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TOM TAT

Bang cdc phwong phdp co hoc, héa Iy két
hop sinh hoc trong hé thong xir Iy nude thai hién
tai ciia nha mdy ché bién thity hai san, phan Ién
cac chi tiéu ciia nudc thdai déu dat chuan ciia
nuwoce thai loai B theo QCVN 11-MT:2015/
BTNMT, tuy nhién xét theo tiéu chudn nuée thai
logi A (COD <75 mg/L) chi tiéu COD tai mot s6
thoi diém chwa dat chudn thdi (chi tiéu COD
nudc thai nha mdy 20-120 mg/L). Trong bai bao
nay dé xir Iy sdu cdc hop chdt hitu co khé phin
hity trong nuée thai thity san nham thu nude thai
dat tiéu chudn logi A, c¢6 thé tdi sir dung, nuoc
thai sau xir Iy sinh hoc dwoc tiép tuc nghién ciru
xit Iy bang phan img quang xic tic TiOz bién

tinh Fe va N. Piéu kién phdn tmg quang phdn
ity nwée thai thiyy san t6i wu dd dwoc xdc dinh:
nhiét dé 25 °C, ham luong oxy hoa tan 7,6 mg/L
va pH = 7, ham lwong xiic tac toi la 1,25 g/L. O
diéu kién t6i wu sau 12 gio xir Iy, hiéu qua suy
giam COD trong mau nude thai xir Iy bang xic
tac TiO, bién tinh Fe va N lan luot la 41,1 va
64,3 %; COD trong nuoc sau xuw ly dat tuwong
img 49,3 va 29,9 mg/L, chat lwong nude thdi sau
xie Iy dat loai A theo tiéu chuin QCVN 11-
MT:2015/BTNMT va cé thé tdi sit dung theo tiéu
chudn QCVN 08-MT:2015/BTNMT. Bén canh do,
méi quan hé cac ddc trung Iy héa va hoat tinh
cua cdc xuc tac trong xw ly nwoc thdi thuy sdan
cting da dwoc lam sang to.

Tir khéa: nuée thai thity san, chdt hitu co khé phdn hity, quang xiic tac TiOy, bién tinh.

MO PAU

Véi loi thé 13 mot nuéc cd dién tich bién
rong 3.448.000 km2, duong b bién dai 3260 km,
Viét Nam c6 cac diéu kién thuan loi dé phat trién
nganh nudi trong, danh bat va ché bién thuy hai
san. Theo b&o céo cua Hiép hoi ché bién va xuat
khau thuy san Viét Nam nam 2015 [1], mac du
thoi quen ngudi Viét Nam Ia sir dung thuy san
tuoi sdng trong bira dn hiang ngay nhung nhu cau
tiéu thu thay san da qua ché bién khong ngimg

tang 1én. Bén canh do6, viéc xuat khiu di céac thi
trudng ngodi nudce ciing tang trudng rat manh,
dén nam 2015, gia tri xuat khau dat 6,57 ty USD.
Do d6 trong nhirng ndm gin day, nganh ché bién
thily san phat trién ca vé quy mé 1an sé luong co
s& ché bién nham nhanh chong dap ung nhu cau
cua thi truong trong va ngoai nudc. Song song
v6i sy di 1én cua nganh 1a cac hé lyy vé moi
truong ma dac biét 1a khi nganh ché bién thiy san
thai ra mot luong khé lén nudce thai 6 nhiém.
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Trong nuéc thai thay san chua chu yéu la
protein, chat béo va céc chat rin lo lirng. Cac chat
nay khi thai vao méi trudng s& lam ton hai moi
truong séng cua cac loai thay sinh ty nhién, gay
suy giam nong do oxygen trong nuéc. CAc chit 6
nhiém c6 thé duoc xir ly bang cac phuong phap
théng dung nhu hap thy, ling, loc, mang,... [2] va
xtr ly sinh hoc. Mic du chi phi xu ly cao va c6 thé
sinh ra cac chat 6 nhiém thir cap c6 hai, céac
phuong phap nay van khdng loai bo dugc trigt dé
cac hop chat hiru co kho phan hay trong nuéc ma
dic biét 1a chat béo (rat kho bi phan huy bai vi
sinh vat), do d6 nudc thai ra chwa dat chuéan thai
loai A theo QCVN 11-MT:2015/BTNMT. Nham
giai quyét van dé nay, hién nay cic nudc dang
nghién ciru mot giai phap ¢ nhiéu trién vong va
hiéu qua trong xur 1y nuwéc la qué trinh oxygen hoa
nang cao (AOPs). AOPs bao gom nhiéu phuwong
phép va cac hudng di khac nhau [3], phd bién
nhu: xur ly bang Os, H202; qué trinh Fenton:...
trong d6 quang xuc tac TiOz 1a huéng phét trién
rong mé va day tiém ning. Sau lan dau duoc tng
dung trong viéc xtr ly nudc vao nam 1972-1977
[4, 5], d&én nay dd c6 rat nhiéu nghién cau lién
quan dén linh vuc ndy. Chét ban dan TiO2 c6 kha
nang xuc tac cho qua trinh oxygen hoa cic phan
tr chat hitu co kho phéan hity thanh cac phan tu
nhé hon. Mic du ¢6 nhidu wu diém, tuy nhién
TiO, chi ¢6 thé hoat dong dudi viing anh séng hep
cua tia tir ngoai [2]. Theo céc tac gia [6-9], viéc
bién tinh TiO, c6 thé lam ting hoat tinh cua xuc
tac va mé rong vlung anh sang lam viéc sang vung
kha kién. K& thira nhirng thanh qua do, trong cong
trinh nay, TiO; bién tinh Fe va N dwoc ché tao va
khao sét hoat tinh khi xtr ly cac hop chét hitu co
kh6 phan huay trong nudéc thai thay san thuc nham
lam sang t6 mbi quan hé giita cac dic trung 1y hoa
va hiéu qua xtr ly caa chang.

VAT LIEU VA PHUONG PHAP
Phwong phap téng hep xc tac

Xuc tac TiO2 bién tinh N duogc diéu ché bing

phuong phéap sol-gel theo quy trinh sau: Cho 15

mL tién chét titanium tetraisopropoxide (TTIP-
Sigma Aldrich) vao coc chira sdn 250 mL ethanol.
Sau d6 chinh pH dung dich bing HNO3 sao cho
pH = 3—4 va khudy tao thanh dung dich trong sudt
trong 10 phat. Tiép tuc cho tir tir 10 mL nuoc cat
va khuay trong vong 2 gio. Dung dich sau do
duogc gia hoa ¢ nhiét do phong trong 24 gio dé tao
gel. Tiép theo, dé khd ¢ nhiét @6 phong va sau d6
say lan luot & 80 va 100 °C trong 2 gid cho mdi
nhiét do, thu dugc Ti(OH)s. Tron bot ban thanh
pham véi uré theo ti & khdi luong 1:1, dun nong
chay, tron déu hdn hop trong 1 gio. Sau dé nung
c6 cap dong khong khi & nhiét do 400 °C trong 1
gio, téc do gia nhiét 15 °C/phat, bot mau tring thu
duogc 1a TiO, bién tinh N, ky hiéu: Ti-N.

Tién hanh diéu ché tuong tu ddi vai xdc tac
TiO,-Fe, thay 10 mL nuéc bang dung dich nuéc
cé chira 0,0397 g Fe(NO3)3.9H,0. Dung dich gel
duoc gia hoa ¢ nhiét d6 phong trong 24 gio dé tao
gel. Tiép theo, dé kho & nhiét d6 phong va sau d6
sdy lan luot & 80 va 100 °C trong 2 gio cho mdi
nhiét do. Sau ciing, mau duoc nung & nhiét ¢ 450
°C trong 2 gid ¢6 cap khdng khi, bot mau vang thu
duogc 1a TiO; bién tinh Fe (0,1 % mol), ky hiéu:
Ti-Fe.

Nghién ciru tinh chét hoa ly

Céc xtic tac sau khi diéu ché dugc nghién ciu
céc tinh chét ly héa bang cic phuong phap nhu
trinh bay & cong trinh [9].

Kh4o sat hoat tinh xic tac

Hoat tinh quang cua cac xdc tac trong xir ly
mau nudc thai nha may ché bién thay san (sau khi
qua xir ly sinh hoc, COD > 80 mg/L) dugc khao
st & vung &nh séng c6 A = 365 nm véi ham lugng
xUc tac khac nhau. Hé phan ang dugc néu ¢ hinh
1. Phan ng tién hanh theo meé véi dung tich xir Iy
la 250 mL & diéu kién phan tng da duogc t6i wu
trén nudce thai thuy san moé hinh [10], nhu sau: tbc
d6 khudy: 250 vong/pht, nhiét do xu ly 25 °C,
pH dung dich ban du 7 va ham lugng oxy hoa tan
7,6 mg/L.
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Hinh 1. So dd nguyén 1y hoat dong hé théng phép img
1-Bom tudn hoan; 2-B¢ nudc gidi nhiét; 3-Dudng ong cap
nudc giai nhiét; 4-May khuay; 5-Binh phan ng; 6-Nhiét ké; 7-
Mdy bom khong khi; 8-Van; 9-Luu lugng k&; 10-Ong dan khi;
11-Cum dén; 12-Bd phén didu khién dén co két ndi may tinh;
13-Cum gidi nhiét cho bo den; 14-Dudng éng din chat giai
nhiét; 15-Day dién két nbi; 16-Vi tri ldy mau

Gié tri COD cua c4c miu nuéc trudc va sau
phan tmg duoc phan tich biang phwong phap
bicrommate  theo  tiéu chuan ISO
6060:1989/TCVN 6491:1999.
KET QUA VA THAO LUAN
Tinh chat ly — héa caa cac xuc tac

Phd hong ngoai (IR) cua ca hai xtc tac Ti-N
va Ti-Fe (Hinh 2) c¢6 su xuat hién cac dinh hap thu
& ving budc séng 540 cm™ dic trung cho cac lién
két kim loai-oxygen (Ti-O hoic Fe-O) va lién két
kim loai-oxygen-kim loai (Ti-O-Ti). B&n canh d6
ca hai phé ciing c¢6 dinh thé hién dao dong O-H tai
khoang budc séng 1630 cm™. Riéng & phd IR cua
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Hinh 3. Gian dd XRD cua xuc tac Ti-N (a)
va Ti-Fe (b)

xUc tac Ti-N c6 cac dinh hap thu nhe ¢ 1100 cm'?
gay ra boi dao dong cua Ti-N [11]. Ngoai ra két
qua ciing cho thiy lugng nhom -OH lién két trén
bé mat TiO,-N nhiéu hon so véi xUc tac TiO,-Fe
thé hién qua cudng do dinh hap thu ¢ budc séng
khoang 3350 cm™ [12].
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Hinh 2. Phé IR ctia xtic téc Ti-N (nét dirt) va Ti-Fe (nét
lién)

Gian d6 nhiéu xa tia X (XRD) (Hinh 3) cua ca
2 xuc tac Ti-N va Ti-Fe c6 cac dinh dac trung cho
pha anatase ¢ cac goc nhiéu xa 20 = 25,3°; 38,0°
48,0° 53,9% 54,8° va 62,6°. Ngoai ra khong thay
Xuét hién cac dinh dic trung cho pha rutile (20 =
26,9°, 35,7°, 40,8°, 53,7°, 55,8°, 63,5°) [13], két
qua nay phu hop véi nghién ctu cta Ranjit [14],
xuc tac TiO2-Fe ¢6 su chuyén pha tir anatase sang
rutile khi ndng do Fe bién tinh 16n hon 0,1 %mol.
Cuong do cac dinh & xdc tac Ti-Fe déu 1on hon,
didu nay ching té muc do tinh thé & xdc tac nay
cao hon xuc tac Ti-N.

Intensity, a.u.

v
400 500
Raman shift, cm-

Hinh 4. Phd Raman ciia xtc tac Ti-N (nét dirt)
va Ti-Fe (nét lién)
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Phé Raman cua cac xuc tac (Hinh 4) cho
théy c6 4 dinh: 153, 405, 527 va 646 cm™ dic
trung pha anatase. Trong do, dao dong kéo dan
dbi xting cua lién két O-Ti-O trong TiO, dwoc thé
hién qua dinh tai 153 va 646 cm™. Hai dinh con
lai 405 cm 527 cm! tuong tmg dao dong udn
cia lién két O-Ti-O va dao dong udn bat dbi
xung cua lién két O-Ti-O. Phé Raman cua xuc

A) Ti-N

tdc TiO2-Fe khong cé dinh dao ddong nao dic
trung cho FesO4 diéu d6 chitng to Fe ton tai dang
ion trong cau trac [15]. B6i vai dinh 330 cm?
trén phd cua Ti-N la do dao dong cua lién két
gitra Ti va N [16]. Nhu vay, ca 2 xic tac TiO;
bién tinh diéu ché bang phwong phap sol-gel déu
giau pha anatase [9].

Hinh 5. Anh SEM cua cac xuc tac

Anh kinh hién vi quét dién tir SEM (Hinh 5)
cho thay trén bé mat cua xdc tac TiO, bién tinh
N, cac hat c6 kich thugc nho va dong déu hon.
Két qua nay phu hop véi hinh anh thé hién qua

6), cac hat Ti-N nho hon (6—10 nm) cac hat Ti-Fe
(9-14 nm); dién tich bé mat riéng cua cac xuc tac
(Bang 1), xtc tac Ti-Fe c6 dién tich bé mat riéng
nho hon xuc tac Ti-N 1,26 lan.

Ti_Fe [ TEM]
JEM-1400 100k

a) Ti-N

b) Ti-Fe

Hinh 6. Anh TEM cua céc xtic tac

Bang 1. Ti |& pha anatase/rutile (A/R), kich thudc tinh thé (d), dién tich bé mat riéng (Sger), bude séng
hap thu (1) va nang lugng ving cim (Eg) ciia cac x(c tac

. Xlc tac
Dai lugng TiN Ti-Fe
A/R 100 100
d, nm 6,75 9,22
SBET, m2/g 114,1 90,5
A, M 432 432
Eg eV 2,87 2,87
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Két qua & Hinh 7 cho thdy ca hai xdc tac nay
¢6 cung budc song anh sang hap thu cuc dai
khoang 360 nm, cho thay c6 su chuyén dich budc
séng anh sang hap thu tir vang tir ngoai (UV)
sang ving kha khién do sy giam do chénh léch
ning lugng ving hoa tri so véi ving dan (Bang
1). Két qua nay lam sang t6 kha nang tng dung
cua cac xuc tac doi v6i anh sang mit troi.
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Hinh 7. Ph6 UV-vis cua xiic tic Ti-N (nét dirt) va Ti-
Fe (nét lién)

Tinh chét nuéc thai

Céc thong sb chat lwong nudc thai thiy san
thuc da qua xu ly sinh hoc dugc phén tich va so
sanh véi cac quy chuin nuéc thai ra méi truong
(QCVN 11-MT:2015/ BTNMT — Quy chuin ky
thuat Quéc gia vé nudce thai ché bién thiy san) va
quy chuin nuéc thai tai sir dung (QCVN 08-

MT:2015/BTNMT — Quy chuin ky thuat Quéc
gia vé chat lugng nuéc mat) duoc néu ¢ Bang 2.

Két qua cho thdy, sau céc qua trinh xir ly
sinh hoc, mac du nuéc thai da phan da dat cac chi
tiéu nudc thai loai B va nudc thai cd thé tai sir
dung loai By, tuy nhién, gia tri COD - mot chi
tiéu c6 y nghia quan trong - ¢6 mirc dao dong kha
I6n. Chi tiéu nay c6 méi lién hé mat thiét véi cac
hop chat hitu co khé phan huy trong nudc. Cac
hop chat nay khi thai ra méi truong s& lam suy
giam nong do oxygen hoa tan, thay doi moi
truong song cua céac loai thay sinh. Hon nita, khi
dugc tich lily trong nudc, nd ¢ thé gay hai dén
con ngudi qua sinh hoat va chudi thirc an. Vi vay,
xir ly shu COD la mot yéu cau mang tinh cép
bach va thiét thuc khi ma luong nuéc thai ra moi
truong ngay cang tang. Trong khi xur ly bang
phuong phap sinh hoc khdng thé giai quyét duoc
yéu cau dit ra thi phuong phap xur Iy oxy hoa
néng cao lai la mot trong nhiing phuong phap
mang lai hiéu qua cao, mé ra mot hudng di mai
cho van d& nan giai giam sau chi s6 COD ciing
nhu phan huay cac hop chat 6 nhidm hiru co bén
virng nham cai thién chit luong nudc thai, bao vé
moi trreong va con ngudi.

Bang 2. C4c thong s chat lugng nudce thai tir nha may ché bién thuy san

Thong sé Pon vi Sau xir ly sinh | QCVN 11-MT:2015/ BTNMT | QCVN 08-MT:2015/BTNMT
’ hoc Loai B Loai A Loai B>* Loai B1**
TSS mg/L 30-95 100 50 100 50
COD mg/L 40 - 120 150 75 50 30
BODg mg/L 10-50 50 30 25 15
Tbng nito mg/L 15-30 60 30 15,95 10,95
Tong photpho mg/L 2-4 20 10 0,5 0,3
Téng dau, md DTV | mg/L KPH 20 10 1 1
N-NH, mg/L 5-20 20 10 0,9 0,9
Coliforms MPN/ 10 - 10° 5x103 3x103 104 7,5.103
100mL

CI- mg/L KPH 2 1 - 350
pH - 6,5-75 55-9 6-9 55-9 55-9
n-LDA ng/L 51— 100 R - - -

*) Diing cho giao théng thity hodc cdc muc dich sk dung khdc 6 yéu cau c{za‘t lwong nudc twong diong;
**) Dung cho muc dich twdi tiéu hodc cac muc dich s dung khac co yéu cau chat lwong nudc twong dwong;
n.d.: Khong phat hién.
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Hiéu qua xir ly nwéc thai thay san caa cac xuc tac
Két qua khao sat qué trinh hip phu va quang
phan cho thay rang COD cua mau nudc trong quéa
trinh quang phén giam nhe, sau 60 phat COD
mau nudc giam tir 90,5 mg/L xudng dén 87,8
mg/L (d6 suy giam chi dat 3 %), diéu nay ching

t6 cac hop chat hitu co con ton tai trong nudc thai
(sau xir ly bang phuong phap sinh hoc) rat kho
phén hay duéi birc xa UV.

Hiéu qua xtr ly nudc thai thay san trén xdc
tac Ti-N va Ti-Fe véi ham lugng xic tac khac
nhau duoc trinh bay ¢ Hinh 8.

A) Xdc tac Ti-N
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B) Xuc tac Ti-Fe

Hinh 8. Do suy giam COD trong mau nudc thai theo thoi gian xir Iy trong qua trinh quang xtc tac trén Ti-N va Ti-
Fe (g v4i ham lugng xtc tac khac nhau (T =25 °C, pH =7 va DO = 7,6 m/L)

Nong do xdc tac 1a mot yéu té quan trong doi
Vv6i xic tac quang di thé. Két qua khao sat cho
thiy ham luong xuc tac toi wu d6i véi ca hai loai
Ti-N va Ti-Fe 1a 1250 mg/L. Khi ting ndng d6
xuc tac, do suy giam COD ting. Diéu nay c6 lién
quan dén diéu kién phan (tng ma tai d6 dién tich
bé mat dugc chiéu sang tang 1én ti 1& voi nong do
xuc tac, qua dé tang tdc d6 phan tng. Tuy nhién
khi ndng d6 vuot ngudng toi uu, cac hat xdc tac
du sé& ting do duc, can tré sy chiéu sang hoat hoa
dan dén hiéu suit phan tng kém. O xdc tac Ti-N,
d6 suy giam COD giam rd rét so voi Ti-Fe khi
nong d6 & mic 1500 mg/L. C6 thé giai thich
thdng qua tinh chéat héa Iy cua hai loai xic tac:
Ti-N ¢6 do xop I6n hon, ddng nghia véi clng
mot ndng dd, céc hat xdc tac Ti-N nhiéu hon Ti-
Fe mot lugng dang ké. Tir o hiéu wng can quang
thé hién cang rd nét.

Nho tac dung cua phan @ng quang Xxdc tac,
c6 thé thay su suy giam mot cach rd rét gié tri
COD cua mau nuéc thai thiy san thuc & ca hai
xUc tac (Hinh 9).
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Hinh 9. Gi4 tri COD trong miu nudc thai trong sudt
12 gio xir Iy bang xuc tac Ti-N va Ti-Fe
(Cx=1,25¢/L, T=25°C,pH=7vaDO =7,6 m/L)

Hiéu qua xu 1y tang khi kéo dai thoi gian
phan tng. Trong d6, hiéu qua suy giam COD cua
xtc tac Ti-N cao hon nhiéu so véi xuc tac Ti-Fe.
Sau 3 gid phan ng gia tri COD trong mau nuéc
xir ly bang xdc tac Ti-N da dat tiéu chuan tai su
dung (COD < 50 mg/L) trong khi xdc tac Ti-Fe
can thoi gian xur ly 1a 11 gio dé thu dwoc cing két
qua. Didu nay c6 thé duogc giai thich la do xdc tac
Ti-N c6 kich thuéc hat nho, dién tich bé mat
riéng 16n va sb lugng nhém -OH lién két trén bé
mat nhiéu hon (nhu di trinh bay & trén). Hon
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nita, chat luong nudce thai sau 12 gio xir Iy déu c6
thé tai sir dung theo nhiéu muc dich khac nhau
(QCVN 08-MT:2015/BTNMT).
KET LUAN

Cac xdc tac bién tinh TiO, dd dugc diéu ché
thanh coéng bang phuong phap sol-gel dat kich
thuéc hat nanomet, c¢6 ning lwong ving cam
thip, 1am tang hoat tinh dudi anh sang UV-A va
kha nang str dung &nh sang mat troi. Ca hai xuc

tac déu c6 thé xir Iy hiéu qua hop chit hitu co kho
phén hay trong nudc thai thay san, gi tri COD
sau xir Iy dat tiéu chuan thai cot A (QCVN
11:2008/ BTNMT) va c6 thé tai sir dung. Hi¢u
qua xir ly COD cua xuc tac Ti-N vuot troi hon
han so véi xtc tac Ti-Fe. Huéng tiép theo, hoat
tinh cac xUc tac s& duoc tién hanh khao sat véi
viing anh séang kha kién hoic anh sang mat troi dé
hudng dén ing dung 2 xdc tac nay vao thyc tién.

Degradation of recalcitrant organic polluants
In seafood wastewater by modified TiO>

photocatalysts
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ABSTRACT

In seafood processing plants, industrial waste
water discharge reached virtually the level B
(QCVN  11-MT:2015/BTNMT) after  using
mechanical, physicochemical and biological
wastewater treatment methods. However, their
COD values (COD = 20-120 mg/L) were not
qualified for allowable concentration of discharge
requirement - level A (COD <75 mg/L) in many
cases. In this paper, bio-treated seafood waster
water was continually treated by TiO;
photocatalyst modified by doping Fe and N to
degrade recalcitrant organic pollutants to obtain
the A level water which can be resused. TiO;
modified by doping Fe and N were prepared and
investigated the physico-chemicalproperties. The
results showed that modified TiO, had a lower

band gap and more photoactivity than pure TiO..
Beside that, at the reaction conditions: reaction
temperature 25 °C, dissolved  oxygen
concentration 7.6 mg/L and pH = 7, the optimal
concentration of catalysts was determined (1.25
g/L). After 12 hours of treatment, COD removal
efficiency on TiO,-Fe and TiO,-N catalysts
attained 41.1 % and 64.3 %, respectively, and
their COD values reached 49.3 and 29.9 mgl/L,
correspondingly. After treatment, the quality of
waste water discharge met the level A (QCVN 11-
MT:2015/BTNMT) and became a safety source
for reusing (QCVN 08-MT:2015/BTNMT). In
addition, the relationship  between the
characterization of modifed TiO, and their
activity was characterized.

Keywords: seafood wastewater, recalcitrant organic polluants, modified TiO, photocatalyst
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