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SUMMARY

DETERMINATION THE PHOTOCATALYTIC ACTIVITY IN DEGRADATION p, p’
DDT USING TiO; IMMOBILIZED ON SILICA GEL BEADS

The photocatalytic degradation of p, p’ DDT was carried out on TiO, immobilized on silica gel beads

(TiO:/Si0>) under light irradiation in sollution. The photocatalytic activity and adsorption efficiency in

p, p’ DDT degradation have been studied. The results demonstrated that the supported silicagel has

increased the p, p’ DDT adsorption capacity. The effect of doped Co in TiO, crystal on the

photoactivity of TiOx/SiO; was also discussed. In addition, the intermediates products of oxidation p, p’

DDT process was find out. These findings are of much interest for applications to water treatment

using heterogeneous photocatalysis .

Keywords: Silica gel supported; Co doped TiO;, photocatalysis,; adsorption.

1. GIOI THIEU

DDT di bi cdm su dung trong hoat dong san
xuit nong nghiép trén toan thé gidi theo Cong
uée Stockholm. Tai Viét Nam, tuy dd bi cAm
san xuat nhung lugng DDT trong méi trudng con
nhiéu 14 do chung di thoat ra tir cac kho chura
chua dugc xir Iy, trong san xuat nong nghiép va
trong y t& dé diét mudi va sau bo. Tinh téi thoi
diém 6/2013, Viét Nam c6 1652 diém nghi ngd
6 nhiém do hoa chit bao vé thuc vét
(HCBVTV) tén du trong d6 c6 DDT [1]. Céc
diém 6 nhiém hau hét dang hodc ting 1a kho
chira HCBVTV dé sir dung trong ndng nghiép
va y té. Theo bao c4o hién trang 6 nhiém méi
truong do HCBVTV t6n luu thuge nhém hiru
co khé phan hay tai Viét Nam, cac tinh cé
nhiéu diém chira nguy co 6 nhiém DDT cao la
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Ngh¢ An, Thanh Hoéa, Quang Binh [1].

Hién nay, cac phuong phédp oxy hoéa nang cao
(AOP) dé xir Iy nudc thai va nudc ngam o
nhiém DDT duoc nhiéu nhém nghién ctru tién
hanh. [2-5]. Chét xuc tic quang hoa 1a nhiing
chét ¢6 kha ning bién thanh chit oxi hoa manh
khi ¢6 su chiéu sang cia anh sing co ning
lwong 16n hon ning lugng ving cim cua chat
d6. Nhiing chit xic tac quang da sb 1a cac oxit
clia cac kim loai chuyén tiép trong d6 TiO, la
chat c¢6 kha ning xuc tic quang hoa manh nhat
va duogc quan tim nghién ciru ing dung nhiéu
nhat. Uu diém ctia phuong phap quang xtic tic
trong xir Iy HCBVTV 1a c6 thé oxy hoa dugc
nhiéu hoat chit thuéc nhom kho phan huy doc
hai thanh CO,va H,O trong diéu kién binh
thuong (nhu nhiét do phong, &p suat khi



quyén) véi gia thanh ré va than thién voi moéi
truong.

Mic di dd c6 rat nhiéu nghién ctu dd khic
phuc hogc giam b6t nhimng nhugc diém trén va
méd rong viéc st dung TiO, lam chit xuc tac
nhung cac nghién ctru vé TiO, van can duoc
tién hanh theo cac hudng:

1. Tang cudng su 6n dinh hoa hoc va tinh bén
virng cua cac hat TiO, pha tap phi kim.

2. Ché tao chét xic tac da chirc nang két hop
cac dac tinh quang xuc tac dung anh sang kha
kién, kha nang hép thu cao, tinh 6n dinh cao va
¢6 kha nang tach roi tur tinh.

3. Su phan hiy hoan toan mét sb hop chit
POPs bdi qua trinh quang xtic tac van con kho
thuc hién. Vi vay, cac nghién cru voi muc dich
tang cudng do hoat tinh quang xiic tic van can
duoc tién hanh. Ngoai ra, cac san pham cudi
cung hoac trung gian cia phan ing quang xtc
tac c6 thé khong phai 1a cac chat vo hai. Cac
san pham c6 thé nguy hiém hon hop chét gc.
Céc san pham phu hai c6 thé lam giam toc do
phan tmg va gy 6 nhiém thir cdp. Hién tai, co
rat it nghién ciru vé doc tinh cia chat xuc tac
quang TiO; hoac qua trinh xtc tac va dac biét
1a d6i v6i chat xtic tic quang TiO, bién tinh.
Chinh vi vdy, can ¢ cac nghién ciu vé dic
tinh co ban, dinh lugng qua trinh phan Ung,
ddc tinh cua cac chat xtc tac.

4. Tim kiém kha ning két hop cic cong nghé
dya trén TiO, v6i cac cong nghé khac dé mo
rong pham vi ap dung.

5. Phan mg quang xuc tac TiO, 1a qué trinh
oxy hoa khong chon loc vi nd dya trén hoat
dong cua cac géc tu do. Su chon loc kém ciing
¢6 nghia 1a chat xtc tac khong phan biét giita
chat giy 6 nhiém co tinh doc hai cao va cac
chat gay 6 nhidm c6 doc tinh thip. Cac chat
gdy 6 nhiém doc tinh thdp co thé d& dang bi
phan hiy bang cac phwong phap sinh hoc
nhung nhiéu chit nguy hiém cao khong phan
huy duoc. Do d6, can thiét phai phat trién hé
quang xtc tac c6 thé phan huy cac chit 6
nhiém mét cach ¢ chon loc béng cach str dung
anh sang kha kién hodc anh sang Mat troi, hoat
dong hd trg cho phuong phép sinh hoc.

6. Cac nghién ciru trude di tép trung chu yéu
vao kiéu phan tng theo mé dé phan huy quang
xuc tac, tach bang tir truong dé loai bo chét 6
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nhiém va thu héi hat, nhung thiéu ung dung &
quy md 16n hon. Do d6, can thiét ké mot
nguyén mau dé thuén tién cho viéc phan huy
XUc tac cac chat 6 nhidém hitu co va thu hdi xac
tac dé né co thé duoc ap dung trong thuc té.
Nhom nghién ciru cua ching t6i dd ché tao
thanh cong vt liéu TiO, va TiO, pha Fe, Co,
Ni gén trén hat silica gel c6 hoat xtc tac tot
trong khi x 1y cic chat hitu co nhu
Methylence Xanh, Methylence da
Paraquat. Trong bai bao nay, ching t6i nghién
ctru kha ning hip phu/quang xic tac cia vat
liéu TiO, va TiO, pha Co gan trén hat silica gel
khi phéan huy p, p’ DDT trong mdi trudng nudc
khi str dung anh sang kich thich c6 budc song
khéc nhau.

2. THUC NGHIEM

2.1. Vit li¢u

Tinh thé TiO, hodc TiO, pha Co dugc ché tao
bang phuong phép sol-gel. Sol dugc tao thanh
tr Co(NO3)3.6H,0, ACAC, TTIP va Etanol véi
tilé¢ sd mol phan tirlax : 1: 1 —x: 34 véix =
0, 00; 0.09 khudy déu trong 60 phit. Sau do,
cho hat silica — gel vao sol, ngam trong 1 gio.
Say hat silica —gel & 75°C trong ti sy dén khi
kho sau d6 nung ¢ 500°C trong 5gid. Qua trinh
ngam, séy, nung duogc lap lai 8 lan dé duoc vat
liéu cudi cing TiO»/Si0; va miu TiO; pha 9%
Co-ban phu trén hat silica gel (9Co-TiO/Si0O,)
~ 10 nm; dién tich bé mat riéng cua silica gel,
Ti0,/Si0,, 9Co-Ti04/SiO; lan luot 1a 192, 143
va 129 m?/g [6].

2.2. Hé thir nghiém

Kha néng quang xuc tac cua vat liéu khi phan
huy thudc trir sau DDT duoc thuc hién trén hé
thir nghiém trong phong thi nghiém c6 so do
nhu hinh 2.1.

cam,

@

@/ G ®

Hinh 2.1. H¢ thur nghiém quang xiic tac trong
phong thi nghiém



Ghi chu:

1: Hé den UV 5: Bom nhu dong

2: Van 01 6: Luu lwong ké

3: Van ldy mau 7: Van 02

4: Bé chira 8: Ong chira vat liéu

Dung dich can xu ly dugc tap trung tai bé chtra
(4). Tir bé chira (4), dung dich dugc bom qua
luu luong ké (6) va qua van nuéc (7) vao 6ng
chira vat liéu. Tai day dung dich cin xu ly
dugc chay qua 6ng chtra cac loai vat liéu dudi
tac dung cua dén huynh quang hoac den UV.
Dung dich sau khi dugc xir Iy tai mang chura
vt liéu (8) dugc chay vé bé chira (4) thong qua
van nude s6 01 (2). Dung dich tai bé chira (4)
dugc kiém tra dinh ky bang cach ldy mau phan
tich tai van lay mau (3) sau khoang thoi gian
bang nhau At (=10 phit, 30 phut, 60 phat) dinh
trude dé xac dinh sy phu thudc cia n6ng do
con lai cua cac chét thir theo thoi gian. May
bom nhu déng (5) duy tri téc d6 dong 100
mL/phit. Ong vt liéu (8) la éng thuy tinh dai
20 cm, duong kinh 1 cm dugc cho anh sang
UVA (365 nm) truyén qua.

beén (1) dung trong thir nghiém quang xuc tac
1a dén UV 365nm/18 W hodc dén huynh quang
18W duoc dit sat dng chira vat liéu. Cudng do
sang do dugc cua dén UV 365nm/18 W tai noi
dit 6ng chira thuy tinh 13 5,6 mW/cm? Nhu
vay, cuong do va budc song do dén tir ngoai
chiéu toi vat liéu twong dwong véi thanh phan
UVA trong 4nh sang Mat troi [7]. Nong do
DDT con lai trong bé (4) duge xac dinh bang
sdc ky khi (GC-ECD).

3. KET QUA VA THAO LUAN

3.1. Kha nang xi ly DDT cia vat liéu
Ti02/SiO:

Dé danh gia kha ning hip phu/quang xuc tac
Ti04/SiO, khi xir 1y thudc trir sdu p, p> DDT
voi n6ng d6 ban dau 1 ppm, khéi lugng vat
lidu sir dung 1a 10g. Hinh 3.1 biéu dién sy phu
thudc ndng do p, p° DDT theo thoi gian trong
diéu kién bong tdi va chiéu tia UV 365 nm. Két
qué cho thay ndng d6 p, p” DDT déu bi giam
manh trong c4 hai diéu kién thi nghiém. Sau 1
gi0, hiéu sult xu Iy p, p’ DDT cta TiO»/SiO»
dat 78% trong diéu kién bong tdi va 97% trong
diéu kién chiéu UV 365nm.
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Hinh 3.1. Kha nang xu ly DDT cua TiO»/SiO;
trong diéu kién bong t6i (1) va chiéu UV
365nm (2).

Mo hinh dong hoc Langmuir — Hinshelwood
duoc sir dung dé mo ta dong hoc qua trinh hip
phu va quang xuc tic. Trong d6, tc do phan

tung di thé duoc viét dudi dang:

ac n

Véi

C: Nong d6 p, p’ DDT (mg/L).

K.: Hang s6 toc do phan Gmg (mg/L.phut)

K: Hé s6 hip phu p, p° DDT trén vat liéu

(L/mg).

Khi KC<<l, ta c6 phuong trinh dang

r=—% _ K, KC=kC V6ikla hing s6
dt

téc do biu kién cho qua trinh hép phu/quang
xuc tac. Két qua thi nghiém cho thay, trong
diéu kién dt vat lidu TiO»/SiO, trong diéu kién
bong t6i va diéu kién chiéu UV 365nm thi
hing s6 téc do biéu kién k 1an luot 1a. 0,0158
va 0,0296 phat!.

Nhu véy, nong do p, p’ DDT giam manh hon
trong diéu kién chiéu UV. Nguyén nhén cua
hién tuong nay cod thé giai thich la: (i) vat liéu
mang hat silica gel thé hién kha ning hap phu
t6t p, p° DDT do c6 tuong tac dién dan t6i
ndng do6 p, p’ DDT giam theo quy luat ham mi
trong ca diéu kién co va khong co UV; (ii)
TiO; c6 kha nang quang xuc tac phan hay p, p’
DDT [8] nén trong khoang thoi gian du cua
thi nghiém c6 ca hai hién tuong hip phu va
quang xuc tac dong thoi xay ra lam cho nong
d6 p, p° DDT gidm nhanh hon khi c6 UV
365nm.

Thong tin vé san phim trung gian trong quéa
trinh quang xuc tac khi xu ly DDT dugc xac



dinh thong qua sic do nhu trén hinh 3.2. Sic
dd cho théy su ton tai cua hai dinh tai thoi gian
luu 12,1 phat va 12,7 phit tuong tng hai hop
chat 1a chlorobenzene va chlorophenol. Do do,
¢6 thé cho rang ngoai lugng hip phu trong vt
liéu thi DDT ciing bi phan hiy do qua trinh
quang xuc tac tao ra hai san pham dic trung la
chlorobenzene va chlorophenol.
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Hinh 3. 2. Sdic dé ciia p, p’ DDT trong madu
niede sau khi chiéu UV 60 phiit

TiO; phu trén hat silica gel thé hién kha ning
xir Iy tét p, p> DDT trong méi truong nude khi
dung ngudn UV 365nm kich hoat. Nong do p,
p’ DDT trong dung dich giam do ca hai qua
trinh hap phu va quang xuc tic nhu dugc minh
hoa trén hinh 3.3 Trong dé, silica gel hap phu
manh p, p’ DDT lam giam ndng do cua no
trong dung dich dong thoi dua chat 6 nhidm lai
gan tinh thé TiO,. Tinh thé TiO, khi duoc kich
thich boi anh sang c6 nang luong 16n hon bé
rong ving cam hiéu dung sinh ra cip
electron/15 trong. Céc electron/Id tréng nay tao
ra nhom OH® va O,° c6 kha ndng bé gay cac
lién két trong phan tir paraquat dé tao ra cac
san pham cua qua trinh xuc tac quang hoa.

° Quang xuc tac

02
Silica gel ° w /(N"'""’

® Chét 6 nhiém

Hinh 3. 1. Gidn d6 mé ta qud trinh hdp
phu/quang xuc tac cua TiOx/SiO;.
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3.2. Kha nang xir ly DDT cua vat liéu
Ti02/SiO: pha Co

Anh hudng cua sy pha tap t6i kha nang xir ly
thudc trir sau p, p° DDT dugc thir nghiém véi
mau TiO; pha 9% Co-ban phu trén hat silica
gel. Trong do, diéu kién thi nghiém: néng do p,
p’ DDT ban dau 1a 1 ppm, khdi luong vat liéu
sudunglal g.

Anh huéng cua qua trinh pha tap Co t6i kha
ning hép phu p, p> DDT cua vét lidu dugc
khao sat thong qua theo sy phu thudc n(“)ng do
theo thoi gian nhu hinh 3.4. Két qua thé hién
silica gel, TiO/Si0; hodc 9Co-Ti02/SiO, déu
thé hién kha ning hap phu t6t p, p° DDT véi
hing s6 téc do biéu kién k 1an luot 1a 0,3108;
0,2342; 0,0918 gio!.
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;\3 —A&— 9Co-TiO,/SiO,
QO
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25} \\-
0 1 1 il il il
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Hinh 3.4. Kha nang hap phu p, p’ DDT khi sir
dung hat silica gel, TiO»/SiO; va 9Co-
TiOy/SiO:.

Nhu vy, silica gel thé hién kha niang hép phu
manh nhat p, p° DDT va viéc dua xtc tac 1én
silica gel 1am cho kha nang hap phu p, p’ DDT
clia vat liéu nay giam. Nguyén nhan c6 thé 1a
khi dua TiO; hoac TiO, pha Co trén vat liéu
mang silica gel 1am cho dién tich bé mit riéng

giam dén toi giam kha nang hap phu [6].

Pé xé4c dinh anh hudng cia viéc pha tap Co t6i
kha nang quang xtc tdc phan huy p, p> DDT
clia vat lidu TiO, phu trén hat silica gel, nong
d6 p, p° DDT phu thudc thoi gian khao sat
trong chiéu sang anh sang kha kién boi dén
huynh quang va khong chiéu sang (t6i). Hinh
3.5 thé hién kha ning quang xuc tac ciia vat
liéu silica gel, TiO»/Si0; va ca 9Co-TiO,/SiO».
Két qua cho thdy, khi c6 hodc khong co anh
sang kha kién thi toc do suy giam nong do p, p’
DDT trong dung dich khong c6 sy khac biét
d6i voi tat ca cac vat liéu duoc sir dung. Nhu



vy c6 thé cho rang chi ¢6 sy hip phu p, p’
DDT vao cac vat li¢u dugc khao sat. Trong d6
vat liéu pha tap 9% Co ciing khong thé hién
kha nang quang xuc tac phan huy p, p> DDT
khi duogc kich hoat boi anh sdng huynh quang.
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Hinh 3.5. Kha nang xuw Iy DDT khi su dung
hat silica gel (a), TiO»/SiO; (b), 9Co-TiO/SiO;
(c), trong diéu kién béng t6i va chiéu den
huynh quang.

4. KET LUAN

Vit liéu TiO, phu trén hat silica gel thé hién
kha nang xu 1y tot p, p> DDT trong méi trudng
nude. Qué trinh hip phu p, p’ DDT vao céc vét
lidu thir nghiém ludn xay ra trong khi tién hanh
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xtr 1y chat 6 nhiém. Khi ding vét liéu khong
pha tap TiO,/SiO, trong diéu kién chiéu tia UV
365nm, p, p’ DDT bi 6 xy hoa bdi phan ng
quang xtic tac, phan hily tao ra san pham trung
gian 13 Clophenol va Clobenzen. Khi pha tap
Co, vat liéu 9Co-TiO»/SiO; chi thé hién kha
ning hdp phu ma khong cho thdy hoat tinh
quang xuc tac khi kich hoat boi anh sang tur
den huynh quang.
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