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SUMMARY

PREPARATION AND PHOTOCATALYTIC DEGRADATION OF
METHYLENE BLUE OF ANATASE/RUTILE MIXED - PHASE
TiO, NANOPARTICLES

Nanostructured TiO, particles were synthesized by hydrolysis of Titanium tetraisopropoxide
(TTiP): TifOCH(CHs),]4 in aqueous solution at pH = 2 and pH = 4, annealed at 400, 600, 800 °C. The
structure of TiO, nanoparticles were characterized by X-ray diffraction (XRD) and Raman
spectroscopy. The as-prepared TiO, nanoparticles present anatase - rutile phases and show good
photocatalytic performance in the degradation of methylene blue under UV irradiation.
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1. MO PAU

TiO; la vat liéu c6 tinh chat quang xtc tac duoc nghién ctu rong rdi do c6 nhiéu
ing dung trong viéc giai quyét van dé nang luong va moi trudng. TiO, hién dang duoc
nghién ctru 1am pin quang dién, chat xdc tac quang hoa, vat lidu ty 1am sach, xu 1i nudc
va khong khi bi 6 nhiém,....[12]. Vat liéu TiO,co thé tai sir dung sau qué trinh xu ly
quang xtc tac déng thoi 1a vat lieu khong doc hai, san pham tir sy phan hay chat nay
cling an toan, gia thanh twong d6i thap [11]. Do d6, ché tao x(c tac quang TiO; thu hat
duogc sy quan tdm caia nhiéu nhoém nghién cau [1, 6, 9].

123



Trong nghién ctru ndy, chdng toi trinh bay két qua ché tao TiO, tir hdn hop TTiP
va isopropanol bang phuong phéap thity phan tai cac gia trji pH va nhiét d6 nung miu
khéc nhau. Két qua cho théy tuy thudc diéu kién cong nghé ché tao vt liéu TiO, thu
dugc ton tai & cac pha tinh thé khac nhau. Ngoai ra, kha ning phan huy chit mau
metylen xanh trong méi truong nudce cua vat li€u nay vung anh sang tir ngoai cling dugc
trinh bay.

2. THUC NGHIEM
2.1. Héa chat

Titanium tetraisopropoxide (TTiP): Ti[OCH(CHs),]4, 97%. Isopropanol: 2-
C3H,OH, 99%. Axit nitric: HNO3, 69%. Tét ca hoa chat déu c6 d¢ tinh khiét PA.

2.2. Phwong phap nghién ciru thuc nghiém
2.2.1. Ché tao vt liéu TiO,

Nhé hén hop dung dich chira 5 ml TTiP va 50 ml isopropanol vao dung dich chia
900 ml nude cat va 50 ml isopropanol trong diéu kién pH khac nhau. Sau 4 gio khudy
br:ing khuéy tir, dung dich xuét hién chat keo chira cac hat TiO,. Chét keo duoc quay li
tam véi toc do 4000 vong/phit sau d6 loc, rira va siy kho trong khong khi ¢ 120°C trude
khi nung 2 gid & 400, 600, 800°C. B¢ pH cua dung dich dugc diéu chinh bang cach thém
nho giot axit HNOs, Trong nghién ctru nay TiO, duge ché tao tai gia tri pH 1a 2, 4.

Cac mau ché tao trong mdi truong pH = 2, nung & nhiét do 400, 600, 800 °C dugc
ki hiéu 1an lugt 1a T2-400, T2-600, T2-800. Cac mau ché tao trong mdi trudng pH = 4,
nung & nhiét do 400, 600, 800 °C duoc ki hiéu twong tmg 1a T4-400, T4-600, T4-800.
2.2.2. Khdo sat cdu trac, tinh chdt vt liéu TiO,

Céu tric vat liéu TiO, dugc xac dinh bang phuong phap nhiéu xa tia X, pho tan
xa Raman. Phép do nhiéu xa tia X ctia cic mau thuc hién & nhiét do phong, st dung buc
xa CuK, voi bude song =1.5406A, toc do quét 0,01 do/s trén nhidu xa ké D8-Advance
5005 tai truong Pai hoc Coéng nghé, Pai hoc qubc gia Ha Noi. Phép do phd tan xa
Raman & nhiét d6 phong cua cac mau ché tao duoc thuc hién trén hé Labram HR 800
dat tai Trung tdm Khoa hoc Vit liéu, Khoa Vit 1y, truong Pai hoc Khoa hoc Ty nhién-
bai hoc Quéc gia Ha No6i. Tinh chét quang cua vat liéu dugc khdo sat thong qua phép
do phd hip thu dugc thyc hién trén hé trén hé thiét bj Carry-5000, Varian, USA thudc
phong Thi nghiém Trong diém, Vién Khoa hoc Vat liéu, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.

2.2.3. Quy trinh xw ly metylen xanh (MB)

Hoat tinh quang xtc tic cia mau dugc danh gia thong qua hiéu sut qua trinh
phan huy dung dich MB dudi birc xa tir ngoai. Nong do ban dau cua MB 1a 10 ppm.
Nguén phat tir ngoai 1a bong deén tube 220V- 10W, budc song phat xa cuc dai tai
365 nm.
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Quy trinh tién hanh theo cic budéc

Budce 1: Can 50 mg miu TiO, cho vao cbc dung tich 250 ml c¢6 chira 50 ml dung
dich MB 10 ppm, khudy 30 phut trong bong tdi bang bép tir (dung dich A).

Budc 2: Dung pipet lay ra 3 ml dung dich A, li tAm tach bo két tua, sau d6 cho vao
lo, 14y 1am mAu Oh va bao quan trong bong tbi.

Budc 3: Bat dung dich A dudi bong dén tir ngoai sao cho khoang cach tir bong
dén dén mit chét 16ng khoang 10 cm. Sau d6 chiéu sang dung dich 1an luot trong 1, 2, 3,
4 gi0 va sau mdi gi0 rat 3 ml ra cac lo, dem ly tam loc bd Kkét tua, léy lam méu 1, 2, 3, 4
gio 11 bao quan trong bong toi.

Budc 4: Do do truyén qua cua dung dich trudc va sau khi chiéu sang dé xac dinh
lwong MB bi phan hay. Do truyén qua cta dung dich duoc do & bude song 650 nm vi &
budc song nay chat MB hap thu anh sang manh nhat.

Do truyén qua cia dung dich dugc do trén méy spectrumlab tai trung tim khoa
hoc va cong nghé nano, truong Pai hoc Su pham Ha Noi.

3. KET QUA VA THAO LUAN
3.1. Két qua khao st ciu triic ciia vat liéu TiO;

T2-400
T2-600

A1)

T2-800

Cudng o (d.viLy)

20
26 (d0)

Hinh 1: Gian d6 nhiéu xa tia X ciia cdc mau TiO ché tao trong méi truong c6 pH = 2
va nung o cac nhiét do 400, 600, 800 °C.

Dé xé4c dinh pha tinh, cic hang s6 mang va gia tri trung binh ciia kich thudc hat
tinh thé, cac mau duoc tién hanh do phé nhiéu xa tia X. Hinh 1 1a gian dd nhiéu xa tia X
ctia cac mau TiO- ché tao trong moéi truong cé pH = 2 dugc nung ¢ cac nhiét do 400,
600, 800°C trong 4h (T2-400, T2-600, T2-800). Két qua cho thiy, gian do nhidu xa tia
X cla tt ca cac mau nay déu xuét hién cac dinh nhiéu xa dic trung cua pha anatase tai
cac vi tri goc 20 lan luot 1a 25,35; 37,9; 48,04; 53,95; 55,2; 62,8; 68,71° tuong ung voi
cac mit phang mang (101), (004), (200), (105), (211), (204) va (116). Cac dinh nhidu xa
hoan toan phu hop vai thé chuan JCPDS sb 78-2486 cua vat lidu TiO, pha anatase. D6i
v6i mau T2-800, ngoai cac dinh nhiéu xa cta pha anatase con xut hién cac dinh nhidu
xa clia pha rutile & cac vi tri 27,49; 36,1; 41,3; 54,4; 56,7; 69,1° img véi cac mit phéng
mang (110), (101), (111), (211), (220), (002). Cac dinh nhiéu xa cta pha rutile phu hop
v6i thé chudn JCPDS sé 87-0710. Nhu vay mdu ché tao trong méi trudng pH = 2 va
nung & nhiét d6 800 °C ton tai hai pha anatase va rutile. Theo tai li¢u da cong bd, viéc
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ton tai cdc da pha anatase va rutile trong cing mét vat liéu c6 kha ning quang xuc tac
t6t hon mau don pha anatase [13].

T4-400

(dvty)
A(to1)

Cuimg 8o

20 (do)
Hinh 2: Gidn do nhiéu xa tia X ciia cdc mau TiO; ché tao trong méi truong c6 pH = 4
va nung ¢ cdc nhiét do 400, 600, 800 °C.

Hinh 2 1 gian d6 nhidu xa tia X ctia cac mau TiO, ché tao trong mdi trudng co
pH = 4 va nung & cac nhiét do 400, 600, 800°C trong 4h (T4-400, T4-600, T4-800). Két
qua cho thdy cac mau xuat hién cic dinh nhiéu xa dic trung cta pha anatase tai vi tri
g6c 20 lan luot 1a 25,34; 37,81; 48,10; 53,92; 55,14; 62,75; 68,7° trong ing v4i cac mit
phang mang (101), (004), (200), (105), (211), (204) va (116). Cac dinh nhiéu xa hoan
toan phu hop voi thé chuan JCPDS sé 78-2486 cua vat liéu TiO, pha anatase. Tuy
nhién, dbi voi mau nung & 400°C ngoai pha anatase chiém wu thé con xuét hién dinh cua
pha brookite vi tri goc 260 1a 30,83° g véi mit phang mang (211). Ngoai ra, cac dinh
dic trung cua pha brookite con xuat hién & vi tri goc 25,36 va 25,7° tuong tng v6i mit
phang mang (210) va (111), nhung do bi chan béi dinh cta pha anatase (101) nén khong
quan sat théy. Khi mau duoc nung & nhiét @6 cao hon mirc do két tinh cua tinh thé tot
hon. Cu thé khi nung t&i 800 °C hai dinh dic trung cta pha anatas (103) va (112) xuét
hién cang rd. Tuy nhién khong thay xuat hién cac dinh nhidu xa dic trung cia pha rutile
nhu trong truong hop pH = 2 ¢ cing nhiét d6 nung. Cau tric pha ciia cac mau TiO, ché
tao tai cac diéu kién pH va nhiét do nung khac nhau dugc trinh bay trén bang 1.

Bang 1: Céu triic pha cua cac mau TiO, tai cdc diéu kién ché tao khdc nhau
Ki hiéu mau T2-400 T2-600 T2-800 T4-400 T4-600 T4-800

Cautric pha | Anatase | Anatase | Anatase | Anatase | Anatase | Anatase
+ +

Rutile Brookite
Nhu vay, két qua khao sat cho thay nhiét d6 nung mau, do pH trong qua trinh
tong hop anh huong dén cau trac tinh thé, su chuyén pha va mirc d6 két tinh cta tinh thé

TiO,. Trong d6, mau ché tao trong méi trudng pH = 2, nung & 400 °C khong xuit hién
pha brookite nhung mau ché tao trong méi truong c6 pH = 4, nung & cung nhiét do xuét
hién pha brookite. Mau ché tao trong mdi trudong c¢6 pH = 4, nung & 800 °C khong thiy
su ton tai cua pha rutile, trong khi d6 mau ché tao trong mdi truong pH = 2, nung &
cung nhiét 4o 1a mau da pha anatase-rutile.
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Kich thu6c trung binh cta hat TiO, c6 thé dugc tinh theo cong thirc Debye-
Scherrer. Két qua tinh toan (Bang 2) cho thay khi nhiét d6 nung tang thi kich thudc hat
tinh thé ¢6 xu hudng ting. Nhu vy nhiét d6 nung ting s& lam thay doi mirc d6 két tinh
ctia tinh thé.

Bang 2: Kich thudc hat tinh thé ciia cdc méu TiO;

Ki hiéu mau T2-400 | T2-600 | T2-800 | T4-400 | T4-600 | T4-800
Kich thudc (nm) 6 9 26 9 7 21
Hing s6 mang cua cic mau TiO; c6 thé duoc tinh toan nhu trén bang 3. Két qua tinh
toan cho thdy hing s6 mang cta cac mau ché tao & cac diéu kién khac nhau c6 sy thay
dbi khong dang ké. Diéu nay phu hop voi gian dd nhidu xa tia X khi khong quan sat

thay co6 sy dich dinh nao cua céac dinh nhicu xa.

Bdng 3: Két qua tinh todn hang sé mang ciia cdc mau TiO;

- 26700 26004 a=b= =
Tén mau R R A sinfaog
(d()) (d(')) smﬁ'zm( A) 22 siﬂﬁ'nu4( A)
T4-400 48,066 38,036 3,783 9,456
T4-600 48,119 37,948 3,779 9,476
T4-800 48,147 37,826 3,778 9,506
T2-400 48,032 37,883 3,785 9,492
T2-600 48,045 37,920 3,784 9,483
T2-800 48,091 37,831 3,781 9,505

3.2. Pho Raman ciia vit li¢u TiO;

bé nghién ctru tinh chét dao dong ctia mang tinh thé va khéng dinh vé su ton tai
clia céc pha cdu triic trong vt lidu TiO,, phd tan xa Raman duoc str dung. Trong nghién
ctru nay, mau T2-800 va T4-400 duoc lua chon. Két qua nhu trén hinh 3.
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Hinh 3: Phé tan xa Raman cizamdu T4-400 va T2-800.

Két qua cho thdy mau T4-400 xuat hién cac dinh phé twong tng cac mode tich
cuc Raman cta pha anatase & cac vi tri c6 sb song 1a Eq(1) (~147 cm™), Eq¢(2) (=199 cm’
1, Big (1)(~400 cm™), Byy(2) (~518 cm™) va Eq4(3) (~641 cm™) [7]. Binh Raman ¢ vj tri
c6 s6 s6ng 147 cm™ va 199 cm™ twong tng vaéi lién két Ti-Ti trong cu tric bét dién cua
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TiO,. Binh raman quan sat thay tai vi tri c6 sé séng 400, 518 va 641 cm™cé ngudn géc
tir lién két Ti-O [8]. Bén canh cac dinh phd twong (ng cac mode tich cuc Raman cua
pha anatse, mau T4-400 xuat hién mot sb dinh c6 cudng do rat thip trong khoang sé
s6ng 220-380 cm™ (hinh nho trong hinh 3) dwoc gan cho cac mode tich cuc raman cua
pha brookite: Ajg(B) (~248 cm™), Byg (B) (=326 cm™) va Byy(B) (~367 cm™) [10]. Piéu
nay khing dinh lai pha brookite di dugc quan sat thdy trong gian dd nhidu xa tia X dbi
v6i mau T4-400. Mau T2-800 xuit hién cac dinh phd tuong tng cac mode tich cuc
Raman ciia pha anatse va rutile. Cac dinh pho ctia pha anatase c6 cudng do manh & cac
vi tri ¢6 s song lan luot 12 147 cm™', 199 em™, 400 cm™, 518 cm™', 641 cm™ tuong
ung vo6i cac mode tich cyc raman: Ey(1), Eq4(2), B1g(1), B1g(2), E¢(3). Binh phd cua pha
rutile c6 cudng do yéu tng voi mode dao dong Eg (R) 6 sb s6ng 1a 448 cm ™.

3.3. Pho hap thu caa vat liéu TiO;

Pé khao sat sy anh huong cta nhiét do nung mau téi tinh chat hap thu cta TiO»,
cac mau ché tao dugc trong moi truong pH = 2, nung & 400, 600, 800°C (T2-400, T2-
600, T2-800) dugc lya chon dé khao sat. Két qua trinh bay trong hinh 4. Két qua cho
thiy cac mau TiO, hap thu tdt trong ving birc xa tir ngoai. Mau T2-800 c¢6 su dich bd
hép thu vé phia budc song dai hon do mau T2-400 va T2-600. Két qua tinh toan do rong
viing cAm cta cac mau (bang 4) cho thdy miu T2-400 va T2-600 c6 do rong ving cam
xp xi nhau, diéu nay 14 phtt hop vi hai miu nay déu don pha anatase. Trong khi d6 mau
T2-800 ton tai hai pha anatase va rutile nén c6 d6 rong ving cam 1a 3,1 eV giam so véi
hai mau T2-400 va T2-600.

Do hip thu (d.v.t.y)

300 460 560 660 700
Budc séng (nm)
Hinh 4: Phé hdp thu ciia cdc mau TiO; theo budc séng
Badng 4: Dj réng vimg cdm cia cdc mau TiO,
Tén miu T2-400 T2-600 T2-800
Eq (eV) 3,27 3,25 3,1
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3.4.Tinh chit quang xiic tic ciia vét li¢u TiO, dbi v6i dung dich metylen xanh (MB)

100 F —a—T2-400
—e—T2-600
—a—T2-800
80+ v— T4-400
Q +— T4-600
E\é 60 < T4-800
&)
O 40f
20+
0

Thoi gian chiéu sdng (gio)
Hinh 5: Két qua xit Iy MB theo thoi gian ciia cdc mau TiO,

MB 1a mot hop chat héa hoc c6 vong thom véi cong thirc phan tir 1a C;sH;N,SCI
dugc str dung nhiéu trong cac linh vyuc sinh, héa. MB ¢6 ciu triic vong benzene va vong
thom chira hai nguyén t6 nito va luu huynh ngoai nguyén té cacbon, nén kho bi phan
hay boi cac phuong phap hoa sinh thong thuong. Do vdy MB dugc lya chon lam vat
lidu thir cho cac thi nghiém quang xtc tac vi MB c6 ciu tric vong benzene dic trung
cho cac hop chét hitu co doc hai.

Bang 5: Nong dé MB con lai trong dung dich theo thoi gian

Ki hi¢u miu Nong do MB con lai trong dung dich theo thoi gian

0 gio 1 gio 2 gio 3 gio 4 gio
T2-400 100 88,5 52,47 43,58 32,26
T2-600 100 57,34 38,16 20,2 11,61
T2-800 100 64,07 46,7 29,96 9,05
T4-400 100 83,96 68,91 39,2 28,08
T4-600 100 65,83 42,98 31,14 26,15
T4-800 100 83,69 57,25 46,2 27,51

Két qua do nong d6 MB con lai trong dung dich theo thoi gian xir li quang xuc
tAc ctia cac mau TiO, dudi birc xa tir ngoai dugc trinh bay trong bang 5 va ¢ hinh 5. Tir
két qua trén cho thdy cac mau TiO, c6 kha ning quang xuc tac tt trong ving anh sang
tir ngoai. Khi thoi gian chiéu sang cang lau thi lugng TiO, cang nhan dugc nhiéu anh
sang, lam tang kha nang tao ra céc géc tu do c6 kha nang oxi héa manh dan dén MB bj
phan hily cang nhiéu va lugng MB con lai trong dung dich sau khi loc bo két tiia s& con
lai it. Sau 4h chiéu sang mau da pha anatase - rutile c6 ndng do MB da bi phan huy 1a
90,0%, dat hiéu suét quang xUc tac cao nhét. Theo cac nghién clu, mau TiO, da pha
anatase - rutile co6 ti 1& thich hop cho hoat tinh quang xuc tac tot hon miu don pha
anatase [4, 5, 13].
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4. KET LUAN

Ché tao thanh cong cic mau TiO; bang phuong phap thiy phan trong moi truong
c6 pH = 2 va pH = 4, nung & cac nhiét do 400, 600, 800°C. Khi nung & nhiét ¢ 400,
600°C, pha chinh tdn tai trong vat liéu 13 anatase. Mau ché tao trong méi trudng pH = 4,
nung 400°C ton tai hai pha anatase va brookite. Mau ché tao trong méi truong pH = 2,
nung 800°C ton tai hai pha ciu triic anatase va rutile. Két qua phé tdn xa Raman cua hai
mau nay phl hop véi két qua nhidu xa tia X. Nhu vy, pH ciia méi truong ché tao mau
va nhiét d6 nung mau anh hudng t6i cau tric, sy chuyén pha va mirc d6 két tinh cua tinh
thé TiO,. Hoat tinh quang xUc tac cua cadc mau ché tao duoc danh gia thong qua kha
ning phan huy MB dudi buc xa tir ngoai. Két qua cho thay cac miu TiO, c6 kha ning
guang xuc tac tbt trong ving birc xa tir ngoai.
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