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TOM TAT: Nghién ciru duge thuc hién bao gom viée téng hop cde hop chat Ti0-Si0;
va N-Ti0;-SiO; bang phirong phdp sol-gel; déng thoi tién hanh danh gid ddc tinh cdu tric tinh
thé ciia san pham va khdo sdt hoat tinh xiic tdc quang thong qua hiéu qua xu ly phenol trong
diéu kién sir dung dnh sang UVA va anh sdng mat troi tu nhién. Két qua nghlen cuu cho thay
vigc bé sung SiO; va N déu gép phan lam ting dién tich bé mat rteng cua vat ligu so voi san
pham T i0; khong pha tap. Ngodi ra, cde san pham N-TiO5-SiO; con thé hién ré nét su chuyen
dich phé hdp thu dnh sang UV-Vis sang ving kha kzen Hoat tinh xuc tdc quang cua cdc san
phém trong diéu kién sir dung dnh sdng UVA dat tot nhdt ¢ ty 1¢ khéi luong TiO,:SiO; la
90:10, tuomg thich vdi sw twong quan hap Iy nhat giia dién tich bé mdt riéng va do tinh thé
hoa cua vét li¢u. Con trong diéu kién sir dung dnh sdng mdt troi tw nhién tai TPHCM, vdt liéu
pha tap N-TiO5-SiO; thé hten hiéu qua xu Iy phenol dat khoang 90%, vugt trji so voi cadc vat
liéu TiO-Si0; va TiO, (lan lwot la 62% va 60%,).

Tir khéa: Xiic tde quang; TiO;; TiO-SiOy; N-TiO5-Si0;; Nudc nhiém phenol
1.GIOI THIEU

Nam 1972, hai nha khoa hoc ngudi Nhat, Fujishima va Honda [1] da kham pha kha néng
phén tach nude bang cac dién cuc TiO, dudi tac dung clia 4nh séng. Su kién ndy da mo ra mot
ky nguyén méi trong linh vue nghién ciru hé xtic tc quang di thé trén co s& vt liéu TiO,. Cac
san pham chira chét xic tac quang ’I‘lO; cling da dugc thuong mai hoa va (ng dung rong rai
trong rat nhleu cac linh vuc cua doi song x4 hoi nhu y hoc, xdy dung, xir Iy 6 nhiém moéi
trudng, san xudit pm mat troi, ... [2].

Nhirng ndm gan diy, nhiing nghién ctru trén thé gidi duge thuc hién tap trung vao viéc cb
dinh céc chat xuc tac quang TiO; trén nhitng chét mang khac nhau nhim myc dich thu hoi vat
liéu va giam gia thanh san pham [2-5]. Bén canh d6, viéc nang eao déc tinh cAu tric va ting
cudong hoat tinh xtc tdc quang cua cdc san phim TiO, ciing dugc céc nha khoa hoc dic biét
quan tam [2,6]. Trong d6, déng chl y 1a nhimg nghién ciu nhidm ting dién tich bé mit riéng
ctia vt li¢u, tang d9 tinh thé hoa, hoic tao ra nhiing hop chat chira thanh phén chinh TiO, c6
kha ning hip thu t5t hon 4nh sang trong vung kha kién dé c6 the ing dung trong diéu k:en anh
sang mat troi tu nhién [7-11]. Pé ting dién tich bé mit riéng, rit nhiéu nghién ctru da co gang
pha tap SiO, vao mang phan tir TiO; [7-8]. Tuy nhién, hop chit TiO,-Si0, thu duoc lai chuyén
dich kha nang hap thu 4nh sang sang ving tir ngoai gan [7-9]. Trong nghlen clru nay, viéc
tang dién tich bé mit riéng cua Ti0,-Si0; duge thyc hién nhung van bao dam kha nang hap
thu anh séng trong ving kha kién cua vt liéu. Hop chat TiO,-SiO, véi cac ty 1é khoi lugng
khac nhau s& dugc ché tao bing phuong phép sol-gel va khao sét cac déc tinh céu tric vét ligu
nhu dién tich bé mit riéng (Sger), dd tinh thé hod (XRD), pho hép thu anh sing (UV Vis
DRS). Déng thdi thuc hién thi nghlem pha tap N vao hop chét TiO,-Si0, va nung & cac nhlet
dd khac nhau dé danh gia sy bién ddi trong pho hap thu anh sdng. Do phenol la mét hoa chét
ddc hai phd bién dugc thai ra mdi trudng tir nhiéu nganh céng nghiép khéc nhau, nén céc san
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pham tao thanh trong nghién ctu nay dugce thir nghiém danh gia hoat tinh xtc tac quang théng
qua mé hinh xir Iy nuéc nhiém phenol. Ngudn chiéu sang duoc sir dung 1a dén UV-A va énh
sang mat troi tu nhién.

2. THUC NGHIEM

2.1. Hoa chit

Hop chét xiic tac trén co s& vat libu Ti0,-Si0, duoc didu ché tir cc tién chdt Titanium
(IV) isopropoxide 98% (TTIP) (Merck — Pirc) va Tetraethyl orthorsilicat 98% (TEOS) (Merck
— Dirc). Ngoai ra con sir dung nude nhu tac nhén thuy phan va cac dung mdi ethanol, n-
propanol (Shantou — Trung Quéc). Acid hydrochloric va acid nitric (Shantou — Trung Qudc)
dugc str dung lam xic tac cho phan Ung tao sol-gel. Urea (Merck — Ptrc) dugc str dung lam
tién chit cua N dé diéu ché hop chét pha tap N-TiO,-SiO,.

2.2. Quy trinh diéu ché
Quy trinh diéu ché san phdm dugc trinh by trong o dd sau:

Dung méi + H,O + HCI Dung méi + H,O + TEOS
(K5 hiéu SI) (K§ hiéu S2)

Khudy trén (500 vong/phit),
30 phat | nhiét do phong

Dung méi + TTIP

(Ky hi¢u S3) — Dung méi + H,O + HCI

" (Kp hiéu S4)

v
Khudy tron (1500 vong/phut), 80°C, 1gio

y

Sol — gel

¥

Thuy phan nhiét 150°C, 10 gid

v

Cb quay chan khéng 50°C

v

Say 105°C, 2 gior

v

Nung 3 gi¢y

Hinh 1. So d6 diéu ché mau xc tac trén co so vt liéu TiO,-Si0,

Dung m6i duge sir dung la hén hop ethanol va n—propano[ véi ty 1é thé tich 1:1. Luong nudc
ding trong phan img ¢ ty 18 sé mole bang 4 14n tdng s6 mole ctia Ti va Si nhim dam bao qua trinh
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thuy phan xay ra hoan toan. Lugng TTIP va TEOS duoc sir dung dé dat cac ty 1é vé khéi luong
khac nhau ctia san pham TiO,:SiO; 1a (100:0), (99:1), (97:3), (95:5), (90:10) va (85:15).

Trong qua trinh diéu ché, cac hdn hop S1, §2 va S3 sau khi duogc khua“'ly tron doc lap béng may
khudy diia véi toc do 500 vong/phit trong diéu kién nhiét do phong s& duoc hoa tron voi nhau
trong thiét b phan tmg. Dung dich S4 dugc bd sung tir tir (10ml/Sphit) vao hén hop thu duoc &
trén. Hon hop nay sau d6 duge khudy tron manh vdi téc d6 1500 vong/phit & 80°C trong 1 gid.
San phim Sol-gel tao thanh tir qu4 trinh phan img dugc thuy phén & nhiét d6 150°C va ap sudt cao
trong binh kin hai 16p (bao gém mot 16p bén ngoai bang thép CT3 va mdt 16p teflon bén trong) dé
gitipcho qué trinh hinh thanh tinh thé 6t hon. Dung dich nhii twong dugc tao thanh sau qué trinh
thuy phan nhiét s& dugc 6 quay chan khéng dé tach dung méi. San pham gel thu dugc sau khi c6
quay duoc sdy & 105°C trong 1 gi va nung & 550°C trong 3 gior.

Dé&i v&i thi nghiém didu ché hop chat pha tap N-Ti0,-SiO,, Urea dugc hoa tan vao dung
dich S4 véi ty 1& sé mole urea : (Ti+Si) la 1:1 va ty 1¢ khdi luong Ti0,:SiO; duge cb dinh 1a
95-5. Acid HCI sir dung trong céc dung dich S1 va S4 dugc thay thé bang acid HNO;. Nhiét do
nung cic mau duge thay di 350°C, 400°C, 450°C, 500°C, 550°C va 600°C dé thu duoc céc san
pham khac nhau.

2.3. Phwong phép phén tich dic tinh chit xic tic

CAu tric pha tinh thé ctia san phim diéu ché duge x4c dinh bing phuong phap nhiéu xa tia X (X-
ray diffraction XRD) véi ngudn phat xa Cu-Ka (8=0,15406 nm), st dung may D8-ADVANCE tai
Vién Khoa hoc Vit liéu U’ng dung. Luong méu sir dung cho phén tich dugc cb dinh dé dam bao viée
s sanh két qua 1 tuong @i chinh xac. Gée do duge thuc hién 26 = 20(°)-60().

Dién tich bé mit riéng (Sger) ctia vat ligu duge xac dinh bang phuong phép hip phu N,
long & nhiét @6 77K, sir dung may CHEMBET 3000 tai Vién Cong nghé Hoa Hoc.

Phé phan xa khuyéch tan UV-Vis DRS ciia vat lidu duge xac dinh bang may JASCO 500
tai Vién Khoa hoc Vat liéu Ung dung, c6 gén bé do mau rin ISV-469 va mau chuan sir dung l1a
B3504.

2.4. Thi nghiém d4nh gi4 hoat tinh ciia cht xiic tic

0,15g chét xtic tac dudi dang bot da dugc nghién min cho vao beaker 1 lit c6 chira 300m! dung
dich phenol 10 mg/l. Dung dich phenol tong hop nay duoc chuan bi trong phong thi nghiém. Hon
hop phan tmg duoc khudy tron déu bing may khudy tir véi toc do khoang 200 vong/phit. Nguon
sang st dung bao gbm 02 dén UV-A véi tbng cong sudt 30W va c6 dinh bude song cuc dai la
365nm.

Trong quy trinh thi nghiém, mau nudce va xic tac duge khudy tron déu trong bong t6i 30
phit dé dim bao qua trinh hép phu va giai hép phenol trén bé mat chét xic tc dat trang thai
cén bing. Sau d6, 02 dén UV-A dugc bat sang va dinh ky 20 phut tién hanh ldy Sml mau phan
tich. Thoi gian chiéu dén trong thi nghiém 1a 120 phut. Céc beaker. dugc lam mét bang nudc dé
dam bao nhiét d6 ludn duy tri & 30+1°C. Ngoai ra, mé hinh thi nghiém nay cling dugc sir dung
@ thir nghiém hiéu qua xir Iy phenol trong diéu kién nh sing mit troi thuc tai TPHCM (tir 11
— 13 gid), cudng d6 anh sang mat trdi trong sudt thoi gian thi nghigm duge xac dinh bang may
LUX 5924 ctua hing HANNA.

Mau nude phén tich dugc ly tim 6000 vong/phit trong vong 10 phut, sau d6 duge loc tach
hat xtc tic bing déu loc 0,45 :m (Merck-Dirc). Chi tiéu Phenol trong nudc dugc phén tich
bing phuong phap so mau trén may UV-Vis CARY VARIAN 50 theo phuong phap chuén cia
Standard Method.
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3. KET QUA VA BAN LUAN
3.1. Két qua phan tich dic tinh chat xic tic
3.1.1. Thi nghiém thay dbi ty Ié khoi lwong Ti0:Si0,

Bang 1. Sger cia cac chét xiic tac khi thay déi ty 16 khéi lwong TiO,:SiO;

TT Mau Ty 1& khdi lugng Ti0,:Si0; Sger (m*/g)
1 P25 (TiO,) - 100 : 0 53,1

2 TiO, 100: 0 82,7

3 TiO,-Si0; 99: 1 99,5

4 Ti0,-Si0, 97 :3 120,4

5 Ti0,-Si0; 93 :5 143,5

6 Ti0,-SiO, 90: 10 164,5

7 TiO,-Si0; 85:15 169,7

Két qua phén tich tir bang 1 cho thay, VOl phucmg phép diéu ché trong nghién ciru nay c6 thé tao
ra san pham TiO; ¢6 Sggr 1én dén 82,7 m /g, két qua nay cao hon nhiéu so voi san pham TlOg thuong
mai thuong dwoc sir dung lam chét so sanh trong nhimg nghién ctru khéc nhau trén thé giéi 1a P25
cua hang Degussa - Pirc (53,1 m¥/g).

Pdng thoi, khi ting ty 1& thanh phin khdi lwong SiO, trong hop chét TiO,:SiO, ciing lam ting
nhanh dién tich bé mit riéng Sger ciia vat ligu. Khi tang ty 1¢ khoi lucmg cua SiO, trong hop chat
Ti0,-Si0; dén 15% thi Sgerciia vat lidu duoc xé4c dinh 14 169,7 m%/g; gia tri ndy cao gép trén 2 lan so
voi Sgercua vét liéu khoéng co bd sung SiO,. Nhur vay, viéc b sung SiO; vao hop chat TiO,:SiO, hira
hen s& gp phén gia tang hoat tinh xtic tdc quang ciia vét liéu.
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Hinh 2. Gian d6 XRD céc mau xic tac khi thay ddi ty 1 Ti0,:Si0,
(a) 85:5 (b)90:10 (c)95:5 (d)97:3 (e)99:1 (f) 100:0

Két qua phan tich XRD tir hinh 2 thé hién, khi ty 1é khéi hrcmg Si0; trong ho‘p chit TiO;-
SiO; ting 1én thi do tinh thé hoa ciia vat liéu c6 xu huéng giam dan. Cac mau xic tac déu thé
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hién rd pha tinh thé anatase, khong c6 su xuét hién cua pha tinh thé rutile. Cing tu hinh 2 ta
nhan thdy thanh phin SiO, khéng thé hién cdu tric pha tinh thé trong hop chét Ti0,-Si0, .
Nhu vay, chinh sy c6 mit cia SiO, trong hop chit da c6 tac dong han ché sy hinh thanh tinh
thé cua TiO,. Viéc g1am do tinh the hoa cua vit liéu ciing ddng thoi kéo theo sur gia tang dién
tich bé mit riéng cua chung theo két qua trinh bay & bang 1. Két qua nay ciing da timg dugc
quan sat trong mot s6 nghién citu cia céc tac gia khac [7]. Dong thoi, theo mét sé nghién ciru,
SiO, trong hop chat Ti0,-Si0, con lam chdm qua trinh chuyén pha tir anatase sang rutile cta
vit liéu TiO, do mdi lién két Ti-O-Si kha bén viing [7 8].

—Ti02-5i02 (100:0)
- =Ti02-5i02 (99:1)

- - TiD2-Si02 (97:3)
— - =TiD2-5i02 (95:5)
- - - TiD2-5i02 (90:10)
- - ~-Ti02-Si02 (85:15)

Do hap thu

. . . . . v
400 500 600 700 800
Buoc song (nm)

Hinh 3. Phd UV-Vis DRS ciia cdc mAu xiic téc c6 ty 1& khi luong TiO,:Si0, khéc nhau

Phé hap thu anh sang UV-Vis DRS ciia céc mau xic tic c6 ty 1& khbi lugng cia Ssz trong
TiO,-SiO; khac nhau dugc thé hién trong hinh 3. Theo ket qua nay cho thiy do hap thu anh
sang trong khoang budc séng tir 350 — 800 nm cua cac miu xuc tac voi su thay doi ty 1é khm
luong TiO2:Si0; c6 su bién ddi khong dang ké. Khi ty 1é khéi lugng SiO, cang giam thi phd
hap thi chuyén dich nhe qua ving 4nh séng kha kién.

3.1.2. Thi nghiém thay ddi nhiét dp nung cdic mau xiic tac N/ Ti0:Si0;

. Bang 2. Sggr clia cac mAu chit xic tic c6 pha tap Nito khi thay di nhiét do nung

TT Miu Nhiét dd nung (°C) Sger (m*/g)
1 N-Ti0,-SiO, 350 198,7

2 N-Ti0,-Si0;, 400 2298

3 N-Ti0,-Si0, 450 124,4

4 N-TiO,-Si0, 500 145,7

5 N-Ti0,-Si0; 550 165,7

6 N-Ti0,-SiO, . 600 133,2
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Két qua do dién tich bé mit riéng & bang 2 cho thiy, nhiét d6 nung trong qué trinh diéu
ché chat xic tac c6 anh hudng rd nét d6i dén Sper ciia san phdm. Khi nhiét dd nung thap sé
khéng da dé tinh thé hoa hoan toan céu tric hop chét pha tap N-TiO,-Si0,. Diéu nay thé hién
kha r6 trong két qua xac dinh do tinh thé hoa XRD (dugc trinh bay & phén sau); trong d6, do
tinh thé hoa ciia vét liéu khi nung & nhiét d6 350°C va 400°C rit thip so véi khi nung & nhiét
dé trén 450°C. M6t phan tinh v6 dinh hinh clia vat liéu da gép phén lam ting Sger ctia ching.
Két qua nay cling hoan toan phu hop vdi mét s6 nghién ciru trude day [7].

Khi nhiét d6 nung ting dan tir 450°C dén 600°C s& xay ra dong thoi hai qua trinh c6 anh
hudng 16n dén Sper cua vat liéu, bao gém qué trinh loai bd dung méi trén bé mit vat lidu va
qua trinh két cum cac hat vét lidu co ban thanh céc hat ¢6 kich thude 16n hon. O nhiét d6 nung
nho hon 550°C, qua trinh loai b dung méi trén bé mat vat liéu chiém wu thé da lam cho Sggr
cua vat liéu tang khi ting nhiét do nung. O nhiét d6 nung trén 550°C, qua trinh két cum cac hat
vt liéu chiém wu thé nén 1am cho Sger ciia Vit liéu giam nhanh.

Mit khéc, ta ciing nhan thy ring, khi pha tap N vao hop chét TiO,-SiO, da gitp lam ting
Sger clia san pham. Cu thé nhu san pham N-TiO,-SiO; nung & nhiét do 550°C c6 Sper 1 165,7
m’/g, cag) hon so v&i Sgerctia san pham Ti0,-Si0, (95:5) ciing dugce nung ¢ nhiét do 550°C la
143,5 m%/g.
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Hinh 4. Két qua XRD cac mu cht xiic tic N-TiO,-SiO;, khi thay déi nhiét d¢ nung.

(a) 350°C  (b) 400°C (c) 450°C "(d) 500°C (e) 550°C (f) 600°C

Su thay d6i nhiét d6 nung ciing anh hudng rd nét dén sy hinh thanh ciu tric tinh thé cia
chét xdc tac pha tap N-Ti0O,-SiO,. Ttr hinh 4 cho thdy, v&i nhiét do nung thay ddi tir 350°C-
600°C, cic mAu vat liéu déu co su hinh thanh pha tinh thé anatase va khong cé s xuét hién
ctia pha tinh thé rutile. So sénh v&i mét s& nghién ciru khéc, khi nung & 350°C, céu trac tinh
thé vit liéu & dang v6 dinh hinh va khi nung & nhiét d 600°C c6 sw xuat hién cta pha tinh thé
rutile [5). Nhur vdy, qué trinh diéu ché duoc thuc hién trong nghién ciru cho két qua kha tt va
pha tinh thé anatase rit én dinh déi v&i sy thay dbi nhiét d6 nung. Két qua nay c6 thé mot phan
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la do cong doan thuy phan nhiét da cb dinh kha tot mang tinh thé cia vt liéu pha tap N-TiO:-
Si0,.

Ngoai ra, khi nhiét do nung cang ting do tinh thé hod ctia san pham ciing tang; diéu nay thé hién
théng qua cudng dd va do sac nét cac peak cia pha anatase tai vi tri 20 la 25,4°. Khi nhiét d6 nung
cang tang thi cudng d¢ va do sic nét cia peak tai vi tri 20 14 25,4° cang tang,
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Hinh 5. Phd UV-Vis DRS céc miu chit xuc tac N-TiO,-SiO; khi thay ddi nhiét d6 nung
(*) Miu TiO,-Si0;

Hinh 5 thé hién phd hip thu UV-Vis DRS cta cic mau chit xac tac Ti0O,-Si0, ¢6 pha tap
N khi nung . o cac nhiét dé khac nhau. Nhu vay, khi nh1¢t dd nung thay dm thi pho hap thu
ciing thay dbi theo huéng nhiét d§ nung cang giam thi pho hép thu cia mau chuyén dich sang
viing 4nh séng kha kién. Diéu nay dugc giai thich mot phén 1a do khi tang nhiét dd nung giup
cho qua trinh phén huy triét dé cac hop chét hitu co trong mau Két qua quan sat mau sic cac
mau thu dugc bang mit thudng ciing thé hién rd, voi cac mau dugc nung & nhiét do trén 550°C
cd mau trang, con nhirng mau nung & nhlet d6 400-500°C ¢o mau vang va mau nung & nhiét do
350°C c6 mau nau. Ngoai ra, theo mot s6 nghién ciru trén thé gidi c6 két qua tu‘o*ng tu, hién
twong nay dugc g|a1 thich 1a do khi b sung urea vao mau TiO,, thanh phan N s ton tai & 2
dang N, tur do bj hdp phu hoé hoc va N lién két trong cdu tric tinh thé. Khi xir Iy nhiét, dang
N, s& giam nhanh do qua trinh giai hip con dang N lién két gla.m chim [10-12]. Dang N lién
két trong mang TiO, sé gitip 1am thu hep nidng lugng ving cam va do d6 chuyén dich phé hép

thu sang viing 4anh sang kha kién [10-12].

Ciing tir hinh 5 cho thdy, ph6é UV-Vis DRS ciia mau xic téc c6 pha tap N c6 sur thay dbi so
voi mau khong pha tap N vé&i cung nhiét do nung 55 0°C la sy chuyen dich sang vung anh sang
kha kién. Viéc x4c dinh ning lugng ving cim cling thé hién két qua tuong tu, mau pha tap N
6 E;=2,99 eV nhé hon so véi mau khong pha tap N c¢6 E, = 3,06 eV. Nguyén nhén chinh la
do su thay thé ciia nguyén tir N vao mét s6 vi tri clia nguyén tir O trong mang lién két phan tir
TiO,; [12]
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3.2. Két qua thir nghiém hoat tinh ciia cic mau chit xiic tac

3.2.1. Két qua thir nghiém trong diéu kién chiéu tia UV-A

Hinh 6. Biéu d6 so sanh hiéu qua xir 1y phenol ctia cac miu xic tac TiO»-SiO»
(1): TiO, (2): TiO,-S10, (99:1) (3): TiO,-S10, (97:3)
(4): TiO,-Si0, (95:5), (5): TiO5-S105 (90:10), (6): TiO»-Si0, (85:15).

Tir hinh 6 cho thdy viéc pha tap Si0, vao cac mau xiic tic TiO, lam thay dbi hiéu qua xur
ly phenol. Tuy nhién, véi ty-1é khéi hmfng 99:1 va 97:3 cho hiéu qua thip hon so véi mau xuic
tac khong bd sung SiO, . Mu xc tac ¢ ty 1¢ khdi lvong Ti0,:S10, 14 90:10 cho hiéu qua xtr
Iy phenol cao nhat. Nhu véy, khi pha tap SiO, vao cic mau xic TiO, tuy lam ting Sger nhung
nguoc lai lJam giam dd tinh thé hoa, day chinh 1a 1y do 1am cho hoat tinh xtic tic quang cia vt
liéu khong tang tuyén tinh ma c6 gia tri tot nhit & ty 18 khéi lugng Ti0,:SiO, 1a 90:10. O

nhirno h.r I8 Qi) dwrore nhg tan fhﬂn (ﬂQDA\ Qr tnncr hoat tinh x0ic tac do tino Saer ]{hnnc b trir
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duge cho d¢ giam hoat tmh xuc tac do giam do tmh thé hoa nén hiéu qua xir 1y thip hcm so voi
mau xic tac khong pha tap SiO,. Khi ty 1é khéi lugng ciia SiO, trong hop chét TiO,:Si0, 16n
hon 5%, su tang hoat tinh xtc tac do ting Sger cao hon so véi d§ giam hoat tinh xtc tac do
giam d6 tinh thé hoa nén hiéu qua xur ly duoc tang dén va dat cuc dai trén xuc tic TiO,-S10,
(90:10). Tuy nhién, khi ty 1& khdi luong clia SiO, trong hop chét Ti0,:Si0, vugt qua, 10%, su
tang hoat tinh xic tac do ting Sger trd nén thap hon so véi d6 giam hoat tinh xic tac do giam
d6 tinh thé hoa nén hiéu qua xir Iy tré nén giam dan.
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Hinh 7. Biéu d6 so sanh hiéu qua xtr Iy phenol ctia cac mau xtic tac TiO,-SiO, ¢6 pha tap N
(1): TiO5-Si0; (550°C) (2): N/Ti0,-Si0, (350°C)  (3): N/Ti0,-Si0, (400°C) (4): N/Ti0,-Si0, (450°C)
(5): N/Ti0,-S10, (500°C)
(6): N/TiO»-Si05 (550°C)  (7): N/TiO,-SiO, (60005:) (8): N/Ti0--Si0, (700°C) (9): N/Ti0,-SiO,
(900°C)

Péi vai thi nghiém danh gia hi€u qua xir ly phenol trong diéu kién sir dung ngubn sang
UV-A ctia cac chét xuc tdc quang ¢6 pha tap N khi thay doi nhiét do nung hoat tinh xuc tac
cling thay déi dang ke Déi voi cac mau nung & nhiét do 350°C, 400° C tuy c6 Sger cao nhung
do tinh thé ho4 lai rat thip nén c6 hiéu qua xir ly phenol ﬂmp K.hx tiép tuc ting nhiét d6 nung
dén 550°C, Sger va do tinh thé hoa cua vat liu tang dong lhm da lam cho hiéu qua xu ly
phenol tang nhanh. O nhiét d6 nung 600°C, tuy Sger giam xudng nhung cé 18 sy gia ting do
tmh thé hoa da c6 thé bu trir dugc véi do giam Sper nén hoat tinh xiic tic quang tiép tuc tang
Ngugc lai, & nhiét d§ trén 600°C, su tang dé tinh thé hoa khong bu trir duge so voi do giam
Sger nén hiéu qua xir Iy phenol giam xudng. Qua dé cho thay. viéc lya chon nhiét d6 thich hop
nung dong vai trd quan trong trong viéc ning cao hoat tinh zictdc quang cua vit ligu.

Bén canh d6, hiéu qua xtr ly phenol clia san phdm N/ rlOT-SIOQ (49,48%) cao hon so véi
san pham Ti0O,-Si0, 95:5 (39, 72%) O cung nhlet d6 nung 550°C va ciing cao hon so voi mau
Ti0,-Si0; 90:10 (44,11%). Két qua nay co thé duyc giai thich 1a do khi pha tap N vao hop
chét Ti0,-SiO, d3 lam ting Sger va ddng thoi chuvén dich phd hip thu anh sang cua xic tac
thu dugc sang ving anh sang kha kién (Hinh 5), tir 0 lam ting hoat tinh xic tac quang cua vat
lidu.
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3.2.2. Két qua thir nghiém trong diéu kién dnh sdng mdt tréi tw nhién.
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Hinh 8. Biéu d6 hiéu qua xir ly phenol clia mét s6 chét xc tac trong diéu kién anh sang mit troi tu
nhién
(Thi nghiém duoc thuce hién tir 11gié dén 13 gic ngay 17/9/2007 tai san Phong thi nghiém Khoa Moi
truong — DPHBK TP.HCM)

Két qua thir nghlem xtr ly phenol trong diéu kién 4nh sang mat trdi tu nhién véi 03 mau
TiO,, TlOz Si0, va N-Ti0,;-810, nung & cung nhiét 6 5 SOOC cho thay, hiéu qua xir ly phenol
cia mau xdc tac c6 chira thanh phén SiO, cao hon so v&i méu khéng duge pha tap Si0,. bBac
biét, khi pha tap N vao miu xiic tic Ti0,-SiO, gép phéan lam ting déng ké hiéu qua xu ly
phenol trong diéu kién 4nh sang mit troi tw nhién. MAu xtc tac pha tap N-TiO,-SiO; ¢6 hiéu
qua xtr ly phenol trong 2 gidr 1a 89,05% cao gép 1,5 1an so v6i mau xic tac khong cé pha tap N
(61,46%). Két qua nay dwoc giai thich 13 do khi b sung N vao hop chét chit xiic tac TiO-
Si0, da lam tang Sggr va ddng thoi chuyén dich phd hip thu anh sang ciia vat liéu sang viing
anh sang kha kién.

4. KET LUAN

Cac hop chat Ti0,-SiO, véi ty 16 khéi luong Ti0,:Si0, khic nhau duoe diéu ché bing
phuong phap sol-gel sir dung céc tién‘chat alkoxide 1a TTIP va TEOS. Két qua khao sat dic
tinh vat liéu cho thiy, khi ting ty 18 khéi lugng SiO, trong hop chit s& lam ting nhanh dién
tich bé mat riéng, nhung nguoc lai 1am cho db tinh thé hoa giam xubng. Trong khi do, phd hfip
thu 4nh sdng UV-Vis DRS cua nhung hop chét nay hau nhu khong thay ddi dang ké. Chinh vi
vay hiéu qua xir ly phenol cua cac hop chit Ti0,-Si0; khi chiéu tia UV-A tang dan khi tang ty
1& khéi lwgng SiO; va dat tdt nhit & ty l€¢ Ti0,:S10, 1a 90:10, sau dé glam xuong khi tlep tuc
tang ty 1& Si0,. Ngoai ra, cac hop chét pha tap N-Ti0,-Si0; ciing dugc diéu ché trong nghién
ctru nay. Khi tang nhiét do nung cua céc hop chit pha tap N- TiO,-Si0, 46 tinh thé hoa ciia
chiing ciing ting theo. Mat khéc, cdc mau pha tap N-TiO,-SiO, thé hién rat r6 su chuyén dich
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phé hap phu 4nh sang sang ving kha kién. Két qua nay dan dén hiéu qua xi ly phenol cua cac
hop chét - pha tap N-Ti0,-Si0, trong diéu kién anh sang mit troi tu nhién vuot trdi (dat xap xi
90%), gap 1,5 lan so v6i hop chét khong pha tap N. Bleu nay ciing cho thay kha nang tng
dung thuc té rat cao cua loal xlc tac nay, viua xu ly rat hiéu qua nudc 6 nhiém phenol vua
dong thoi tan dung dugc ngudn anh sang mit trdi ty nhién ddi dao tai Viét Nam phuc vu muc

tiéu tiét kiém ning luong.

STUDY ON SYNTHESIS OF TiO:-8i0;-BASED PHOTOCATALYST AND ITS
APPLICATION IN DEGRADATION OF AQUEOUS PHENOL

Nguyen Viet Cuong'”’, Nguyen The Vinh®
(1)Department of Natural Resources and Environment of Binh Dinh
(2)University of Technology, VNU-HCM

ABSTRACT: Gel derived TiO,-Si0; and N-Ti0,-Si0O; mixed oxides are synthesized and
employed for phenol removal under UVA light and natural sunlight in this study. Both SiO,
and N are interestingly found to improve the specific surface area of resulting catalysts as
compared to bare TiO. Meanwhile, only ! is observed to significantly shift the light
absorption of derived catalyst to visible range. Optimization between specific surface area and
crystallinity is found to give rise to the superior photoactivity of TiO,-SiO; catalyst in
comparison with TiO, counterpart. Under natural sunlight in Hochiminh City in September,
N-TiO-SiO; presents the outstanding photoactivity towards phenol removal with the efficiency
up to 90% as compared to those of 62% and 60% for bare TiO,-SiO; and bare TiO,,
respectively.
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