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NGHIEN CUU CHE TAO XUC TAC QUANG TREN CO SO VAT LIEU TiO,-
SiO, VA UNG DUNG TRONG XU LY NUOC NHIEM PHENOL

Nguyén Viét Cuong®, Nguyén Thé Vinh®
(1)S& Tai nguyén Mdi trvong Binh Binh
(2)Trwong Dai hoc Bach khoa, PHQG-HCM
(Bai nhan ngay 13 thang 11 ndm 2008, hoan chinh stra chita ngay 27 thang 02 nam 2009)

TOM TAT: Nghién ctru duoc thuc hién bao gdm viéc téng hop cac hop chéat TiO,-SiO;
va N-Ti0,-Si0, bang phuong phéap sol-gel; ddng thdi tién hanh danh gia dac tinh céu tric tinh
thé clia san pham va khao sat hoat tinh xuc tac quang thong qua hiéu qua xt ly phenol trong
diéu kién str dung anh sang UVA va anh sang mat troi tw nhién. Két qua nghién ctu cho thay,
viéc bo sung SiO, va N déu gdp phan lam tang dién tich bé mét riéng clia vat liéu so véi san
pham TiO, khong pha tap. Ngoai ra, cac san pham N-TiO,-SiO, con thé hién rd nét si chuyén
dich phd hap thu anh sang UV-Vis sang vung kha kién. Hoat tinh xlic tac quang clia cac san
pham trong diéu kién st dung anh sang UVA dat tot nhat & ty 1é khéi lwong TiO,:SiO, la
90:10, twong thich véi su tvong quan hop ly nhat gitra dién tich bé mat riéng va do tinh thé
hoa cla vat liéu. Con trong diéu kién s& dung anh sang mat troi tw nhién tai TPHCM, vat liéu
pha tap N-TiO,-SiO, thé hién hiéu qua x& ly phenol dat khoang 90%, vurot troi so vai cac vat
liéu TiO,-SiO, va TiO, (1an lugt 1a 62% va 60%).

Tir khéa: Xuc tac quang; TiO,; TiO,-SiO,; N-TiO,-SiO,; Nudc nhiém phenol

1.GI101 THIEU

Nam 1972, hai nha khoa hoc nguoi Nhat, Fujishima va Honda [1] d&@ kham pha kha nang
phan tach nwéc bang cac dién cuc TiO, dudi tAc dung clia anh sang. Su kién nay da mé ra mot
ky nguyén mai trong linh virc nghién ctru hé xuc tac quang di thé trén co s& vat liéu TiO,. Céc
san pham chira chat xdc tac quang TiO, ciing da dugc thwong mai hoad va (ng dung rong réi
trong rat nhiéu cac Iinh viec clia doi séng xa hoi nhu y hoc, xay dung, xt ly 6 nhiém moi
trudng, san xuat pin mat troi, ...[2].

Nhi*rng nam gan day, nhiing nghién ctru trén thé gi¢i duoc thuc hién tap trung vao viéc co
dinh cac chét xutc tac quang TiO, trén nhitng chat mang khac nhau nhdm muc dich thu hdi vat
liéu va giam gia thanh san pham [2-5]. Bén canh dd, viéc nang cao dac tinh cdu trdc va tang
cuwong hoat tinh xGc tac quang cla cac san pham TiO, cling duoc cac nha khoa hoc déc biét
quan tam [2,6]. Trong d6, dang chl y 1a nhitng nghién ctru nham ting dién tich bé mét riéng
clia vat liéu, tang do tinh thé hod, hodc tao ra nhitng hop chét chira thanh phan chinh TiO, ¢6
kha nang hap thu tot hon anh sang trong viing kha kién dé cé thé (ing dung trong diéu kién anh
sang mat troi tw nhién [7-11]. Dé tang dién tich bé mat riéng, rat nhidu nghién ctru da c6 ging
pha tap SiO, vao mang phan ti TiO, [7-8]. Tuy nhién, hop chét TiO,-SiO, thu duoc lai chuyén
dich kha nang hap thu anh sang sang vung tlr ngoai gan [7-9]. Trong nghién clru nay, viéc
tdng dién tich bé mat riéng clia TiO,-SiO, duoc thuc hién nhung van bao dam kha ning hap
thu anh sang trong vung kha kién cta vat liéu. Hop chat TiO,-SiO, véi cac ty Ié khoi lugng
khéc nhau sé duoc ché tao bang phuwong phéap sol-gel va khao sat cac dic tinh ciu trdc vat liéu
nhw dién tich bé médt riéng (Seer), do tinh thé hod (XRD), phé hdp thu anh sang (UV-Vis
DRS). Bong thoi thyc hién thi nghiém pha tap N vao hgp chét TiO,-SiO; va nung & céc nhiét
d6 khac nhau dé danh gia su bién doi trong pho hap thu anh sang. Do phenol l1a mot hoa chat
ddc hai pho bién dwoc thai ra moi trvong tir nhiéu nganh cong nghiép khac nhau, nén cac san
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pham tao thanh trong nghién ctru nay dugc thir nghiém danh gia hoat tinh xdc tac quang thong
qua md hinh x& ly nuéc nhiem phenol. Nguon chiéu sang dugc st dung la den UV-A va anh

sang mat troi tu nhién.

2. THUC NGHIEM
2.1. Hoa chat

Hop chat xdc tac trén co so vat liéu TiO,-SiO, duoc diéu ché tlr cac tién chat Titanium
(IV) isopropoxide 98% (TTIP) (Merck — Buic) va Tetraethyl orthorsilicat 98% (TEOS) (Merck
— Brc). Ngoai ra con str dung nuwéc nhw tdc nhan thuy phan va cac dung mdi ethanol, n-
propanol (Shantou — Trung Qudc). Acid hydrochloric va acid nitric (Shantou — Trung Qudc)
dwoc st dung lam xuc tac cho phan (ng tao sol-gel. Urea (Merck — Blrc) duoc st dung lam
tién chat ctia N dé diéu ché hop chéat pha tap N-TiO,-SiO,.

2.2. Quy trinh diéu ché

Quy trinh diéu ché san phdm duoc trinh bay trong so do sau:

Dung méi + H,O + HCI
(Ky hiéu S1)

Dung méi + H,O + TEOS

Dung méi + TTIP
(Ky hiéu S3)

(KY hiéu S2)
Khudy tron (500 vong/phat),
30 phat | nhiét do phong
> Dung méi + H,O + HCI
< (KY hiéu S4)
\4

Khudy tron (1500 vong/phat), 80°C, 1gioy

v

Sol — gel

v

Thuy phan nhiét 150°C, 10 gio

v

Cb quay chan khong 50°C

v

Say 105°C, 2 gioy

v

Nung 3 gi¢

Hinh 1. So dd diéu ché mau xuc tac trén co s& vat lieu TiO,-SiO,

Dung méi duoc sit dung 12 hdn hop ethanol va n-propanol voi ty 18 thé tich 1:1. Luong nuwéc
duing trong phan ting ¢ ty 1& s6 mole bang 4 lan tdng s6 mole clia Ti va Si nham dam bao qua trinh
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thuy phan xay ra hoan toan. Lugng TTIP va TEOS duwoc st dung dé dat cac ty 1é vé khdi lugng
khac nhau clia san pham TiO,:SiO, la (100:0), (99:1), (97:3), (95:5), (90:10) va (85:15).

Trong qué trinh diéu ché, cac hdn hop S1, S2 va S3 sau khi duoc khudy tron doc 13p bing may
khudy dfia véi tdc d6 500 vong/pht trong diéu kién nhiét dd phong sé dugc hoa tron voi nhau
trong thiét bi phan (rng. Dung dich S4 duoc bé sung tir tir (10ml/5phit) vao hén hop thu duoc &
trén. Hon hop nay sau do duoc khudy tron manh voi téc do 1500 vong/phat & 80°C trong 1 gid.
S&n pham Sol-gel tao thanh tir qua trinh phan ng duoc thuy phan & nhiét do 150°C va ap suét cao
trong binh kin hai 1¢p (bao gdm mét 16p bén ngoai bang thép CT3 va mdt 16p teflon bén trong) dé
gilipcho qua trinh hinh thanh tinh thé tot hon. Dung dich nhii twong dugc tao thanh sau qua trinh
thuy phan nhiét sé dwoc co quay chan khong dé tach dung mai. San pham gel thu dugc sau khi cd
quay duoc sdy & 105°C trong 1 gier va nung & 550°C trong 3 gioy .

Dai voi thi nghiém diéu ché hop chat pha tap N-TiO,-SiO,, Urea dugc hoa tan vao dung
dich S4 véi ty 1é s6 mole urea : (Ti+Si) la 1:1 va ty Ié khoi lugng TiO,:SiO, dwoc cd dinh la
95:5. Acid HCI si¥ dung trong cac dung dich S1 va S4 duoc thay thé bang acid HNO3. Nhiét do
nung cac mau duoc thay déi 350°C, 400°C, 450°C, 500°C, 550°C va 600°C dé thu duoc cac san
pham khac nhau.

2.3. Phuong phap phan tich dac tinh chat xtc tac

C4u trdc pha tinh thé ctia san phdm diéu ché dugc xac dinh bang phuong phép nhiéu xa tia X (X-
ray diffraction XRD) v6i ngudn phat xa Cu-Ka (8=0,15406 nm), st¢ dung may D8-ADVANCE tai
Vién Khoa hoc Vat liéu U'ng dung. Luwong mau st dung cho phan tich duoc ¢8 dinh dé dam bao viéc
so sanh két qué 1a twong ddi chinh xac. Géc do duoc thuc hién 20 = 20()-600).

Dién tich bé mét riéng (Sger) cla VAt lidu duoc xac dinh bang phuong phap hdp phu N,
I6ng & nhiét 6 77K, str dung may CHEMBET 3000 tai Vién Cong nghé Hoa Hoc.

Ph6 phan xa khuyéch tan UV-Vis DRS clia vat liéu dwoc xac dinh bang may JASCO 500
tai Vién Khoa hoc Vat liéu Ung dung, c6 gan bd do mau ran 1SV-469 va mau chuén st dung la
BaSO,.

2.4. Thi nghiém danh gia hoat tinh ctia chat xtc tac

0,159 chat xuc tac dudi dang bt da dugc nghién min cho vao beaker 1 lit ¢6 chira 300ml dung
dich phenol 10 mg/l. Dung dich phenol téng hop nay dwoc chuén bi trong phong thi nghiém. Hon
hop phén (tng duoc khudly tron deu bang may khudy tir voi téc dd khodng 200 vong/phit. Ngudn
sang st dung bao gdm 02 dén UV-A voéi tong cong sudt 30W va ¢ dinh budc song cuc dai la
365nm.

Trong quy trinh thi nghiém, mau nuéc va xidc tac dwoc khudy tron déu trong bong téi 30
phit dé dam bao qua trinh hdp phu va giai hdp phenol trén bé mat chéat x(c tac dat trang thai
can bang. Sau d6, 02 dén UV-A duoc bat sang va dinh ky 20 phut tién hanh 1y 5ml mau phan
tich. Thoi gian chiéu dén trong thi nghiém la 120 phit. Cac beaker duoc lam mat bang nuwdc dé
dam bao nhiét d6 ludn duy tri & 30+1°C. Ngoai ra, md hinh thi nghiém nay ciing dwoc si dung
dé thtr nghiém hiéu qua xt ly phenol trong diéu kién anh sang mat troi thuc tai TPHCM (tr 11
- 13 gi®), cudng dd anh sang mét troi trong sudt thi gian thi nghiém duoc xac dinh bang may
LUX 5924 clia hang HANNA.

Mau nuéc phan tich dwoc ly tam 6000 vong/pht trong vong 10 phdt, sau dé duoc loc tach
hat xGc tac bang dau loc 0,45 :m (Merck-Bic). Chi tiéu Phenol trong nuéc dugc phan tich
bang phuong phap so mau trén may UV-Vis CARY VARIAN 50 theo phuong phap chudn clia
Standard Method.
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3. KET QUA VA BAN LUAN
3.1. K&t qua phan tich dac tinh chat xuc tac
3.1.1. Thi nghiém thay doi ty 1é khoi lvong TiO,:SiO,

Bang 1. Sger clia cac chéat xuc tac khi thay doi ty 1é khdi lvong TiO,:SiO,

TT Mau Ty lé khéi lvong TiO,:SiO, Sger (M?/g)
1 P25 (TiO,) 100:0 53,1

2 TiO, 100:0 82,7

3 TiO,-SiO, 99:1 99,5

4 TiO,-SiO, 97:3 120,4

5 TiO,-SiO, 95:5 143,5

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

7 TiO,-SiO, 85 : 15 169,7

K&t qua phan tich tir bang 1 cho thdy, voi phuong phap diéu ché trong nghién cru nay co thé tao
ra san phdm TiO, c6 Sger 18n dén 82,7 mP/g, két qua ndy cao hon nhiéu so v&i san pham TiO, thuong
mai thudng duoc st dung lam chat so sanh trong nhitng nghién citu khac nhau trén thé gi¢i 1a P25
clia hang Degussa - Btc (53,1 m?/g).

Pong thoi, khi tang ty 1é thanh phan khéi lugng SiO, trong hop chét TiO,:SiO, cling lam tang
nhanh dién tich bé mat riéng Sger clia vat liéu. Khi tang ty & khéi lwong clia SiO, trong hop chat
TiO,-Si0, dén 15% thi Sgerclia VAt lieu dugc xac dinh 12 169,7 mP/g; gié tri ndy cao gép trén 2 1an so
VGi Sgerclia Vat liéu khdng c6 bo sung SiO,. Nhu vay, viéc b sung SiO, vao hop chat TiO,:SiO; hira
hen sé gép phan gia tang hoat tinh xtc tac quang clia vat liéu.
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Hinh 2. Gian dd XRD c4c mau x(c tac khi thay d6i ty 18 TiO,:SiO,
(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 khoi lvgng SiO; trong hop chét TiO,-
SiO, tang Ién thi d6 tinh thé hoa cla vat liéu c6 xu hwdng giam dan. Cac mau xuc tac déu thé
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hién ré pha tinh thé anatase, khong cé sw xuat hién clia pha tinh thé rutile. Ciing tir hinh 2 ta
nhan thdy thanh phan SiO, khong thé hién cdu trlc pha tinh thé trong hop chat TiO,-SiO, .
Nhu vay, chinh sy ¢cd mat clia SiO, trong hop chat da c6 tac dong han ché su hinh thanh tinh
thé clia TiO,. Viéc giam do tinh thé hoa clia vat liéu cling dong thoi kéo theo su gia tang dién
tich bé mat riéng cla ching theo két qua trinh bay & bang 1. Két qua nay cling da tirng duoc
quan sat trong mot s6 nghién clru clia c&c tac gia khac [7]. Pong thoi, theo mdt s6 nghién ctu,
SiO, trong hop chat TiO,-SiO, con lam cham qua trinh chuyén pha tir anatase sang rutile clia
vat liéu TiO, do mdi lién két Ti-O-Si kha bén viing [7,8].

1.0

‘ e Ti02-Si02 (100:0)
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Hinh 3. Ph8 UV-Vis DRS clla cac mau xuc tac co ty 1 khéi lwong TiO,:SiO, khac nhau

Ph6 hap thu anh sang UV-Vis DRS clia c&c mau xuc tac ¢ ty 1é khéi luong clia SiO, trong
TiO,-SiO, khac nhau dwoc thé hién trong hinh 3. Theo két qua nay cho thay do hap thu anh
séng trong khoang budc song tir 350 — 800 nm clia cAc mau xUc tac véi s thay dbi ty 18 khoi
lvong TiO,:Si0, cb sw bién dbi khong dang ké. Khi ty 1é khoi lvong SiO, cang giam thi phd
hap thu chuyén dich nhe qua viing anh sang kha kién.

3.1.2. Thi nghiém thay déi nhiét d6 nung cac mau xuc tac N/ TiO,:SiO,

Bang 2. Sger clia cAc mau chat xc tac c6 pha tap Nito khi thay d6i nhiét dd nung

TT Mau Nhiét d6 nung (°C) Sger (M%)
1 N-TiO,-SiO; 350 198,7
2 N-TiO,-SiO, 400 229,8
3 N-TiO,-SiO, 450 124,4
4 N-TiO,-SiO, 500 145,7
5 N-TiO,-SiO; 550 165,7
6 N-TiO,-SiO, 600 133,2
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K&t qua do dién tich bé mat riéng & bang 2 cho thdy, nhiét d6 nung trong qua trinh diéu
ché chat xtc tac cd anh hudng rd nét déi dén Sger clia san pham. Khi nhiét d6 nung thap sé
khong du dé tinh thé hoa hoan toan cau triic hgp chat pha tap N-TiO,-SiO,. Diéu nay thé hién
kha rd trong két qua xac dinh do tinh thé hoda XRD (dugc trinh bay & phan sau); trong dd, do
tinh thé hoa clia vat liéu khi nung & nhiét do 350°C va 400°C rét thdp so voi khi nung & nhiét
do trén 450°C. M6t phan tinh vo dinh hinh cla vat liéu da gép phan 1am tang Sger cla ching.
K&t qua nay cling hoan toan phu hgp véi mot sé nghién clru trude day [7].

Khi nhiét dd nung tang dan tir 450°C dén 600°C s& xay ra dong thoi hai qué trinh ¢ anh
huwéng I6n dén Sger cla vat liéu, bao gdm qua trinh loai bd dung mbi trén bé mat vat liéu va
qué trinh két cum cac hat vat liéu co ban thanh cac hat c6 kich thuéc I6n hon. O nhiét do nung
nhé hon 550°C, qué trinh loai bd dung moi trén bé mat vat liéu chiém wu thé da 1am cho Sger
clia vat liéu tang khi tdng nhiét do nung. &' nhiét do nung trén 550°C, qua trinh két cum céc hat
vat liéu chiém wu thé nén lam cho Sger clia vat liéu giam nhanh.

Mt khac, ta cling nhan thdy rang, khi pha tap N vao hop chat TiO,-SiO, d4 gitp lam ting
Sger cliasan pham. Cu thé nhw san phdm N-Ti0,-SiO, nung & nhiét d6 550°C cd Sger la 165,7
mzlg, cao hon so vai Sger clia san pham Ti0,-Si0, (95:5) cling dugc nung & nhiét do 550°C la
143,5 m/g.

®
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Hinh 4. K&t qua XRD cac mau chét xuc tac N-TiO»-SiO, khi thay d6i nhiét dd nung.

(8) 350°C  (b) 400°C (c) 450°C (d) 500°C (e) 550°C (f) 600°C

Sv thay dai nhiét do nung cling anh hwdng rd nét dén su hinh thanh ciu tric tinh thé cla
chét xuc tac pha tap N-TiO,-SiO,. Tir hinh 4 cho thdy, v6i nhiét do nung thay déi tir 350°C-
600°C, cac mau vat liéu déu c6 sw hinh thanh pha tinh thé anatase va khong cé sw xuét hién
clia pha tinh thé rutile. So sanh véi mdt s6 nghién ciru khac, khi nung & 350°C, cau tric tinh
thé vat liéu & dang vo dinh hinh va khi nung & nhiét d6 600°C c6 su xuét hién clia pha tinh thé
rutile [5]. Nhu vay, qua trinh diéu ché dugc thwe hién trong nghién ctru cho két qua kha tét va
pha tinh thé anatase rat on dinh doi vai sy thay d6i nhiét d6 nung. Két qua nay co thé mot phan
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la do cong doan thuy phan nhiét da c6 dinh kha t6t mang tinh thé clia vat liéu pha tap N-TiO,-
SiO,.

Ngoai ra, khi nhiét d nung cang tang do tinh thé hoa clia san phém ciing téng; diéu nay thé hién
thong qua cudng do va do sac nét cac peak clia pha anatase tai vi tri 20 1a 25,4°. Khi nhiét do nung
cang tang thi cuong do va do sac nét clia peak tai vi tri 26 la 25,4° cang tang.

Do hap thu

300 400 500 600 700 800
Buoc song (nm)

Hinh 5. Ph8 UV-Vis DRS cic mau cht xic tac N-TiO,-SiO- khi thay d6i nhiét d6 nung
(*) Méu T|02'5|02

Hinh 5 thé hién ph6 hdp thu UV-Vis DRS clia cac mau chat xuc tac TiO,-SiO, ¢b pha tap
N khi nung & cac nhiét dd khac nhau. Nhw vay, khi nhiét do nung thay déi thi phd hap thu
cling thay ddi theo hudng nhiét do nung cang giam thi phd hap thu ctia mau chuyén dich sang
viing anh sang kha kién. Biéu nay duoc giai thich mot phan la do khi tang nhiét do nung gidp
cho qua trinh phan huy triét dé cac hop chét hiru co trong mau Két qua quan S4t mau sac cac
mau thu duoc bang mat thuong cung thé hién rd, véi cac mau duoc nung & nhiét do trén 550°C
c6 mau trang, con nhitng mau nung & nhiét d6 400-500°C c6 mau vang va mau nung & nhiét do
350°C c6 mau nau. Ngoai ra, theo mot s& nghién ctru trén thé gidi co két qua tuong tu, hién
twong nay duoc giai thich 1a do khi b8 sung urea vao mau TiO,, thanh phan N s& ton tai & 2
dang N, tw do bi hap phu hoa hoc va N lién két trong céu tric tinh thé. Khi x ly nhiét, dang
N, sé& gidm nhanh do qua trinh gidi hdp con dang N lién két giam cham [10-12]. Dang N lién
két trong mang TiO, sé gitp lam thu hep nang lugng ving cdm va do dé chuyén dich phd hap
thu sang vung anh sang kha kién [10-12].

Ciing tlr hinh 5 cho thdy, phd UV-Vis DRS clia mau xuc tac c6 pha tap N ¢6 su thay d6i so
v&i mau khong pha tap N v6i cling nhiét d6 nung 550°C 1 su chuyén dich sang viing 4nh sang
khé kién. Viéc xac dinh ning luong viing cdm ciing thé hién két qua tuong tw, mau pha tap N
6 E4= 2,99 eV nhd hon so v&i miu khong pha tap N c6 E4= 3,06 eV. Nguyén nhan chinh Ia
do su thay thé clia nguyén t&r N vao mot s vi tri clia nguyén t&r O trong mang lién két phan t&
TiO, [12]
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3.2. K&t qua thir nghiém hoat tinh clia ca&c mau chat xdc tac

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

44.11

Hinh 6. Biéu dd so sanh hiéu qua xt Iy phenol clia cac mau x(c tac TiO,-SiO,
(1): TiO, (2): TiO,-SiO, (99:1) (3): TiO,-SiO; (97:3)
(4): TiO»-SiO, (95:5), (5): TiO,-SiO, (90:10), (6): TiO,-SiO, (85:15).

Tu hinh 6 cho thdy viéc pha tap SiO, vao cac mau x(c tac TiO, lam thay d6i hiéu qua xtr
ly phenol. Tuy nhién, véi ty 1& khéi luvong 99:1 va 97:3 cho hiéu qua thap hon so véi mau xuc
tac khong bd sung SiO, . Mau xuc tac co ty 1é khdi luong TiO,:SiO, 14 90:10 cho hiéu qua xtr
ly phenol cao nhat. Nhu vay, khi pha tap SiO, vao cac mau xuc TiO, tuy 1am tdng Sger nhung
nguoc lai lam giam do tinh thé hod, day chinh la ly do lam cho hoat tinh x(c tac quang cla vat
liu khong tang tuyén tinh ma c6 gia tri t6t nhat & ty 18 khéi luong TiO,:SiO, la 90:10. O
nhitng ty Ié SiO, dugc pha tap thdp (#3%), sw tang hoat tinh xUc tac do tdng Sget khong bu triv
duoc cho do giam hoat tinh xuc tac do giam dd tinh thé hoa nén hiéu qua xt ly thdp hon so v&i
mau xUc tac khdng pha tap SiO,. Khi ty I& khéi luong clia SiO, trong hop chat TiO,:SiO, I6n
hon 5%, sy tang hoat tinh xUc tac do tang Sger cao hon so véi dd gidm hoat tinh xUc tac do
giam do tinh thé hoa nén hiéu qua xt ly dwoc tang dan va dat cuc dai trén xdc tac TiO,-SiO,
(90:10). Tuy nhién, khi ty I& kh6i luvgng clia SiO, trong hgp chat TiO,:SiO, virgt qua 10%, sw
tang hoat tinh xdc tac do tang Sger trd nén thap hon so véi dd gidm hoat tinh xdc tac do gidm
do tinh thé hoa nén hiéu qua xt ly tré nén gidm dan.
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60+ 56.03

Hinh 7. Biéu dd so sanh hiéu qua xi ly phenol clia cac mau xuc tac TiO,-SiO, c6 pha tap N
(1): TiO,-Si0, (550°C)  (2): N/TiO,-SiO, (350°C)  (3): N/TiO,-SiO, (400°C) (4): N/TiO,-SiO,
(450°C) (5): N/TiO,-SiO, (500°C)
(6): N/TiO,-SiO, (550°C)  (7): N/TiO,-SiO, (600053) (8): N/TiO,-Si0, (700°C) (9): N/TiO,-SiO,
(900°C)

Dai v6i thi nghiém danh gia hiéu qua xt ly phenol trong diéu kién st dung nguén sang
UV-A clia cac chat x(c tac quang co pha tap N khi thay doi nhiét do6 nung hoat tinh x(c tac
cling thay d6i dang ké. B&i vai cac mau nung & nhiét do 350°C, 400°C tuy c6 Sger cao nhung
do tinh thé hoa lai rat thdp nén cé hiéu qua x& ly phenol thap. Khi tiép tuc tang nhiét dd nung
dén 550°C, Sger va do tinh thé hoa cla vat lidu tdng dong thoi d& lam cho hiéu qua xi ly
phenol tang nhanh. &' nhiét do nung 600°C, tuy Sger gidm xuéng nhwng co 1& su gia ting do
tinh thé hoa da c6 thé bu trir dwgc véi dd gidm Sger nén hoat tinh x(c tac quang tiép tuc tang.
Nguoc lai, & nhiét dd trén 600°C, sw tang do tinh thé hoa khong bu trir dwoc so voi do giam
Sger Nén hiéu qua x& ly phenol giam xudng. Qua dé cho thay, viéc lua chon nhiét do thich hop
nung doéng vai trd quan trong trong viéc nang cao hoat tinh xdctac quang cua vat liéu.

Bén canh dd, hiéu qua xt ly phenol clia san phdm N/TiO,-SiO, (49,48%) cao hon so V@i
san pham Ti0,-Si0, 95:5 (39,72%) & clng nhiét dd nung 550°C va cling cao hon so véi mau
TiO,-SiO, 90:10 (44,11%). Két qua nay co thé duoc giai thich la do khi pha tap N vao hop
chat Ti0,-SiO, da lam ting Sger va dong thoi chuyén dich phd hdp thu anh sang cla x(c tac
thu dwoc sang ving anh sang kha kién (Hinh 5), tir d6 lam tang hoat tinh xUc tac quang cla vat
liéu.
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3.2.2. Két qua thir nghiém trong diéu kién anh sang mat trdi tw nhién.
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Hinh 8. Biéu do hiéu qua x& ly phenol ctia mét s6 chét x(c tac trong diéu kién anh sang mat troi tw
nhién
(Thi nghiém duoc thuc hién tir 11gid dén 13 gior ngay 17/9/2007 tai san Phong thi nghiém Khoa Méi
truong — DPHBK TP.HCM)

Két qua thir nghiém x& ly phenol trong digu kién anh sang mat troi tw nhién voi 03 mau
TiO,, TiO,-SiO; va N-Ti0,-SiO, nung & cling nhiét d 550°C cho thdy, hiéu qua xi Iy phenol
clia mau xuc tac c¢d chira thanh phan SiO, cao hon so véi mau khdng dugc pha tap SiO,. Dic
biét, khi pha tap N vao mau xlc tac TiO,-SiO, gop phan lam ting dang ké hiéu qua xi ly
phenol trong diéu kién anh sang mat troi tw nhién. Mau xdc tac pha tap N-TiO,-SiO, ¢6 hiéu
qua x@ ly phenol trong 2 gio 12 89,05% cao gép 1,5 1an so voi mau xuc tac khéng co pha tap N
(61,46%). Két qua nay duoc giai thich 1a do khi bd sung N vao hop chat chat xuc tac TiO,-
SiO, da lam tang Sger va dong thoi chuyén dich pho héap thu anh sang cta vat liéu sang viing
anh sang kha kién.

4. KET LUAN

Céac hop chét TiO,-SiO, véi ty 18 khéi lvong TiO2:SiO, khac nhau duoc didu ché bang
phwong phap sol-gel st dung céc tién chat alkoxide la TTIP va TEOS. Két qua khao sat dac
tinh vat liéu cho thay, khi tang ty 1& khdi lwong SiO, trong hop chét sé lam tdng nhanh dién
tich bé mat riéng, nhng ngeoc lai lam cho d tinh thé hoa giam xudng. Trong khi dd, pho hap
thu anh sdng UV-Vis DRS clia nhitng hop chét nay hau nhw khong thay déi dang ké. Chinh vi
vay hiéu qua xt ly phenol cla cac hgp chat TiO,-SiO, khi chiéu tia UV-A tang dan khi tang ty
I& khoi lugng SiO, va dat t6t nhat & ty 1é TiO,:SiO, la 90:10, sau dé giam xudng khi ti€p tuc
tang ty 1é SiO,. Ngoai ra, cac hop chét pha tap N-TiO,-SiO, cling duoc diéu ché trong nghién
clhu nay. Khi tang nhiét d6 nung cla cac hop chét pha tap N-TiO,-SiO, do tinh thé hoa clia
chiing ciing tang theo. Mat khéc, cac mau pha tap N-TiO,-SiO, thé hién rét rd sy chuyén dich
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phd hap phu 4nh séang sang ving kha kién. Két qua nay dan dén hiéu qua xi ly phenol clia cac
hop chat pha tap N-TiO,-SiO, trong diéu kién anh sdng mat troi tw nhién vwot troi (dat xap xi
90%), gap 1,5 lan so véi hop chét khdng pha tap N. Diéu nay ciing cho thay kha nang tng
dung thuc té rét cao cla loai xuc tac nay, vira x( ly rat hiéu qua nwéc 6 nhiém phenol vira
dong thoi tan dung dugc ngudn anh sang mat troi tw nhién doi dao tai Viét Nam phuc vu muc
tiéu tiét kiém nang luvong.

STUDY ON SYNTHESIS OF TiO,-SiO,-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,-SiO, and N-TiO,-SiO, 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 N 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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