http://doi.org/10.37550/tdmu.V]S/2023.04.456

TONG HOP VAT LIEU NANOTUBE Ti0; BANG PHUONG PHAP
THUY NHIET VA UNG DUNG TRONG XU LY KHI NO
Huynh Xuan Thanh®, Nguyén Phwong Hanh®, L& Thi Pho®
(1) Trwong Pai hoc Thii Dau Mgt

Ngady nhdn bai 04/5/2023; Ngay giri phan bién 20/5/2023; Chdp nhdn dang 30/6/2023
Lién h¢ email: pholt@tdmu.edu.vn

https://doi.org/10.37550/tdmu.VVJS/2023.04.456

TOm tat

Trong vai nam qua, Titanium dioxide (TiOz) ngdy cang tré thanh mét chat xdc tac
quang thirong mai phé bién trong mét sé linkh viee, dac biét 1a trong qué trinh quang xuc
tac phan huiy cac chat & nhiém trong nwéc va khong khi bai cac tinh char déc trung vé
quang hoc. Pé nang cao hogt tinh quang xuc tac cua TiO2, qua trinh téng hop hat
nanotube tiO2 bang phwong phdp thiy nhiét da dwoc tién hanh & diéu kién 135°C trong
24h. Két qua do phé FTIR cho thdy vt lidu sau khi téng hop ¢ cac nhém chie cia dang
anatas cua TiOy ¢ cdc dinh pic dic trung, va két qua do XRD phit hop véi phé chuan cia
TiOy. Higu sudt xit Iy khi NO tiang manh sau 5 phit dau tién va dat 36% sau 30 ph(t. TiO,
l& mét vat liéu rat ré tien va than thién véi méi truong, Vi vdy nghién cizu nay co thé dat
nén tang thiét yéu dé phat trién pha tap nanotube TiOz dé logi b6 xi Iy méi trwong.
Tir khba: FTIR, nanotube, thiy nhiét, TiOz, xit Iy khi NO
Abstract

SYNTHETIC NANOTUBE TI102 BY HYDROTHERMALLY AND EFFICIENT
PHOTO-OXIDATION OF NO

Over the past few years, Titanium dioxide (TiO2) has become more and more of a
commercial photocatalyst popular in several fields, especially in the photocatalytic
decomposition of pollutants in water and air. To improve the photocatalytic activity of
TiOz, the synthesis of TiO2 nanotubes by hydrothermal method was carried out at 1350C
for 24h. FTIR spectroscopy results show that the synthesized material has functional
groups of the anata form of TiO; at the characteristic peaks, and the XRD measurement
results are consistent with the standard spectrum of TiO2. NO treatment efficiency
increased sharply after the first 5 minutes and reached 36% after 30 minutes. TiO2 is a
very inexpensive and environmentally friendly material, so this study can lay the
essential foundation for the development of doped TiO> nanotubes for environmental
remediation.
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1. Mé dau

Hién nay, ¢ Viét nam va trén thé gisi, c6 nhiéu nha nghién khoa hoc da nghién ctu
va tim ra céc chat ban dan quang xuc tac c6 hiéu qua cao xir Iy c&c chat hitu co doc hai
¢6 trong moi truong khdng khi va trong moi truong nude, dac biét ing dung xdc tac quang
ban dan trong xtr 1y chét hitu co Titan dioxit (TiO2) la mét trong nhixng chét xtc tac quang
ban dan dung dé xuc tac phan hay nudc va cac chat 6 nhidm hitu co trong khong khi,
duoc str dung rong rai do tinh chét Iy héa on dinh, hoat tinh xdc tac cao, dé téng hop. Tuy
nhién, chwa c6 nhiéu nghién ciu vé cai thién hoat tinh cua TiO, dbi voi qué trinh quang
xUc tac phan hity céc hop chit hitu co trong oxit ban dan. Ngoai ra, cac nghién ciu vé sy
bién tinh cua TiO2 bai cac oxit trong cung diéu kién xir Iy cac chat hiru co doc hai s& phan
nao cho phép ching ta hiéu liéu cac hop chat déng c6 tac dung khac nhau hay khéng.
Hoat tinh quang x(c tac ciia cac chat xc tac khac nhau trén TiO2 (Pham Vian Viét, 2012).

TiO2 dang nano duoc téng hop theo nhiéu phuong phap khac nhau nhu phuong
phap thuy nhiét, phuong phap sol-gel, phuong phap oxy hoa truc tiép, phuong phap dién
két ta... Trong cac phuong phap néu trén thi phuong phap sol-gel thuong duoc sir dung
nhiéu nhat. Tuy nhién, phuong phap sol-gel thuong di tir cac ngudn alkoxit titan co gia
thanh cao, cong thém cac diéu kién khac nghiét khi nung ¢ nhiét do cao dé tao pha anatas
(pha tinh thé hoat tinh quang hda nhat cua TiO,) khién cho gia thanh xtc tac ting 1én rat
2 nhiéu. Vi vay, phuong phap thuy nhiét dugc xem nhu mot phuong phap hiéu qua va
kinh té nhat. Day 1a mot phuong phép co thé di tir nguon TiO, thuong mai c6 gia thanh
thap, tién hanh don gian, gép phan giam gia thanh cua chét xuc tac. Diéu nay s& co y
nghia rat 16n khi trién khai rong rdi (Tran Ngoc Chan, 2001).

O nhiém oxit nito (NOx) duoc hinh thanh bat ci khi nao nhién liéu duoc ddt chay
& nhiét do cao bang cach 'cd dinh' nito trong khong khi pha lodng ciia budng ddt thanh
NOx. Nhiéu oxit nito khong mau va khéng mui. Tuy nhién, mot loai NOx phé bién, nito
dioxit (NO2), cling vai c&c hat trong khong khi, thuong ¢ thé dugc nhin thiy dudi dang
mot 16p mau nau do trong khdng khi & cac khu vuce do thi. NOx la mét trong nhitng thanh
phan chinh lién quan dén sy hinh thanh ozon trén mat dat, c6 thé gay ra cac van dé nghiém
trong vé hd hap. N6 ciing phan tng dé tao thanh céc hat nitrat va sol khi c6 tinh axit, gop
phan hinh thanh mua axit. Cac hat nitrat sinh ra tir NOx g6p phan tao thanh cac hat min
trong khi quyén c6 thé gay suy giam tam nhin. Khi NOx ciing gop phan gay ra van dé
néng Ién toan cau (Lé Thi Thanh Tuyén, 2019).

Trong nghién ctu ndy, chdng tdi thyc hién tong hop nanutube TiO, bang phuong phap
thuy nhiét va (g dung vat liéu nanutube TiOz trong xtr ly khi NO trong phong thi nghiém.

2. Thuc nghiém

2.1. Hoa chdt va thiét bi

Hoa chat: Bot TiO, thuong mai dang tinh thé (Trung Qudc), NaOH (Puc) dang tinh
thé, do tinh khiét > 99%, Axit HCI (Trung Qudc), Kl dang tinh thé ( Anh), Benzoquinone
dang tinh thé (Trung Quéc), KBr dang tinh thé (Bc), K2Cr207 dang tinh thé (Trung Quéc).
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Thiét bi: May Quang Phé Hong Ngoai FT-IR 4700/JASCO, may phan tich
NO/NO2/NOx moi trueong xung quanh Sabio model 6040.

2.2. Thuc nghigm

Thi nghiém 1: Tong hop vat liéu nanotute TiO bang phuong phép thuy nhiét

Can 1,7g bot TiO, thwong mai duoc hoa tan trong 157mL NaOH 10M, sau d6 khudy
ddng nhét trong 30 phut. Tiép tuc cho hdn hop nay vao binh Teflon va dun noéng & 135°C
trong 24h. Sau khi nung xong, 1am mat ty nhién dén nhiét &6 phong. San pham thu duoc
xt ly bang acid HCI va nudc khtr ion DI cho dén khi gia tri pH dat 7. Cudi cung, mau
duogc sdy khd ¢ 80°C trong 5 gid thu duoc TNTs nanotubes (Pham Vian Viét, 2012).

TiO:z thuong mai va NaOH

Khudy tir

Binh teflon c6 chirta miu duoc bé vao binh Teflon
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Thi nghiém 2: Khao sét hiéu suét xu ly khi NO cua vat liéu Nanotube TiO>
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Hinh 2. So dé thi nghiém khdo sét hiéu sudt xiz Iy khi NO cua vdt liu Nanotube TiO;
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Kha ning loai bé NO & muc ppb tir 16 phan ¢ng lién tuc dudi anh séang cé thé nhin
thay dugc. Dau tién, 0,2g mau TNTs/g-CsNa dugc nghién bang séng &m va phan tan trong
etanol, sau d6 duoc dan déu 1én d4y cia hai dia nudi cdy (Iam bang thuy tinh, dudng kinh
10cm). Cac dia dugc lam kho chan khong va dat vao gitta binh phan tng hinh chir nhat
(30 x 15 x 10 cm) dé x(c tac quang. Nong do NO ban dau 500ppb (pha lodng bing khong
khi) voi toe do 1a 2,4ml.min™ st dung dén soi dbt dugc dat trén 16 phan tng. Khi khdng
khi va ndng d6 NO 6n dinh, dén duoc bat séng va may phan tich bét dau ghi lai ndng do
NO theo thoi gian thuc.

Hiéu suat loai bo NO () duoc tinh bing cong thuc: H = @ X 100% trong d6

0
Co va C biéu thi ndng d6 NO trong dong vao va dong ra twong (ng.

3. Két qua va thao luan
3.1. Xdc dinh cdu trac cra vt ligu
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Hinh 3. Két qua do phé FTIR cua nanotube TiO;

Két qua do phd FTIR cua nanotube TiO, sau khi thuy nhiét duoc thé hién trong
hinh 3. Phan wng giira cac nguyén liéu tién than cua TiO; tao ra san pham dang bot mau
trang. D& 1am rd cac hat TiO2 ¢ nhém chirc trong tng hay khéng, cau tric héa hoc cua
TiO, duoc dic trung bang quang phd FTIR. Nghién ctru FTIR cua hat nanotube TiO2 cho
thdy ddc diém hinh thanh san pham c6 d¢ tinh khiét cao va mé ta cac pic tuong (ng véi
TiO,. binh ¢ 1634cm™ twong ung véi Ti-OH, H20 rung dong kéo dai va udn cong lién
quan dén cac dao dong udn cua cac phan tir nudc bi hap thu (Banki, 2016). Binh tai 450-
720 cm™* dugc gan cho dao dong kéo dan Ti—O-Ti. Cac dinh dao dong kéo dai Ti-O tro
nén rong hon la nhimg déng gop tir anatase titania. Theo phé chuan cua TiO, pic &
463,88cm™ duoc cho 1a do dao dong cua lién két Ti-O trong mang TiO, (anatase titania),
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ching to phdi tir hitu co da bi loai bé hoan toan sau khi thuy nhiét. Bong thai, oxit kim
loai TiO2 duoc hinh thanh bang cach nhiét phan san pham dang bot. Dai quang phd duoc
quan sat thiy & khoang 3450cm™ 1a viing cua lién két O-H dugc thé hién rd sau khi tong
hop va co su hién dién caa céc dai OH trong phé 1a do H.0 duoc hip phu vé mit hda hoc
va vat Iy trén bé mat caa cac hat nano (Tao Li, 2021). Cac Cudng d6 cuc dai cua Ti-O—
S tang khi tang ti 1€ pha tap S, X&c nhan sy két hop cua S vao vi tri cation trong TNTs. Tur
két qua trén cho thay viéc pha tap S vao TNTs di thanh cong.

Két qua nghién ciru nay tuong tu két qua nghién ciu phd hdng ngoai FTIR cua S—
TiO, va cac hat nanotube TiO; tinh khiét cua S. Arunmetha, (2021) cho thay dinh hap thu
rong nam trong khoang tir 450 dén 800cm™ tuong ng véi cac ché do kéo dai Ti-O va
Ti—O-Ti. Cac ché do kéo dai cua C—O Céc lién két , C—N va CHs chiu trach nhiém cho
c4c dinh nhin thay ¢ 1120cm™. Hai dinh nim & khoang 1130 va 1050cm™ twong Gng V4i
hai loai S riéng biét trong cac mau S-TNTs, dinh ¢ 1130cm™ twong ting vai phan tir SO
duoc hap thy trén bé mat TNTs va khong anh huong dén ciu triic dién tir caa chat ran.
Trong khi d6, dinh & 1050cm™ dugc gay ra bai cac dao dong kéo dai caa céc lién két Ti-
0-S, cho thay riang nguyén tir S da duoc két hop vao mang TiO2 x&c nhan su pha tap
thanh cong nguyén tir lvu huynh vao cac mau (S. Arunmetha va nnk., 2021).
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Hinh 4. Két qua do phé XRD cua nanotube TiO2
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C4u trdc tinh thé cua cac hat nanotube TiO2 duoc phan tich bang gian ¢6 XRD va
két qua duoc trinh bay trong hinh 4. Gian d5 XRD cua nanotube TiO, cho thy sy xuét
hién cac dinh nhiéu xa tai goc 26 la 25.14°, 37.80°, 48.07°, 53.66°, 55.14°, 62.64°, 68.75°
trong tng V4i cac mit mang lan luot dic trung cho cac mat mang (101), (004), (200),
(105), (204), (220) cua pha anatase (JCPDS 84- 1286). Hinh anh nhiéu xa thu dugc cho
thdy chi c6 sy hinh thanh tinh thé TiO anatase (khong quan sét thay cau trdc rutil va
brookite). Ty Ié tin hiéu trén tap am chi ra rang tong hop hat nano 1a tinh thé. B3 c6 bao
céo rang su bién di anatase thanh rutil trong qué trinh u khong xay ra ¢ nhiét d6 dudi
400°C (Lisebigler, 1995). Thiy nhiét 1a phwong phap phd bién dugc st dung dé cai thién
do két tinh cua bot TiO2. Két qua nay chang to vat liéu nanotube TiO2 da dugc ché tao
thanh cong bang phuong phap thity nhiét.

3.2. Két qud khdo sat hiéu sudt xa Iy khi NO cza vdt ligu nanotube TiO; theo thoi
gian

Db thi khao sat hiéu suat xur Iy khi NO cta Nano TiO2
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Hinh 5. Két qua khdo sat hiéu sudt xiz Iy khi NO cua vét liéu nanotube TiO, theo thoi gian

Két qua khao sét hiéu suat xt ly khi NO cua vat liéu nanotube TiO; theo thoi gian
duoc thé hién trén hinh 5. Hiéu suat xt 1y khi NO ting manh sau 5 phut dau tién, dat 24.9%,
sau do tiép tuc ting dén 32.2% & phat thir 10. Tur phat thir 15-30, hiéu suét chi ting nhe tir
34.7% dén 36.1%va twong ddi 6n dinh. Hinh 3 thé hién hoat tinh quang xuc tac loai bo NO
cua cac vat liéu theo thoi gian chiéu sang. Trong diéu kién str dung chét xuc tac nanotube
TiO2 két qua cho thay c6 sy thay doi vé ti 1¢ nong do C/Co ciia NO, didu d6 ching to
nanotube TiO, c6 hoat tinh trong quang xuc tac phan huy khi NO trong diéu kién anh sang
kha kién. Véi su tao thanh nanotube TiO; ciing hoat ddng manh & ving UV, thé oxy hoa
ctia n6 cao hon thé tao *OH. Chinh «OH La nguyén nhén chinh cho qua trinh xir 1y.

Sau khi c6 anh sang kich thich, céc cap electron 15 trong quang sinh duoc tao ra.
Céc dién tir quang sinh s& dich chuyén tir viing héa tri VB (VB - Valence Band) 1én muc

97



http://doi.org/10.37550/tdmu.V]S/2023.04.456

viing din CB (CB - Conduction Band) cua TiO2 va ciing ddng thai dich chuyén 1én mirc
HOMO. Boi vi su chénh léch thé, cac dién tu quang sinh trén miac LUMO s€ mot phén
nho chuyén vé mac CB. Phan 16n cac dién tir s& chuyén vé mic niang luong HOMO nham
tai hop véi cac 16 tréng quang sin h tai day do viéc tao thanh céc gc tu do thdng qua két
qua do bét giit cac tac nhan phan ang. Nhd vao su dich chuyén caa cac dién tir quang sinh
nén di hinh thanh mé hinh quang xuc di thé. Hau hét cac dién ttr tai mic CB d4 tai hop
véi 16 tréng tai mac HOMO, vi thé chi c6 nhimng dién tir ndm trén muc nang luong LUMO
thuc hién phan ang véi 02/+02~ (-0,33 eV), dan dén sy hinh thanh caa gc <02, Bén canh
do, dién tir ndy sé tao ra mot loat phan ¢ng véi nude hap phu trén bé mat vat liéu dé hinh
thanh ra cac goc «OH. Tuong tu, cac 1 trong s& dugc hinh thanh tai mac VB cua TiO:.
Cac 15 tréng quang sinh tai mac VB sé& di chuyén 1én mic HOMO do sy chénh léch vé
thé va céc 15 tréng nay sé tai hop véi cac dién tir quang sinh tai mirc VB. Ngoai ra, cac 15
tréng tai mirc VB s& dong vai tro oxi héa H2O/OH™ @é hinh thanh cac gdc *OH. Tiép theo,
cac goc *OH sé& phan ung vai cac phan tir khi NO bi hdp phu trén bé mat vat liéu dé tao
ra loat san pham nhu HNO> va khi NO,. Bén canh do, cic gbc *O2~ cho thdy mét vai tro
quan trong trong viéc phan hay khi NO. Cac gbc nay phan ung truc tiép véi cac phan tir
khi NO hap phu trén vt lidu dé tao thanh cac anion NOs va phan tng véi khi NO2 doc
hai dé tao thanh cac san pham tha cap sach hon. Théng qua két qua bay gdc tu do dén
hoat tinh quang xuc tac, cé thé nhan thay electron chinh 1a tac nhan chinh cua qua trinh
quang xtc tic d6ng thoi h*,+02~ va *OH thong qua cac phuong trinh phan ung (3.1-3.6).

H20 + h*ve — OHe + H* (3.1)

OHe + NO — HNO2 (3.2)

HNO2+ OHe — NO2 + H20 (3.3)

O2+e ca— 05 (3.4)

NO + « 05 — NO3 (3.5)

NO2+ ¢ 0; — NO3 + O2 (3.6)

4. Két luan

Céc nano tinh thé nanotube TiO2 di duoc tong hop thanh cong bang phwong phap
thity nhiét. Két qua XRD cho thay céc tinh thé nano tong hop duogc thugc pha anatase phi
hop véi phd chudn. Céc su ton tai ciia cac nhém chtic niang (Ti-O-Ti, Ti-OH,H20, O-H)
dugc xéac dinh bang phép do FT-IR. Hiéu suat xu 1y khi NO tang manh ¢ 5 phut dau tién
va dat & miic 36% sau 30 phat. Pay 1a mot vat liéu ré tién va than thién voi méi truong,
vi vay can c6 kha nang (g dung nhiéu trong xir Iy 6 nhiém va can c6 cac nghién cuu tiép
theo dé cai tién hiéu suat xu ly.
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