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NGHIEN CUU SU ANH HUONG CUA MOT SO YEU TO PEN PAC TRUNG

CUA VAT LIEU NANO Ag - TiO;

TOM TAT

Nguyén Thi Ngoc Linh’, Trwong Thi Thao
Truong Pai hoc Khoa hoc — DH Thdi Nguyén

Vit liéu nano Ag-TiO, dugc tong hop bang phuong phéap sol-gel vai ti 1¢ khdi lugng cua Ag:TiO,
la 0%, 1%, 3%, 5%, 7%, 9% va nung & cac nhiét do 400, 500, 600, 700°C. Cau triic va tinh chat
cua vat liéu duogc khao sat thong qua cac phép do: Nhiéu xa tia X (XRD), hién vi dién tir quét
(SEM), phé phan xa khuéch tan (DRS) va phd tan sic nang luong (EDX). Két qua phan tich cho
thiy, vat liéu thu dugc & dang hat hinh cau tuong ddi dong déu, kich thudc hat trung binh ctia vét
lidu Ag-TiO, 12 12 — 45 nm. Cac mau vat liéu Ag-TiO, déu thé hién sy dich bd hp thy va mé rong
ving hap thy anh sang tir ngoai sang ving kha kién. Ham luong tap Ag trong mau khong anh
huéng dén céu trac pha tinh thé cua vat liéu, trong khi d6 nhiét d6 nung mau c6 anh huéng rat ré
rét. Chat luong tinh thé t5t nhat img v6i mau c6 ham lugng tap Ag 1a 7% vé khéi luong va nhiét do

nung 500°C.

Tur khéa: Nano Ag-TiO,, TTIP, sol-gel, quang xUc tac, vdt liéu.

MO DAU

Trong nhimg nam gan déy, viéc sir dung cac
chat ban dan xuc tic quang dé xir Iy cac chat
6 nhiém hiru co va v6 co da duoc nghién ctiru
rong rai [1], [4]. Trong cac chit quang xtc tac
ban dan, TiO, hién dang dugc nghién clru va
st dung rong rai nhét do cac tinh chat wu viét
ctia n6 nhu hiéu sut lugng tur twong ddi cao,
bén hoa hoc, gia thanh thap, than thién véi
moi truong. Trong qua trinh quang XUc tac,
khi cac hat ban din TiO, dugc chiéu sing
bang birc xa c6 ning luong 16n hon ning
lwong ving cidm (Eg) cua no6 sé& lam phat sinh
ra cap dién tir va 15 tréng (e/h*), cac cap e/h?
nay chinh 1a khéi dau cho nhitng phan tng
oxi héa - khtr v&i cac chat hitu co, vi khuan,
nam mdc... hip phu trén bé mit TiO, Qua
trinh oxi hda - khir nay thuong dan dén sy vo
co hoa hoan toan chat hitu co cho san pham
cubi cung 1a CO, va H,0 [2[, [3]. Han ché
chinh cua vét li€éu nay 1a doi hoi phai chiéu
buc xa UV va sy tai két hop nhanh chong cua
cac cap dién tir va 15 trdng. Trong khi do,
phﬁn birc xa UV trong burc xa mat troi dén bé
mat Trai dat chi chiém khoang 4% nén viéc
sir dung ngudn blc xa ndy vao phan tUng
quang xc tac TiO, ciing bi han ché. Bé mé

" Tel: 0984 792522, Email: Ngoclinhbm@gmail.com

rong kha nang st dung nang luong buc xa
mit troi ca ¢ vung anh sing nhin thay vao
phan tmg quang xuc tac, mot sd nghién ctru
gan day da tién hanh bién tinh vat lidu TiO,,
trong d6 c6 bién tinh véi kim loai Ag [4], [5].
Noi dung béo cdo nay trinh bay két qua
nghién catu cac dac trung cua vat liéu nano
TiO, bién tinh Ag (Ag-TiO,) bang phuong
phap sol-gel véi céac ti 1é tap Ag trong mau
khac nhau va ¢ c&c nhiét do nung khéac nhau.
THUC NGHIEM

Téng hop vit liéu nano Ag-TiO,

Vit liéu nano Ag-TiO, duoc tong hop bang
phuong phap sol-gel tir tién chat titan
tetraizopropoxit  Ti(OCsH;)s (TTIP) va
AgNOs. Luong tién chét dugc liy vira du dé
tao ra san pham vai ti 16 khdi luong cta Ag:
TiO, 1a 0% (ki kiéu MT), 1%, 3%, 5%, 7% va
9% vai su ¢d mat cha nudc va axit axetic
CH3;COOH (Ax) trong dung méi etanol C,HsO
(EtOH). Quy trinh tong hop san pham duoc
trinh bay theo so db hinh 1. Nhiét d6 nung mau
dugc khao sat tai 400, 500, 600 va 700°C.

Céc phwong phap phan tich cu tric va
tinh chét ciia vat liéu nano Ag-TiO,

CAu trac tinh thé cua cac miu duoc kiém tra
bang phuong phap nhiéu xa tia X (XRD) trén
nhidu xa ké SIEMENS D5000 (Btic) véi bic
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xa CuK, (A = 1,5406 A). Hinh dang va kich
thuéc hat cia vét li€u dugc danh gia thong
qua chup anh SEM ctia mau trén kinh hién vi
dién tir quét JISM-5300. Thanh phan nguyén to
trong vat liéu duoc kiém tra bang pho tan sic
nang lugng (EDX) trén h¢ do Jeol 6490 JED
2300 (Nhat Ban). Phd phan xa khuéch tan
UV-Vis (DRS) cua cac mau duoc thuc hién
trén h¢ do U-4100 Hitachi (Nhat Ban).

KET QUA VA THAO LUAN

Thanh phin va cu tric cia vit liéu
Ag-TIOZ

Trude hét, dé khang dinh riang cdc miu ché
tao 1a ding thanh phan mong muén va khong
c¢6 13n tap chét, ching t6i da tién hanh phan
tich thanh phan cua cic miu biang phuong
phap phd tan sic nang lugng (EDX).

| TTIP + Ax + EtOH (Ky hiéu 51) |

AgNO; + H,O + EtOH
(Ky hiéu $2)

le——

h J
|Khu§.y tir 1500 vong/phiit, 80°C |

| Sol - gel |

l

| Péngoai khong khi 48 gig |

| Nghién, siv & 100°C. 10 gi& |
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|

| Ag-TiO, |

Hinh 1. Quy trinh tong hop vit liéu nano Ag-TiO,

Hinh 2 13 két qua do phé EDX cta mdt mau
dai dién cho cac miu Ag-TiO,. Két qua cho
thay, trén pho EDX chi xuat hién cac dinh
phd dic trung ciia cac nguyén té O (0,525
keV), Ti (4,508 keV) va Ag (2,983 keV),
ham luong Ag thyc té 1a 6,69%, Ti la
55,82%, O la 37,22% theo khéi lugng. Céac
mau con lai tuong tu, sau khi tong hop co ty
1¢ tap Ag dtng thanh phan mong mudn.

Hinh 3a la gian d6 nhiéu xa tia X ctia cic miu
voi i 18 tap Ag khac nhau nung & 500°C trong
3 gid. Két qua cho thiy cac mau déu sach, co
cAu trac tinh thé véi cac dinh nhilu xa rat sic
nét. Pac biét, cic mau TiO, c6 pha tap Ag c6
chu triic twong tu véi mau TiO, tinh khiét
(MT), déu xuit hién cac dinh nhidu xa dic
trung & cac goc 26= 25,28°; 37,79°, 48,05
53,89°; 55,09°; 62,68° va 68,76° tuong rng
v6i mit tinh thé cua TiO, trong pha anatase 1a
(101), (004), (200), (105), (211), (204) va
(116) (JCPDS - PDF 21-1272- thé phd chudn
TiO, anatase). Nhu vay, ham luong tap Ag
trong mau khong anh hudng dén cau trac pha
tinh thé cua vat liéu. Két qua tinh toan tir do
ban rong cua dinh manh nhat (101) tai vi tri
goc 20 = 25,28° cua cic mau cho thy kich
thuéc hat TiO, trung binh trong miu tring
(MT) 14 10 nm va mau Ag-TiO, la 12 —
13nm. Tuy nhién, khi ham lugng Ag ting dén
9% van khong quan sat thdy cac dinh nhidu
xa ddc trung cla Ag, didu nay co thé do tap
Ag di vao trong ciu tric mang tinh thé cua
TiO, hoac ham lugng Ag nho, chua du cho su
phat hién cia may do.
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Hinh 2. Phé EDX ciia vit liéu Ag-TiO, véi 7% Ag nung ¢ 500°C
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a. Mau TiO, (MT) va nano Ag-TiO,
(véitylé Agla 1, 3, 5, 7 va 9%)
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b. Mdu Ti0»-500°C (MT) va Ag-TiO, ¢ 400°C (M1),

500°C (M2), 600°C (M3) va 700°C (M4)

Hinh 3. Gidn d6 nhiéu xa tia X (XRD) ciia vit liéu Ag-TiO,

Hinh 3b 14 gian dd nhidu xa tia X ciia mau
TiO, pha tap 7% Ag dugc nung & cac nhiét do
khac nhau. Két qua cho thiy: nhiét d6 nung
mau ¢6 anh huong rd rét dén ciu trac pha tinh
thé cua vat lidu. Tai cac nhiét do 400, 500 va
600°C cac mau c6 ciu trac tuong ty vi mau
TiO, tinh khiét (MT) va déu xuat hién cac
dinh nhiéu xa dic trung cua TiO, anatase.
Mau nung & 400°C c6 kich thudc nho nhét 1a
12,2 nm nhung do tinh thé khong cao. Miu
nung & 500°C c¢6 kich thude la 13 nm, céac
dinh nhiéu xa rat sic nét va co cuong do cao,
didu nay cho thiy vat liéu co do tinh thé cao.
Khi ting nhiét do nung 1én 600°C, ngoai cac
pick dac trung cuia TiO, anatase con xuét hién
céc pick cua TiO, rutile voi cuong do thap ¢
vi tri 20 = 27,7°% 36,1% 41,2° 54,5%...d6ng
thoi kich thudc hat ciing ting (27,2 nm). Dén
700°C thi chi thu dugc pha rutile, cac pick sic
nét va ¢é cuong dd manh, chung té toan bo
TiO, anatase da chuyén sang TiO, rutile, kich
thudc tinh thé twong dbi 16, 1én téi 45,12

nm. Hinh 3b ciing cho thiy: véi khoang nhiét
d6 nung 400 — 600°C khong thdy xuit hién
céac pick cua Ag nhung khi nung & 700°C thi
xudt hién cac pick ddc trung clia Ag rat rd nét.
Diéu nay cé thé giai thich trong qua trinh
chuyén pha tir anatase sang rutile thi mot
phan Ag ndm trong cdu tric cua TiO, anatase
da thoat ra ngoai. Nhu vay, nhiét d6 nung cé
anh huong rat 16n dén thanh phan pha ciing
nhu ciu tric cia vat liéu nano Ag-TiO,.

Pé ¢o thém thong tin vé hinh dang cua hat,
ching t6i da tién hanh chup anh hién vi dién tir
quét (SEM) cua mot s6 mau dai dién (hinh 4).
Két qua cho thdy, cac mau déu co ciu tric
dang hat, hinh cau, mat d¢ hat kha dong déu.
Khi chua pha tap Ag, mau MT (hinh 4a) c6
kich thudc hat nho hon cac mau pha tap. Khi
ham lugng tap Ag tang tir 1-9% nhin chung
kich thuéc hat khong cé sy thay d6i nhiéu,
tuy nhién mau 9% bién hat khong 1d rang, co
hién tuong két tu cua cac hat thanh dam. Véi
cac mau Ag-TiO, nung & nhiét do tir 400 —
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700°C, kich thudc hat c6 su thay ddi rd rét.
Mau nung & 400°C da c6 sy hinh thanh cu
tric hat nhung bién hat khong ro rang; khi
nung & 500°C vat liéu thu duoc twong dbi
x6p, ¢6 kich thudc hat nho va dong déu nhat,
khong xuét hién sy két tu cta cac hat thanh
dam; khi ting nhiét d6 nung lén 600°C va
700°C vt liéu c6 d6 x6p giam dan dong thoi
kich thudc hat lai ting 1€n 10 rét. biéu nay co
thé giai thich 1a khi nhiét do nung ting da xay
ra sy chuyén pha tir anatase sang rutile (hinh
3b) 1am cho c4u truc cua vét liéu bj thay doi.
Tir nhitng két qua phan tich trén chung toi
thdy rang véi ham luong tap Ag 1a 7% (theo
khéi luong) va & nhiét do nung 500°C sé thu
dugc vat liéu Ag-TiO, anatase c6 kich thudc
nho, vt liéu x6p va co dé tinh thé cao.

Kha ning hip thu inh sing caa vat liéu
Ag-TlOZ

Pé nhan dinh vé su thay doi cua do rong
ving cam sau khi bién tinh vat liéu TiO»,
ching toi da tién hanh do phd phan xa
khuéch tan UV-Vis (DRS) cia cic mdu
trong khoang budc song tir 200 dén 800 nm
(hinh 5). Két cho thiy, mau TiO, c6 bd hip
thy thang, hep va rat sic nét tai budc song
khoang 390 nm. Piéu nay ching t6 miu nano
TiO, khi chua bién tinh chi thé hién kha ning
hap thu anh sang & ving tir ngoai. Vi cac

IMS-NKL x15 E(M)

mAu pha tap Ag (hinh 5a) c6 dic diém chung
la: b hip thy khong con sic nét va c6 xu
huéng dich vé phia budc song dai; ham lwong
Ag trong mau cang tang thi dai hip thu quang
dich chuyén vé phia anh sang nhin thiy cang
manh. Dic biét, mau c6 ham luong Ag 1a 7%
¢6 bd hap thu dich chuyén manh nhét vé phia
budc song dai. Khi ham lugng Ag vuot qua
7% thi d6 hip thu quang tai ving 4nh sang kha
kién cua vat liéu nano Ag-TiO, giam. Theo
chang t6i, day 1a van d& can dugc nghién ciru
thém mot cach ky ludng. Ngoai ra, nhiét do
nung miu cling anh huéng rat 16n dén tinh
chat quang cta vat liéu nano Ag-TiO, (hinh
5b): vat liéu dugc nung ¢ nhiét do 600 va
700°C dai hap thu quang dich chuyén rat
manh. Piéu nay c6 thé giai thich do c6 sy
chuyén pha tir Ag-TiO, anatase sang Ag-
TiO, rutile (hinh 3b). Tuy nhién, ¢ dang
rutile kha ning hép thu quang trong ving
anh sang nhin thiy t6t hon dang anatase
nhung hoat tinh quang xtc tac ¢ dang rutile
lai kém hon [6].

Qua céc két qua phan tich & trén chiing t6i thay
rang ham luong tap Ag 1a 7% vé khdi lugng va
nhiét d6 nung mau 14 500°C s& thu dugc vat liéu
nano Ag-TiO, anatase co chat luong tinh thé tot,
phu hgp véi dinh hudéng ung dung trong diét
khuan va xir Iy méi trudng.

IMS-NKL x150k SE(M)

a. Mdu TiO, (MT) va Ag-TiO, véi 1y 16 Ag la 7% va 9%

b. Mdu Ag-TiO, nung ¢ 400°C (M1), 500°C (M2), 600°C (M3) va 700°C (M4)

Hinh 4. Anh SEM ciia vt liéu Ag-TiO,
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Hinh 5. Phé phdn xa khuéch tan UV-Vis (DRS) ciia vt liéu nano Ag-TiO,
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(v6i 1ty 1¢ Ag la 1, 3, 5, 7 va 9%)
KET LUAN

Chung t6i di tién hanh khao sat sy anh huong
cua ti 1¢ tap Ag va nhiét d6 nung mau dén cau
trac vat liéu nano Ag-TiO,. Két qua phan tich
cho thay, vt liéu thu duoc & dang hat hinh cau
tuong dbi dong déu, kich thudc hat trung binh
cua vat liéu Ag-TiO, la 12 — 45 nm. Ham
luong tap Ag trong mau khong anh huong dén
cAu trac pha tinh thé cua vat liéu, trong khi do
nhiét d6 nung mau cé anh huong rat ro rét. Vat
liéu nano TiO, chi thé hién kha ning hap thy
anh sang ¢ vung tir ngoai, trong khi vat li€u
nano Ag-TiO, déu c6 bd hip thy dich vé phia
budc song dai. Khi ham lugng Ag tang tir 1 -
7% ciing nhu nhiét d6 nung mau ting tir 400 —
700°C thi ving héap thu quang cang mé rong
vé pham vi anh sang nhin thiy. Mau c6 ham
luong tap Ag 1a 7% vé khéi lugng va nhiét do
nung la 500°C s& thu duogc vat liéu nano Ag-
TiO, anatase c6 chat lugng tinh thé tét.
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SUMMARY
INFLUENCE OF SOME FACTORS ON THE CHARACTERISTIC
OF NANO Ag - TiO, MATERIALS

Nguyen Thi Ngoc Linh", Truong Thi Thao
University of Sciences - TNU

Nano Ag-TiO, materials were synthesized by sol-gel method in different proportions of Ag:TiO,
such as 0%, 1%, 3%, 5%, 7%, 9% of amount and heated at different temperatures like 400, 500,
600, 700°C, respectively. The obtained products were characterized by X-ray Diffraction (XRD),
Scanning electron microscope (SEM), Diffuse reflectance spectrum (DRS) and Energy-dispersive
X-ray spectroscopy (EDX). The result showed that materials had spherical shapes, the average
crystallite size was around 12 - 45 nm. All Ag-TiO, materials showed a shift and an extension of the
absorbing area from UV range to Vis range. The heating temperature affected on the phase structure
of the materials significantly while the ratio of Ag in the samples did not. The sample, which was
made with 7% propotion of Ag and heated at 500°C, showed the best desired characteristic.
Keywords: Nano Ag-TiO,, TTIP, sol-gel, photocatalytic, material.

Ngay nhdn bai: 01/9/2017; Ngay phdn bién: 18/9/2017; Ngay duyét ding: 16/10/2017

“ Tel: 0984 792522, Email: Ngoclinhbm@gmail.com
14


mailto:Ngoclinhbm@gmail.com

