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ABSTRACT

[IComposite TiO,/Carbon nanol] based photocatalysts are being investigated abundantly in
the world because of their high photoactivity and their capacity in absorbing almost of sunlls
irradiation. By absorbing a photon, these catalysts can promote the total oxidation of organic
compounds to CO,, H,0 products. However, researches about this [1lcompositel] are just for a
the powder catalysts applications in a batch reactor. Their uses in the continuous system seem
impossible. In Vietnam, these catalysts are completely untouched. Therefore, our researches are
now foccused onto the new photocatalysts based on [lcomposite TiO, commercial, sol-gel/carbon
nanol’l with macroscopic shaping. This new type of catalyst allows amplifying the photoactivity
and reducing the cost. These catalysts were successfully applied in our laboratory for continuous
systems to degradate organic compounds in waste water.

Keywords: Photocatalyst, carbon nanotube, carbon nanofiber, sol-gel, methylene blue.

I- DAT VAN BE

Trong nhitng nam gan day, titan dioxit
(TiO,) dugc st dung nhu mot xic tdc quang hoa
dé xir Iy 6 nhiém moi trudng, dac biét 1a dé loai
cac hgp chat doc hai trong nudce thai [1, 2]. He
thong TiO,/UV duoc dau tu nhiéu trong céc qué
trinh ¢6 sy ¢ mat cia xidc tdc quang héa [3].
Tuy nhién, chi ¢6 nhitng bic xa tir ngoai ting véi
cac photon cé nang luong 16n hon 3,2 eV (nang
lugng band-cdm cua TiO,) duoc hap thu va tao
ra hiéu qua quang héa. Phan biic xa tr ngoai nay
chi chi€ém khoang 4% biic xa mat troi [4]. Do
do6, cdc hudng nghién ctu vé tang kha nang
quang hoéa cta TiO, trong vung dnh sing kha
kién duoc phét trién rat nhiéu dé st dung cé
hiéu qua hon dac tinh quang héa loai vat liéu
nay.

Trong nhiing nghién ctu gan day, ngudi ta
dac biét chu trong dén viéc ap dung cic dang
cacbon nano 6ng (CNT) va cacbon nano sgi
(CNF) nho vao cac dac tinh wu viét cta né: kha
nang dan dién rat tot, dudng kinh c6 kich thudc
nano, d6 hap phu cao va do den tuyét doi [5].
Vat liéu CNT-CNF tao dugc hiéu ting hiép dong
rat tich cuc véi TiO,, dan dén viéc hinh thanh
mot hé thong xuc tdc ¢6 hoat tinh quang héa rat
manh ngay trén bé mat [6].

Tuy nhién, hién nay cac loai xuic tic quang
héa trén co s& compozit TiO,/CNT da va dang
dugc nghién citu nhiéu nhung chi ding lai &
viéc khao sit trén hé thong phan tng gian doan.
Xiic tdc duogc téng hop du6i dang bot gay khé
khan cho viéc tng dung vao thuc t€ vi ton chi
phi cao cho hé thong loc xic tac [7]. Hon nita,
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phuong phdp phd bién hién nay dé dua TiO, lén
CNT la phuong phdp sol-gel di tir cdc tién chat
cta alkoxit titan. Gid thanh cta alkoxit titan rat
cao, cong thém cdc diéu kién khic nghiét khi
nung thiéu két & nhiét do cao khi c6 mat cla
carbon dé€ tao pha anatase (pha tinh thé hoat tinh
quang héa nhat ctia TiO,) khién cho gia thanh
xuc tdc tang 1én rat nhiéu.

V6i nhiing 1i do nhu trén, nghién ctu cta
ching t6i huéng dén viéc téng hop ra loai xtc
tic quang héa méi & dang compozit cua TiO, va
nano cacbon (cacbon nano 0Ong nhi¢u 16p
MWNT va cacbon nano sgi CNF) mang trén vat
liéu c6 cdu tric. Loai xdc tdc mdi cta chdng toi
¢6 hoat tinh tang cuong nhi€u 1an so vdéi céc loai
da timg dugc cong bo, dong thoi gid thanh giam
ddng ké nho viéc tan dung hoat tinh cao cta pha
anatase TiO, thuong mai c6 trong thanh phan
xtic tdc. Viéc kiém tra hoat tinh quang héa clia
xlic tdc duoc thuc hién biang phan tng phan hiy
metylen xanh duéi bic xa 4nh sdng mat troi
trong hé thong thiét bi phan tng gidn doan va
lién tuc.

II — THUC NGHIEM

1. Tong hop xiic tac

Xic tdc duoc téng hop vé6i 3 hop phan: TiO,
thuong mai, TiO, sol-gel va cacbon nano 6ng da
I6p (MWNT) hodc cacbon nano sgi (CNF).
TiO, sol-gel duoc téng hop biang phuong phdp
sol-gel tur tién chit Ti(OC,H,);. MWNT va CNF
duoc téng hop theo phuong phdp ling dong hoi
héa chat (CVD) véi su st dung xdc tac Fe va Ni
twong ting. CNF dugc phat trién va dinh hinh
trén cac tam dém (felt) cacbon. Pay la cic san
pham thu dugc tlr cdc cong trinh nghién ctu vé
cacbon nano cua Tién si Nguyén Dinh Lam,
Truong DPHBK, Dai hoc Pa Nang. Hinh 1 mo ta
hinh anh bén ngoai va cau tric cua CNF sau khi
dugc phat trién va dinh hinh trén dém cacbon
thu dugc tir kinh hién vi dién tir quét (SEM).
TiO, thuong mai (99% dang anatase, kich thuéc
hat trung binh 1a 1,7 micromet) tir tap doan
SENSIENT dugc st dung truc ti€p, khong chiu
bat ky mot qua trinh xu 1y ti€p theo nao.

Hinh I: Anh bén ngoai va cu tric cia CNF sau khi phit trién trén dém cacbon thu duoc tir
kinh hién vi dién tir quét (SEM)

Chung to6i da ti€én hanh téng hop xiic tdc
quang héa trén co s& TiO,, véi tén goi
micronanocompozit, bang cich “ddn” TiO,
thuong mai cé kich thuéc trung binh 1,7
micromet (TiO, TM) 1én MWNT va CNF (sau
khi phét trién trén dém cacbon) thong qua 16p
TiO, sol-gel cling c6 chiéu day c¢& nano. Tén goi
cho cdc loai xic tic TiO, (TM)/TiO, (sol-gel)
trén vat liecu MWNT va CNF tuong ung la
micronano compozit 1 va micronanocompozit 2
V6i céc ty 1é khai lugng nhu sau:
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Xic tic micronanocompozit 1: TiO,(TM)/
TiO, sol-gel/MWNT = 1/0,25/0,05.

Xic tac micronanocompozit 2: TiO,(TM)/
TiO, sol-gel/CNF = 0,8/0,2/0,7.

Trong ca hai loai xuc tic nay, pha anatase
cta TiO, thuong mai dugc st dung véi vai tro 1a
pha quang hoat chinh trong xdc tac cla ching
toi. Piéu nay 1am giam ddng ké gid thanh xic
tdc “composit” va hoat tinh tang manh sau khi
nung & 350°C.



2. Phan tich danh gia hoat tinh xiic tac

Hoat tinh quang héa cta xdc tac dugc danh
gia dua trén kha nang phan huy cdc hgp chat
hitu co dudi tic dung cua bic xa dnh sang.
Chdt phadn ting

Trong nghién cttu nay, ching t6i danh gia
hoat tinh qua kha nang phan huy Methylen

xanh. Cédc thong tin cla metylen xanh (MB)
dugc trinh bay trong bang 1.

Bdng 1: Mot s6 thong sd cia metylen xanh

Cong thic C,cH5CIN,;S
o ‘ N\ R
Cau tric e
C‘H3 B C‘H3
Cl
Do hoa tan trong
. 50

nudc, g/l
Mau Xanh da troi
Buéc song hflp thu 650
cuc dai (cm™)

Metylen xanh dang bot ban dau dugc pha
vao nudc cat theo cdc nong do cho trude (50,
100 va 200 mg/l). Dung dich H,SO, va NaOH
lodng dugc st dung dé diéu chinh pH cua
nguyén liéu phan ting ban dau.

Nguon sdng

Ching toi st dung 2 nguén biic xa dnh sang
khac nhau: dén cao dp hoi thiy ngan (Osram
250 W) - cuong do sdng tai vi tri trén bé mat
ong phan tng 1a 57 klux tuong duong véi 83,4
W/m? va 4nh sdng mat troi duoc dung tir 10 h
dén 15 h hing ngay, cudng do sang trung binh
tai bé mat ong phan tng 1a 78 klux tuong duong
v6i 114,2 W/m®.

Thiét bi phdn ting (TBPU)

Trong hé théng phan tng gidn doan, ching
toi st dung TBPU hinh tru bang thay tinh,
duong kinh 100 mm, dung tich 300 ml. H¢
thong TBPU lién tuc duoc thiét k& va ché tao tai
phong thi nghiém Loc héa dau, truong Pai hoc
Biach khoa, Dai hoc Pa Nang, gom cic ong thuy

tinh c6 dudng kinh 6 mm, bé day thanh 6ng 0,4
mm; duogc bo tri & gitta hé thdng cdc tdm kinh
phan quang (hinh 2). Luu lugng xt 1y qua
TBPU duogc diéu khién bang van.

Hinh 2: Heé thong thiét bi phan tng
(a): Dudi dén cao dp hoi thuy ngan
(b): duéi anh sang mat troi

3. Qui trinh phan ing va phan tich mau
a) Hé thong phdn iing gidn doan

Mot luong xuc tac twong duong 0,2 g TiO,
dugc cho vao TBPU (TiO, TM, TiO, sol-gel,
TiO, sol-gel/CNT va micronanocompozit 1, sau
d6 thém 100 ml dung dich MB 200 mg/1 da diéu
chinh pH = 3. Hén hgp dugc khudy tur trong
béng t6i trong 1 h dé qud trinh hap phu dat can
bang. Miu ddu tién dugc lay ra dé xdc dinh
noéng do MB ban dau truéc khi phan tng. Sau d6
hon hop huyén phi dugc chiéu sdng biang den
cao 4ap thlily ngan va khudy tir lién tuc véi tc do
khong déi. Mau dugc 14y ra theo chu ki trong
sudt thoi gian phan dng. Sau khi ly tam tach xic
tdc, nong do MB trong mau dugc xdc dinh bang
do hap thu quang trén may UV-Vis JENWAY
6305) & budc séng 650 nm va xac dinh chi s6
COD theo ASTM D1252 tai Trung tdm ung
dung Tién bo Khoa hoc va Cong nghé, S& Khoa
hoc va Cong nghé Da Ning.

b) Hé thong phdn ting lién tuc

Mot luong xuc tac twong duong 0,7 g TiO,
(micronanocompozit 2 va TiO, TM-TiO, sol-
gel—cacbon hoat tinh) dugc cho vao TBPU
dang 6ng va lap vao hé thong. Dung dich MB
nong do 50 mg/l di dugc diéu chinh pH = 3
duoc cho chay qua hé thong thiét bi phan tng
v6i luu lugng duge khong ché. Toan bo cac dng
phan tng duoc chi€u sdang bang dén hodc anh
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sdng mat trdi. Qud trinh phan tich mau dugc
thuc hién tuong tu d6i v4i hé théng phan tng
gidn doan.

III - KET QUA VA THAO LUAN

1. Cau tric micronanocompozit 1

Cic anh TEM  cha  xdc  tic
micronanocompozit 1 thu dugc trén hinh 3
ching minh d6 bén co hoc cao hé xtc tdc phic
hop nay sau khi bi phan tdn trong dung moi dudi

TiO: TM

PI 2357 80.0KV  X86K 106nm

b) Phdn hity metylen xanh dudi tdc dung cua
xiic tdc quang héa trén hé théng phdn iing
gidn doan

Quan hé giita do chuyén hoéa va thoi gian
phan tng trén cdc chat xtc tdc khac nhau dugc
thé hién trén hinh 4. Két qua cho thdy ring do
chuyén héa cua TiO, sol-gel thap hon TiO,
thuong mai (TiO, TM) do kha nang hap phu
kém cua né [17]. VGi mau TiO,/CNT, giai doan
dau CNT hép phu manh MB nén lam giam manh
nong do6 MB trong dung dich, tuy nhién khi
chiéu sang thi nong do MB giam cham. Do
chuyén héa cua xtic tdic micronanocompozit 1
16n hon TiO, TM khoang 10%, va dat 98% sau
3h chiéu sdng. Diéu nay chiing minh su ton tai
cta hiéu tng hiép dong giita cacbon nano va
TiO,.

Mot lugng xtc tdc khac tuong duong 0,2 g
TiO, va 100 ml dung dich MB 50 mg/1 (da duoc
khong ché pH = 3 bang dung dich H,SO, 0,5 M)
duoc cho vao TBPU'. Hén hop sau dé duoc dudi
hét khong khi bang CO, va day kin bang nilon
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tac dung cua vi song cuong do cao. Hoan toan
khong c6 6ng nano cacbon nao nam riéng 1& cho
thdy toan bo cdc 6ng nano cacbon dugc “dan”
rét tot trén bé mat hat TiO, thuong mai bang 16p
TiO, sol-gel. Tai méi vi tri ¢6 nano cacbon déu
¢6 TiO, sol-gel (vi tri ¢c6 mau den dam trén anh),
va bé day 16p sol-gel c6 kich thudc rat nhd, chua
dén 50 nm. Diéu nay cho thdy phuong phap
téng hop xtc tac cha chiing toi rat kha thi va
nho d6é hoat tinh xidc tac rat cao da dugc thuc
nghiém ching minh khi khao sat phan dng phan
hty MB dudi tdc dung ctia 4nh séng.

" TiO, sol-gel

f|2360 80.0KV 3 X38K Z@Gna

Hinh 3: Anh thu duoc tir kinh hién vi dién tir truyén qua (TEM) mo ta c4u tric cia
micronanocompozit 1

trong sudt. Hon hop huyén phit duoc khudy
trong bong t6i trong 1 h, sau d6 duoc chiéu sang
bang dén cao dp thuy ngéan trong 1 h. Mau dung
dich sau d6 duoc ly tam tdch xic tdc va phan
tich COD. Két qua dugc thé hién trén hinh 5.
Két qua cho thdy mau micronanocompozit 1 ¢
kha nang phan hiy triet d€ hon TiO, thuong
mai. Sau 1h chiéu sdng thi hau nhu tat ca cac
hop chat hitu co bi oxi héa hoan toan tao CO, va
H,0O. Cén phai chd y rang: & diéu kién thudng
(25°C — 1 atm), luong oxi hoa tan trong nudc
bdo hoa & 9 mg/l [10]. Nhu vay c6 thé khang
dinh rdng cdc nguyén tir hidro va oxi hoat tinh
sinh ra trén bé mat xdc tac tir qud trinh quang
dién phan nuéc déng vai tro chinh trong viéc
khtr va oxi héa cac hgp chat hitu co.

Vi céu triic cta loai TiO, nano téng hop bang
phuong phép sol-gel, dugc kich thich bang kim
loai trén bé mat, band-cAm tuong Gng vGi chénh
léch miic nang lugng gitta ving dan va viing héa
tri phai 16n hon hiéu dién thé dién phan H,0, 1,23
eV, phu hgp véi thé clia qua trinh dién phan H,0O



tao H, va O, E¢ > Ewoms Ev < Eopppo [11]. Tuy
nhién, qud trinh dién phan H,O bi han ché rat
nhi€u do qud trinh kich thich chi dat dugc véi
photon ¢6 nang lugng trong khoang 1,6 — 1,9 eV
[11], qué trinh tdi hop gilta € va h* dién ra nhanh
va hai qué trinh khir-oxi héa dién ra dong thoi tai
bé mat TiO,. Véi cau tric cha loai “micro nano
composit 17, qua trinh quang dién phan H,O cé
thé duoc kich thich bdi hau hét cdc loai bic xa
trong vung ti ngoai va kha kién, toc do tai hop cia
e va h* gidm di dang ké va qua trinh oxi héa-khir
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Hinh 4: Do chuyén héa clia metylen xanh theo
thoi gian
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Hinh 6: Anh thu duogc tr kinh hién vi dién tr
truyén qua (TEM) mo ta su phét trién ctia CNF
trén cac tam xuc tdc nano Ni [12]

xay ra tai nguyén t kim loai trén cacbon nano
(Fe, trong truong hop MWNT, Ni trong truong
hgp MWNF) va tai bé mat TiO,, dac biét 1a trong
nhitng dung dich c¢6 néng do thap (do chuyén héa
cao). Phan tich két qua thu dugc trén xidc tic
micronanocompozit 2 ciing cho két qua tuong tu,
tuy nhién trén CNF hiéu qua quang dién phan cao
hon do cdc tAm kim loai ton tai & dinh cla soi
nano carbon nhu da dugc chiing minh trén cac anh
thu duoc tir kinh hién vi dién tl truyén qua (TEM,
hinh 6) va quét (SEM, hinh 7).
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Hinh 5: Gia tri COD cua dung dich trude va
sau lh chiéu sang
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Hinh 7: Anh thu dugc & ché do compo cuta kinh
hién vi dién tir quét (SEM) vat lieu CNF tong
hop trén xtc tdc 1% Ni/dém cacbon, chiing minh
céc tam xuc tac Ni bi ddy ra khoi bé mit chat
mang trong qua trinh phét trién CNF
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Tir cac két qua thuc nghiém trén, ching toi
dé xuat co ché€ hoat dong cia xidc tdc “micro
nano compozit” nhu sau: Khi dugc chi€u sing,
cacbon nano s€ 1a tam hip thu dnh sang manh,
nho vao diac tinh nhay sdng va quang ban dan
ctia vat liéu cacbon nano, ngay lap tic, electron
quang dan dugc sinh ra tai TiO, thuong mai (va
ca TiO, sol-gel) di chuyén tir ving din (CB),
qua 16p TiO, sol-gel va dén cdc tam Ni (1) trén
soi cacbon nano. Tai vliing héa tri (VB) cua TiO,
hinh thanh 16 tréng quang dan (2). Cic electron
tai Ni thuc hién qua trinh tao Hydro nguyén ta
tr H,O (3), nguoc lai, cac 16 trong trén TiO,
thuc hién qud trinh tao oxi nguyén ti O ciling tir
H,O 4).

Ni/MWNT/TiO, + hv —>
Ni/MWNT*/TiO, (1)

hv MWNT

Tio; thweng mai
vB

Ni/MWNT'/TiO, —
Ni/MWNT/TiO,* )

2Ni/MWNT/TIO," + Hy0 gy sy —>
2Ni/MWNT/TIO," + 2H° + 20H  (3)

2Ni/MWNT/TIO," + H;0 iy sy —
2Ni/MWNT/TIO, + O° + 2H" (4)

Oxi nguyén tr va hydro méi sinh nay véi
hoat tinh rat manh s& thuc hién cdac qua trinh oxi
héa va khir cdc chét hitu co bi hap phu trén bé
mat xtc tdc. Cic qud trinh nay ¢ thé dugc mo
ta trén hinh 8. Theo co ché nay, bé day 16p TiO,
sol-gel anh hudng rit 16n dén kha nang chuyén
electron, bé day cang nhd thi hiéu qua chuyén
cang cao. Diéu nay dugc khang dinh rd rang khi
chung t6i ti€n hanh so sanh hoat tinh cua 2 loai
“composit” trén co s& CNF va cacbon hoat tinh
trén hé thong lién tuc, dugc trinh bay & phan
ti€p theo.

Kher Chét oxi héa

Oxi héa Chét kher

Hinh 8: Co ch& hoat dong ctia micro nano compozit

b) Phdn hity metylen xanh dudi tdc dung cua xiic tdc quang héa trén hé thong phdn ting lién tuc

Trén hé thong nay, thoi gian luu dé dat do chuyén héa MB 100% la 21 phit va 24 phiit
tuong ting véi trudng hop chi€u bing dnh sang mat trdi va chi€u dén cao dp thily ngan. Quan hé giita
thoi gian Iuu va do chuyén hoa duoc thé hién trén hinh 9.

100
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3] .
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‘TE‘\ -m-Bén cao dp Hg
3
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<.
Q[
75
Thoi gian luu, phiit
70 T T T
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25,00

Hinh 9: Do chuyén hoa dudi den va dnh sdng
mat troi theo thoi gian luu
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Hinh 10: Do chuyén hoa theo thoi gian hoat dong

clia xuc tac “composit TiO, (TM)-SG / CA”



Mot luong xuc tac compozit TiO, (TM)—
SG—-cacbon hoat tinh (CA) v6i phuong phéap
téng hop tuong tu duoc thir hoat tinh déng thoi
dé so sanh. Két qua cho thdy méu xic tdc trén
CA cho hiéu qua quang hoéa rat thap, do bén co
hoc kém va giam hoat tinh nhanh chéng (hinh
10). C6 thé giai thich 1a do bé day cua 16p TiO,
sol-gel rat nho nho phan bd déu hon trén bé mat
CNF kich thuéc nano so véi trén CA c¢6 kich
thuGc hat 16n, khoang vai chuc dén vai tram
micromet. Su so sdnh ndy c6 thé duoc st dung
dé minh chiing kha nang quang d4n va hiéu tng
synergic cua CNF trong hé xic tdc “micro nano
composit 2”.

a3

Dé danh gia do bén clia xiic tdc, ching toi
da cho hé thong hoat dong & thoi gian luu c6
dinh 24 phit va 148y mau phan tich dinh ky. Khi
do chuyén héa giam xuéng con 95%, ching toi
s€ tién hanh tdi sinh xvc tac, roi tién hanh tdi st
dung xdc tdc. Xdc tdc dugc tai sinh chi bang
cach cho chiéu sang dudi dong nudc cit chay
lién tuc trong 20h. Su thay déi do chuyén héa
theo thoi gian st dung va s6 1an tédi sinh dugc
thé hién trén hinh 11. Nguyén nhan cla su gidm
hoat tinh xtc tac c6 thé duoc gidi thich do cac
san phdm trung gian sinh ra trong qué trinh
phan tng bi hap phu 1én tam xdc téc, c¢6 thé 1a
cdc hop chat chita N, S[J va cdc chat khoang
(Na*, CI,, SO,*[) [13 - 16].

80 65 7O 75 80 85 90 95

100 105 110 115 120 125 130 135 140 145 150 155 180 165 170 175 1380 185

Hinh 11: Do chuyén héa theo thoi gian hoat dong ctia xiic téc
Composit N21 TiO, TM-SG/MWNF

Hoat tinh cua xuc tidc duoc phuc hoi sau moi
lan t4i sinh c6 thé dugc giai thich nhd vao viéc
phan huy hoan toan cdc hgp chat hitu co trung
gian bang oxi va hydro nguyén tir trong qud
trinh quang dién phan nudc. Két qua cho thiy
trong 1an st dung dau tién, hoat tinh xdc tdc rat
6n dinh, do chuyén héa dat 100% trong vong 80
h st dung, sau mdi lan tdi sinh, do 6n dinh cia
Xdc tac ¢6 giam nhung van bao dam su lam viéc
v6i do chuyén héa 100% trong mot thoi gian
dai.

IV - KET LUAN

V6i nghién ctu nay, ching t6i da tao ra duoc
mot loai xdc tdc quang héa hoan toan mdi, trén
co s& t6 hop cdc vat liéu kich thudc micro va
nanomet, dugc mang lén vat liéu cé céu tric.

Hoat tinh quang héa clia xic tdc manh va c6 thé
hoat dong 6n dinh trong thoi gian dai. Dac biét,
hé xic tac nay c6 thé dugc ting dung trong hé
thong xr Ii nu6e thai lién tuc dé xir Iy cdc chat 6
nhiém hitu co dudi tic dung ctia dnh sdng mat
troi. Chi phi san xudt xdc tdc tinh cho 1 gam
TiO, dugc giam di ding ké do sir dung dugc cac
loai TiO, thuong mai v6i pha anatase trong
thanh phan va giam dugc luong TiO, sol-gel.
Can phai chud y ring: chi phi dé san xuat TiO,
sol-gel rat 16n bai gid cta alkoxide titan cao va
chi phi van hanh 10 nung dé tao dang anatase rat
16n, do can nhiét do nung cao (400 — 500°C) va
moi trudng khi tro hodc chan khong dé tranh dot
chdy carbon nano. Khi van hanh trén hé thong
nghién cttu trong phong thi nghiém cta chdng
toi, két qua xu i rat t6t va chi phi van hanh rat
nho, gan nhu bang “0” khi st dung nang lugng
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mat troi. Két qua ddy tiém nang cla nghién ctu
nay c6 thé dugc ing dung rong rai cho hé thong
cong nghiép trong viéc phan hiy cac hop chat
hitu co c6 trong nudc thai ma cac phuong phap
truyén thong khong thé thuc hién duoc.
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