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TOM TAT

Vit liéu xic tic quang nano TiO, pha tap nito (N-TiO,) dugc tong hop thanh cong bing
phuong phép sol-gel st dung ngudn titan tir tetra-n-butyl orthotitanate va nito tir
diaminomethanal. Ciu triic, kich thudc va thanh phan cuia vat liéu N-TiO, duoc xédc dinh bang
cac k¥ thuat do phf) nhiéu xa tia X, kinh hlén vi dién tir quét (SEM), kinh hién vi dién tir truyén
qua (TEM) va pho huynh quang tia X tdn sic ning luong (EDX). Thanh phan pha anatase va
rutil thay d01 theo ndng do ctia diaminomethanal duoc thé hién trén gian dd XRD. Két qua phan tich
cho thay rang N da dugc pha tap vao mang tinh thé ciia TiO» bang cich thay thé nguyén tir oxy.

Hiéu quéa xir 1 khéng khi ciia N-TiO, (phi 1én dng thach anh x6p, ~16,6 mg/cm?) ché tao
tai Vién cong nghé méi trudng dugc danh gia thong qua viée loai bo cdc hop chat hitu co va tic
dung diét khuan. Trong ciing mot diéu kién (budng thi nghiém 10 m?, dén UV-A (Philip, 36W)
va quat hiit gi6 25 m?/gi®) hoat tinh phan huy axeton va tic dung diét khuén cta vat liéu N-TiO»
¢6 phan cao hon so v&i vat liéu TiO, do hing Skyspring Inc., My san xuét.

Tir khéa: xic tic quang, N-TiO», 6ng thach anh, 1am sach khong khi, hoat tinh diét khuan.

1. GIOI THIEU

Trong nhitng nam gan diy, & nudc ta van dé 6 nhiém khong khi boi cic hop chat hitu co,
v co, vi khuan va vi riit trong cic bénh vién, toa nha cong cong, nha xudng san xuat.. . dang
ngay cang tr6 nén buc xic. Cac phuong phap xur Ii khong khi trén co s6' st dung cac chat st
trang héa hoc nhu clo, i6t, ozon thuong ton kém, dong thoi tiém 4n nguy co hinh thanh cdc san
phdm phu doc hai d6i véi sitc khoe con ngudi. Nhidu két qua nghién ctru dd cho thiy phuwong
phép xir 1f khong khi 6 nhiém str dung vat lidu xdc tdc quang TiO» 12 mot gidi phdp mang tinh
dot phd. Dudi tac dung cua énh sdng cuc tim dién tir trén phén tr TiO, di chuyén tir ving hoa tri
1én viing dan de tao ra cip dién tir (¢) va 18 trng (h*) ¢ d6 rong ving cdm 1a 3,2 eV [1]. Cap
dién tir va 18 tréng nay tuong tic voi oxy va hoi nude trong khong khi tao ra cac gde tu do ¢
hoat tinh oxy hoa cao, cac goc tu do nay c6 kha nang phan huy cac hop chat hitu co, v co va vi
khuén trong khong khi ma khong gdy doc hai dén stic khoe con ngudi [2-4]. Sau khi hiéu tmg
phan huy quang héa trong nudc trén dién cuc TiO, dugc phat hién boi A. Fujishima va cong su
[5] (ndm 1972), qud trinh xic tic quang bat dau dugc quan tim nghién ciru rong rii, trong d6
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dic biét 1a van dé xtr Ii nude va khong khi bi 6 nhiém béi cdc hop chit hitu co va vo co. Hau hét
céc nghién ctru nay déu tap trung vao vat liéu TiO c¢6 hoat tinh xiic tic quang va do bén héa hoc
tuong ddi cao dudi tc dung cua tia cuc tim (A < 387 nm). Do d6, cac ung dung thuc tién cua vat
liéu TiO, bi han ché khi ma vung anh sang tir ngoai chi chiém 3 — 5 % trong nang luwgng mit troi
trén bé ‘mdt trai dat [6]. DBé khic phuc nhitng nhugc diém nay, viéc nghién ctru 1am giam d6 rong
viing cam cua TiO, nhdm nang cao kha nang hap thy dnh sdng trong vung nhin thdy lam cho cic
phan tng xtc tic quang dién ra hiéu qua hon la rat can thiét. Asahi va cong su [7] di ché tao
thanh cong vat liéu nano TiO, pha tap nito c6 kha ning hap thy 4nh sdng trong viing nhin thay.
Mot sb ‘nghién ctu tim hiéu vé& co ché xic tic quang cua vat liéu N-TiO, trong vung dnh sang
nhin thay cho rang vi tri khuyét ciia oxy (oxygen vacancy) 1a nguyén nhan dan dén hoat tinh xdc
tdc quang xay ra trong vung 4nh sang nhin thdy va sy hién dién ctia nguyén tir nito gitip 6n dinh
vi tri khuyet cua OXy [8]. Theo ciac bdo céo cua Irie [9] va Nakamura [10] thi nguyén tr oxy
trong mang tinh thé TiO, dugc thay bang nguyén tur nito, sy hién dién cia nguyén tir nito trong
mang tinh the TiO; tao ra mirc nang luong (N-2p) | nam trong viing cdm ngay trén dinh viing héa
tri (O-2p) rat thuan lgi d¢é tao ra s6 lugng 16n cic 15 tréng dudi tic dung quang hod (hinh 1).
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Hinh 1. Hinh 4nh minh hoa cdc muc ndng lugng khi pha tap N vao tinh thé TiO, [10].

Pé tmg dung bot nano N-TiO, cho muc dich xir 1f 6 nhiém khong khi ngudi ta tim cdch cb
dinh bot nano N-TiO; 1én mot vat mang nao dé nhim nang cao hiéu qua xu 1i, dé dang thu hoi
vat liu va giam gid thanh. Viéc nghién ctru lwa chon vt mang sao cho ¢6 do x6p cao, dién tich
bé mat 16n 1a mot trong nhiing yéu t6 quyét dinh dén hiéu qua cia qud trinh xiic tdc quang. Mac
di c6 rat nhiéu cdc cong trinh nghién ctru c6 dinh vat liéu XTQ Ién vat mang xdp va budc dau
danh gia hi€u qua xu If khong khi ctia né, nhung viéc tim ra vat liéu mang cho hiéu qua xuc tic
quang cua TiO; cao van con 12 van dé duogc quan tdm. Mot $6 vat li€u nhu beta zeolite [11], SiO;
[12], kinh [13], than hoat tinh [14], bot niken [15] da dugc chon lam vat li€éu mang bt xic tac
quang N-TiO; su dung trong xur li nuwéc va thanh loc khong khi. Trong bdo cdo nay ching toi
trinh bay két qua nghién ctru phuong phap ché tao N-TiO,, phuong phap phu N-TiO; Ién thach
anh va két qua khao sat hiéu suat khtr khuan, khir khi doc trong khong khi cua vat lidu da ché
tao.

2. THU'C NGHIEM

Vit liéu va héa chét st dung trong nghién ctru nay bao gdm tetra-n-butyl orthotitanate
(Ci6H3604Ti, Merck), diaminometanal (CON,H4, hdng MP cua Phép), axit nitric (HNOs, Merck),
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con (C,HsOH, Merck), axeton (C3HsO, Merck), moi truong nudi c?iy vi khuén hiéu khi va nim -
Plate Count Agar (PCA, Merck).

Cic mau vat lieu XTQ nano N-TiO, dugc ché tao theo phuong phdp sol-gel st dung
Ti(OC4Ho)s1am nguon titan dugc thé hién trén hinh 2.

Ti(OC4Ho)4

C,HsOH

(NH,),CO H,0 |3 giot/gidy | pH =4, khudy 24 gior
[

C,HsOH, HNO;
Gel N-Ti(OH),

Lam gia gel 24h

v
N—TiOz.nHZO

Say, Nung

v

Hinh 2. So d6 quy trinh ché tao vat liéu N-TiO, bang phuong phép sol-gel.

Trudce tién, céc khoi luong da dugc tinh trudc cua Ti(OCsHo)s va CoHsOH duge dua vao
binh phan tng va siéu 4m 60 phiit (dung dich A). Dung dich B gom C3;H;oN,, C;HsOH, HNOj; va
H,0 dugc siéu am trong 30 phiit. Tiép theo, dung dich B dwgc nho tir tir vao dung dich A voi toc
do 3 gidy/giot, hon hop phan mg dugc gitr tai pH 3. Sau 24 gio, gel tao thanh dugc sdy kho tai
60 °C trong tu sdy trong 12 gio cho dén khi thu duoc bot khé mau tring nga. Mau bot N- -TiO,
dugc phéan tich nhiét vi sai dé khao sdt dic trung cuia vat liéu theo nhiét d6 nung. Cdc mau N-
TiO; duoc ché tao theo ti 16 (NH),CO/Ti* khéc nhau va nhiét dd nung tai 500 °C trong 3 gi®
duogc phén tich XRD, chup SEM, TEM dé xéc dinh su bién ddi cu tric tinh thé, thanh phan pha
va kich thudc hat trung binh ctia vat liéu. Mau N-TiO, duoc ghi phé EDX dé xdc dinh sy c6 mit
cua N trong cAu tric vat ligu.

Vit liéu mang duoc sir dung & day 1a dng thach anh x6p do Cong ty TIOKRAFT (LB Nga)
che tao (¢ =74 mm; 1 = 418 mm, Spm=971,3 cm2) Sau khi phu bot N-TiO; 1én 6ng thach anh
x6p, 6ng nay duoc lap vao hé thi nghiém bao gom den UV (Phillip, 36 W, 1,84 mW/cm?) nam
trong long ong, quat hut gio 25 m?/gi¢ sao cho khi bt quat, khong khi di tr ngoai qua thanh 6 ng
thach anh xdp vao trong 1ong dng sau d6 di ra ngoai theo huéng truc cia ng.

Hiéu suat khir khi cta vat liéu N-TiO, d6i voi cdc hop chit hiru co trong khong khi duoc
khao sat trén ddi tugng 12 axeton. Dung pipet hiit chinh x4c 0,5 mL dung dich axeton (40 ppm)
cho vao budng kinh kin 10 m?, noi dat hé thiét bi xir 1i khong khi cong sudt 25 m*/gio. Ham
lugng axeton suy giam theo thoi gian dugc do bang mdy do VOC. Thi ‘nghiém duoc 1ap lai nhu
trén d6i véi vat liéu TiO, do Cong ty Skyspring Inc., My ché tao dé so sanh hiéu suat xir 1i
axeton cua vat liéu XTQ duoc san xuat nhu néu & trén.
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Hiéu suat khir tring ciia vat liéu XTQ duge danh gid dya trén phuong phap dat dia thach
hit khong khi hudéng vao mit thach nhdm phat hién va dém s6 vi khudn c6 trong 1 m? khong khi.
bay la phuong phép thong dung va thuong duoc thuc hién trong viée gidm sdt mirc do nhiém
khuan trong khong khi. Mai truong nuéi cay la PCA (Plate Count Agar) ddc trung dé phan lap
tong vi khuan hiéu khi va nam. Tong tap khuan duoc xédc dinh bang cdch dém sb khuan lac dic
trung trén cdc dia chira moi trudng thach PCA va dugc nudi cdy ¢ 37 °C/24 + 2 gid. Tong nim xac
dinh bang céch dém s6 khuan lac moc trén méi trudng PCA va duoc nudi cay & 37 °C/48 + 2 gid.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng cia nhiét dd dén ciu tric N-TiO;

Gian db phan tich nhiét vi sai & hinh 3 cho théy, trén duong TGA xuét hién 2 pic mat khdi
luong kém theo hiéu tmg thu nhiét: pic thir nhat & 67,27 °C, mat khdi lugng khoang 15,138 %,
hiéu mg nay c6 thé 1a do qua trinh mat nuée va dung mdi C,HsOH trong ciu tric. Pic thir hai tai
190,03 °C twong tng voi qué trinh mat khéi luong trén duong TGA khoang 3,346 %, c6 thé tai
day hi¢u ing nhiét gy ra do sy mat nudc cia N-TiO,.nH,O v dinh thanh dang tinh thé anatase.
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Hinh 3. Gian d6 phan tich nhiét vi sai ciia mau N-TiO, dugc didu ché bang phuong phép sol-gel
(Mau sau khi sdy kho).
Pic thtr ba ¢ 259,93 °C 1a pic tdéa nhié¢t kem theo qud trinh mat 13,914 % khbi luong trén
duong TGA, hiéu ing nay giy ra do su phan huy cia NHsNO; dugc tao thanh khi NO3™ két hop

v6i NH; trong dung dich khi bién tinh. Khi nhiét do > 500 °C, mu san pham c6 khdi lugng
khong doi.

3.2. Anh huéng ciia néng d chét bién tinh (NH2),CO dén ciu tric N-TiO;
Phuong phép nhiéu xa tia X (XRD) dugc st dung dé xdc dinh thanh phan pha va kich

thudce hat trung binh cua céc hat so cép trong cic mau vit liéu N-TiO, duogc nung & 500 °C. Két
qua nghién ctru dugc thé hién trén hinh 4 va bang 1.
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Bang 1. Thanh phﬁn anatase, rutil va kich thudc hat trung binh cta vét liéu N-TiO,
khi bién tinh bang (NH,),CO.

[(NI({;f)CO] Anatase (%) Rutil (%) Eﬁ;tﬁ? Ef‘;
1 89,12 10,88 16,32
2 84,68 15,32 16,86
3 81,36 18,64 18,28
4 77,16 22,84 19,96
5 72,06 27,94 244
6 46,50 53,50 25,14
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Hinh 4. Gian @6 XRD ctia mau vat liéu N-TiO, duoc diéu ché & cc ndong do (NH2)2CO khéc nhau:
a)IM;b)2M;c)3M;d)4M;e)5 M; ) 6 M.
(V& lai thang cta hinh 4 dé c6 thé théy rd con sb va dai lugng do)
~ Trén gian d6 XRD (hinh 4) v6i géc quét 20 tir 10 dén 70° ciia vat li¢u nano N-TiO, dugc

ché tao vai chat bién tinh (NH,),CO & cac nong do 1 — 6 M cho thay déu c6 cic pic dac trung
cua vat liéu TiO,. Thanh phén anatase gidm khi nong d¢ (NH,),CO tang.

Kich thudc trung binh ca céc tinh thé N-TiO, duoc tinh theo cong thirc Scherrer:

KxA

,By X cos 6

2

Trong d6: D - 1a kich thudc hat trung binh (nm), A - la budc séng tia X (nm), K- hﬁng 36,
Pin - 1a d6 rong cua pic cyc dai Ung vdi nura chiéu cao (FWHM) (radian), 0 - 14 géc nhiéu xa
Bragg tmg v6i géc cuc dai (°). Két qua tinh todn kich thudc hat trung binh cua vat liéu N-TiO,
téng hop duoc theo cdc ndng d6 (NH,)>CO khac nhau cho thay, khi ndng d6 (NH2),CO ting thi
kich thudc tinh thé N-TiO; c6 xu hudng ting. Két qua nay c6 thé dugc giai thich nhu sau: khi
nong do uré ting thi kha nang nguyén tir O trong mang ludi tinh thé TiO, duoc thay thé boi
nguyén tir N sé& ting 1én, dan dén bién dang ciu tric tinh thé. Mat khéc, khi ham lwong N qua
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16n, nguyén tir N khong nhitng tham gia vao cdu tric mang tinh thé ma ching con dong lai trén
bé mat tinh thé TiO; s€ lam kich thudc hat 16n hon.

3.3. Pic trung thanh phén va hinh thai cia vat liéu N-TiO

) Két quejl phan tich phé EDX cua N-TiO; (hinh 5) x4c nhan su c6 mat cua N trong mau dugc
bién tinh bang (NH»),CO ¢ nang lugng khoang 0,4 keV. Két qua nay cho thay viéc dua
(NH:).CO vao dung dich thiy phan trong qud trinh diéu ché dén téi sy pha tap N 1én TiO,, su

pha tap nay c6 thé 12 nguyén nhan dich chuyén viing hap thu quang ciia TiO, vé phia dnh sing
kha kién.
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Hinh 5. Phd EDX ctia mau N-TiO..

TiO2 - N_008

Print Mag: 80400x @ 51 mm 100 nm
3:27:02 plos12/12 HV=80.0kV
TEM Mode: Imaging Direct Mag: 40000x

Hinh 6. Anh SEM (a) va TEM (b) ciia vat lidu N-TiO,.

Dbi véi vat liéu xidc tic quang, kich thudc hat c¢6 anh hudng rat 16n dén kha ning xic tic
cua vat li¢u, kich thudc hat cang nho thi dién tich bé mat cang 16n va hi¢u suat nhan cac dién ti
tr anh sang dén cang cao. Két qua chyp SEM, TEM cua mau vat liéu N-TiO: ch¢ tao (hinh 6)
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cho théy cdc hat nano N-TiO, c¢6 dang hinh cau, kich thudc hat trong khoang 15 — 20 nm va
phan bo tuong doi dong deu.

3.4. Panh gia hoat tinh xdc tac quang cia vit liéu N-TiO,

3.4.1. Hoat tinh oxy héa axeton cua vdt liéu N-TiO>

Két qua xtr I axeton cua vat liéu N-

TiO, va TiO, (Skyspring Inc) (hinh 7) cho °\: ( —=N-1102  ==1102-8kyspring
thdy miu bot TiO, pha tap N sau 6,5 gid 3 ¢

phén huy dugc ~60 % axeton trong khi d6 £ 3¢

vat liéu TiO, do My ché tao chi xu Ii dwgc = 4

55%. Két qua nay 1a do khi pha tap N vao
tinh thé TiO, da tao ra mic tap cua nito
trén dinh viing hod tri, do d6 16 trong dé
dang sinh ra dudi tic dung quang hod 10
hon. Kha nang tang s6 cap dién tir va 15 0 ‘ ‘ ‘
tréng s& 1am tang phan ng véi hoi nudc 0 1 2 3 4 5 6
va oxy trong khong khi tao ra cdc gbc tu

Thei gian oxy héa, gior

do c6 tinh oxy héa manh va dé dang phan
hily axeton trong khong khi. Hinh 7. Hoat tinh phén hily axeton cua vat liéu XTQ.

3.4.2. Hoat lyc diét vi khudn ciia vdt liéu N-TiO:
Hoat lyc diét khuan cta vat liéu XTQ dugc ddnh gid bang phuong phép dem 5O khuan lac
déc trung trén cac dia chira mdi truong thach PCA. Két qua nghién ciru higu suat diét tong vi

khuén ctia cdc mau N-TiO; va TiO (Skyspring Inc) dugc dua ra trén bang 2.

Bang 2. Hiéu suat khir tring khong khi ciia vat liéu N-TiO va TiO» (Skyspring Inc).

Thoi gian, gio | N-TiO,, % TiO,-(Skyspring Inc), %
0 0 0
1 94,03 87,5
2 98,51 95,93
3 98,51 97,83

Sau mot gio, vat liéu XTQ N-TiO, da diét dugc 94,03 % téng vi khuan, trong khi d6 mau
TiO, (Skyspring Inc) diét dugc 87,5 % tong vi khuan trong budng kinh kin 10 m?>. Sau 3 gi¢ thi
nghiém, kha ning diét khuan cta vat liéu N-TiO; twong duong v6i mau TiO; do My ché tao. Két
qua nghién ctru nay khang dinh mau vat liéu XTQ do Vién Cong nghé mdi truong ché tao cé
hiéu suat lugng tir 1on hon mau do Cong ty Skyspring Inc., My ché tao. Uu diém nay 1a nho pha
tap N vao tinh thé TiO, so v&i vat lidu chi ¢6 TiO, don thuan. Két qua nay hoan toan phii hop
v&i mot s6 cong trinh da nghién ciru trén thé gidi [16].

4. KET LUAN
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Céc két qua nghién ciru ché tao vat liéu N-TiO, cho thidy N di pha tap vao tinh thé TiO».
Céc hat vat liéu N-TiO, thu dugc ¢ kich thude trung binh tir 15 - 20 nm. Vit liéu N-TiO, téng
hop duoc thé hién hoat tinh oxy hoa rat tot dbi véi axeton. Vat liéu nay c6 kha ning phan huy
60 % axeton (40 ppm) trong budng 10 m® sau 6,5 gio. Két qua nghién ciru kha ning diét khuan
trong khong khi cua vét liéu N-TiO, (98,51 %) tuong duong vdi vat ligu TiO, (Skyspring Inc)
(97,83 %) sau 3 gid thi nghiém. Cic két qua nghién ctru nay s& gép phan nang cao hiéu qua sir
dung vat liéu xdc tic quang TiO, dé tmg dung trong xir 1i khong khi tai nudc ta.

Loi cam on. Cong trinh dugc thyc hién trong khudn khé Nhiém vu hop tic Quéc té vé Khoa hoc — C6~ng
ngh¢ theo Nghi dinh thu v6i Li€n bang Nga: “Nghién ctru pht trién va tmg dung h¢ thong xu 1i 0 nhiem
khong khi TIOKRAFT trén co sé vat liéu xic tdc quang TiO;” do Bo Khoa hoc va Cong nghé cap kinh
phi.
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ABSTRACT

PREPARATION OF NITROGEN-DOPED TiO, NANOPOWDER COATED ON A POROUS
QUARTZ CARRIER AND EVALUATION OF ITS PHOTOCATALYTIC EFFICIENCY

Nguyen Viet Dung, Nguyen Hoai Chau, Tran Xuan Tin
Dao Trong Hien®, Khuu Thuy Duong

Institute of Environmental Technology, VAST, 18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam

“Email: tronghienvh@ gmail.com

Nitrogen-doped TiO: nano photocatalysts were synthesized by sol-gel method using
diaminomethanal as a nitrogen doping agent. The experimental data of SEM and TEM showed
that N-TiO, nanoparticles obtained gave an average particle diameter of 15-20 nm. The XRD
spectra demonstrated the composition of the anatase and rutile phases varying with the
concentration of diaminomethanal. The result of the EDX analysis proved that nitrogen were
doped into the crystalline lattice of TiO, by replacing oxygen atoms.

The concentration of N-TiO, nanoparticles coated on porous quartz tube was 16,6 mg/cm?.
The photocatalytic efficiency of the product was assessed through its oxidizing capability against
acetone and its antibacterial activity. Under the same conditions (10 m? test chamber; 36w UV-A
lamp and air velocity in the quartz tube of 25 m*hr) the oxidation of acetone and antibacterial
activity of N-TiO, were higher than those of TiO» (Skyspring Inc).

Keywords: photocatalytic, N-TiO., quartz tube, air cleaning, antibacterial activity.
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