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ABSTRACT

Decolorization of azo dye methyl orange (MO) in aqueous solution was
performed using non-thermal plasma in a dielectric barrier discharge
device with the coaxial configuration. The results show that the average

H202 accumulation rate is 0.73 mg/min (under the condition: discharge
voltage 18 kV, solution volume of 500 ml, liquid flow rate of 100 ml/min, O2
flow rate of 0.5 I/min). The influence of parameters, including the liquid
flow rate, gas flow, initial dye concentration on the decolorization
efficency has been studied on the batch processing model After 12
minutes of plasma treatment of MO solutions with initial concentrations of
100, 200, 300, 400 and 500 mg/l, the decolorization efficiencies were of
94.2%, 84.5%, 80.1%, 70.5% and 61.6%, respectively. In particular, after 48
minutes of the operation, decolorization efficiency was over 99% in all
samples, which shows that the energy efficiency increases as the initial
concentration of MO increases.
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XU ly nudc thai dét nhudm bang cac ki thudt thong
thudng, nhu déng tu/keo tu hda hoc, tach mang
hodc bang hdp phu trén than hoat tinh, ndéi chung it
hiéu qua, rat tén kém va dan dén tich tu cac chat &

Gidi thiéu chung

Thudéc nhudém hitu cg dugc st dung trong nhiéu
nganh cdng nghiép nhu gidy, nhua, da, muc in va

chl yéu la trong nganh cdng nghiép dét may. Céng
nghiép dét tiéu thu nudc tir 25 dén 250 m3 cho moi
tdn san phdm, va lugng thudc nhudém thét thoat
khodng 10 = 15 %, diéu nay khién nd tr& thanh mot
trong nh'ng nganh tiéu thu nudc va chdt mau cao
nhat [1-4]. Nudc thai cla cadc nha may dét nhuém la
mot ngudn 6 nhiém moi trudng quan trong [5].
Nhém thuc nhuém téng hgp 16n nhdt dugc sur
dung trong cdng nghiép la thudc nhudém azo, dudgc
dac trung bdi moét hodc nhiéu nhdom azo (-N = N-)
gan vd@i hai nhém thé, chii yéu la dan xudt cla
benzen hodc naphtalen.

nhiém & mot trang thai khac. Xu ly sinh hoc khong
phai la mét gidi phap hiéu qua déi vdi loai nudc thai
nay do khd ndng khang vi sinh vat clia chung [6].
Nhiéu nghién cltu d& dugc tién hanh nham tao ra
cac cong nghé thich hop dé xt ly nudc thai dét
nhuém. Céc nghién clu tép trung vao phat trién cac
qué trinh oxy hda nang cao (AOPs) trén cg sd tao ra
C&C tac nhan phan Ung cao, dac biét la cac gobc ty
do hydroxyl [7]. G6¢ hydroxyl (OH®) la tac nhan oxy
héa khédng chon loc cd khd ndng khoang hda hoan
toan phan I6n cac hgp chét hitu o [7, 8].
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Phuaong phap oxy hoa dua trén plasma c6 thé dong
thai tao ra cac hiéu Ung vat ly va héa hoc da dang
nhu: dién trudng, tia UV, song xung kich va cac tac
nhan oxy hda manh OHs, Oe, O3, H202, ... [9]. T4t ca
déu dugc tao ra tai chd ma khong can thém tac
nhan héa hoc. Bay la mdt hudng nghién clru mdi
day tiém nang dugc cac nha khoa hoc quan tadm vi
c6 thé xI ly hdu hét cac hop chat hitu cg khd phan
hiy, khong sU dung hodc st dung rat it hda chat,
khong co chét thai, than thién vaimoi trudng.

Trong bai bdo nay, sy kh& mau cla thudc nhudém
azo metyl da cam (MO) trong dung dich nudc s
dung plasma khong nhiét trén thiét bi phong dién
rao can dién moi (DBD) cdu tric dong truc da dudc
tién hanh. Anh hudng cla cic théng s& nhu Iuu
lugng 16ng, luu lugng khi, nong dé6 MO ban déau
dén hiéu sudt kh&r mau da dugc nghién clu.

Thyc nghiém va phuang phap nghién cliu
Hdéa chdtva dung dich

Metyl da cam (loai tinh khiét phan tich, Merck) co
cong thic hda hoc C14H14N3NaO3S va phan tU lugng
327,33 g/mol. Bay la mét loai thudc nhudém azo vdi
codng thidc cau tao dugc dua trén Hinh 1.

Cac hoda chat khac déu la loai tinh khiét phan tich,
clia hang Xylong, Trung Quéc.
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Hinh 1: Cong thiic cdu tao cla metyl da cam

Dung dich MO néng dé 1,0 g/I dugc chuédn bi bang
cach hoa tan 1 g MO trong 1 lit nudc khir ion. Dung
dich MO ¢4 néng dé mong muén dugc pha lodng
tUr dung dich A vdi nudc khir ion.

Thiét ldp hé thiét bi thinghiém plasma khéng nhiét
DBD dang ddng truc khir mau MO

So do thiét bi thi nghiém plasma khi' mau thudc
nhuém MO dugc dua trén Hinh 2.

Lo phéan Ung plasma DBD dang &ng dong truc gom:
Dién cyc bén trong dugc lam bang inox SUS316
dudng kinh 26 mm. Dién cuc ngoai dugc lam bang
l& nhém boc bén ngoai éng thiy tinh thach anh
dudng kinh trong 35 mm day 2 mm. D6 dai cla
ving phong dién la 200 mm. Céc chi tiét day, ndp...

dugc ché tao bang teflon. Ldp 4o bao vé va lam méat
bang 6ng nhya PVC trong dé cd thé quan sat.

Nguyén ly hogt dong theo mé

Dung dich thu6c nhuém dugc bom tuan hoan bdng
bom dinh lugng vdi luu lugng (QU xac dinh tur cot
phan Ung va chdy thanh mét I6p mdng trén bé mat
cla dién cyc bén trong, sau do chdy vé cdt phan
Ung. Plasma khong nhiét dugc hinh thanh gilta I6p
ldng va bé mat bén trong cla &ng thach anh. Binh
chtta khi oxy 99,9% dugc sit dung dé€ cung cdp oxy
cho budng plasma phia trong éng thach anh. Luu
lugng O2 dugc diéu chinh va do bang rotameter ¢
khodng do 0 + 1500 ml/ph. Khdng khi dugc hit qua
budng lam mat bén ngoai 6ng thach anh dé lam
mat budng plasma. Khi chita plasma du dugc dua
qua mot dia st x6p dat dudi day cdt phan Ung dé
tdng hiéu quéd hoa tan plasma trong dung dich. Cot
phan Ung bdng nhua PVC trong, c6 dudng kinh
trong 60 mm.

Dién ap phong dién dugc do bang dau do dién &p
cao (Tektronix P6015) va cudng dd dong dién phdng
plasma dugc xac dinh tu dién ap rai trén mot dién
tr& thuan (Rs = 10 Q) mac ndi ti€p vai dién cuc bén
trong.
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Hinh 2: So doé thiét bi DBD dang dong truc khr
mau MO bang plasma khong nhiét
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Thi€tldp cdc thinghiém
Kha ndng tich luy H202 cba hé thiét bi

T6c do tich Ity H202 cla thiét bi trong mot diéu kién
van hanh nhét dinh phan anh khd nang tao ra géc
tuy do OHe®. Lugng 500 ml nudc khir ion (pH=7) dugc
cho vao c6t phan Ung. Van hanh hé théng trong diéu
kién: dién ap phdéng 18 kV, Qt = 100 ml/ph, Qo2 =500
ml/ph. Sau tiing khoang thdi gian 10 phdt, 1,5 ml mau
dung dich dugcldy dé xac dinh ndng d6 H202.

Anh hudng cta cdc théng s6 vén hanh dén hiéu sudt
khir mau MO

Cac thong s6 van hanh anh hudng dén hiéu suét
kh&r mau thudc nhudém bao goém: Dién ap phdéng
dién (Vp), luu lugng khi Oz (Qo2), luu lugng long
(Qu), nbng dé déau cla dung dich MO (Co).

Anh hudng cta dién ap phong dén hiéu sudt khu
mau dugckhdo sat tai 2 gia tri: 16 va 18 kV

Anh hudng cla Iuu lugng Oz (dén hiéu sudt khir mau
dugcnghién cru trong khodng 100 + 1500 mi/ph.

Anh hudng clia luu lugng 1dng dén hiéu suét khir mau
dugcnghién cru trong khodng 50 + 150 ml/ph.

Anh hudng clia ndng dé MO ban dau dén hiéu sust
kh&r mau dugc nghién ciu trong khodng 100 + 500
mg/I.

Khi khdng phai la thong sé can khdo séat, cac thong sé
van hanh hé théng la: Vp = 18 KV, Qo2 = 500 mi/ph,
QL = 100 ml/ph, Co = 300 mg/|, thé tich dung dich
MO 500 ml.

Phuang phdp phan tich va xdc dinh hiéu sudt khu
mau

Xdc dinh néng dé H202 sit dung phuang phéap phd
UV-Vis théng qua phan Ung:

Ti4* + H202 + 2H=0 = H2TiO4 + 4H* O

HaTiO4 c& mau vang dam dugc quét phd dé xac
dinh budc séng hdp thu cuc dai. Két qua xac dinh
dugc Amax = 407 nm. T do thi ndbng do - do hép
thu clia H2TiO4 tai budc song 407 nm (khdng dua ra
& day) xac dinh dugc phuong trinh dudng chuén la:

y = 04686x - 007 (hé s6 tuong quan la R? =
0,9975). Nong dé H20:2 (tuong dudng vdéi ndng dé
clla H2TiO4) dugc tinh theo cdng thic

CH202 (mmol/l) = (A + 0,055)/0,0197 (2)

Trong do: A la d6 hdp thu quang clia mau tai budc
song 407 nm.

Xdc dinh ndng d6 MO: Cling bang phuang phap phd
UV-Vis, & budc song hdp thu cuc dai Amax = 465
nm. Lap dudng chuén xac dinh néng dé MO, tir dé
thu dugc phuong trinh dudng chuén:

y =0,453x + 0,0469 (3)

vdi hé s6 tuong quan 1a R? = 0,996. Néng dé MO
dugc tinh theo cong thic

Cwmo (mg/l) = (A —0,0469)/0,453 (4)
Trong dé: A la dé hdp thu quang tai A = 465 nm.

Hiéu suat khr mau thudc nhudém dugc tinh theo

cong thuc: o
H (%) = === .100% (5)
]
Trong do:

H 1a hiéu sudt khr mau (%); Co va Ct la nong do
thu6c nhuém ban dau va ndng dé tai thai diém t
tuang ung (mg/l);

Cac phép do phd UV-vis dugc thuc hién trén thiét b
Spectrophotometer DR/4000U.

K&t qua va thao luan
Khd ndng tich liy H202 ciia hé thiét bi

Két qud nghién clifu khd nang tich 10y H202 cla hé
thiét bj (Hinh 3) cho thdy tich Ity H2O2 la tuyén tinh
v@i t6c doé la 0,73 mg/phdt, trong trudng hgp Vp =
18 kV. Bigu nay chi ra nang suét san sinh géc tu do
OH* va O3 trong budng plasma la &n dinh.
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Hinh 3: Tich lu§ H202 trong dung dich
Anh hudéng caa cdcthéng s6 van hanh dén hiéu sudt
khit mau MO
Anh hudng dién dp phéng
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Anh hudng cta dién 4p phong dén hiéu sudt kho
mau MO (H) dugc dua trén Hinh 4. Hiéu suét kha
mau MO trong cing mét diéu kién van hanh nhung
dién ap phong khac nhau cho thdy hiéu suat tang theo
dién ap phdéng. Bigu nay la tuang tu vdéi cdng bé cla
nhiéu tac gia [9, 10]. Khi dién &p phdng tang lén, céc
electron dugc tao ra bdi qué trinh phdng plasma c6
nang lugng cao han. Do do, nhiéu phéan t& khi s& bi
ion hoa, diéu nay sé tao ra nhiéu tac nhan c6 hoat tinh
hda hoc cao trong ca pha khi va phaléng [10].

-
£ 100 - 99‘4_3
= 20 1 e T B [ AL lgng

60

40

/ vl 16KV
20 1 —e— 18KV
0 } } } } } } } } |

0 4 8 12 16 20 24 28 32 36
t (phit)
Hinh 4: Anh hudng cla Vp dén H

Anh huéng cia luu luong khi oxy

Anh hudng cia Qo2 dén hiéu suét khit mau dugc
dua trén Hinh 5. Nhin chung, tang Qoe, hiéu suat khur
mau tang lén khdng nhiéu. Khi tang Qo2 tir 500 lén
1000 ml/ph, sau 16 phdt x& ly hiéu sudt khd mau tang
tlr 95,61% lén 96,93 %, tuc la chi tang 1,3%. Tiép tuc
tang Qo2 dén 1500 ml/ph (s& liéu thi nghiém khong
dua ra & day) hiéu suat kh&r mau hau nhu khong thay
déi. Hién tugng nay cé thé dugcgiai thich nhu sau:

Khi tdng Qo2 tir 100 lén 500 ml/ph, s& lugng va cham
clia cac electron vdi cac phan t& O2 va nudc trong
vung plasma tang 1én [11, 12]. Biéu nay dan dén tao ra
nhiéu phan t&r O3 cling nhu cac tac nhan c6 hoat tinh
héa hoc cao. Bong thai tuang tac ldng - khi s& t6t han
trong ca vung plasma va trong cot phan Ung (do suc
khi t&t han), do do hiéu suét khr mau sé tang lén [13].

Khi tang Qo2 tur 500 lén 1000 ml/ph, mdc du gia tang
sé lugng cac phan t& O2 nhung do phéng dién &
cong sudt & dinh méat dé va nang lugng cla cac
electron dé phan hay Oz khéng thay déi nén lugng
O3 hinh thanh khong tang dang k& dan dén hiéu suét
kh{r mau tang rat it.

Khi t6c d6 dong khi cao, Qo2 = 1000 +1500 ml/ph, thoi
gian luu cla cac phén t& O2 trong vung plasma bi
giam xuéng, tU d6 dan dén gidm su hinh thanh cac tac
nhan oxy hoéa [14].

&x 100 ~
= 20
60
—+ 100 mlph
40 —&— 500 mliph
20 —8— 1000 ml'ph
0 —

40 438 56 64
t (Phiit)

0 & 18 24 32

Hinh 5: Anh hudng cia Qo2 dén hiéu suét khit mau
Anh huéng cia lvu lwgng 1éng (Q1)

Arh hudng cla QL dén hiéu sudt kh mau H tai 3
gia tri khdo s&t dugc dua trén Hinh 6.

—
=]
< 100 -
80 -
60 -
40 - —— 50 ml/phut
0 —eo— 100 ml/phut
—=— 150 ml/phut
0 } } } } } } } {
0 8 16 24 32 40 4 56 o4
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Hinh 6: Anh hudng clia QuLdén hiéu suat khit mau

R& rang la hiéu sudt khir mau tang khi QL tang tUr 50
ml/ph dén 100 ml/ph. Tuy nhién, khi QL tdng dén
150 ml/ph, H hdu nhu khéng tang thém nira. Khi van
hanh vai Quthdp (50 mi/ph), ti€p xtc gitta pha long va
plasma trong ving phéng dién khéng t&t. Ngoai ra
con xay ra hién tugng mang chat léng khéng bao pht
déu trén toan bd dién cuc trong, dan dén hiéu suat
thap. Khi QL nam trong khoang 100 + 150 ml/ph, thoi
gian luu cling nhu kha ndng tiép xutc gitta pha lédng va
pha khi n dinh. Do do vdi dién ap phong ¢ dinh, H
hau nhu khéng tang.

Anh huéng ciia ndng dé MO ban dGu dén hiéu sudt
khtt mau

Su phu thudc H theo thai gian ing vai cac nong dé Co
khac nhau dugcduaratrén Hinh 7.

K&t quéd cho thdy H tang rét nhanh trong khoang 10
phit d&u tién, sau dé van tiép tuc tang nhung vdi téc
dé chdam hon. Diéu nay cé thé 1a do co su canh tranh
xdy ra gilta sy phan huy cla chédt phan Ung vdi su
phan huy cla cac san pham trung gian hinh thanh. T6c¢
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dé tang cla H nhanh hon han déi véi cac dung dich
c6 Cothdp hon. Sau 12 phut x ly plasma vd&icac dung
dich MO 6 néng dé dau la: 100; 200; 300; 400 va 500
mg/l, hiéu sudt khr mau dat 94,2; 84,5 80,1; 70,5 va
61,6%, tuang Ung. Dac biét sau 48 phit van hanh, tt
ca cac mau déu co hiéu sut xir ly trén 99%.

100 “

H (%)

—=— 100 mg/L
——200mg/L
——300mg/L
—+— 400 mg/L
—— 500 mg/L

32 48 64
t (phiit)

Hinh 7: Anh hudng clia Co dén hiéu suét kht mau

50 A

Két qua nay cho thdy hiéu qua nang lugng sé tang khi
néng doé Cotang.

Déng hoc khtr mau thuéc nhuém MO

Béng hoc bac nhat clia sy khr mau Ung véi 5 nong dé
dau clia dung dich MO dugc dua trén Hinh 8. Phuong
trinh déng hoc bac nhét va thai gian ban hiy dugc
duatrong Bang 1.

0 10 20 30 40
=y
LJ 0 _ 1 1 1 }
= t (Phit)
SEON
::3
4 -
-6 -
B 100 mg/L
-8 1 A 200mg/lL
® 300 mg/L
109« 400 mg/L
il ° 500 mg/L

Hinh 8: Bong hoc bacnhat cla su khit mau MO

Bang 1: Phuang trinh déng hoc gid bac nhét va thdi gian ban hiy cla cac dung dich MO

Co (mg/L) Phuacng trinh R2 k (phat™) t1/2 (min)
100 y = -0,2678x +0,4693 0,9865 0,2678 43
200 y = -0,2082x + 0,5162 0,9894 0.2082 58
300 y = -0,1719x +0,2546 0,9930 11719 5,5
400 y = -0,1226x +0,3608 0,9859 0,1226 8,6
500 y = -0,0926x + 0,15 0,9887 0,0926 9,1

Hang s6 t6c dd khd mau phu thudc vao ndng dé MO
ban dau, cao nhét déi vdi nong dé 100 mg/I va gidm
khi nbng dé MO téng. Tuy vay, thai gian ban hiy déi
v@idung dich c& Co =500 mg/L chi cao han hai lan so
vdi dung dich c© Co =100 mg/L trong cing mot diéu
kién van hanh. Diéu nay ggi y rang van hanh & nong
dé MO cao c6 Igi vé hiéu sudt nang lugng.

Phé hdp thy UV-Vis cta dung dich MO theo thdi gian
xU ly plasma

Phé hdp thu UV-Vis clia dung dich MO véi ndng dé
ban dau la 300 mg/l theo thgi gian x ly plasma
(Hinh 9) gébm hai dai hdp thu cuc dai trong vung kha
kién: moét dai & budc séng 465 nm, dugc cho la lién
qguan dén nhdm azo mang mau -N = N- va moét
dai & budc song khodng 300 nm dugc cho la lién
quan dén cac vong benzen.

Trong qué trinh x& ly plasma, sy gidm nhanh chéng

cla dai hdp thu dac trung cho nhém mang mau (&
budc séng 465 nm) theo thai gian xir ly, chiing té

rang nhom azo mang mau da bj pha hiy. Cudng do
dai nay gidm nhanh trong khodng 20 phut dau tién,
sau do gidm cham.

A

Do hap phu quang (Abs)

=]
I

(¥
I

et
I

=]
(]
I

]

—Bph

200 250 300 350 400 450 500 550 600

4 ( nm)

Hinh 9: Phé UV-vis ciia dung dich MO (Co = 300
mg/l) theo thai gian xU ly plasma
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biéu nay cho thdy cac chat trung gian hinh thanh do
sy phan hiy clia MO ¢6 thé chita cac vong benzen, va
chiing bi phan hty vai t6c d6 chdm han nhiéu so vdi
MO (c6 thé la do ching ¢ ailuc thép vdi cac tac nhan
oxy hda dugc tao ra trong dung dich). Dung dich trg
nén khdéng mau sau khodng 50 phdt van hanh.

K&t ludn

Su khir mau thudc nhuém metyl da cam trong dung
dich nuéc da dugc khdo sat bang cach st dung
plasma phéng dién rao can dién moi xung. Cac két
qua cho thdy cac théng s& van hanh dé phan hiy MO
phu hgp la: Qo2 = 11/ph, QL= 0,5 I/ph.

Toc dé khi mau tudn theo déng hoc bac nhat vdi
hang s6 t6c dd thay déi theo ndng dé ban dau cla
thuéc nhuém. Khi tang ndng dé Co téc dd khr mau
gidm.

Khtr mau MO dat dudctrén 99% sau 48 phut van hanh
vdinong doé dau Co thay dditlr 100 + 500 mg/L. Nong
dd Co cao cho hiéu qué néng lugng cao.

L&i cdm on

Cac tac gia chan thanh cdm on sy hd trg tai chinh tur
Vién Han lam Khoa hoc va Cong nghé Viét nam (Dé tai
ma s&: VAST 07.01/20-21).
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