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Nghien cuu hoat tinh quang hoa Ti0,
¢ dinh trén vat liéu thuy tinh
trong qua trinh phan hily methylene xanh

NGUYEN SY HUY HOANG, CAO THI BICH TRAM, LE TIéN KHOA
Trudng Pai hoc Khoa hoc Ty rhign, Bai hoc Qubc gia TP Hb Chf Mirh

LE PHUC NGUYEN

Trung tam Nghién cliu phét trién va cné bién du ki, Vien DAu kil Vet Nam

NGUYEN THI MAI HUGNG

Trudng Pai hoc T3 nguyén va Méi trudng TP HO Chi Mirnh

Trong nghlen cifu nay, cac tac gia tién hanh cd dinh bot Ti0, Merck thirang mai Ién nén
thiy tinh bdng mdt phuong phap don gidn, st dung chat ket dinh silicone 112 nham
tao ra mot vat liéu xic tac quang héa co kha niang phan hiy tot pham nhudm hifu co
methylene xanh, ddng thi dé dang thu hdi va tai st dung sau xi 1y. Nhitng yéu 8 anh
hudng trong qua trinh ¢d dinh bot Ti0, 1én nén thiy tinh nhu thai gian khd keo, thai
gian ngdm, ndng do dung dich huyén phu Ti0,, thai gian sdy ciing nhv nhitng yéu to
anh hudng trong qua trinh khao sat hoat tinh xiic tac nhu anh sang kich thich, théi gian
XU 1y 18§ wu va do bén hé xic tac da dugc khao sat. Nghién ciu cho thay, théi gian kho
keo 15 phut thai gian ngam 15 phat, nong dd dung dich huyén phu Ti0, 10 g/l va thoi
gian say 30 phut Ia nhiing diéu kién tot nhat cho phép tao ra hé xiic tac Ti0 /thuy tinh
hoat ddng tot duGi anh sang kich thich UVA, dem lai higéu suat xi& Iy dat trén 98% sau
4 gid, va duy tri hiéu suat xi Iy trén 90% sau 5 1an s dung.

Tir khéa: Ti0,, thiy tinh, silicone 112, xiic tic quang héa, methylene xanh.

Gidi thiéu

Trong nhiing ndm gan day, theo xu hudng phat
trién chung cla thé gi6i, nganh céng nghiép dét
nhudém da trd thanh mot nganh quan trong, cé gia tri
kinh t€ cao. Tuy nhién, cdng nghé dét nhudm ciling
dang la mét ngudn gay 6 nhiém dang lo ngai cho
maoi trudng va con ngudi. Dac trung chung cla cac
loai nudc thai dét nhudém 1a luén cé dd mau rat cao,
dén tu cac phan ti phdm nhudm téng hop cé cau
tao phtc tap va khé x{ ly bang phuang phéap sinh
hoc nhu methylene xanh (MB), congo dd, cac pham
nhudém azo, rhodamine B, methyl cam, reactive

den.. Chinh vi vay, tim ki€ém mot phudng phap xa ly
dung dich nuéc chia cac phan ti mau nhu MB mot
cach hiéu qué va kinh t&€ luon 1a mot thach thic doi
vGi cac nha khoa hoc [1].

Mot trong nhiing phudng phap x0 ly thich hgp
nudc thai dét nhudm dé loai bd cac tac nhan doc hai
la phuong phap oxy héa nang cao (AOPs) dya trén
xuc tac quang hoa TiQ, [2, 3], vén cé thé tao ra cac
gdc hydroxyl c6 kha nang oxy héa manh moi hgp
chat hiiu cg, bién ching thanh nhiing hgp chat vé co
khong déc hai nhu CO,, H,O... va khong gay ra cac
chat gay 6 nhiém thu cap [4] D&c biét, dé t8i uu hoat

Tapchi K“OA HOC 7

5018 nam 2014 ¢6NG NGHE VIET NAM



NGHIEN CJU - TRAO PO

STUDY ON PHOTOCATALYTIC ACTIVITY OF
TiO, IMMOBILIZED ON GLA&S SLIDE FOR THE
DEGRADATION OF METHYLENE BLUE,

Summary

In this study, the authors have immobilized
the commercial Merck Ti0, powder on glass
substrates by a simple method, using the
silicone 112 adhesive in order to create
photocatalytic materials which are highly
activated photocatalysts for the degradation

of methylene blue and easily recovered and
reused after water treatment. The factors
affecting the photocatalytic activity such as the
conditions of Ti0,/glass preparation process
and the dye degradation experiment have bheen
also investigated. The results indicated that
the glue drying time of 15 minutes, the glass
substrate immersion time of 15 minutes, the
Ti0, suspension concentration of 10 g/I and
the sample drying time of 30 minutes have
been the best conditions to prepare the Ti0,/
glass system which can operate under UVA
illumination with the dye treatment efficiency
of 98%. This photocatalytic Ti0,/glass material
could also maintain the treatment efficiency
over 90% after 5 times of operation.

Key words: Ti0,, glass, silicone 112,
photocatalyst, methylene blue.

tinh xudc tac 1én muc cao hon, cac nha khoa hoc
da nghién clu tang tam hoat dong cua TiO, theo
don vi khéi lugng théng qua viéc st dung TiO, dang
hat cé kich thudc nano [5]. Tuy nhién, viéc st dung
TiO, dang hat nano dem lai tr§ ngai I6n trong qua
trinh hau x4 ly, cu thé la qua trinh tach xuc tac khoi
pha nudc. Chinh vi vay, thay thé TiO, dang bdt bang
TiO, c6 dinh trén vat liéu nén dang dugc xem la giai
phap kha thi trong thi diém hién tai.

Nhiéu nghién cliu da dudc ti€n hanh va dat dugc
nhiing thanh céng nhat dinh ddi vdi con dudng cd
dinh TiO,, vGi hoat tinh va hiéu suat chuyén héa
khéng thua kém nhiéu so véi TiO, dang bét. Chéng
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han, P. Kajitvichyanukul [6] da thanh céng trong viéc
ché tao mang moéng TiO, c6 dinh trén nén thdy tinh
bang phuang phap sol-gel véi muc tiéu x ly loai bd
ion kim loai nang ra khdi moi truéng nudc théng qua
qua trinh xuc tac quang héa. Mang méng TiO, trong
nghién cliu nay con c6 kha nang tai si dung nhiéu
lan, véi hiéu sudt chuyén héa gidm khong dang ké.
Gan day, S.N. Hosseini [7] cling da c& dinh bt TiO,
trén nhiing vién da tran chau nhd bang mét phuong
phap ngam t&m don gidn nham ting hiéu qua qua
trinh x{ Iy quang héa phenol. Gan day han, M. El-
Roz va cac céng su [8] cling da tién hanh cé dinh
TiO, trén nén composite Luffa bang phucng phap
sol-gel thGy phan tién chat TiO,. Viéc ¢6 dinh TiO,
lén gi& thé cé dinh dé tng dung xuc tac quang héa
xU ly nuéc thai cling da co6 nhiéu nghién clu dang
ké tai Viét Nam. C6 thé ké dén nghién cliu ca PGS
Nguyén Tung Lam [9], ti€n hanh trén TiO, composite,
két hop gitra TiO, thuong mai va TiO, nano diéu ché
bang phuong phap déng két tla hoi hoa hoc, sau
dé dugc gan trén vat liéu nano carbon. Loai xuc tac
mdi nay khong chi cho phép tadng cudng hoat tinh
quang héa ma con cé thé gidm gia thanh si dung
xuc tac. Mac du vay, viéc st dung phuong phéap
téng hgp phtic tap ciing nhu vat liéu nano carbon
rat khé téng hgp véi s8 lugng 16n da khién hudng
nghién cliu nay khé ap dung vao thuc té. Gan day,
mot nghién cliu khac cia nhom nghién ctiu bao gom
Nguyén Thé Vinh va céng su [10] da dudgc tién hanh
nham loai bd cac hgp chat hiiu co gay 6 nhiém va vi
khu&n gay bénh E.coli b&ng qua trinh xtc tac quang
héa, st dung TiO,dang mang méng. Tuy nhién, cé
thé thdy céc vat liéu clia cac nhém tac gid nay van
cO gia thanh rat cao va khéng thuan Igi cho viéc
téng hap & quy md céng nghiép. Hon niia, cac hop
chat mau trong nuéc thai dét nhuém nhu MB théng
thudng rat khé x{ Iy so véi cac vi khuan, hgp chat
hiiu cc théng thudng.

Do do, trong nghién clu nay, ching toi da tién
hanh nghién ctiu c¢6 dinh TiO, dang b6t 1én chat nén
thy tinh (lame) bdng mdt phuong phéap cé gia thanh
ré ma van dam bao hoat tinh xuc tac cla TiO,: sU
dung chat két dinh silicon. Chung téi cling khéo sat
cdc yéu t6 anh hudng nhu diéu kién co dinh TiO, Ién
thiy tinh, diéu kién sl dung xuc tac xi ly MB nham
muc dich toi uu héa qua trinh xi ly ctia hé TiO,/thiy
tinh.



Thuc nghiém
Diéu ché hé xuc tac TiO/thiy tinh

TiO, Merck (ma san phdm 100808) dugc ching
tdi ¢6 dinh I&n nén thay tinh bang phudng phap ph
nhing théng qua viéc s dung két hgp chat két dinh
silicone. Ban dau, bot TiO, dugc hoa vao nudc cat,
tién hanh danh siéu am trong 60 phut dé tao ra dung
dich huyén phu TiO,. Trong thd| gian do, cac mau
lame thuy tinh duco chui rlia cn than véi ethanol,
lam kho roi phl 18n mét I6p mang moéng keo silicone
112. Sau dé, cac mau lame dudc dé kho trong mot
khoang thdi gian (dao dong ti 5 dén 60 phut) roi
nhing vao dung dich huyén phu TiO, tu 5 dén 60
phut. S&n phdm sau khi nhing dudc dé khé tu nhién
trong khéng khi, hodc sdy 6 100°C ti 30 dén 120
phut. Cudi cung, cac mau lame dudc rlira sach dé
loai bé nhiing hat TiO, chua bam dinh I1én lame va
dem di st dung cho céc thi nghiém khao sat hoat
tinh xuc tac quang hoa.

Khdo sat cdu truc, hinh thai bé mat cia TiO,

Merck

Trudc khi dugc c6 dinh 1én lame thay tinh, cdu
tric tinh thé va hinh thai bé mat cla cac hat TiO,
Merck dugc kiém tra thong qua ky thuat nhiéu xa
tia X va kinh hién vi dién ti quét (SEM). Gian dé
nhiéu xa tia X dugc do trén may nhiéu xa SIEMENS
D5000 si dung tia Cu Ka (A = 1,5406 A) véi thé gia
tdc va cudng do dong sl dung lan lugt 1a 40 kV va
20 mA. D{i liéu dugc thu thap ti 20° dén 80° (20) vai
budc nhay la 0,03° va thdi gian nhay la 0,8 s. Hinh
dang va kich thudc hat dugc quan sat trén &nh SEM
chup trén may Hitachi S-4800 hoat déng & 10-° A
va 30 keV.

Khao sat hoat tinh quang hoa xtc tac

Hoat tinh quang hoa xuc tac cla cac mau TiO,
c6 dinh 1&n lame thdy tinh dugc danh gia thong qua
phan ting phan hdy MB dugi btic xa UV va kha kién.
Pay la moét phdm nhudm dién hinh thudng dugc su
dung trong cac nghién culiu xuc tac quang héa trén
thé& gidi. Trudc khi phan tng, 2 mau lame phi TiO,
dugc cho vao becher thdy tinh chiia 250 ml dung
dich MB 4 ppm. Becher dugc dat trong hé diéu nhiét
(30°C) va dugc suc O, lién tuc. Sau do, toan bd
hé dugc chi€u sang bang dén UVA 9 W (315-380
nm) hodc kha kién 9 W (380-740 nm) dé phan ting
quang hoéa xuc tac phan hily MB dién ra. Trong qua
trinh phan Gng, pH cla dung dich c6 dinh & pH 7. Su
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thay déi néng dé dung dich MB dudc theo ddi béng
phudng phap so mau trén may SP-300 Optima.

[= ]

N

Hinh 1: (a) Gidn d6 nhiéu xa tia X cla TiO, Merck,
(b) Anh SEM ciia mau TiO, Merck

Két qua va bién luan
C4u truc tinh thé va hinh thai cua TiO, Merck

Hinh 1a trinh bay gian dé nhiéu xa tia X cla TiO,
Merck, cho thdy tén tai moét pha duy nhat Gng véi
pha anatase (nhom khéng gian 14,/amd, a = 3,7826
A, c=9,498 A, JCPDS N°21-1272) vdn c6 cac vach
dac trung (101), (004), (200) et (105). Nhiéu nghién
cliu da bao céo hoat tinh xuc tac quang héa ctia pha
anatase thudng cao hon rutile, vi vay TiO, Merck té
ra phu hgp véi muc dich Gng dung x& ly MB dUdI buc
xa UV. Hinh 1b thé hién anh SEM cla cac mau TiO,
Merck. M&u xuc tac chiia cac hat TiO, hinh khoi cau
véi kich thudc ti 100 dén 200 nm. chh thuéc nay
khéng qué I6n, vi vay ciing thich hgp dé c6 dinh déu
dan Ién mat lame thly tinh théng qua viéc sl dung
chat két dinh.

Nghién cuu céc yéu té anh hudng trong qua
trinh cé dinh bét TiO, Ién nén thdy tinh

Trong nghién clu nay, cac yéu té anh hudng
chinh trong qua trinh c6 dinh TiO, thuong mai 1én
nén thay tinh dén hoat tinh quang héa xuc tac lan
lugt la: thdi gian kho keo, thGi gian ngam lame thly
tinh trong dung dich huyén phu TiO,, néng dé huyén
phu TiO, va thdi gian sdy lame thly tinh. Anh hudng
clia cac yéu t6 nay dudgc chung t6i khao sat véi 250
ml dung dich MB 4 ppm, anh sang UVA, 2 lame dugc
téng hop va thai gian khao sat la 2 gid. K&t quéa hiéu
sudt chuyén héa MB dudc thé hién trong hinh 2.
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Hinh 2: khdo sat cac yéu té anh huédng trong qua trinh cé dinh
bot TiO/thiy tinh: (a) Thoi gian khé keo, (b) Thoi gian ngam,
(c) Nong dé huyén phi TiO,, (d) Thdi gian sdy

Thdi gian kho keo cho cac mau TiO,/lame thay
tinh dugc chon lan lugt 1a 5, 15, 30, 45 va 60 phut.
K&t qua khao sat hoat tinh quang héa cla cac mau
(hinh 2a) cho thdy, khi tang thsi gian kho keo thi
hiéu suét chuyén héa MB dat cao nhat & 15 phut
(69,6%), tuy nhién néu tiép tuc tang thdi gian kho
keo thi hiéu suét ngay cang gidm. Piéu nay cé thé
dugc gii thich 1a do néu dé thai gian khd keo quéa
lau, kha nang bam dinh cla keo doi véi TiO, sé
bi gidm sut, dan d&n ham lugng céac hat TiO, tren
lame thap, cac hat TiO, ciing dé bi rlra troi trong
dung dich huyen phu. V| vay, thdi gian khé keo 15
phut sé dudgc c6 dinh dé ti€n hanh cac khao sat k&
ti€p.

Sau khi dé kho keo trong 15 phut, cac mau lame
dugc ngam trong dung dich huyén phu TiO,. Thdi
gian ngdm dudgc lya chon la 5, 15, 30 va 60 phut
nham danh gia anh hudng cla thdi gian ngadm dén
hoat tinh quang xuc tac ctia hé TiO,/thly tinh. Hinh
2b cho thay, khi tang thdi gian ngadm tt 5 1&én 15 phut,
hiéu suat xi ly MB tang ro rét, ti 57,1% dén 70,9%.
Nhung néu ti€p tuc tang thai gian ngam, hiéu suat
x ly MB gidm nhe va sau dé gan nhu khéng thay
déi. Nguyén nhan cé thé do méc du tang thsi gian
ngam, nhung keo trong nudc thaGi gian lau da kho,
khong con kha nang bam dinh thém céac hat TiO,
khac. Ngoai ra, sau 15 phut hat TiO, dinh lén keo
cling dé bi ra tréi khi ra qua nu’dc Vi vay, thai
gian ngam lame 15 phut dugc chon dé tién hanh
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cac khao sat ké tiép.

Néng do dung dich huyén phu TiO, dugc thay ddi
ttr 5, 10, 20 dén 30 g/l nham khéo sat anh hudng
ctia nong do TiO, lén hoat tinh xtc tac quang hda.
K&t qué trong hinh 2¢ cho thay, hiéu suat x ly MB
tang ro rét khi tang nong do TiO, tir 5 g/l (50,5%) 1&én
10 g/l (72,3%). Tuy nhién, néu ti€p tuc tang néng
dé TiO, 1én 20 va 30 g/I thi hiéu suat xr ly MB lai
giam. Rat c6 thé khi néng dé dung dich TiO, qua
cao, s6 lugng céc phan tl TiO, bam dinh 1&n Iame
thdy tinh sé tang, nhung chung lai che khuét 1an
nhau, can tr6 anh sang dén céac phan ti TiO, bén
trong, tU do lam gidm hoat tinh xdc tac quang hoéa.
Nhu vay, néng do TiO, t6i uu la 10 g/l dugc chon
cho cac khao sat ké tiép.

Sau khi dugc ngam trong dung dich huyén phu
TiO, 10 g/l trong 15 phut, cac mau lame phu TiO,
ducc dé kho tu nhién ngoai khong khi hoac du’dc
sdy & 100°C lan lugt trong 30, 60 va 120 phut. Két
qua khao sat (hinh 2d) cho thay, khi sdy & nhiét do
100°C, thdgi gian 30 phut, hiéu suat xi ly (71,8%)
cao hon so vé6i dé kho ty nhién (68,4%). Tuy nhién,
khi tdng thoi gian sdy 1én 60 phat va 120 phut,
kich thudc cac hat TiO, dudng nhu tang Ién, che
lan nhau, dan dén kha nang ti€p nhan anh sang
bi gidm, tU do hiéu suat xt ly MB gidm dan. Ngoai
ra, mac du khi sy G nhiét dé 30 phut, hiéu suat
xU ly khédng chénh Iéch quéa nhiéu so véi dé kho tu
nhién, nhung thdi gian dé khé ty nhién thudng dai
(hon 2 gid) trudc khi dugc dua vao su dung. Vi vay,
thai gian sdy 30 phut dugc chon dé t6i uu héa san
pham.

Tom lai, dé t6i uu héa kha nang xU ly quang héa
MB cua TiO,/lame thly tinh, cac diéu kién téng hop
dudc lya chon lan lugt la: thai gian khé keo 15 phut,
thdi gian ngam trong huyén phu TiO, 15 phut, néng
dé huyén phu TiO, 10 g/l va thdi gian say la 30
phut.

Nghién cuu cac yéu té anh hudng trong qua
trinh khao sat hoat tinh quang xuc tac

Trong phan nghién ctiu nay, cac mau TiO,/lame
dudc diéu ché trong céac diéu kién tdi uu nhu da néu
& trén sé dugc st dung dé khao sat cac yéu t6 anh
hudng trong qua trinh khdo sat hoat tinh nhu: loai
anh sang kich thich, thgi gian xi ly t6i uu va dé bén
cla xuc tac. Cac khao sat nay van dugc ti€n hanh
véi 250 ml dung dich MB 4 ppm, s dung 2 lame
phl TiO,, két qua dugdc trinh bay trong hinh 3.
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Hinh 3: cac yéu t6 dnh hudng trong qua trinh khdo sat

Dudi hai loai anh sang kich thich khac nhau (UVA
va kha ki€n), két qua khao sat phan hdy MB (hinh
3a) cho thay, sau 2 gid x0 ly, dén UVA cho hiéu suat
chuyén héa MB cao hon han (71,5%) so véi dén Vis
(20,2%). Di€u nay khong kho gidi thich vi dén UVA
cho budc séng anh sang thich hgp hon (315-380
nm) dé kich thich TiO, tao ra cac cap electron - 16
tréng quang sinh, dé tu’ do sinh ra cac géc ty do nhu
OH?* (c6 kha nang phan hiy MB) t6t hon han so vdi
budc séng clia dén Vis (380-740 nm). Vi vay, dén
UVA 16 ra thich hgp cho loai vat liéu xic tac quang
hoéa TiO,/lame thay tinh.

Khi tang thdi gian chiéu sang dudi buc xa UV,
hiéu sudt chuyén héa MB tang lién tuc va dat gia tri
98,9% sau 4 gid (hinh 3b). Ti€p tuc ting thdi gian
xU ly 1én 5 gid, hiéu suét chi ting nhe (99,4%). Nhu
vay, mac du 5 gid chi€u sang cho hiéu suét cao hon,
nhung 4 gid chi€u sang to ra thich hgp cho céac ting
dung thyc tién vi thdi gian x{ Iy ngdn hon hidn ma
hiéu sudt chénh léch khéong dang ké.

Cac mau xuc tac sau khi dudc khao sat hoat tinh
sé dudc thu hoi, rlia sach va tai st dung cho cac lan
khao sat ti€p theo. Dua vao két qua trong hinh 3¢ c6
thé thdy, hiéu sudt x{ ly ludn duy tri trén 90% qua
5 1an x0 ly. C6 thé két luan réng, hé xuc tac TiO, ¢
dinh trén lame thuy tinh b&ng silicone 112 ¢4 dd bén
cao va kha nang kinh té& khi cé thé sl dung va tai st
dung dén 5 lan. Tuy vao diéu kién nudc thai va yéu
cau x{ ly, TiO,/thdy tinh c6 thé dugc xem xét dé tai
s dung dén lan thi 6 hay thi 7, hodc nhiéu hon.
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Két luan
5

TiO, Merck dugc c6 dinh trén nén thiy tinh bang
chat két dinh silicone cho thdy khong chi cé do két
dinh TiO, t6t ma con thé hién hoat tinh quang héa
x0 ly hiéu qua MB dudi bic xa UV. Duéi nhiing diéu
kién téng hdp bao gém thai gian khé keo 15 phut,
thdi gian ngam 15 phat, ndng do dung dich huyén
phu TiO, 10 g/l va thdi gian say 30 phut, TiO,/thly
tinh c6 kh& nang x{ ly trén 98% MB dudi anh sang
kich thich UVA sau 4 gig, va duy tri hiéu suat xi ly
trén 90% sau 5 lan st dung. Day la nhiing két qua
nén tang ban dau, cho phép chung téi tiép tuc tién
hanh nhiing nghién ctu st dung TiO, c¢6 dinh trén
nén thly tinh nham dua vao ap dung trong thuc té
trong tuong lai &
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