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Tém tit: Nghién ciru ndy tap trung vao viéc khao sat kha ning ing dung chit xtic tic quang nano
TiO, vao qua trinh oxy héa nang cao UV-H,0, dé xir ly axit styphnic (TNR) trong nudc thai ciia
céc co s& san xudt thude phong, thude goi nd qudc phong. Cac anh hudng boi thoi gian phan ng
(0-90 phut), pH, budce song dén UV, ti 1& mol H,02/TiO2, nhiét do, ndng do chat ban dau dén hiéu
sudt xtr Iy TNR duoc danh gia. Két qua nghién ctru cho thiy tai diéu kién Corng = 154,40 mg/L, ti
1€ mol H202/Ti02=15, pH = 3, A= 313nm, 100% TNR bi xt 1y sau thoi gian phan ung 90 phut.
Nhiét do trong khoang 30-50°C khéong lam anh hudng dang ké dén van tdc va hiéu suat xur

Iy TNR.

Tir khéa: TNR, axit stynic, UV- H;Oz, nano TiO, loai bo.

1. Mé diu

Axit styphnic (TNR) c6 cong thirc phan tu
C6H3N303, khOl luo*ng phan ta: 245,11 dvC,
tinh khiét ton tai & dang ¢ dang tinh théhinh luc
giac mau vang, 1a mot axit manh va 12 mot chat
nd nhay cam thap. /Axit styphnicphat sinh tur
day chuyén san xuét thudc phong, thubc goi
nd [1, 2].
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TNR duoc xép trong danh sach 429 cac
chat doc nguy hai can dugc xu ly. TNR gdy hai
cho hé than kinh, chu yéu 1én méau, pha v& qua
trinh cung cap oxy cho co thé va co thé gay
bénh viém da. Dau hiéu dic trung khi bi ngd
doc TNR la chéng mat, dau dau [1]. Hién nay,
dé xtur ly cac hop chat nitrophenol nguoi ta da
thir nghiém 4ap dung nhiéu giai phap cong nghé
khac nhau nhu sir dung chat hap phu, phuong
phap sinh hoc, oxy hda va oxy hoa nang cao [1,
2]. Gan day, nhiéu cong trinh nghién ctru da
chtng minh rang cac chét hiru co bén, kho phan
huy boi tac nhan hoa hoc va vi sinh, xong c6
thé dugc loai bé bang qua trinh oxy hoa tién
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tién [3]. Viéc sir dung nano TiO; trong céc h¢
oxy hoa nang cao d xu Iy TNR ciing 1a mot
nhitrng huong nghién ciu dugc quan tdm boi
kha ning hip thy, tinh xdic tic oxy hoa cao cia
n6. Pong thoi TiO; 1a vat liu rat bén, khong
doc hai, khong gay 6 nhiém moi truong, c6 kha
ning diét khuan va tai st dungdugc [4, 5].
Chinh vi vy viéc ap dung phuong phap oxy
hoa nang cao dé xir 1y cac chat hitu co kho phan
hiy dang duogc nghién cliru va ung dung trong
céc nha may qudc phong.

Ban chat ctia qua trinh quang xuc tac 13 qua
trinh quang héa gian tiép, chat xuc tic TiO
nano nhén nang lugng bitc xa UV hinh thanh
cac electron quang sinh va 16 tréng quang sinh.
Hai tic nhan nay réat linh dong, chung c6 thé
tham gia v&i nudc va oxy khong khi dé tao ra
cac goc tu do hydroxyl "OH va O:[4, 5, 6].
Chinh cac gbc tu do ‘OH nay phan tng voi
nhiéu chat hiru co (RH) tao thanh goc hitu co ¢o
kha nang phan Umg cao, cac san pham nay tiép
tuc tham gia cac phan tmg thtr cip tao thanh COy,
H.0, N, va gdc NO3™ [4-6].

Bai bao nay gi6i thiéu két qua nghién ciru
anh huong cua cic yéu td6 nhu ti 1& mol
H>O,/TiO, pH, nhiét do, budc song den UV,
néng d6 chéit ban dau dén hiéu suit xir ly TNR
trong nudc.

2. Thue nghiém
2.1. Héa chat va thiét bi

_ - Dung dich TNR trong mdi truong nudce
cat & cac nong d6 khac nhau (50,9; 100,5;
154,4; 200,3 mg/L).

- Nano TiO2, H;0,, dén UV cong sut 15W
budc song 185, 254, 313 nm.

- pH cua dung dich mau nghién ctiu duoc
diéu chinh bang cach thém vao lugng vua du
dung dich H>SO. 0,1M hodc dung dich NaOH 0,1M.

- Cac dung mdi: axetonitril, etanol, metanol,
n-hexan c6 do sach dung cho phan tich HPLC
(Merck).

- Hé théng thiét bi sic ky long hiéu ning
cao (HPLC) Model HP 1100, str dung detector
chudi (DAD) do hiang Aligent (M§¥) san xuét.
Piéu kién do: Cot Cacbonax (200 x 4 mm), ty
1¢ pha dong Axetonitril/H.0 = 65/35 (theo thé
tich), ap suat: 280 bar, tin hiéu do A = 420 nm,
tbc do dong: 0,35 ml/phit, thoi gian luwu
3,0 pht.

2.2. M6 hinh thuc nghiém

M6 hinh thi nghiém gdém binh thiy tinh
trong sudt dung tich 5 lit diy bang, miéng rong
da lap sing nhiét ké, cira theo ddi pH, dng thach
anh, dén UV, suc khi sach nhu hinh 1.

1.
u ]
) 1. Nguéndién
’ | v 2. Binh thuy tinh
: 4 3. Mdy suc khi
s 4. Ongthachanh
5. PenUV

Hinh 1. M& hinh thiét bi thue nghiém hé UV/H,0,- TiO.

Céc thi nghiém nghién ctru anh hudng cta
ty 1¢ H,0,/TiO, dén kha ning phan huy TNR
bang hé¢ UV-H,0,/TiO, dugc tién hanh & cling
diéu kién C°rnr = 154,40 mg/L, pH = 3, Crioz =
8,75x10*M, A= 313nm, thay doi ty 1& mol
H,02/TiO; 1an luot bang 5; 10; 15; 20.

Céc thi nghiém nghién ctru anh hudng cta
pH dén kha ning phan hiay TNR/UV-
H,02/TiO; dugc tién hanh & cung diéu kién
Comr = 154,40 mg/L, Crioz = 8,75x10*M, A=
313nm, ty 1€ mol H:0./TiO, =15, pH thay
déibé“lng 3:5;7;9.

Céc thi nghiém nghién ctru anh hudng cia
nhiét d6 dén kha ning phan huy TNR/UV-
H,02/TiO; dugc tién hanh & cung diéu kién
Cornr = 154,40 mg/L, pH = 3, A= 313nm, ty 1&
H,02/TiO; = 15, thay déi nhiét do tai 30°C,
40°C va 50°C.

Cac thi nghiém nghién cru anh hudng cua
budc song dén kha niang phan huy TNR/UV-
H,0/TiO, dugc tién hanh & cung didu kién



100 N.M. Khdi va nnk. | Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi dit va Méi truong, Tap 34, S6 4 (2018) 98-103

COTNR = 154,40 mg/L, pH = 3, CTiOZ =
8,75x10*M, thay d6i budc songlan lugt bang
185, 254, 313 nm.

Cac thi nghiém nghién ctru anh hudng cta
néng d6 ban diu dén kha ning phan huy
TNR/UV-H,0,/TiO, duoc tién hanh ¢ cing
diéu kién Crng = 154.40 mg/L, pH = 3, A=
313nm, thay d6i nong d6 TNR ban dau véi cac
gia tri 50,9; 100,5; 154,4; 200,3 mg/L.

2.3. Phdn tich mau va danh gid két qua
Nong d6 TNR trong nudc bang hién thi

HPLC. Cong thirc tinh hiéu suét, téc téc phan
ung nhu sau [1, 2]

Co—C
H% = -2 %100 (%) ;
0
Cor = ey
Voo = et (7 /i)

3. Két qua va thao luin

3.1. Nghién ciu anh hwong cua
H2Oa/TiOxdén hiéu suat phdn hiiy TNR.

Két qua nghién ciru dnh huong cua ti 1€
H20,/TiO, dén hiéu suat phan hiy TNR duogc
trinh bay tai Hinh 2.

Hiéu suat (%)

0 15 30 a5 60 75 90
Thai gian (phat)

Hinh 2. Anh huéng cta ti 18 H,02/TiO dén hiéu suat phan
hity TNR trong hé TNR/ UV-H,0./TiO.

Ty I& H,O,/TiO, twong quan thuan vai hiéu
qua phan huy TNR tai cung thoi gian phan tng.
Két qua khao sat tai Hinh 2 cho thiy khi gitr
nguyén nong do TiO,, ting néng do H.0, tur
4375x10°M Ién  13,125x10% M (ty lé
Cr202/Crioz = 15) thi hiéu suat cua qua trinh

phan hiy TNR sé& ting theo. Khi tiép tuc ting
nong d6 cua H,O, lén 17,5 x10° M (ty lé
Chi202/Crioz =20) nhan thay hiéu suat cua TNR
khong thay d6i nhidu so véi ndng d6 H,0,
1a13,125x103 M. Tu két qua khao sat trén cho
thiy ty 1é ciia Crao2/Crioz=15 va 20 thi higu suét
va toc d6 phan hiy ciia TNR dat gié tri cao hon
con lai va tuong duong nhau. Pac biét sau 60
phat phan tng thi hiéu suat bang nhau.

Van tdc phan tmg TNR ting khi nong do
H,02 ting c6 thé giai thich nhu sau: Khi ting
ndéng d6 H,0; (tic ty 18 H20,/ TiO; ting), sb
géc "OH tu do tao ra nhiéu hon. Mit khac, TiO,
dudi tdc dung cua tia UV ciing san sinh ra mot
lwong ‘OH déang ké gop phén nang cao hiéu suat
phan ng. Tuy nhién, khi nong d6 H.0, qua cao
dan dén luong H.0; du tac dung véi cac gbc
‘OH lam giam céc tac nhan phan ung:

H,O, + ‘'OH — HO,;' + H,O

HO, + 'OH —- H,O+ O,

Voi két qua trén, viéc lua chon ty 18
H,0./TiO,= 15 dé nghién ciru xtr ly cho cac thi
nghiém tiép theo la hop Iy. Néu ap dung 1&
H.0./TiO,= 20 mic du trong giai doan dau
hiéu suat phan tng cao hon chit it nhung phai
dung luong H,0; 16n hon, dan dén viéc con du
H20, trong dung dich lam giam céac tic nhan
phéan Gng.

3.2. Nghién ciru dnh huong cia pH dung dich
dén hiéu suat phan hiy TNR.

Ké:[ qua nghién ctru anh huéng cia pH dung
dich dén hiéu suat phan huy TNR dugc thé hién
tai Hinh 3.

100 >
opH=9

OpH=7 ‘N
80 | ApH=5 >
xpH=3 "%

60 -
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Hinh 3. Anh huéng ciia pH dén hiéu suit phan hiy TNR
trong hé UV-H0./TiO;
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Két qua khao sat cho thay o diéu kién pH=3
tdc do phan huy hop chat TNR dién ra nhanh va
hiéu suit xur 1y dat 100,0% tai thoi diém 90 phut
v6i ndng d6 TNR=154,4 mg/L. Véi pH=7 va
pH=9 thi téc do phan ang cham, hiéu suat phan
g chi dat 49,39% va 36,97% tai thoi diém 90 phu.

Do chuyén hoa TNR ting trong moi truong
axit (pH=3) co6 thé giai thich nhu sau: O trong
nuéc s& nhan e tir bé mat TiO, tao thanh O,
0" lai tiép tuc tac dung voi H* va le tro thanh
H,02, H20, giam le sinh ra OH". Chinh cac gdc
tu do "OH nay phan tmg v6i TNR tao thanh gbc
hitu co c6 kha nang phan ung cao, cac san
pham nay tiép tuc tham gia cac phan tng thir
cip tao thanh CO;, H20, N2 va gbc NOs".

3.3. Nghién ciu anh hwong cua nhiét do dén
hiéu suat phdn hity TNR

Két qua dugc nghién ctru anh hudng cia

nhiét d6 dén hiéu suat phan hiy TNR dugc thé
hién tai Hinh 4.
Mic du niang lugng nhiét khong du dé kich hoat
bé mit TiO, nhung hau hét cac nghién ciru cho
rang sy gia ting nhiét do thuc day sy tai to hop
va hép phu cac hop chét hitu co 1én bé mit TiO.
Vi vay nén khi ting nhiét dg, qua trinh phan
hiy TNR clng dat hiéu qua cao hon. Hinh 4
cho thdy tai nhiét do 50°C tdc do va hiéu sut
phan hiy ciia TNR 14 16n nhat, khi giam nhiét
d6 xudng 40°C va 30°C thi tbc d6 va hiéu suat
phan hiy TNR giam dan. Tuy nhién viéc tang
nhiét do 1én 50°C hiéu suét phan hity TNR ciing
khong tang nhiéu.

100 o
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Hinh 4. Anh huong ciia nhiét do dén hiéu suat phan hiy
TNR trong hé UV-H,0./TiO,.

3.4. Nghién ciu anh huong cua buoc song dén
hiéu suat phdn hity TNR

Két qua nghién ciru anh huéng cua budc
song UV dén hiéu suit phan huy TNR dugc
trinh bay tai Hinh 5.

Sau 90 phut, hiéu suat phan hiy TNR & A=
185nm la 72,59%, & A= 254nm 1a 98,59%, &
budc séng 313nm 14 100%. Piéu nay dugc giai
thich do d6 hip thu cia TiO, & budc song
385nm, nén cang gan khoang hap thu nay, cang
nhiéu phan tir TiO2 dugc kich thich tao cac e va
16 trong quang sinh, tir d6 tao ra cac gdc "OH
nhiéu hon, Tir d6 hiéu suat phan hity TNR cao
hon khi ¢ bude song 313nm.

100

L ]

O A=313nm

® A=254nm

80 " 5 A=1850m
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Hinh 5. Anh hudéng cua budc song dén hiéu suat
phéan huy TNR trong hé UV-H,0,/TiO;

3.5. Nghién ciru anh huong cia nong dj TNR
ban dau

Nghién ciru duoc tién hanh véi cac dung
dich TNR ¢6 ndng d6 thay déi tir 50,9 mg/L —
200,3 mg/L, ham lugng TiO; la 8,75x10*M, pH
=3, T =30°C, A = 313 nm, thoi gian phan Gng
90 phat.

Hinh 6 cho thiy tai nong d6 50,9 mgl/L,
TNR bj phan hity nhanh nhat va can it thoi gian
nhat. Khi ting dan nong d6 TNR Ién thi hiéu
sudt va toc do phan huy ciing giam theo. Tai
ndng d6 200,3 mg/L TNR & 20 phat dau, hiéu
sudt phan huy TNR chi c6 54,50%, trong khi
TNR phan hity 100% (ting gan gip 2 lan) véi
nf‘mg d6 ban dau 12 50,9 mg/L.
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Hinh 6. Anh hudng ciia ndng dd TNR ban dau dén
hiéu suat phan hily TNRtrong hé¢ UV-H,0,/TiO;

V6i mot ty 16 H202/TiOz, pH, budce song,
nhiét d6 xac din}l, hiéu suat phan huy TNR con
phu thudc vao nong d6 TNR trong nudc.

So sanh hi¢u §u£it phan hiy TNR trong nudc
khi str dung mdt sO hé oxy hda nang cao (Bang 1).

Bang 1. Két qua nghién ciu tai céc hé trudc va sau quéa

trinh xtr Iy TNR
.. Kétquanghién ciru (hidu suit %)
Gia tri
Thong  ban
v dhu uv - Uv- UV-  UV-

(mg/L) Fenton HzOz T|02 HzOz/TlOz

TNR 154,40  100% 752% 80,1%  100%

COD 1603 100% 60,5% 66,4%  95,69%

Tir két qua néu tai Bang 1 cho thiy hiéu
suit phan huy TNR giam dan theo diy sau:
TNR/ UV - TiO; < TNR/ UV - H,0< TNR/
UV - H20./TiO.< TNR/ UV — Fenton. So sénh
gitra hai qua trinh UV- Fenton va qué trinh
quang xc tac UV- H,02/TiO, dé xtr 1y TNR ta
thdy hé UV- Fenton cho thoi gian va téc do
phan hily nhanh hon khi str dung T102[1] Tuy
nhién khi sir dung h¢ Fenton cling c6 nhiéu bat
loi nhu tao ra nhidu san phiam phu trong qua
trinh xtr 1y, tao nhidu cin Fe(OH)s| anh hudng

dén qua trinh suc khi, tao lugng bun 1én. Sir
dung TiO2 nano lam chat xuc tac trong hé¢ UV-
H.02/TiO; dé xir Iy TNR tuy c6 thoi gian xir ly
(90 phut) 1au hon h¢ Fenton (60 phut) nhung
cling ¢6 nhiéu wu diém vuot trdi nhu khong
doc, ré tién, khong tao can, dung dich sau phan
g khong tao san phiam phu (do TiO; ¢ tinh
khir cao hon Fe?*).

Mit khac TiO2c6 kha ning hip thy, tinh xuc
tac oxy hoa cao, dong thoi TiO2 14 chét liéu rat
bén, khong doc hai, kha ning diét khuan cao va
dic biét 1a kha ning tai st dung. Do vdy, cin
phat trién cic mo hinh cong nghé str dung UV-
H»02/TiO; dé xir Iy ngudn nudc nhidm TNR.

4. Két luan

Axit styphnic c6 kha nang bi loai bo trong
moi truong nudc boi hé UV-H,0./Nano TiO,
v6i hiéu suat va toc do phan huy cao. Ty Ié
H,0,/TiO, twong quan thuan voi hiéu qua phan
huy TNR. Két qua nghién ctru cho thdy hiéu
sudt xtr Iy TNR trong hé UV-H,02/Nano TiO;
v6i ndng do Comvr = 154,4 mg/l dat 100% véi
diéu kién toi wu & moi truong pH=3, ty 18
H,0./TiO; = 15, bude séng UV L = 313 nm,
thoi gian xt ly 90 phat. Qua trinh nghién ctu
cho thdy nhiét d6 khong anh hudng nhiéu dén
hiéu suat va téc d6 phan hiy TNR trong nudc.
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Study on Removal of Styphnic Acid in Aquatic Environment
by Using UV-H>0z/nano TiO;
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Abstract: The research focused on survey application capability of optical catalyst nano TiO2
foroxidationstyphnic acid (TNR) in wastewater by UV-H;O,. The affect of reaction conditions
including times (0-90 minute), pH, wavelength of UV, molar ratios H,O./TiO,, temperature, initial
concentration on removal efficiencis of TNR were examined. Consequenceof Crnr= 154,4 mg/L,
molar ratios as H>O./TiO, = 15, pH=3 and wavelength UV= 313nm resulting 100% TNR was treated
after 90 minute reaction. The temperatures in ranged of 30-50°C were not significantly effectedthe
TNR removal efficiency.

Keywords: TNR, axit stynic, UV- H,0,, nano TiOz, removal.



