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ABSTRACT

The photocatalytic degradation of TNR in a circular photocatalytic reactor, using a UV lamp
as a light source and TiO, as a photocatalyst, was investigated. The effects of various parameters
such as the initial TNR concentration, and the initial pH on the TNR degradation rate of TiO,
photocatalysis were examined. In the presence of both UV light illumination and TiO, catalyst,
TNR was more effectively degraded than with either UV or TiO, alone. The reaction rate was
found to obey pseudo first-order kinetics represented by the Langmuirl1Hinshelwood model. In
the mineralization study, TNR (30 mg/l) photocatalytic degradation resulted in an approximately
79% TOC decrease after 60 min, and were further degraded. NO;, NO,, and NH*, were
detected as the nitrogen byproducts from photocatalysis and photolysis, and more than 50% of
the total nitrogen was converted mainly to NOj in the photocatalysis. However, NO; did not
adsorbed on the TiO, surface. TNR showed higher photocatalytic degradation efficiency at

neutral and acide pH.

I- MG PAU

Hién nay cac phan tng quang xuc tic su
dung TiO, & dang nano dang dugc quan tam st
dung rong rdi xt 1y cdc chat thai hitu co moi
trudng nudc, khong khi va diét khuan [1 - 6].
Tuy vay, viéc nghién ciiu ung dung cac phan
ting nay dé xir 1y céc chat thai Quéc phong néi
chung va axit Styphnic (TNR) néi riéng con
chua dugc cong bo.

Mot trong nhitng 1y do dé cdc nha khoa hoc
chi y dén cdc phan tng quang xic tic cua TiO,
la kha nang khoéng héa triét dé & mic do khac
nhau mot s chat hitu co béo va thom dudi diéu
kién thich hop. Khi TiO, dugc chiéu bic xa ¢
nang lugng viing cam, dién tir quang sinh & viing
dan(ecp) va céc 16 trong quang sinh & ving hda
tri (h*yp) duoc tao ra theo so do.

TiO,+hv — h,, +e,, (1)
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Cac phan tr mang dién tich c6 thé tai két
hop hodc 1a céc 16 trong quang sinh c6 kha ning
oxi héa mot s6 chat (vi du H,O, OH’) va cac
dién tr quang sinh c6 kha nang khir mot s chat
(vi du O,) trong dung dich va tao ra cdc goc tu
do:

hy, +H,0 - HO" +H" (2)
hi, +OH™ — HO" 3)
ey +0,-°0; “4)

Goc hydroxyl 1a tac nhan oxi héa manh c6
thé phan hay hau hét cdc chat 6 nhiém hitu co
dic biét 1a cac hop chat phénol hoac dan xuét
cta chung.

Trong bai bdo nay chdng t6i trinh bay két
qua khao sat qua trinh phan hity TNR mot dang
hop chat nitrophenol bing phan tng quang xtc
tdc TiO,. Khdo sét anh hudng clia nong do TNR



ban dau, pH dung dich va sy hdp phu TNR trén
TiO, dé lua chon diéu kién xir 1y t6i uu. Trén co
s& xdc dinh tdng cacbon hitu co va c4c san phdm
phan hily TNR s& dé xuédt co ché phan tng
quang xic tac phan hily TNR.

II - VAT LIEU VA PHUGNG PHAP
NGHIEN COU

1. Hoa chat

- Dé nghién citu da st dung TNR ¢6 do sach
héa hoc (Trung Qudc). Trude khi st dung TNR
dugc lam kho trong hé kin cé silicagen trong
thoi gian 24 gio. Dung dich chita 100 mg/l TNR
dugc diéu ché€ bang cdch can 100 mg TNR va
hoa tan trong nudc cét, khudy va dun nhe vi do
hoa tan ctia TNR thép.

- TiO, 1a bot Degusa P-25A (cua hang
Degusa Chemical Co) c6 thanh phéin tinh thé
anatas/rutil 1a 70/30, c¢6 dién tich bé mit
50 m?/g, dudng kinh trung binh hat 1a 30 nm.

2. Hé phan iing quang

T4t ca cdc phan ung phan hiy quang va
quang xuc tic duoc tién hanh trong hé phan tng
tudn hoan, dugc trinh bay trong hinh 1.

Got phén ing quang
iheon ann

MAT CAT NGANG
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SO DGHE PHAN UNG QUANG XUC TAC TUAN HOAN
Hinh I: So d6 hé théng phan ing quang xudc tac

Hé phéan ting gébm 1 binh chia dugc kiém
sodt nhiét do, bom dinh Iuong dé tuan hoan
dung dich, 1 buéng phan ting dugc néi ti€p bing
6ng mém. Binh chiia c6 dung tich 1 lit, dung
dich dugc khudy lién tuc trong qud trinh thi
nghiém béing mdy khudy tir. Dung dich duoc
tudn hoan xung quanh dén UV nhd mdy bom
dinh lugng t6c¢ do 750 ml/phiit. Buéng phan tng
gébm 1 dén UV cong xudt 15 W budc séng
khoéng 254 nm ndm giita cOt phin (ng phan

céch bang o6ng thach anh bao quanh dén, ngoai
budng phan ting dugc boc bing 6ng inox dé biic
xa UV khong lot ra ngoai. 1 may khudy tir
300 vong/phit dé khudy dung dich trong qué
trinh phan tng.

3. Phuong phap l4y mau va phan tich

Téat ca cdc mau chat 16ng duoc duge dua vao
ong nghiém dé quay li tam v6i muc dich loai bd
hat TiO, truGc khi phan tich. Phan nuéc loc duge
stt dung dé phan tich nong do TNR, TOC va cac
san pham phu nito. Nong d6 TNR duoc xdc dinh
trén thiét bi sic ky 16ng hiéu niang cao sut dung
Detecter kh6i phé (ky hiéu LC Varian 320-MS),
pha dong Ia hén hop metanol/dung dich
CH,COONH, 2 mM (88/12), t6c do dong 1
ml/phit. Cot XRS-5 Cy5 (15 cm, 4,6 mm va hat
5 um).

Thong s6 TOC duoc xac dinh trén thiét bi
TOC - analyzer (TOC-Vg) ctia hang Shimadzu.
NO, NO7, va NH, dugc phan tich bing mdy sac
ky ion.

11 - KET QUA VA THAO LUAN

1. Anh huéng cia nong do TNR

Anh hudng néng do ban ddu ctia TNR t6i
toc do phan hlly quang xuc tic da duoc khao sat
trong khoang tir 10 dén 100 mg/1 va két qua thuc
nghiém dugc trinh bay trén hinh 2. Tur hinh 2
cho thdly, toc do phan huy TNR giam khi néng
do ban diu cua TNR tang. Két qua nay cho thay
phan tng quang xuc tic phan hiy TNR khong
phai tuan theo qui luat bac 1 don thuin ma la
gia bac 1.

Dé danh gia dic tinh dong hoc clia qud trinh
phan hily quang xic tic TNR véi xic tic 1a
TiO,, tir cdc liéu dau trén hinh 2, chon dit liéu
thuc nghiém & néng do6 dau TNR 30 mg/l (ndng
do dau TNR dugc st dung trong cac thi nghiém
khao sat) xay dung dudng cong dong hoc
(hinh 3).

Tinh bac phan tUng theo phuong phiap mot
dudng cong nhu sau:

Goi o, va o, 1a ti 1é ndong do chua phéan Gng
tai thoi diém t, va t, sao cho nong do C, va C,
ting v6i 2 thoi diém t, va t, thda man diéu kién
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Hinh 2: Anh hudng ctia néng do ddu dén hiéu
sudt phan hity TNR béng phan tng quang xtc
tac (diéu kién: TNR 30 mg/l; TiO, 1 g/l; pH =7,
den UV 15 W)

Ap dung vao duong cong dong hoc phan
hiy TNR bing bitc xa UV trong su c¢6 mat TiO,
nhu sau:

Chon t, = 10 phuit, o, = C,/C, = 17,7/30 =
0,59. Khi d6 a, = a,> = (0,59)* = 0,35 = C,/30,
suyraC,=10,5=t, =20.

20
lg| ——1
g(lo J

Bac phan ing n =1 120,35 1

Biéu thiic dong hoc Langmuir-Hinshelwood
da tung dugc dung cho qué trinh quang xuc tac
di thé dé mo td moi quan hé giita néng do ban
dau va téc do phan hay [1 - 4]. Theo mo6 hinh
nay, toc do phan tng phan hiy bé mat cia TNR
duogc biéu dién bang phuong trinh sau:

__d[TNR] _ o Ko [TNR]

W
dt “ 14 K, [TNR],

&)

O day [TNR] 1a nong do TNR & thoi diém t, k.
12 hing s6 toc do, K, 1a hiang s6 hap phu can
bing ca TNR trén TiO,, va [TNR], 12 néng do
ban ddu cta TNR. Nhu vay theo cong thiic (5),
qua trinh phan hiy quang xuc tdc TNR trong su
c6 mat TiO, biéu thi dong hoc bac 1 véi su lién
quan dén TNR nhu sau:
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Hinh 3: Buong cong dong hoc phan hiy quang
xtc tdic TNR

- d[TNIﬂ =k [TN Id =k¢ Ko

B .V S 6
dt 1+ K,,.[TNR,, [rvR©)

O day k,, la hang s6 bac 1 hap phu d6i véi su
oxyhoa TNR. Ldy tich phan biéu thic (6) ta
duoc két qua:

ln(%J =k, t %

Dua trén cong thic (7) va s6 liéu thuc
nghiém thu dugc da tinh toan hing s6 toc do
biéu kién k,, va thoi gian ban huy t,,, két qua
duoc trinh bay trén bang 1.

Bdng I: Anh huéng ctia néng do ban dau TNR

dén t6c do phan hily TNR
(diéu kién: TiO,=1 g/l, @&n UV 15 W)

opp | CTNR) | Ky | Wk || o
(mg/l) | (phit) | (phdt) |

1 10 [0,0802| 12,5 | 8,64 | 0,979

2 30 |0,0363| 27,5 | 19,09 | 0,980

3 50 |0,0147| 68,0 |47,14|0,986

4 100 |0,0088 | 113,6 | 78,75 | 0,997

Biéu thiic (7) ciing c6 c6 thé duoc biéu thi
béng cong thic:



11 +[TNR]0

= )
kbk kC KTNR kC

Biéu thiic (8) cling chi ra ring c¢6 quan hé
tuyén tinh giita 1/k,, va néng do TNR ban dau.
St dung phuong trinh (8), va nhitng gid tri cia
k,, & cdc nong do TNR ban dau khic nhau, 4p
dung phuong phép binh phuong t6i thiéu ta tinh
duogc gid tri hang s6 can bang hap phu (K, =

2,05 1/mg) va hang s6 téc do bé mat xuc tac (k.

= 0,864 mg/l.phiit), binh phuong sai s6 (R* =
0,987) tuong tng.

2. So sanh phan hiy TNR va TOC giita phan
hily quang va phan hiy quang xic tac

Dé khang dinh vai trd ctia TiO, trong phan
hiy quang xuc tac, ti€n hanh 3 loat thi nghiém
v6i diéu kién c6 xic tdc va khong cé xiic tic dé
s0 sdnh t6c do phan huy. Loat thit nhét dugc tién
hanh vé6i TNR (30 mg/l) va TiO, (1g/l) nhung
khong c6 bic xa UV. Loat thit 2 dugc tién hanh
vé6i buc xa UV nhung khong cé mat TiO,. Loat
tha 3 tién hanh véi su ¢6 mat cua TiO, va chiéu
buc xa UV. Két qua dugc trinh bay trén hinh 4.
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Hinh 4: So sanh su phan hiy TNR va su khodng
héa gilta quang héa va quang xuc tac
(diéu kién: TNR 30 mg/l; pH =7;
den UV 15 W, TiO,)

TruGe hét, khi chi ¢6 TiO, trong dung dich
TNR, khong chi€u biic xa UV, néng do6 TNR
giam khoang 10% do hdp phu trén TiO,. Tiép
theo két qua thi nghiém phan huy quang khong

¢6 mat TiO, trong dung dich hiéu suat phan hay
TNR dat 25% sau 60 phut. Trong khi d6 két qua
thi nghiém phéan tng quang xtc tac TiO, d6i véi
dung dich TNR c¢6 néng do tuong tu, TNR bi
phan hiy hoan toan sau 60 phit. Nhiéu nha
nghién ctu cho rang phan hily quang va quang
xUc tac trai qua cung 1 co ché phan ting, su khac
nhau 12 t6¢ do phan ung cua 2 qué trinh 1a néng
do goc hydroxyl [35, 6]. Do d6 c6 thé két luan
rdng su phan huy TNR trong qué trinh phan huy
quang va quang xic tdc do oxi héa TNR béng
goc hydroxyl.

Pé danh gid qué trinh khodng héa ngudi ta
thudng stt dung 3 déng vi 1a C'%, C" va C", viec
xdc dinh C'" thudng rat khé khan, do dé chiing
t6i tién hanh x4c dinh TOC dé ddnh gid qua
trinh khodng héa TNR trong phan hily quang va
quang xuc tac. Két qua duoc trinh bay & hinh 4.
Tur hinh 4 cho thdy ring hon 80% TNR dugc
khodng héa trong 60 phit trong phan hily quang
xtc tdc (hé TNR/UV/TiO,), trong khi d6 chi ¢
25% TNR dugc khodng héa khi phan hily quang
(hé¢ TNR/UV) trong 450 phiit. Su chuyén héa
thap ctia TOC trong phan hily quang c6 thé la do
su c6 mat clia cdc san phdm phu hitu co. Mat
khac tir s6 lieu TOC cho thay trong trudng hop
phan hay quang xtc tic da s6 TNR duogc
khoang hod.

3. Su tao thanh san pham phu chia nito

Vi TNR chita 3 nhém nitro (NO,) do dé cé
thé bi oxi hoa hoac bi khit. Sy hinh thanh cic
san pham phu chia nito da dugc phét hién & ca 2
qué trinh phan huy quang va phan hiy quang
xtic tdc, do d6 cin phéi x4c dinh do san phim
phu chia nito sinh ra trong sudt qua trinh phan
hlly quang va phan hlty quang xdc tac.

Su thay déi néng do cdc san phdm chita nito
sinh ra trong qud trinh quang xtc tic dugc trinh
bay trén hinh 5b va phan hily quang trén hinh
5a. Nong do TNR va nong do cdc san phdm phu
chita nito dugc biéu hién bang phan tram nito.

Hinh 5b cho thdy cic ion NO,, NO;,

NH dugc tao thanh 1a cdc san phdm phu chita
nito cta qué trinh phan hily quang xuc tac. Cac
san phim nay duoc tao thanh déng thoi vé6i su

giam nong do TNR. Nong do NO, ban dau
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tang sau d6 giam va nong d60 NO; dat dugc
cuc dai khi néng d0 NO, giam xudng bang
khong. Cu6i cing khoing 60% nito téng c6
trong TNR chuyén thanh NO; va khoang 10%

nito tong chuyén thanh NH; .

NOj 1a cau tir chiém uu th€ nhat trong 3
san phdm phu chia nito, diéu d6 cho thay oxi
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a

héa la phuong thic chinh trong quang phan xic
tic TNR. Hién tuogng nay c6 thé giai thich la
NO; dugce tach ra khoi phan tir TNR trong suot
phan ing quang xdc tdc va bi oxi héa mot céch
nhanh chéng thanh NO; bdi goc hydroxyl. Su
chuyén hod cia NO, thanh NO; do cdc goc

tu do hydroxyl cling da dugc cac tac gia khac
khang dinh [7, 8].

.

Thoi gian (phit)

b

Hinh 5: Su thay d6i néng do0 NO,,NO; , NH; khi phan hlly quang (a) va quang xtic téc TNR(b)

(diéu kién thuc nghiém: TNR = 30 mg/l, pH = 7, cuong do sdng = 8,2 mW/cm’ TiO,
1 g/1 d6i vé6i quang xtc tac)

Sy hinh thanh ion NH trong sudt qué trinh
quang xdc tidc du bdo phan tGng khir dong thoi
trong sudt qud trinh quang xuc tdic TNR. Su khir
clia nhém nitro dén amin do electron quang sinh
(e, ) da dugc xem xét trong tai liu [9]. Keét
qua nhém amin c6 thé duoc tdch khoi thanh
phan chinh thong qua sy m& vong va su dat lién
két C-C bdi goc hydroxyl. Lugng nhdé NH
duoc tao thanh cling giam & cudi thuc nghiém
nay trong phan ting quang xdc tic (hinh 5). Diéu
ndy chi ra ring NH, bi oxyhod dén NO; .
Mot qud trinh oxi hod tuong ty cha NH thanh
NOj; ciing dugc phat hién trong qud trinh oxi
hod quang xuc tac n-pentylamin [7] .

Téng nito sinh ra & dang NO,, NO; va
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NH do dugc 1a khodng 61% sau 60 phut thyc
hién phan tng quang xtc tdc. Su thi€u hut trong
can bang khi da phan hily hoan toan TNR c6 thé
trong phan tng da tao ra 2 loai hop chat, mot 1a
san phdm trung gian chda nito nhu 12 NO, ,
NO; va NH, do dugc trong dung dich, hai 1a
nito phan ti hinh thanh trong qua trinh phan Gng
va bay ra khoi dung dich, do d6 dan dén su thiéu
hut nito trong can bing phén tng.

Trong su khac biét d6i v6i phan tng quang
xtic tac, tong san pham phu chita nito sinh ra
trong quang phan thap hon téng san phdm phu
chita nito sinh ra trong phan ung quang phan
xtc tdc. NO; hinh thanh trong qud trinh quang

phan 1a dai dién chinh chi chiém 25% téng nito
ban dau trong TNR nhu hinh 5a. Mot su khac



biét khdc gifta 2 qud trinh quang phan va quang
phan xdc tdc 1a trong khi NO, sinh ra trong
phan ting quang phan xiic tdc chiém 3 - 4% téng
nito sau dé giam dén 0 thi qué trinh quang phan,
nong do NO, khong giam va dat can bang x4p
xi 10%. Hién tugng nay c6 thé gidi thich 1a ndng
do goc hydroxyl trong quang phan nho hon
nhiéu so véi trong quang xic tic va NO, va

NH ; khong dé dang bi oxyhod thanh NO; , va
do do né tich liy trong dung dich.

4. Anh huéng cta pH ban dau cua dung dich
dén qua trinh quang xic tac TNR

Pé nghién ctiu dnh hudng ctia pH ban dau
cta dung dich dén téc do phan hity TNR, da tién
hanh & 3 gid tri pH = 3, 7 va 11. Két qua dua ra
6 hinh 6 va bang 2.

% TNR

0 50

Thoi gian(phiit)

100 150

Hinh 6: Anh huéng ctia pH dung dich dén qué trinh quang xiic téc phan hily TNR
(diéu kién: TNR 30 mg/l; TiO, 1 g/I; den UV 15 W)

Bdng 2: Hang s6 toc do biéu kién, thoi gian ban hity va hé s6 tuong quan clia
quad trinh quang xtdc tdc TNR

pH Ky Lo R’
0,034 20,4 0,990
0,036 19,25 0,983

11 0,018 38,5 0,982

Tu hinh 6 va bang 2 chi ra ring sy phan hay
TNR dat hiéu suat thap nhat & pH 11 va toc do
phan hiy cao & moi trudng trung tinh va moi
truong axit. Téc do phan huy cao & pH trung
tinh c6 thé giai thich do diém dién tich 0 cla
TiO, dugc xdc dinh & pH 6,25 gén trung tinh
[16] . Bé mat tich dién duong & moi trudng axit
va tich dién 4am & moi trudong kiém. Vi vay TiO,
¢6 dac trung ludng tinh & pH trung tinh do d6 su
hap phu cia TNR c¢6 thuan lgi & moi trudng
trung tinh gan diém dién tich 0 cta TiO,, do d6
hiéu suat phan hity TNR cao & moi trudng trung
tinh. & pH 11 ¢6 hiéu suét thdp hon c6 thé gii
thich do sy hdp phu canh tranh cia TNR véi

HO™ trén TiO, va do d6 lam giam t6c do sinh
goc hydroxyl.

IV - KET LUAN

1. Nong do TNR giam 25% va 100% sau 60
phiit tir qua trinh phan hily quang phan ly va qua
trinh quang xuc tdc tuong ting. Sau chinh chu ky
thoi gian nay nong do TOC giam 1% va 79%
tuong ung.

2. Khoang 10% TNR bi hap phu bdi chat
xuc tdc quang khi chua chiéu bitc xa UV.

3. Su phan hity TNR tuan theo biéu thifc toc

77



do gia bac 1 theo m6 hinh dong hoc langmuir-
Hinshelwood.

4. Hiéu sudt phan hiy quang xdc tic cao
hon & moi trudong pH trung tinh va moi trudng
axit.

5. Xéc dinh néng do san phdm phu chita nito
cho thdy NO; la thanh phan chinh trong ca 2
qué trinh quang phan va quang phan xuc tac,
nhung NO, tang ldc ban ddu sau chuyén thanh
NOj trong truong hop phan hlly quang xtic tac.
Nguoc lai NO, tang déu dan trong phan huy
quang. San phdm NO; dugc tao thanh khong
hép phu trén bé mit TiO,.
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