel hodc nghién co hoc (Ding nnk., 2008;
Zhang nnk., 2008).

Tuy nhién nhitng phwong phap nay tuong ddi
phuc tap, lugng vat li¢u ché tao ra khong 16n va
kha tén kém. Gan day, phuong phap phun dién
thé quay duoc st dung nhu mot budc tién ky
thuat moéi trong viéc ché tao ra cac vat liéu
compozit dang mang c6 cu trac soi nano (Ding
nnk., 2008). Phuong phap nay st dung mot
ngudn dién thé mot chidu c6 dién ap cao (vai kV
dén vai chuc kV), cuc duong tiép xac v6i dung
dich phun, cuc am tiép xuc voi tim thu miu soi
lam bang vat liéu din dién (Hinh 1). Duéi tac
dung cua lyc dién trudng, dung dich bi nhiém
dién duong s€ b1 hut vé ban cuc Am, noi co tim
thu mau. Dung dich phun 1a dung dich chta
polyme nén c6 do nhét cao, chum tia ban ra bi

84 KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 59 (12/2017)



kéo dai tao thanh sgi. Trén dudong toi tAm thu
mAau, mdt phan 16n dung méi trong chum tia bi
bay hoi va tao ra sgi phu trén bé mat cia tim
thu tao thanh mot 16p mang. Nhd c6 bom day
ma qua trinh nay dugc thuc hién lién tuc.

Trong nghién ctru ndy, mang c6 ciu tric soi
nano TiO, dugc ché tao bang phuong phap phun
dién thé quay, s dung nguyén liéu 13 mot hdn
hop dung dich polyme polyvinyl pyrrolidone
(PVP) va tetrabutyl titanate (TBT). Cac dac tinh
v& hinh thai, cdu trac cling nhu hoat tinh xtc tac
quang hoa cua sgi nano TiO, dugc khao sat tai
cac nhi¢t do nung khac nhau va trén cac ddi
tuong phan huy xuc tac quang khac nhau nhu
xanh methylene (MB) va vi khuan E.coli.
Nghién ctru ndy gbp phan ché tao ra loai vat liéu
méi & dang soi nano, c6 kha nang diét khuén
khi duoc chiéu tia tir ngoai hodc dudi anh sang
mat troi.

Pump 1 €
+
7

High Voltage 3

Hinh 1. Cdu tao mdy phun dién thé quay
Electrospinning: 1. Bom ddy; 2. Xy-lanh;
3. Dung dich phun; 4. Kim phun inox;,
5. Chum tia dung dich; 6. Giot dung dich tich
dién duwong; 7. T am thu soi néi véi dién cwc am;
8. B cdp nguon cao thé.

2. CAC PHUONG PHAP NGHIEN CUU
VA THU'C NGHIEM

Dung dich phun duoc chuian bi bang cach
pha ché hdn hop gém polyme PVP (M, =
1.300.000 g/mol) Alfa Aesar; TBT (Ti(OCsHo)4
97%) ALDRICH va cac dung modi N,N-
dimethylformanmide (DMF) 99,5% Junsei,
ethanol va axit acetic. Mau so sanh duogc pha
tuong tu, thay TBT bang bot nano TiO, anatase
(ALDRICH, 99,8%, ~ 25 nm) phan tan trong
hdn hop bing may siéu 4m tan sd cao. Cac hdn

hop dung dich duoc khuéy lién tuc & nhiét do
40°C trong vong 6 h trudc khi dua vao xy-lanh
SmL c6 kim phun inox loai 22-gauge va duoc
phun trén may phun dién thé quay Electrospinning/
Electrospray System (ESR200R2, eS-robot™)
v6i dién ap 7 kV, khoang cach hai cuc 12 cm va
tbc do day bom 1a 0,5 mL/h. Tam thu mau 1a
tam nhém mong, tiép xac v4i cuc 4m cta may.

Cac mau mang ché tao dugc sau do dugc
nung ¢ cac nhié¢t do khac nhau 400, 500, 600 va
700 °C trong vong 2 h. Cac miu ndy duoc phin
tich cau trac pha tinh thé cua TiO, bang nhiéu
xa tia X (XRD); phén tich hinh théi, ciu truc,
kich thudc soi bang kinh hién vi dién tir quét
(SEM) va dién tir truyén qua (TEM). Pic tinh
nhiét duoc phan tich bang phan tich nhiét
TG/DTA. Kha ning xic tic quang ciia mau vat
liéu con dugc nghién ciu véi xanh methylene
(Lakshmi nnk., 1995), v6i su hd trg cia may do
quang so mau UV-vis spectrophotometer UV-
1601 SHIMADZU Nhat Ban ¢ budc song 665
nm, va vi khuan E.coli dugc nudi ciy trén dung
dich dinh dudng Nutrient Broth & nhiét do 37°C
trong 15 h dt trong thiét bi nudi cdy vi khuan.

3. KET QUA VA THAO LUAN

3.1. Hinh th4i, cAu tric va tinh chit caa
soi nano TiO,
@) @0, 0.

Hinh 2. Anh FE-SEM ciia mang PVP (a), mang
TiO; dang bot/PVP (b), mang TBT/PVP trudc
khi nung (c) va sau khi nung ¢ 500 °C (d).

Pé nghién ctru hinh thai, ciu tric va tinh chat
ctia soi nano TiO, duoc ché tao bang phuong
phap dién thé quay hdn hop TBT/PVP, cac mau
soi polyme PVP (dong vai tro chit nén) va soi
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PVP chira nano TiO, dang bdt thuong mai
(TiO, bot/PVP, dung dé so sanh) ciing duoc ché
tao va nghién ciru ciing phuong phap. Anh FE-
SEM trén Hinh 2 cho thdy hinh dang, kich
thuc ciia cac mau soi trén. Anh cua soi PVP
(Hinh 2a) khong dinh dang rd rang; cac s¢i bi
dinh lién va co xu hudng nhap lai véi nhau tao
ra mot 16p mang dong nhit. Nguyén nhan do
PVP 1a mdt polyme rat wa nudc, khi sgi tao
thanh bam trén tim thu 1ap tic tiép xac voi hoi
nude trong khong khi va bi tan chady, khong con
hinh dang sgi. Trong khi d6, cic mau sgi TiO,
bot/PVP (Hinh 2b) va TBT/PVP (Hinh 2c¢) ¢6
hinh dang s¢1i r0 rang, cac so¢i tach biét nhau tao
ra mot cdu tric mang x0p voi nhiéu khoang
trng, c6 bé mit riéng 16n. Tuy nhién, soi TiO,
bot/PVP c¢6 kich thuéc duong kinh soi lon,
trung binh ~700 nm, khong ddng déu va van co
xu huéng két dinh, trong d6 cac hat TiO, c6
kich thude 50 nm phin bb khéng dong déu trén
bé mat va trong 10ng soi. Soi TBT/PVP ¢6 hinh
dang tron muot va dong déu hon, kich thudc
duong kinh vao khoang 200 nm trudc khi nung
va dac biét sau khi nung (Hinh 2d) kich thudc
giam xudng con ~100 nm. Nguyén nhan kich
thudc sgi giam do ¢ nhiét do nung 500 °C trong
khong khi sau 2 h, PVP va mot phan nho dung
modi con lai trong soi bi phan hiy hoan toan,
ddng thoi tién chat TBT ciing bi thiy phan tao
thanh tinh thé TiO, dan dén hién tuong giam
khdi lwong va kich thudc cua soi. DPiéu nay
dugc chimg minh trén gian d6 phan tich nhiét
TG/DTA cua sgi TBT/PVP trong gidi nhiét 25—
800 °C (Hinh 3). Khi lugng cua soi giam manh
trong giai nhiét 300450 °C do sy phan huy
PVP. O nhiét do cao hon xay ra sy bién ddi vé
cau tric cia TiO, tir vo dinh hinh ton tai trong
TBT thanh TiO, tinh thé ton tai trong sQi sau
khi nung. Qué trinh bién d6i pha theo nhiét do
ctia TiO; trong soi TBT/PVP duoc thé hién rd
trén gian d6 nhiéu xa XRD & Hinh 4. Tinh thé
TiO, dang anatase bat dau hinh thanh ¢ 400 °C,
tiép tuc phat trién don pha téi 500 °C. Tir 600
°C xuét hién tinh thé TiO, & dang pha rutile. Do
vay trong nghién ciru nay, dé thu duoc tinh thé
Ti0; dang anatase trong sgi nano TiO,, dang ma

hoat tinh xtc tic ctia nd hiéu qua nhat, thi ché
dd nung duogc chon & 500 °C trong 2 h. Hinh
dang cua TiO, trong soi ciing dugc thé hién rd
trén anh TEM (Hinh 5b) véi kich thude 5-10
nm phan bd déu trong soi, trong khi d6 soi
TBT/PVP trude khi nung (Hinh 5a) khong c6
dau hiéu ton tai cia tinh thé TiO, do van & dang
vO dinh hinh.
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Hinh 3. Gidn dé phan tich nhiét TG/DTA
cua soi TBT/PVP
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Hinh 4. Gian dé nhiéu xa XRD ciia TBT/PVP
nung o cac nhiét do khac nhau
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i
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Hinh 5. Anh TEM ciia TBT/PVP trudc khi
nung (a) va sau khi nung o 500 °C, 2 h (b)

3.2. Khao sat kha niang xic tac quang ciaa
soi nano TiO;

Pé khao sat hoat tinh xuc tac quang cua soi
nano TiO,, cic mau s¢i nano TiO, nung & nhiét
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do khac nhau dugc thir hoat tinh phan huy MB
va so sanh véi mau bot TiO, thwong mai. Hinh
6 biéu dién d6 thi phan huy MB cta cac miu
theo thoi gian. Mau soi TiO, nung & 500 °C thé
hién kha ning phan hity MB cao nhat trong cac
mau duge ché tao. Sau 30 phuat hoat dong, hon
75% MB bi phan huy va con tiép tuc bi phan
hiy t6i 92% sau 60 phut hoat dong, gan v6i kha
nang phan huy cua TiO, dang bdt thuong mai.
Didu nay c6 ¥ nghia ung dung rat 16n khi ma
chat xuc tac quang TiO; ¢6 cdu trac sgi nano, co
bé mit riéng 10n, kha ning tiép xtc v4i chat can
phan huiy cao, ¢6 thé ché tao thanh mang co do
day mong tuy y, phu hop dé ché tao cac loai
mang loc, tAm dan hodc 16p phu bé mit co tac
dung diét khuan, chéng ndm mbc. Pic biét khi
TiO, duge ché tao & dang mang sé c6 uu diém
hon so voi TiO, & dang bot & chd: dang mang
c6 tinh trng dung cao; thuan lgi cho vi¢c ché tao,
lip rap va van hanh thiét bi; ton that vat lidu it
va c6 kha nang thu hdi, tai sir dung vat li¢u.
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Hinh 6. Hoat tinh phan huy MB cua mang
nano TiO; nung o cac nhiét do khac nhau
va bot TiO, thuong mai
Mau mang nano TiO, nung & 500 °C dugc
lwa chon dé tiép tuc khao sat hoat tinh xuc tac
quang diét vi khuan E.coli. Két qua trén Bang 1
cho thay khi sir dung mang nano TiO, dudi tac

TAI LIEU THAM KHAO

dung cua tia UV trong vong 15 phut, 90% luong
vi khuan E.coli bi tiéu diét. Khi thoi gian xir 1y
ting 1én 30 phuat, vi khuan E.coli bi tiéu diét
hoan toan. So sanh v&i két qua ctia mau thi
nghiém khong sir dung mang nano TiO,, lugng
vi khuan E.coli bi tiéu diét chi 10% sau 15 phit
va 40% sau 60 phit chiéu tia UV. Diéu nay cho
thiy ban than tia UV ciing c6 tac dung diét
khuan, tuy nhién thoi gian cham hon nhiéu so
v6i khi st dung mang nano TiO,. Hon nira, khi
nging chiéu tia UV, vi khuan van c¢6 kha ning
phat trién tré lai nhanh chong.

Bang 1. Kha nang xuc tac quang diét

vi khuan E.coli ciia mang nano TiO;

Luogng E.coli con lai (%)

Mau thi
nghiém 0 15 30 60
phut phat phat  phut
Khong XT 100 90 85 60
C6 XT 100 10 0 0
4. KET LUAN

Trong nghién ctru nay, s¢i nano TiO, duogc
ché tao thanh cong bang phuong phap phun dién
thé quay dung dich hén hop cia tién chat
tetrabutyl titanate (Ti(OC4Hg)s) va polyme
polyvinyl pyrrolidone. Sau khi nung & nhiét d
500 °C trong 2 h thu dugc s¢i nano TiO; cé
dang tinh thé anatase c6 kich thudc duong kinh
soi vao khoang 100 nm. Két qua khao sat hoat
tinh xuc tic quang cho thiy kha ning phan huy
MB cta soi nano TiO, gan bang véi ctia bot
nano TiO, thuong mai; kha ning diét khuan
E.coli cua s¢i nano TiO, dat 100% sau 30 phut
chiéu tia UV. Véi két qua nay, soi nano TiO,
ché tao ra dugc xem la mot loai vat liéu xuc tac
quang c6 kha ning ung dung cao trong nhiéu
linh vuc, dac biét 1a xtr Iy moi truong.
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Abstract:
FABRICATION AND STUDY ON PHOTOCATALYTIC PROPERTY
OF ELECTROSPUN TiO, NANOFIBERS

TiO; nanofibers prepared from tetrabutyl titanate (Ti(OC4Hy)y) (TBT) and polyvinyl pyrrolidone
(PVP), were fabricated via an electrospinning method. The nanofibers were characterized by TGA-
DTA, XRD, FE-SEM and TEM analysis. The results show that the electrospun non-woven web
fabricated from only PVP was a wet web while the nanofibers including TBT in this study were
smooth and uniform. Anatase crystalline titanium oxide particles were found on the nanofiber wall
after calcination at 500°C in oxidative atmosphere for 2 h. Average diameter of the TiO, nanofibers
was about 100 nm. Photocatalytic properties of the electrospun TiO, nanofibers was evaluated
through photodecomposition of methylene blue (MB) and E.coli bacteria.

Keywords: Titanium nanofibers; electrospinning; photocatalyst; anti-bacteria.
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