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TOM TAT

Nuéc thai dét nhuém la mét trong nhikng
loai nwéc théi khé xt ly do chira nhiéu hop
chét hitu co khé phan hdy sinh hoc. Trong
nghién ctru nay, ching t6i da ap dung qua
trinh UV/Fenton dé xt ly véi cac théng sé ti
wu gém: nbng dé H,0, va Fe** dau vao, pH,
thoi gian va téc dé khudy. Nudce thai ban dau
duoc suc khi trong 24 gio va loc qua gidy loc
c6 kich thuée 16 20 um sau d6 méi tién hanh
phén ung. Két qua cho thay céc théng sé tbi
wu lan ot Ia néng dé H,O, 660 mg/L, néng

dé Fe** 20 mg/L, pH = 3, thoi gian phan tng
90 phut va téc do khudy 100 vong/phut dat
hiéu qué loai b6 mau, COD twong rng la
94,5 % va 75,5 %. Ti s6 BODs/COD dugc
néng twr 0,1 1én 0,45. Ngoai ra, dnh hwdng
ctia cac anion CI, SO,> Ién hiéu qué xiv ly
ciing duoc kiém tra. C4 hai anion nay déu
can tré qua trinh khoang héa do cé kha nang
bat gitr gbc tw do hydroxyl ciing nhw khé
néng tao phurc bén véiion sét.

T khoéa: qua trinh oxy héa nédng cao, Fenton, quang Fenton, nwéc thai dét nhuém

MO DAU

Nganh cong nghiép dét va may ton tai ¢ Viét
Nam it nhat mot thé ky nhung cac hoat dong thu
cong truyén thong nhu théu va dét lya thi da co
lich sir 1au doi [15]. Hién nay, nganh nay chiém
mot vi tri quan trong, dong gop dang ké cho ngan
sach nha nudc va giai quyét viéc lam cho mot
lugng 16n nguoi lao dong. Tuy nhién, bén canh
viéc thuc day kinh té phat trién thi cac anh huong
dén moi truong tir nganh dét nhudém ciing 1a mot
van dé dang dugc quan tam, trong d6 nudc thai
nganh dét nhuém 1a van dé ndi com nhat. Nhin
chung, nudc thai nganh dét nhuém cé COD, nhiét
d6 ciing nhu dd mau cao. Ngoai ra, nugc thai con
chira mot luong 16n céc hop chat hitu co doc hai
nhu thudc nhuom, chit hoat dong bé mat, kim
loai, mubi va cac chat hop chat hitu co bén
(Persistent Organic Pollutants — POPs). Nudc

thai dét nhuom néu khong duoc xur ly, thai vao
mdi truong co thé pha hiy doi song cua thuy sinh
vat va anh huéng dén kha ning tu 1am sach cua
ngudn tiép nhan [1, 2, 13].

Hién nay, c6 rat nhiéu qua trinh khéc nhau
dugc 4p dung dé xir ly nuéc thai nganh dét
nhudém nhu: keo tu - tao bong, xu ly hiéu khi,...
Trong d6, dang cha y nhat 1a qué trinh oxy hda
ndng cao (Advanced oxidation processes —
AOPs) do kha ning loai bo hiéu qua cac chat hitu
co bén ma khéng can bat ki qua trinh oxy héa
théng thuong nao ciing co thé thuc hién dugc,
ddng thoi d& quan ly, khong phuc tap khi van
hanh va luong bun thai sinh ra it hon nhiéu so Vi
qué trinh xu ly sinh hoc hay cac qué trinh oxy
khéac. Do @6, qua trinh oxy hda nang cao da va
dang thu hit sy quan tdm lon trong nganh xir ly
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nudc tir nhitng nam 1990. Trén thé gidi ciing da
c6 nhitng nghién cau vé tng dung qua trinh
quang Fenton xu 1y nudc thai. Thi du nhu nghién
ctu cua A.N. Mddenes va cong su (2012) [10],
da tién hanh xir Iy nuéc thai dét nhuom dya trén
quéa trinh quang Fenton sir dung ngudn anh sang
mit troi va dén UV. Két qua cho thdy tai cac diéu
kién téi wu pH 3, ndng d6 H,0, va Fe?* ti wu 1an
luot 1a 6 g/L va 0,05 g/L cho hiéu qua loai bo
COD va d6 mau dat gia tri cao nhit trong khoang
88-98 % trong 90 phat phan (ng. Chi phi tinh
toan dé xir Iy cho 1 m® nué6c thai 1a 6,85 $ va
17,95 $ d6i véi ngudn sang la anh sang mit troi
va dén UV. Ngoai ra, T.M. Elmorsi va cong su
(2010) [5] da tién hanh xi ly thudc nhuoém
Mordant red 73, két qua cho thay hiéu qua xir ly
mau cua thudc nhuém dat 99 % chi trong 15 phat
phan tng. Cac nghién ctu tng dung UV/Fenton
tai Viét Nam phan nhidu dé xur 1y nuéc ri réc,
thudc trir sau,... néu ¢6 xir 1y nudc thai dét nhuom
thi cling 1a qua trinh Fenton hay Fenton di thé,...
Viéc ap dung UV/Fenton dé xtur 1y nuéc thai dét
nhudm con kha it va chua phd bién. Nghién ciu
cua B.X. Viing [3], “So sanh hoat tinh oxy hda
cia cac hé oxy héa nang cao Fe*'/C,0,%
IH,0,/VIS, Fe*'IH,0,, Fe**IH,0,/UV, UV/H,0,
trén thuéc nhuom Indantren Red FBB (IRF)” cho
thiy ¢ didu kién thuc nghiém téi wu, hiéu suit
chuyén hoa va hiéu suat loai b6 COD cua hé
Fenton/UV la 100 % va 86,3 % sau 21 phat xir ly
dung dich IRF 50 ppm.

V& co ban, AOPs duya trén viéc tao thanh cac
géc ty do hydroxyl trong nuéc, c6 hoat tinh cao
va c6 kha ning oxy hoéa khdng chon loc cac hop
chit hitu co phan tan trong nuéc nhu thudc
nhudém. Qué trinh quan trong dé tao ra gdc tu do
hydroxyl l1a s dung téc nhan Fenton va la qua
trinh dugc &p dung phé bién hién nay dé xu ly
nudc thai dét nhuém ¢ nudce ta. Tuy nhién, qua
trinh Fenton van con nhiéu diém han ché do qua
trinh khir Fe®* vé Fe?* cham va trong thyc té phan
g hau nhu dimng lai khi lugng Fe** chuyén gan

nhu toan bd thanh Fe** din dén giam hoat tinh
xUc tac cua Fe?*, tir 6 giam hiéu qua khoang hoa
clia qué trinh. P& khac phuc han ché trén, d¢ tai
tién hanh dua vao hé ngudn bic xa UV tao thanh
hé mai la UV/Fenton. Biric xa UV khdng chi lam
tang sy hinh thanh géc tu do hydroxyl ma con tai
sinh chét xuc tac Fe?* bang cach khir Fe**. Do dé,
phan ung chung cta hé dugc gia tang [8]. Mat
khac, hiéu qua cua qua trinh UV/Fenton phu
thuoc vao ti 16 H,0,:COD va Fe®*:H,0,. Ti Ié
nay khdng giong nhau khi xir ly trén cac loai
nudc thai dét huom khac nhau nén can xac dinh
bang thic nghiém trudc khi ap dung vao thuc té.
Do d6, dé tai “Nghién ctu xur Iy nudc thai dét
nhuém bang qua trinh UV/Fenton” duoc tién
hanh nham muc dich xac dinh cac théng sb t6i vu
clia qua trinh UV/Fenton dé xir 1y nuéc thai dét
nhuém & qui mé phong thi nghiém.

VAT LIEU VA PHUONG PHAP

Héa chit, dung cu

Céc hoa chit hydrogen peroxide 30 %,
FeS0O,.7H,0, CoCl,.6H,0, NaCl, Na,SO,,
NaOH, H,S0,, HNO; xuit xtr tir Trung Quéc,
riéng K,PtClg xuat xir ciia Merck, Duc. Dén UV
15 W cua Dai Loan va cac dung cu thiy tinh can
thiét cho céc thi nghiém Ia san pham cua IsoLab
(btc).

Phwong phap thuc hién

Nuéc thai dét nhuom duoc Iy tir bé chira
ciia mot co sd san xuat thuoc Khu phé 4, Phuong
Pong Hung Thuan, Quan 12, Thanh phd Ho6 Chi
Minh. Sir dung can nhya 30 L dé chira mau va
van chuyén vé phong thi nghiém. Nudc thai ban
dau dugc suc khi lién tyc trong vong 24 gio sau
d6 cho loc qua gidy loc c6 kich thudc 15 loc 1a 20
um. Nudc sau loc ding dé tién hanh phan tng
UV/Fenton. Thi nghiém duoc tién hanh tai nhiét
d6 phong, khudy tron bing may khudy Jartest
(Model JLT4, VELP, Y) c6 thé diéu chinh dugc
toc do va thoi gian khuay va tién hanh song song
bén binh phan tng thé tich 0,5 L. Ngudn buc xa
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UV tir dén UV 15 W, xuat xt Dai Loan dugc dat
phia trén, cach cac binh phan ung khoang 10 cm.
Thi nghiém duoc tién hanh nhu sau: cho 300 mL
mau nuéc thai sau suc khi vao cac binh phan ng,
pH ban dau duoc diéu chinh tir 1 dén 8. Sau do,
cac binh phan tng duoc dit vao may khuy, thém
lan lugt H,0, (ndng do trong khoang 110 mg/L
dén 1100 mg/L), Fe** (7 dén 40 mg/L), bat dén
UV va cai dit toc do khudy trong khoang 50 dén
300 vong/phat. Thoi gian phan (mg dugc tinh tir
lic H,O, duoc thém vao hé. Sau 90 phut, dung
phan tng bang cach nang pH cua hé 1én 7 — 8
bing NaOH_5 N dé két tua Fe?*. Mau nuéc sau
chinh pH dugc loc va dich sau loc dugc do mau,
phan con lai dé lang, gan lay 16p nudc trong phan
tich COD. Ngoai ra, anh huong cua cac anion v
co nhu CI' (ndng do tir 14 dén 26 mg/L), SO,*
(ndng d6 tir 137 dén 166 mg/L) ciing dwoc khao
sat.

Phwong phap phén tich

pH cua nudc thai duge do bang may pH Lab
850 (Schott). Qué trinh khoang hda nudc thai

dugc kiém soat bang nhu cau oxy hda hoc (COD)
va dugc do bang phuong phap bichromate [12],
trong khi @6 mau cia nude thai duge do trén may
Jasco V-650 Nhat Ban bang phuong phap do d6
mau dugc quy dinh trong Standard Method for
The Examination of Water and Wastewater [11].
Théng s6 CI” dugc phan tich bang phuong phap
chuin do két tua, trong khi SO, duoc xac dinh
bang phuong phap do d6 duc. Anh huong cua
ting théng s6 dén hiéu suat cia phuong phap
dugc dénh gia bang cach thay ddi cac gia tri
trong mot khoang xac dinh cua ting thong sb cu
thé.

KET QUA VA THAO LUAN

Khio sat thoi gian suc khi

Tién hanh suc khi nudc thai dau vao trong
cac khoang thoi gian khac nhau dé theo ddi su
bién thién cua gi4 tri COD. Sy thay déi thanh
phan tinh chat nudc thai duoc dé cap dén trong
Bang 1.

Bang 1. Thanh phan nudc thai dét nhuém

, Gid (i QCVN 3:2008/BTNMT
Thoéng so Pon vi i Cot B
Bandau | Sausuckhi | Sauloc
pH - 7-8 55-9
Do mau Pt— Co 357 150
COD mg/L 370 283,2 2544 150
TSS mg/L 05 0,4 0,1 100
BOD mg/L 152 40 23 50
cr mg/L 14,2 2
S0,~ mg/L 134,0 -
Do duc NTU 83,41 | 29,1 | 7.6 -

Nué6c thai dét nhuom ban dau cé pH trong
khoang trung tinh, gid tri COD, BOD cao. Qua
trinh suc khi da oxy héa mot phan cac chét hiru
co d& phan hay lam gia tri COD giam xuéng 1,3
lan va BOD giam 3,8 lan so v6i ban dau. Nudc
thai sau khi loc ciing lam giam mot phan COD
nhung giam khéng nhiéu. Ti s BODs/COD cua

nudc thai sau loc kha thap (0,1) cho thiy nudéc
thai sau qua trinh suc khi va loc khéng cé tinh
phan hily sinh hoc va chi chira cac chét hiru co
bén sinh hoc.

Ngoai ra, Hinh 1 ciing cho thay sy bién thién
ctia COD theo thoi gian suc khi. Hinh 1 cho thay
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gi4 tri COD giam dan tir 370 mg/L xudng con
278,2 mg/L khi tang thdi gian syc khi tie 0 1én 36
h. Trong khoang thoi gian tir 0 dén 24 h dau, gia
tri COD giam manh con 283,2 mg/L, tuy nhién
khi tiép tuc ting thoi gian suc khi thi COD giam
khong dang ké, cu thé Ia tir 283,2 mg/L xudng
278,2 mg/L. Nuéc thai sau khi suc khi co gia tri
BOD kha thap, chi con 40 mg/L, giam 3,8 lan so

V6i ban dau, ti s6 BODs/COD giam chi con 0,14.
Qua trinh suc khi nham oxy héa mot phan céac
hop chét c6 kha nang phan huy sinh hoc dé khi
suc khi két thuc thi trong nudc thai chi chira cac
hop chat bén, khé phan hay sinh hoc tao diéu
kién thuan lgi cho AOPs phia sau. Vay thoi gian
suc khi tét nhét 1a 24 gio.
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Hinh 1. B thi biéu di&n su bién thién COD theo thoi gian

Anh hwéng ciua H,O,

Anh huéng cua ndng d6 H,0, lén hiéu qua
loai bo6 mau va COD dugc khao sat bang cach
thay déi lwong H,0, trong khoang tir 110 mg/L
dén 1100 mg/L va gitr ¢6 dinh luong Fe** 1a 20
mg/L, tai pH 3 va thoi gian phan uang 1a 90 phut.
(Hinh 2)

Db thi cho thiy, khi ting luong H,0, tir 110
mg/L 1én 660 mg/L, hiéu qua loai b6 mau va
COD tang tir 74,3 % lén 93,9 % va 30,2 % lén
77,4 %. Tang nong d6 H,0, dong nghia vai viéc
gia ting s6 lugng goc tu do HO' trong hé phan
(ng. Céc gbc tu do s& tham gia phan @ng Vi
thuéc nhuom, tan cong vao cac phan tir thudc
nhuém chua b3o hoa ciing nhu cac nhéom

chromophore dong thoi khoang hoa céc hop chét
hitu co hién dién trong nudc thai dan dén hiéu
qua loai b6 COD va mau tang.

Tuy nhién, khi tang lugng H,0, tir 660 dén
1100 mg/L thi hiéu qua loai bo tang khong dang
ké dbi véi do mau va giam dbi voi COD. bidu
nay c6 thé giai thich 1a do lwgng H,0, du s& tham
gia phan ung voi gbc HO® tao thanh nudc va
oxygen nén lam giam luong géc tu do nay. Pong
thoi, mot phan cac goc tu do HO® ¢6 xu huéng
két hop lai véi nhau ciing dan dén giam s6 luong
géc tu do trong hé theo phwong trinh sau:

HO" + H,0, > H,0 + O,

HO" + 'OH —» HzOz
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Mt khac, khi ndng do H,O, tang dén 1100
mg/L thi hiéu qua loai b6 mau dat 94,1 %, trong
khi hiéu qua loai bo COD giam xudng chi con
58,5 %. Didu d6 cho thay hiéu qua loai bo mau
va COD khong dong bo véi nhau. Mau cta nuéc
thai dét nhuom duoc tao ra tir cac hop chét hiu
co ¢6 chira nhom chromophore nhu la cac phan
ter thubc nhudom mang mau hoic cac gbc tu do
phan cuc gin trén cac hydrocarbon thom hoic
cac hop chit di wvong. Mot khi  nhom
chromophore trong cac phan tir hitu co bi phan
hay thi mau sé bi loai bo. Trong khi d6, gia tri
COD la mét théng sb biéu thi cho lwong hop chét
hitu co ¢6 trong nudc thai va COD chi duoc loai
bo chi khi cac hop chét hitu co nay bi khoang hoa
[16]. Nhu vay, viéc tang lugng H,O, qué cao chi
du dé cét dut lién két cac phan tor mau chir chua
du dé khoang hda hoan toan céac hop chat hitu co.
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Hinh 2. Anh huéng cia ndng do H,0, 1én hiéu qua
loai bé mau va COD (diéu kién thi nghiém: [Fe®'] = 20
mg/L, pH 3, thoi gian phan tmg 90 phut, toc do khudy
100 vong/pht).

Anh hwéng cia Fe

Nong d6 Fe** 1a mot trong nhiing yéu té quan
trong anh huong toi hiéu qua xir ly cua qué trinh
UV/Fenton. Hinh 3 biéu didn anh hwong cua
ndng do Fe** 1én hiéu qua loai bo mau va COD
cua nudc thai dét nhuém.
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Hinh 3. Anh hudng ciia ndng d6 Fe 1én hiéu qua loai

b6 mau va COD (diéu kién thi nghiém: [H,O,] = 660

mg/L, pH 3, thoi gian phan tmg 90 phut, téc d6 khudy
100 vong/phut).

Db thi & Hinh 3 cho thiy, hiéu qua loai bo
mau gia tang khi ting lwong Fe®* tir 7 dén 20
mg/L va dat cuc dai tai 20 mg/L véi hiéu qua loali
bo dat 94,2 %. Xu hudng tuong tu cling quan sat
dugc dbi véi gia tri COD khi hiéu qua loai bo
tang tr 52,8 % lén 75,5 %.

Fe?* Ia chat xUc tac cho qué trinh phan hay
H,0, nhim tao ra cac géc HO". Khi luong Fe?*
tang, kha ning xuc tic cua Fe?" tang, luong gdc
tu do duoc tao ra nhiéu hon, thuc day nhanh qua
trinh khoang hoa cac chit hiru co. Qué trinh xitic
tac phan hay H,0, ciing tao ra mot lugng Fe*
trong hé phan tng. Fe** tham gia phan tng voi
ion hydroxyl hinh thanh Fe(OH)?*. Dang nay hip
thu manh birc xa UV, tao ra thém mot luong gdc
tu do theo phuong trinh [9]:

Fe® + OH — Fe(OH)*" & Fe*" + HO®

Fe(OH)** + hv — HO" + Fe**

Tuy nhién, khi ndng do Fe*" 16n hon 20
mg/L thi hiéu qua loai bé mau va COD déu giam.
Cu thé la giam con 91,9 % cho d6 mau va 62,3 %
cho COD khi luong Fe?" tang dén 40 mg/L. Hiéu
qua xtr ly mau giam nhung khong nhiéu trong khi
COD lai giam dang ké. Khi ndng do Fe** vuot
qua murc tbi vu s& 1a yéu té can tré hiéu qua loai
bé mau va COD do lic nay Fe** tré thanh tac
nhan bét tém HO" theo phan ng:

Fe’* + HO" — Fe*" + OH’

Vay, lugng Fe t6i wu 1a 20 mg/L.
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Anh hwéng cia pH

Duéi diéu kién téi wu ([H,0,] = 660 mgl/L,
[Fe**] = 20 mg/L), pH cua hé dugc thay d6i nham
khao sat anh huéng cua pH Ién hiéu qua loai bo
mau va COD cua qué trinh UV/Fenton. Két qua
khao sat dugc thé hién ¢ Hinh 4.
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Hinh 4. Anh hudng ctia pH 1én hiéu qua loai bé mau

va COD (diéu kién thi nghiém: [H,0,] = 660 mg/L,

[Fe?"] =20 mg/L, thoi gian phan tmg 90 phit, toc do
khuay 100 vong/phut).

Hinh 4 cho thdy, khi tang pH tir 1 1én 3, hiéu
qua loai bo tang tir 90 % lén 93,7 % cho d6 mau
va 49,1 % Ién 75,5 % cho gia tri COD. Hiéu qua
loai bo mau giam khéng nhiéu khi tang tir pH 2
[én pH 3 (tr 94,1 % xudng 93,7 %), tuy nhién
hiéu qua loai bo COD lai ting nhanh tir 58,6 %
I&n 75,5 %. Do do, chon gia tri pH téi wu 1a 3 s&
phu hop ¢ ca hai khia canh khir mau va loai bo
COD. Khi pH 1én hon 3, hiéu qua xa ly giam.
Hiéu qua xir ly mau giam khong nhiéu (80,4 %),
tuy nhién COD lai giam do6t ngot (28,3 %) khi pH
tang 1én 8.

Qué trinh UV/Fenton phu thudc nhiéu vao
gia tri pH do pH déng vai tro quan trong trong co
ché hinh thanh géc HO" cua phan ung Fenton. O
pH 16n hon 3, sy hinh thanh géc HO" dién ra
cham dan do Fe?* bi mat hoat tinh xdc tac khi tao
thanh Fe(OH); két taa, 1am giam lugng HO" sinh
ra. Cung xu huéng do6, khi pH nho hon 3, cac
phan ung trong hé ciing dién ra cham do hinh
thanh phic dang [Fe(H,0)s]**, ma phtc nay phan
ung voi H,0, chiam hon so véi phuc
[Fe(OH)(H,0)s]*"  ([Fe(OH)(H0)s]*" 1a dang
phtrc sit ton tai & pH 3, nén lwong gbc tu do sinh

ra giam [6]. Ngoai ra, trong diéu kién nong do H*
cao, peroxide (-O-0-) s& hinh thanh ion oxonium
[H30,]*. lon nay gidp peroxide 6n dinh hon trong
hé va lam giam hoat tinh cua H,0, véi ion Fe?*.
Vay, gia tri pH dau vao trong khoang nho trén
dudi 3 14 toi wu nhat nhiam tao ra lugng HO" cuc
dai dé oxy héa céc hop chit hitu co.

Anh hwéng cia thoi gian phan ting

Thoi gian phan tmg ciing 1a mot yéu té can
quan tam khi &p dung qué trinh UV/Fenton. Néu
thoi gian phan ng qua ngin, cic chit hitu co
trong nudc thai s&¢ khéng phan tng hoan toan vai
tac nhan Fenton, con néu thoi gian phan ang qua
dai s& lam ting chi phi du tu trong khi hiéu qua
khéng duoc cai thién dang ké.

Hinh 5 cho thiy khi kéo dai thoi gian xt ly,
hiéu suat loai bo mau va COD tang dan. Trong 5
phit dau, higu qua loai bo mau kha cao (80,3 %)
con COD thi khé thap (9,4 %). Sau 90 phut phan
ng, hiéu qua xt 1y dat cuc dai vai 94,6 % cho do
mau va 75,5 % cho COD. Khi tang thoi gian
phan mg hon nira thi hiéu qua loai bé mau tang
nhung khong nhiéu (94,8 %) trong khi COD lai
khong doi (75,5 %).

Trong thoi gian dau, ndng d chat mau, chat
6 nhiém va tac nhan Fenton van con di I6n dé
xay ra nhitng va cham hiéu qua. Cac lién két
trong phan tur thuéc nhuom dé dang bj cit dat boi
phan tng Fenton dé hinh thanh céac acid chira
hoic khong chira nhém hydroxyl. Ngoai ra, qua
trinh oxy hoa truc tiép hay gian tiép ciing c6 thé
chuyén d6i cac hop chét hiru co thanh cac dang
don gian hon nhu NH,", NO, hay NOjs,... [10].
Theo thoi gian, nong do chat 6 nhiém ciing nhu
céc goc ty do HO' giam dan, xac suit va cham c6
hiéu qua thdp din dén hiéu qua xir ly gan nhu
khong thay doi. Mat khéc, theo thoi gian phan
ng H,0, s& bi phan hay dan thanh H,O va O,
ciing lam giam hiéu qua cua qua trinh. Didu d6
cho thay, thai gian phan ng 90 phut 1a thich hop
cho phan ing UV/Fenton trong truong hop nay.
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Hinh 5. Anh hudng cia thoi gian phan ting 1én hidu qua loai b6 mau va COD (diéu kién thi nghiém: [H,0,] = 660
mg/L, [Fe?*] =20 mg/L, pH 3, téc d6 khudy 100 vong/phut).

Téc d9 khudy tdi wu

Khi ting toc do khudy tir 50 vong/phdt 1én
300 vong/phat, hiéu qua xir ly mau va COD c6
xu huéng giam dan tir 94,5 % xudng 92,8 % va
77,4 % xubng 30,2 %. Bdi voi d6 mau, hiéu qua
loai bo giam khéng nhiéu nhung COD lai bi anh
huong khi ting téc do khudy. Khi téc do khudy
nho hon 150 vong/phut, hiéu qua loai b6 COD
giam nhe tir 77,4 % xubng 75,5 % nhung khi ting
tbc do khudy lén 300 vong/phut, hiéu qua loai bo

COD giam manh xubng chi con 30,2 % (Hinh 6).
Qua trinh khudy tron s& tang cuong su chuyén
dong cua c4c ion, cac chat, tang tan suit va cham
c6 hiéu qua cua tdc nhan oxy héa véi chit 6
nhiém trong hé phan &ng dan dén tang hidu sut
clia qua trinh. Khi cudong do khudy tron qua I6n,
sy phan hay H,0, s& dién ra nhanh hon, ndng d6
cac gbc hoat tinh giam manh dan dén hiéu qua xir
ly giam.Vay téc d6 khudy téi wu cho qu trinh
UV/Fenton la 100 vong/pht.
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Hinh 6. Anh hudng cua tbc d6 khudy 1én hidu qua loai bd mau va COD (diéu kién thi nghiém: [H,0,] = 660 mg/L,
[Fe?"] =20 mg/L, pH 3, thoi gian phan g 90 phut).
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Anh huéng cia cac anion vo co

Céc phan tng Fenton rat nhay cam véi cac
anion vo co hién dién trong nudc thai nhu CI” hay
S04%. Thong thuong, cac anion ndy cé sin trong
nudce thai & mot ndng d6 nao d6 hodc ciing c6 thé
1a tir cac anion két hop vai H' va ion sit.

lon CI

Duéi su hién dién cua ion CI', hiéu qua loai
bé mau va COD thay d6i dang ké dugc thé hign
qua Hinh 7.

Khi ndng d6 CI" la 15 mg/L, hiéu qua loai bo
mau giam nhe so véi nong d6 nén (14,2 mg/L).
Hiéu qua loai bé mau giam tir 94,6 % xubng 94,1
% trong khi hiéu qua loai bé COD lai giam dot
ngot tir 75,5 % xudng con 66 %. Tiép tuc ting
nong d¢ ion CI, trong khoang nong do dudi 19
mg/L, hiéu qua loai bé mau va COD giam khéng
nhiéu, tir 94,1 % xubng 93,6 % va tir 66 % xudng
60,4 %. Khi nong do CI 16n hon 19 mg/L, hiéu
qua loai bé giam nhanh va ¢ 26 mg/L thi hié¢u
qua loai bo giam xudng chi con 80,4 % cho d6
mau va 24,5 % cho COD. Nhu viy, cang tang
lugng ion CI, cang lam giam hiéu qua xir ly cua
qua trinh UV/Fenton.

Anion CI dugc xem nhu 1a mét tac nhan bat
tom gdc ty do HO® manh. Anion CI” phan @ng voi
HO" dé tao thanh dang CIOH™ c6 hoat tinh oxy
héa thap hon so véi HO" theo phwong trinh:

ClI'+ HO® — CIOH" [7]

Khi CI" phan ung véi HO® s¢ lam giam xéac
suit va cham c6 hiéu qua cia HO® véi cac chét 6
nhiém do d6 lam giam téc d6 khoang hoéa. Ngoai
viéc canh tranh bt gitr géc tu do, cac anion CI

con tham gia phan wng tao thanh phirc [Fe(CI)**]
va [Fe(Cl,)"] kém hoat dong mac di & pH 3 thi
dang [Fe(OH)?*] van la dang chiém wu thé.

Fe® + CI' — FeCI**

[Fe(CN)*] + hv — Fe** + CI'

CI'+CI'—> Cl,”

Phic FeCl** s& canh tranh véi phuc
Fe(OH)* trong viéc hip thu buc xa UV dan dén
giam téc do sinh goc tu do HO". Sy hién dién cua
céc goc ty do vo co nhu C1°, CIOH™ ¢6 xu huéng
kim ham téc do phan huy céc chat, can tro su
hinh thanh géc tu do hydroxyl [4].

Vay khi ¢c6 mat anion CI" dd & nong do nao
cling anh huong dén hiéu qua loai bo mau va
COD. Pé dam bao nuéc thai sau xt Iy vin dat
QCVN 13:2008/BTNMT thi ndng do CI trong
nudc thai phai bang hoac thap hon 21 mg/L, khi
d6 hiéu qua loai bé mau va COD dat 89,5 % va
45,3 %.

T T
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—-
a0 | oD
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Hinh 7. Anh huéng cta ion CI” 1én hiéu qua loai bo
mau va COD (diéu kién thi nghiém: [H,0,] = 660
mg/L, [Fe*"] = 20 mg/L, pH 3, thoi gian phan tmg 90
phiit, tc do khudy 100 vong/phut).

Trang 208



TAP CHi PHAT TRIEN KH&CN, TAP 18, $0 T6- 2015

lon SO,*

Tuong ty nhu ion CI, sy ¢ mat cua ion
S0, ciing anh huong Ién hiéu qua khoang héa
chat hitu co duoc thé hién ¢ Hinh 8.
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Hiéu suat loai bé (%)
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2
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Hinh 8. Anh hudng cua ion SO, 1én hiéu qua loai bd
mau va COD (diéu kién thi nghiém: [H,0,] = 660
mg/L, [Fe*"] =20 mg/L, pH 3, thoi gian phan (g 90
phut, tbc d6 khudy 100 vong/phiit).

Khi ndng d6 SO,* 1a 137 mg/L, hiéu qua khi
mau giam khong déng ké nhung hiéu qua loai bo
COD giam 1,3 1An so v&i khi trong nudc thai ton
tai ndng d6 SO,> ban dau 1a 134 mg/L. Nhin
chung, hiéu qua loai bé6 mau va COD déu giam
khi ndng d6 SO,* tang tir 137 mg/L lén 162
mg/L. Hiéu qua khir mau giam tir 94,2 % xubng
86,3 %, hiéu quéa loai b6 COD giam tir 57,6 %
xudng 36,8 %. Tuy nhién, khi nong do SO,* 1a
165 mg/L, hiéu qua loai b6 COD c¢0 su tang nhe,
tir 36,8 % lén 39,6 %. Anion SO,* c6 thé hinh
thanh phiic vé6i ca ion Fe?* va Fe*" ¢ cac dang:
FeSO,, Fe(OH)*" va FeSO,". Qué trinh nay Iam
giam ndng d6 Fe®* va Fe** trong hé khi ma ndng
dd cac ion nay dong vai tro quan trong trong viéc
tao ra cac gdc tu do c6 hoat tinh cao. Ngoai ra,
SO,% con tham gia bt tém géc tw do HO" tao ra
cac goc tu do khac cé hoat tinh oxy héa thip hon
[14].

SO, + HO" — OH + SO,”

Mot lugng du SO,” ciing ¢6 thé 1am ting nhe
hiéu qua khoang héa chat hiru co do sy tuong tac
vGi cac phan ta nude tao HO [4]:

SO,” + H,0 — H" + SO,* + HO®

Vay khi c6 mat anion SO,*, hiéu qua loai bo
mau va COD déu bi anh huéng tuy nhién hiéu
qua loai bo COD bi anh huong nhiéu hon. Bé
dam bao nudc thai sau xir ly van dat QCVN
13:2008/BTNMT thi ndng do SO, trong nuéc
thai phai bang hoic thap hon 159 mg/L, khi d6
hiéu qua loai b6 mau va COD dat 88,3 % va 42,4
%.

Sy hién dién cua anion CI, SO,* déu din
dén sy canh tranh géc tu do HO" véi cac hop chét
hitu co. Céc anion v6 co nay tham gia phan tng
véi goc tu do hydroxyl dé tao thanh céc gbc tu do
v co khac c¢é hoat tinh oxy hoa thap hon. Ngoai
ra, anion CI" va SO,* con tao phic véi Fe®* va
Fe®*. Cac phan tng nay anh huong Ién dang ton
tai cua sat trong hé phan ung va lam giam hoat
tinh cua st véi H,0,. Hiéu qua loai bo mau va
COD cua qua trinh UV/Fenton déu giam khi c6
sy hién dién cua hai anion trén, trong d6 anion
CI" ¢6 anh huéng manh va nhiéu hon ca.

Modirshahla va cong sy (2007) da nghién
ctru hiéu qua xu ly thudc nhuém Acid Yellow 23
bing qué trinh Fenton va quang Fenton. Két qua
cho thay 1a qua trinh quang Fenton cho hiéu qua
xir Iy mau cao hon hin so véi qua trinh Fenton,
loai bo dugc 90 % d6 mau sau 10 phdt phan tng
va 94,3 % COD sau 60 phit phan tmg. Diéu nay
trong ddng véi két qua trong nghién ciu nay
ngoai trir hiéu qua xir ly COD ctia nghién ctu
nay dat thip hon trong khi thoi gian phan tng lai
dai hon. Ngoai ra, nghién ctru cia Modirshahla
ciing cho rang ion CI” chi anh huong it dén hiéu
Qua cla qué trinh quang Fenton. Diéu nay c6 thé
la do dén UV duoc su dung trong nghién ctru caa
Modirshahla cé cong suit 30 W, cao hon gip doi
S0 voi nghién cau nay (15 W) [8].

Tuong tu, nghién ctru cua Elmorsi va cong
Sy (2010) cling danh gia hiéu qua loai bo
Mordant red 73 bang phuong phap H,0,/UV va
quang Fenton. Két qua ciing twong dong so voi
nghién cau nay, loai bo dugc 99 % do6 mau sau
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15 phit phan ung va khoang hoa dwoc 85 %
COD sau 3 gio phan tng [5].

Két qua thu dwoc cua nghién ctu cho thiy
hiéu suét xir ly ctia qué trinh UV/Fenton ddi véi
mau nudc thai duoc nghién ciu kha cao. Sau xir
ly, d6 mau nudc thai giam dang ké, quan sat bang
mat thuong cé thé thdy nudc thai rat trong, hau
nhu chit hitu co mang mau déu dwoc loai bo khoi
nudc thai. Gia tri COD giam dang ké so vai ban
dau. C6 thé ndi rang, diéu kién thi nghiém da tdi
vu trong nghién ciru ndy cé thé ap dung dbi véi
loai nudc thai nay.

KET LUAN

Thoi gian suc khi oxy tbt nhat dé chuyén cac

chat hitu co d& phan huy sinh hoc thanh cac hop

chit bén hon 1 24 gio. Qua trinh UV/Fenton cho
hiéu qua khir mau va loai bo COD cao nhat khi
ndng d6 H,0, la 660 mg/L, ndng d6 Fe* 1a 20
mg/L, tai pH 3 trong thoi gian phan ¢ng 90 phut
va toc do khuay khong doi 100 vong/phut. Su c6
mat caa hai anion CI', SO, déu lam giam hiéu
qua xir ly cia qué trinh, mot phan 1a do kha ning
bit tom gbc tu do HO* dé tao thanh cac goc tu do
méi kém hoat dong hon; mat khac ching tham
gia tao phuc véi ion Fe?* va Fe** lam giam hoat
tinh x(c tac cua ion sit. Nong do CI" va SO, téi
da cho phép dé dam bao nudc xa thai van dat
QCVN 13:2008/BTNMT la 21 mg/L va 159
mg/L.

Textile wastewater treatment by

UV/Fenton process

e Le Xuan Vinh
e Ly Tieu Phung
e To Thi Hien
University of Science, VNU-HCM

ABSTRACT

The textile wastewater is one of the most
complex wastewaters because it contains
many persistant organic compounds. In this
study, factors effect on UV/Fenton process
were investigated including: concentration of
H,0,, Fe?*, initial pH, time reaction and the
stirring speed. Raw wastewater was aerated
for 24 h and filtered by 20 um filter paper
before conducting reactions. The optimum
conditions of the UV/Fenton process were
attained at 660 mgH,O,/L and 20 mgFe®*/L,

pH 3, 90 min irradiation time and 100 rpm
stirring speed. Decolorisation and COD
removal efficiencies were achieved 94.2 %
and 75.5 %, respectively. The ratio of
BODs/COD was increased from 0.1 to 0.45.
In addition, the effects of anions CI, 8042' on
the efficient treatment were investigated.
Both anions could inhibit the mineralization
process due to scavenging of hydroxyl
radical as well as forming strong complexes
with iron ions.

Keywords: advanced oxidation processes, Fenton, photo-Fenton, textile wastewater.
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