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Trong nghién ctru nay, hoat tinh quang xuc tac ctia TiO, da dwoc nghién ctru vé kha nang
phan hdy xanh methylen dwéi birc xa UV. TiO, dwoc tdbng hop bang phwong phap thay
nhiét & cac nhiét do va thoi gian phan tng khac nhau. TiO, ché tao & 160°C trong 8 gio,
hiéu suét xt ly xanh methylen cao nhét trong vong 180 phut Ia 80%. Vat liéu tbng hop nay
dwoc dac trung bdi nhiéu xa tia X (XRD), kinh hién vi dién t&r quét (SEM), phd héng ngoai
(FTIR), phd tan xa nang luwgng tia X (EDX). Cac mé hinh gia bac nhat, gia bac hai dwoc s
dung dé phan tich di¥ liéu dong hoc thu dwoc & mét sb nhiét dd khac nhau. Qua trinh phan
hdy MB st dung TiO, tdng hop duwoc mé ta tt hon bang mé hinh gia bac nhét.

Phan hay xanh methylen, quang xtc tac TiO,, tdng hop thly nhiét.

In this study, the photocatalytic activity of TiO, was investigated for the degradation of
methylene blue under UV irradiation. The TiO, was synthesized via hydrothermal method at
vary reaction time and temperature. TiO,, manufactured at 160°C in 8 hours, was achieved
the highest efficiencies of methylene blue within 180 min was 80%. This synthesized
material have been characterized by X-ray diffraction (XRD), scanning electron microscopy
(SEM), infrared spectroscopy (FTIR), energy-dispersing X-ray spectroscopy (EDX).
Pseudo-first order, pseudo-second-order models were used to analyze the kinetic data
obtained at several different temperatures. The degradation process of MB which used
syntheszed TiO, is better described by the pseudo-first-order model.

Methylene blue degradation, TiO, photocatalyst, hydrothermal synthesis.

1. GIOI THIEU

Mtc d6 6 nhiém ngudn nudc & nhiéu qubc gia,
dic biét & cac nudc kém hoic dang phat trién,
ngay cang tré nén tram trong, anh hudng tiéu
cuc t6i moi truong séng cia con ngudi VA CAc
sinh vat séng [1, 2]. Do vy, viéc nghién ctu
tim ra mot phwong phap hiéu qua dé loai bo
cac chat gay 6 nhiém méi truong cang tro
thanh mot van dé cap thiét. Céng nghé xuc tac

quang Véi xu huéng sir dung ngudn ning
lwgng mit troi ré tién da duoc wu tién phat
trién trong giai doan gan day nham giam thiéu
nguon ning luong ciing nhu chi phi lién quan
t6i cac day chuyén van hanh xir Iy nuée thai.
Piém dang chi ¥, so v6i cac phuong phap xir
ly moi truong khéac, cong nghé xur ly 6 nhiém
mdi trudng bang céc vat lidu quang xdc tac
khong gay ra 6 nhiém moi truong thi cap.
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Nhiéu loai vat liéu quang xuc tac da duoc
nghién ctru nhu ZnO, TiO,, CdS, Fe30s...,
trong sb do6 TiO, dugc dung nhiéu nhit do
¢6 kha ning chéng an mon, bén viing vé mat
hoéa hoc, gia thanh ré, bén quang va khong doc
hai [3].

Céc phuong phap téng hop TiO; di dugc dua
ra nhu phuong phap sol - gel, phuong phap
nhiét phan, phuong phap ngung tu hoi hoa
hoc CVD, phuong phap dién hoa... [3]. Trong
giai doan gan day, phuong phap thay nhiét véi
phan tng duoc tién hanh trong binh autoclave
va cbc phan tng dugc lam tir nhya Teflon
dugc sir dung nhiéu hon cac phuong phap
khéc. Qua trinh tong hop sir dung dung mai
nude va khong doi hoi nhiét @6 nung cao, do
vay day l1a phuong phip khong nhiing tiét
kiém chi phi san xuit ma con than thién véi
moi truong [3, 5].

2. THY'C NGHIEM
2.1. Téng hop vat liéu

TiO, dugc tong hop bang cach st dung
phuong phéap thuy nhiét. Quy trinh nay bat
dau bang viéc pha ché dung dich, bao gém
80 ml nudc cat, 2 ml con va 5 ml TBOT. Sau
d6, dung dich duoc khudy lién tuc trong
khoang 15 phut ¢ diéu kién nhiét do phong va
dam bao rang nhiét do thay d6i khong dang ké
trong suét qua trinh thiry phan.

Trong qué trinh tiép theo, dung dich dugc
chuyén vao binh thay nhiét va duoc nung
trong khong khi. Qua trinh nay dién ra & cac
diém nhiét do khac nhau: 140°C, 160°C,
180°C, 200°C, va thoi gian thuy nhiét thay
d6i: 4h,6h,8h,10h.

Sau khi qua trinh thuy nhiét két thic, mau
duoc ly tdm va rira sach bang con va nudce cat.
Két tua s& dugc siy khd trong ta siy & nhiét
d6 50-60°C dén khi khdi lugng khong doi. Két

tia mau tring thu dwoc la TiO, s& duogc
nghién min bang cdi st dé tao kich thuéc phi
hop. Cudi cuing, vt liéu duoc bao quan trong
binh hdt 4m va duoc sir dung cho cac budc
tiép theo trong qua trinh nghién cuu.

2.2. Cac phwong phap vat ly nghién cou
dac trwng vat liéu

Vit liéu xlc tac quang thu duoc tir qué trinh
téng hop & trén s& duogc xac dinh cac tinh chét
dic trung bao gdm: hinh thai bé mit, ciu tric
tinh thé, kha ning hap thu quang nho vao cac
phuong phap phan tich 1y hoéa nhu phuong
phdp nhiéu xa tia X (Bruker AXS D8
Advance), pho héng ngoai (FT-IR), kinh hién
vi dién tir quét (SEM), pho tan xa ning luong
tia X (EDX) va phd hap thu quang UV-Vis.

2.3. Panh gia kha nang loai bé MB cua vat
liéu

Thi nghiém danh gia kha nang loai bo xanh
methylene (MB) cia cac mau TiO, di tong
hop dugc thuc hién trong cac binh phan tng
véi cung mot luong thé tich dung dich MB
nong d6 5 ppm va ham luong xdc tac 1a 1 g/l.
Trong 30 phut dau tién cac binh phan tng
duoc tién hanh trong diéu kién t6i va 180 phdt,
sau d6, binh phan tmg dugc chiéu sang bang
anh sang UV. Khoang cach tir dén UV toi bé
mat dung dich 12 30 cm. Nong d6 MB con lai
trong dung dich s& dwoc xac dinh bang
phuong phap duong chuan bang may quang
phd UV-Vis tai budc song 664 nm.

3. KET QUA VA THAO LUAN

3.1. Kha nang xuc tac quang hoéa cua TiO,

Khi chiéu chim tia don sic di qua mot dung
dich chura chét phan tich. Cuong do anh sang
di qua mau tuan theo dinh luat Lambert —
Beer theo phuong trinh:
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I
lgTDZA: e.lL.C

Trong d6: I,: Cuong d6 &nh séng chiéu téi;
I: Cudng do anh séng truyén qua; A: Do hap
thu quang; &: Hé sb suy giam mol hay do hap
thu riéng cua chat phan tich; I: Chiéu dai
quing dudng &nh sang truyén qua mau;
C: ndng d6 cua mau phan tich.

Hiéu suat phan hay xanh methylene la:

Co—C A, —A

H= .100%  hay H=
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180°C
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(d)

Hinh 1. D6 thi C/Co néng dé xanh methylene
sau 180 phut chiéu sang UV cua TiO, ché tao
bang phwong phap thay nhiét th&i gian 4, 6, 8 va
10 gi® tai nhiét do
(a) 140°C; (b) 160°C; (c) 180°C va (d) 200°C

Tir hinh 1 ¢ thé thiy rang cac mau phan hay
MB c6 st dung xuc tac TiO, tong hop trong
thoi gian 4; 6; 8 va 10 gio tai tat ca nhiét do
khao s&t bao gom 140; 160; 180 va 200°C déu
phan hay xanh methyelene tét hon so v6i mau
khong st dung xuc tac dudi su chiéu xa cua
tia UV. Cu thé, tat ca cac mau str dung x(c tac
TiO, c6 kha nang phan huy xanh methylene trén
40%, trong khi d6 qua trinh phan hay khong st
dung xUc tac chi dat dwoc hiéu suit 1,6% sau
thoi gian 180 phut chiéu sang (hinh 1).

Dir liéu ¢ hinh 1 ciing chi ra rang ddi voi cac
méu dugc tong hop tai nhiét d6 140°C, mau
TiO, dugc ché tao trong thoi gian 6 gio co
hiéu qua quang xuc tac tét hon so vai cac mau
TiO, con lai. Hiéu suét phan hiy MB sau 180
phat chiéu sang UV cia mau TiO, & 140°C
trong 6 gio dat 76,6%, trong khi d6 cac mau &
4, 8 va 10 gio 6 hiéu suat thap hon lan luot Ia
63,7; 65,7 va 69,3%.

Khi danh gia kha nang phan huy xanh
methylene cua cac mau TiO, duoc téng hop
tai nhiét do 160°C trong thoi gian 4, 6, 8 va 10
gio. CO6 thé thiy rang, mau duoc tong hop
trong thoi gian 8 gio cho hiéu qua phéan hay
cao nhat dat 80% trong 180 phut chiéu tia UV
cao hon 20,3%; 7,5% va 10,5% lan luot so
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véi cac mau 4, 6 va 10 gio.

Véi cac mau téng hop tai nhiét d6 180°C, mau
duoc ché tao trong thoi gian 4; 6; 8; 10 gid co
kha nang phan huy xanh methylene khong
khac nhau nhiéu. Trong cung diéu kién, TiO,
duoc ché tao & nhiét do 180°C trong thoi gian
10 gio ¢ kha nang phan huy xanh methylene
thap nhat (61,9%).

Khi danh gia kha nang xic tdc quang cua cac
mau TiO, dugc ché tao & nhigt do 200°C, co
thé thay rang néu thoi gian tong hop cang kéo
dai thi san pham thu duoc c6 hiéu sut xdc tac
quang cang kém. TiO, duoc tong hop tai
200°C trong 4 gid c6 hiéu suat xuc tac cao
nhat dat 69,3% va cac mau téng hop trong 6;
8 gid hiéu suat giam con 65,3% va 54,5%.
Mau duoc téng hop trong thoi gian 10 gio
cho hiéu suat phan hay xanh methylene
thap nhat chi dat duoc 41,3% va day ciing 1a
mau c6 kha ning xuc tic quang kém hiéu qua
nhét trong toan bd cac mau duoc nghién ciu
ché tao.
Bang 1. Bang so sanh hiéu suat phan hay MB

clia cac mau TiO; 1an lwot & cac diéu kién 140°C/6h;
160°C/8h; 180°C/8h va 200°C/4h

Po hapthuquangMB |
< ‘ Hiéu suat
Mau Ban dau | 180 phut 0
2 (%)
chieu UV
140°C /6h 0.501 0.117 76,6
160°C /8h 0.501 0.100 80
180°C /8h 0.501 0.149 70,3
200°C /4h 0.501 0.154 69,3

Sau khi lya chon duoc cac mau vat liéu tot
nhat dugc tong hop tai cac diém nhiét do khac
nhau. Kha ning phan huy MB ctia cac mau
nay sé dugc so sanh vai nhau (bang 1). Vat
lieu TiO, duoc ché tao & diéu kién nhiét do
160°C trong thoi gian 8 gio cho hiéu suat
phan huy MB cao nhét, cao hon cac mau TiO,
(140°C/6h); mau TiO, (180°C/8h); mau TiO,

(200°C/4h) lan luot 12 3,4%:; 9,7% va 10,7%.

Nhu vay, trong tat ca khoang nhiét do va thoi
gian da khao sat, vat lidu TiO, duoc téng hop
bing phwong phap thuy nhiét & didu kién
160°C trong thoi gian 8 gid cho hiéu qua tdi
vu nhat.

2.4. Nghién ctru dac trwng cua vat liéu TiO,
téng hop & nhiét dd6 160°C trong th&i gian
8 gi®»

Phé hong ngoai FT-IR

Mau vat liéu TiO, d3 duoc ché tao ¢ diéu kién
nhiét do 160°C trong thoi gian 8 gio s& dugc
dem di phan tich phd FT-IR nhim xac dinh
ciu tao hda hoc cua mau thu dugc. Két qua
duoc chi ra nhu trong hinh 2.

mio2

2 8B B8 ¢ 2 8

%T

162830 e’ | ’
-OH \ ‘h

\ N
625,07 c? h‘“’.'frl* ‘\l
Ti-0 I"

366,05 can'!
-OH

4000 £ W0 250 200 1500 1000 500 400
cm-1

® % 9 8 8 %

Hinh 2. Anh phé FT-IR ctia TiO, tdng hop

bang phwong phap thay nhiét & 160°C/8 gi&
Trong hinh anh phé FT-IR (hinh 2) xuat hién
ba viing hap thu cuc dai. Tin hiéu hap thu cuc
tai 6 séng gan 600cm™ twong wng véi dao
dong hoa tri cua lién két Ti-O. Ngoai ra, trong
phd con xuat hién thém hai ving hap thu cuc
dai tai vi tri 3366,05cm™ va 1628,5cm™ lan
luot tuong ung véi dao dong hoa tri va dao
dong bién dang cua lién két —O-H [6]. Diéu
nay chang to rang, vat liéu TiO,dd duogc ché
tao thanh cong bang phuong phap thiy nhiét
va trén bé mat cua vat liéu cd hap phu cac
phén tir nuéc.
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Gian db nhiéu xa tia X

Gian dd nhiéu xa tia X duoc str dung dé phan
tich cau trdc pha tinh thé cua mau TiO, téng
hop bang phuong phap thuy nhiét & diéu kién
160°C trong thoi gian 8 gio (hinh 3). Céc dinh
nhiu xa cuc dai xuét hién tai vi tri 20 = 25,3°;
37,9% 48,1° va 55,1° twong tng vGi mit phang
mang (101), (004), (200), va (211) cua pha
anatase. Ngoai ra, xuat hién thém mot dinh
nhiéu xa tai vi tri 30,8° twong tng vé&i mat
phang mang (121) cua pha brookite [7].

17T
1 POF 00-021-1272 Ti 02 Anatase, syn

A: anatase
B: brookite

PRAEREERERRARERRAKERN

2Theta (Coupled TwaThtalTreta) WL=1.54060

Hinh 3. Gian dé XRD cta TiO téng hop
bang phwong phap thay nhiét & 160°C/ 8 gi®

Duya vao gian d6 nhiéu xa tia X trén hinh 3 c6
thé tinh toan kich thudc trung binh cua cac hat
TiO, di ché tao duoc biang cach st dung
phuong trinh Scherrer [8]:

D— k.A
~ B.cosB
Trong do:

D: Kich thudc hat tinh thé (nm);

k: Hang s Scherrer (thuong lay gié tri 0,9);

A: Budc song tia X (A= 0,15418 nm);

B: D6 ban rong hay do rong tai vi tri %2 dinh
nhiéu xa (rad);

0: GAc nhiéu xa Bragg (rad).

Xét pic dic trung tai vi tri 20 = 25,3°

Goc nhiéu xa 6= 25,3 : 2 = 12,65°

Do bén rong cua pic dac trung la:

T
B =055. 75 = 0,0096 (rad)

Kich thuéc trung binh caa hat TiO, la:

k.2 0,9.0,15418

B.cos8 0.0096.cos(radian(12,65)) i

Nhu vay, vat liéu TiO, da ché tao duoc 1 cac
hat nano c6 kich thuéc khoang 15 nm va ton
tai hai pha tinh thé anatase va brookite.

Kinh hién vi dién tir quét (SEM)

Hinh thai cAu trdc bé mat cua vat lieu TiO,
dugc xac dinh bang phuong phap SEM va
dugc thé hién trong hinh 4.

IMS-NKL 5.0kV 5.4mm x200k SE(M)

Hinh 4. Anh SEM cua TiO;

ché tao bang phwong phap thay nhiét & 160°C/8 gio
Tir hinh 4, ¢6 thé thay rang, TiO, da ché tao
trong diéu kién 160°C/8 gio c6 ciu tric la cac
hat hinh ciu va chung c6 xu huéng két tu lai
véi nhau tao thanh cac dam hat cé kich thudc
lon hon. Kich thudc hat trung binh cta cac hat
TiO, duwoc xac dinh qua hinh anh SEM
khoang 14-15 nm va hoan toan phu hgp voi
két qua thu duoc theo gian do XRD.

Phé tan xa ning lweng tia X (EDX)

Hinh 5 thé hién phé EDX cua cac hat nano
TiO, d3 ché tao dugc. CAc hat nano da tong
hop ¢ thanh phan chi bao gém titanium va
oxy. Nhu vay, san pham thu duoc 1a TiO;
nguyén chit va co do tinh khiét cao.
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L] 10 "

2 3 5
ull Scale 1485 cts Cursor 16.514 keV (1 cis)

Hinh 5. Phé EDX cua TiO
ché tao bang phwong phap thay nhiét & 160°C/8 gi®

2.5. Nghién ctru dong hoc phan trng phan
hay chat mau xanh methylene cta TiO,
Xét phan ing phan huy xanh methylene:

xuc tac Ti0,
ncC -
tia UV

Phuong trinh toc d phan tang c6 dang:
v=k.C"

Trong d6: C 1a ndng do xanh methylene va n
la bac cua phan ang.

san phdm phén huy

Phuong trinh phu thudc ndng do xanh
methylene theo thoi gian t dugc thé hién theo
phuong trinh dudi day:

= Pong hoc bac 1:

1 C—kt
HCD—
= Pong hoc bac 2:
1 1 C
cTg o

Trong d6: Co va C 12 nong do xanh methylene
tai thoi diém ban dau va thoi diém t; t 1a thoi
gian phan tng; k 12 hiang sé toc do phan ung.

Do d6, dé danh gia qua trinh phan hay xanh
methylene phu hop véi dong hoc bac 1 hay

bac 2, ta xay dung do thi —ln£ va ¢ o
0

theo thoi gian t va xét hé sb tu’o*ng quan R’
Gia tri R? cang Ion thi mac do6 phu hop
cang cao.

18
16
14
12

R?=0.976
R® = 0.9568
R?>=0.9913

R? = 0.9465
08

0.6
04
0.2

0230 0 30 60 90 120 150 180
<wes Linear (TiO2 (140 d6/Bh)) -------- Linear (TiO2 (160 dé/8h))
<wee Linear (TiO2 (180 d8/8h)) - Linear (TiO2 (200 d6/4h))

Hinh 6. D6 thi phu thuéc — In(C/C,) theo' t,
dong hoc bac 1 cua qua trinh phan hay xanh
methylene str dung xuc tac TiO-

9
s o R?=08723
7
6 .® R#=0.8352
5
1 ® R2=0.9595
3 " Re=0.8693
2
1 [
0 @ =
-1-307 0 30 60 90 120 150 180
2

~~~~~~~~~ Linear (TiO2 (140 d&/6h)) - Linear (TiO2 (160 d&/8h)\)

vvvvvvvvv Linear (TiO2 (180 d/8h)) Linear (TiO2 (200 d/4h))

Hinh 7. D6 thi phu thuéc 1/C-/C, vao t,
dong hoc bac 2 ctia qua trinh phan hiy xanh
methylene str dung xudc tac TiO;

Cac mau TiO; tbi wu & cac diém nhiét do bao
gom TiO, (140°C/6h); mau TiO, (160°C/8h);
mau TiO, (180°C/8h) va mau TiO,
(200°C/10h) dugc lya chon 1am mau dai dién
va do thi dong hoc dugc thé hién nhu hinh 6
va hinh 7. Xét thay rang do thi phu thudc cua
— In(C/C,) c6 gia tri R? lan luot 1a 0,976;
0,9568; 0,9913 va 0,9465 cao hon so véi gia
tri R? cua dd thi phu thuoc 1/C-1/C, vao t
tuong tng la 0,8723; 0,8352; 0,9595 va
0,8693. Nhu vay, qua trinh phan huay xanh
methylene bai xdc tac TiO, dd ché tao duogc
mo ta phu hgp hon véi phuong trinh dong hoc
bac 1 va c6 dang nhu sau:

xuctac Ti0,
c -

tia UV

san pham

Trong d6: C 1a ndng d6 dung dich xanh
methylene.
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Két qua thu duoc phl hop véi cac nghién ciu
da cong bo [9, 10].

4. KET LUAN

Vit ligu nano TiO, da dugc tong hop thanh
cdng biang phuong phép thuy nhiét. TiO, duoc
ché tao tai 160°C trong 8 gio c6 hiéu qua xdc
tac quang cao nhat (80%). Vat liéu TiO, da
ché tao & diéu kién nay 1a cac hat nano c6 do
tinh khiét cao, cd ciu trdc 1a cac hat hinh cau
kich thudéc khoang 15 nm va ching c6 xu
huéng két tu lai véi nhau tao thanh cac dam

hat c6 kich thuéc I6n hon va ton tai hai pha
tinh thé anatase va brookite. Mit khéc, qua
trinh nghién ciu dong hoc chi ra rang qua
trinh phan huy xanh methylene st dung xuc
tac quang TiO; da ché tao phu hop véi dong
hoc bac 1.

5. LO1 CAM ON

Nghién ciu nay trdan thanh cdm on sw ho
tro vé tai chinh tr dé tai thugc Truong
Pai hoc Xay dyng Ha Ngi véi ma so
02-2023/KHXD-TD.
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