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SUMMARY

TREATMENTS OF RESIDUAL DYES IN TEXTILE WASTEWATER
BY OZONATION METHOD

The effect of ozonation on the decolorization and degradation of two dyes Direct Red
23 and Reactive Blue 19 was studied. Results showed that the ozonation was a very
effective method for dye decolorization. Color removal efficiencies greater than 95 %
were obtained in all cases. The amount of ozone absorbed by various liquids are
different. The effect of ozonation depends on the pH of the solution, the dye
concentration and reaction time. Results of decolorization showed that the color is
reduced when pH and the reaction times increased. At pH 11, reaction times 90
minutes, the decolorization efficiency of Direct Red 23 and Reactive Blue 19 is 98.31

% and 99.78 %, respectively.
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1. MO PAU

Nudc thai caa nganh céng nghiép dét
may 1 mét trong nhiing nguon thai gay
0 nhiém moi truong, diac biét 1a moi
treong nudc. Dong thai nay cé chaa
nong do cao cac hop chat hitu co, kim
loai nang, c6 COD cao, nhiét d6 cao, pH
cao va do mau 16n [1], néu khong duoc
xtr ly ma thai ra moéi truong sé€ gay anh

hudng nghiém trong dén hé sinh thai va
con nguoi. Trong nudc thai dét may,
pham nhuém 1a thanh phan dic trung va
khé xur ly nhat, boi ching kha bén vé
mit hoa hoc, do d6, ciing kho xtr Iy bang
cac ky thuat hoa ly thong thuong, va
cang kho bi phan hay bai vi sinh vat. Vi
thé, cac phuong phap oxy héa ning cao
thuong dugce wu tién lya chon trong qué
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trinh xir 1y mau nuéc thai dét nhuom. cao va thoi gian ton tai caa ozon ngén,

Ozon la mét trong cac chat oxy hda chi phi cho thiét bi tao 0zon cao.

manh, str dung nhiéu trong xir Iy nuéc 6 Bai bao nay tap trung khao sat kha nang
nhiém. Uu diém caa ozon Ia kha ning tu xtr Iy mau pham nhuém Direct Red 23
phan huay, c6 thé oxy hda pham nhuém va Reactive Blue 19 bang phuong phap
trong nudc thai ma khong sinh ra cac oxy hoa véi tac nhan ozon.

hop chit hitu co tha cip doc hai [1, 2]. 2. THUC NGHIEM

Vi pH < 5, ozon ton tai & dang Oz va 2.1. Vat liéu va hoa chat

oxi hoa chon loc ndi doi trong pham Pham nhuém nguyén chat Direct Red 23
nhudom. Véi pH > 8, ozon phén huy tao va Reactive Blue 19 xuat x& Trung
géc ty do "OH phan tng khdng chon loc Quédc, dugc mua tai cong ty Tan Hong
véi cé&c chét hitu co [3]. Nhuge diém Ion Phat s6 296 duong Cau Am, Van Phc,

nhat cua phuong phap nayla gia thanh Ha Dong, Ha Noi.
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Cac hda chat sir dung trong qua trinh duoc chuan bi. Khao sét hiéu qua xir ly
thugc loai tinh khiét ding cho phan tich. mau cua qud trinh Ozon ¢ cac gia tri pH va
2.2. Quy trinh thuc nghiém thoi gian khac nhau. M6 hinh thi nghiém

Trong mdi thi nghiém, 1dy 1000 mL mau dugc mO ta nhu hinh sau:
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Hinh 1. So do thiét bi sir dung trong nghién cizu
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2.3. Cac phuong phap phan tich

Cac phép phan tich va xac dinh d6 mau,
duoc tién hanh theo cic phuong phap
tiéu chuan [4]; ham lugng ozon trong
nuée duge xac dinh bang phuong phap
indigo [5].

3. KET QUA VA THAO LUAN

Khao sat kha nang xir ly mau cua ozon
vé6i hai loai pham nhuom do truc tiép
(Direct Red 23) va xanh hoat tinh
(Reactive Blue 19).

Bang 1. Gia tri mgt sé thong sé ban dau déi véi mau pham tue pha.

Gia tri ban dau ciia mét s6 thong sé déi véi mau pham tw

ThcA),ng pha
s0 Pon vi Direct Red 23 Reactive Blue 19
pH - 7,51 7,83
TSS mg/L 13,5 15,1
pomau  Pt-Co 4258 4761
COD mg/L 442 460
BODs mg/L 30 35

3.1. Panh gia kha nang xi& ly mau
pham nhudm cia ozon

Thi nghiém duoc thuc hién trong binh
phan g véi may phat ozon, lwong mau
1000 mL, noéng d 500 mg/L, cir sau 10

Néng dé pham
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Hinh 2. Hiéu sudt giam nong dé mau
theo thoi gian

T hinh 2,3, sau mét thoi gian xur ly, hai
mau pham Direct Red 23 va Reactive

Hiéu suat xir ly mau (%)

phut, d6 chuyén héa cia mau dugc xac
dinh mét lan theo budc séng hap thu dic
trung cua ting mau mau. Thoi gian khao
sat 1a 90 phdt.

Po6 mau

—@—Direct Red 23

—#=—Reactive blue 19
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Hinh 3. Hiéu sudt xiz ly mau theo thoi gian

Blue 19 déu bi mat mau. Diéu nay khang
dinh O3 la tdc nh&n c6 kha nang xu ly
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mau cta nudc thai dét nhuom. C6 thé
giai thich do O3 1a chit c6 thé oxy hoa
tuong ddi cao (2,07V) c6 thé oxy hoa
ting phan céc hop chat hitu co dan dén
su hinh thanh céc hop chat trung gian.
Do d6, O3 da tin cbng cac hop chit
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mang mau, bé gy céc lién két doi trong
cau trGc phan tir — yéu tb tao ra su hap
thu mau caa phan tir pham nhudém, phé
v cau tric cua chdng, lam mit mau
dung dich pham.
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Hinh 4. Phé UV — VIS cua pham Direct Red 23 truedc va sau xir Iy bang ozon
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190.00 400,01 600.00 800
[

Hinh 5. Phé UV — VIS cua pham Reactive Blue 19 truéc va sau xi Iy bang ozon

Qué trinh xir Iy mau ddi voi hai loai
pham 1a khac nhau. Trong khi hiéu qua
xtr Iy mau cia pham Direct Red 23 ting
dan theo thoi gian, thi & pham Reactive
Blue 19, ngay trong 10 phut dau tién cia
qua trinh, hiéu suat xir Iy mau da rat cao
(dat 87,62%). Dé dat hiéu qua xir ly trén
90% dbi véi pham Reactive Blue 19 chi
sau 20 phdt, con pham Direct Red 23
sau 70 phut. Nhu vy, dbi véi phan tir
pham nhuém cé cu tric héa hoc khac
18

nhau thi qua trinh oxi héa bang Ozon
d6i vai tirng loai pham 1a khac nhau voi
pham Direct Red 23 - c4u tric phuc tap
hon — ngoai viéc can luong Oz nhiéu
hon, qué trinh oxi hoa da gap kho khan
trong viéc tin cong truc tiép bang Os,
can c6 thém quéa trinh oxi hoa gian tiép
bang gbc *OH nén qua trinh oxy hoa
dién ra cham hon, thoi gian phan ung
kéo dai hon.



Tuy qué trinh oxy héa dé xir Iy mau ddi
Vi ting loai pham c6 khac nhau, nhung
sau thoi gian 90 phdt, hiéu qua xu ly
mau déu rit cao (Reactive Blue 19 dat
99,61% - d6 mau giam tir 4761(Pt-Co)
xudng con 19 (Pt-Co) va Direct Red 23
dat 95,24% - d6 mau giam tir 4258 (Pt-
Co) xudng 203 (Pt-Co)). Piéu nay con
dugc chiing minh qua viéc chup pho UV
— VIS dé danh gi4 kha ning hap thu mau
cia dung dich pham ddi véi mau trudc
va sau xir ly bang Ozon.

Qua két qua chup phé UV — VIS cua hai
mau pham nhuom Direct Red 23 va
Reactive Blue 19 (hinh 4 va 5), trén anh
phd UV — VIS cia ca 2 pham trudc khi
xt ly bang Ozon déu c6 cac pick dic
trung cho d6 hap thu mau cyc dai tai
budc soéng dic trung cho ting loai pham
nhuom (do cac nhém mang mau, cac
lien két d6i trong ciu tric hoda hoc),
nhung sau qua trinh xtr ly bang Ozon, tat
ca cac pick dic trung nay déu bi mat di
(do d3 bi pha v& cau trdc héa hoc), chi
con lai mot pick duy nhat caa cac hop
chat don gian khong con hoac it c6 kha
nang hap thy mau.

3.2. Cac yéu to dnh hudng ~dé'n higu
suat xir ly mau doi véi mau pham
nhudm tw pha bang tac nhan ozon
3.2.1. Nghién ciu sw tiéu thu va
chuyén hoa ozon trong qua trinh ozon
Muc tiéu cua viéc nghién cliu nay la
danh gia kha nang hip thy Os cua cic
dang dung dich khac nhau. Ozon sau khi
suc vao dung dich nudc thai, mot phan
sé tu ph&n huy hoac phan ung véi cac
chat hitu co ¢6 trong nuéc thai tao thanh
nhiéu san pham trung gian khac nhau,

mot phan s& thoat ra ngoai chuyén dang
khi.

Pé nghién ctu su tidu thu va
chuyén hoa cua ozon trong cac dung
dich khéc nhau, ching tdi tién hanh xéac
dinh gian tiép thong qua viéc xac dinh
ham lwong ozon cip vao tir may phat
ozon va lugng ozon thoat ra ngoai sau
khi hap thy qua dung dich pham, tir d6,
xac dinh lugng ozon da tiéu thu trong
dung dich.

Luong 0zon cap vao tir may
phat dugc duy tri on dinh, khong doi
trong cac thi nghiém. May phat ozon
da duogc chung t6i xac dinh c6 cong
suat trung binh 1a 1,72 g/h, voi luu
lugng dong khi 1a 2 Lit/phat, nong do
Ozon trung binh may phat cip vao
trong dung dich la 14,33 mg/L. Thi
nghiém dugc bd tri nhu trong hinh 1
véi cac diéu kién nhu sau:

- Tphan img = 10 phut

- Vgung dich = 1 Lit

- Quhi ra tir may = 2 Lit/phut

- Str dung dung dich phém nhuém tu
pha co cac thong sé ban dau dugc trinh
bay ¢ bang 1.

Céc thi nghiém dugc thuc hién véi cac
dung dich pham nhuom cé nong do
pham khéc nhau (100 mg/L va 500
mg/L), nudc deion, ¢ cac gia tri pH la 3,
7,8 va 10.

Két qua cac thi nghiém xac dinh ham

lugng Ozon thoat ra khoi dung dich sau
khi hap thu duoc trinh bay trong bang 2.
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Bang 2. Nong dg Ozon thoét ra ngodi sau 10 phut hép thy qua cac dung dich

Lwong ozon thoat ra sau khi hap thu qua cac dung dich khac nhau (mg/L)

pH _ Direct Red 23 Reactive Blue 19
Nwoc deion
100 (mg/L) 500 (mg/L) 100 (mg/L) 500 (mg/L)
3 262,47 235,8 212,4 137,9 2129
7 2477 226,4 169,5 2274 171,2
8 237,1 143,2 68,3 1444 77,3
10 228,27 45,3 3,35 45,8 4,2

Téng luong Ozon (trung binh) cap vao
sau 10 phut tir dinh theo cdng thuc:
> OScép vao = Co3 * Quni * Tphén ng

Trong do:
Cos — nong d6 Ozon trung binh trong 1
Lit khi dau ra cua may phat Ozon
(mg/L)
Quni— Luu Iugng khi (Lit/phat)
Tphan ung — thot gian phan ung (phat)

Nhu vay, trong thi nghiém nay theo

tinh toan tong lugng O cap vao la 286,6
mg (**)
Tir bang 2 va (**) c6 thé gian tiép xéac
dinh lugng Ozon di hap thy trong nuéc
deion va cac dung dich pham nhuém sau
thoi gian phan wng 10 phat, két qua thu
duoc thé hién qua bang 3 nhu sau:

Bang 3. Luong Ozon tiéu thu trong cac dung dich khac nhau sau thoi gian 10 phat

Lwong ozon tiéu thu trong dung dich (mg)

Direct Red 23

pH  Nuwéc deion

Reactive Blue 19

100 (mg/L) 500 (mg/L) 100 (mg/L) 500 (mg/L)
3 24,13 50,8 74,2 48,62 73,62
7 38,9 60,2 1171 59,23 115,4
8 49,5 143,4 218,3 141,6 209,3
10 58,33 241,3 283,25 240,8 282,4

hip thu Ozon vao trong dung dich qua
hinh 6 dudi day:

Két qua trén duogc thé hién qua biéu dd
mo ta anh huong cua pH, loai dung dich
va nong do chat ban dau dén kha ning
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Hinh 6. Biéu dé mo ta anh hirong cua pH va nong dé pham ban dau
dén kha nang hdp thu Ozon trong dung dich.

Tir céc két qua tir thi nghiém trén, rit ra
maot sb nhan xét sau:

Déi véi cac loai dung dich khac nhau thi
muc tiéu thu Ozon khéac nhau. Su hap
thu Ozon trong dung dich pham Direct
Red 23 nhiéu hon so véi pham Reactive
Blue 19 va déu cao hon rat nhiéu so véi
nude deion. Bicu nay co thé giai thich:
sau khi Ozon dugc suc vao dung dich
pham nhuoém, ngoai viéc Ozon tham gia
phan &ng véi cac phan tar pham nhuom,
con co luong Ozon tiéu ton cho qua
trinh ty ph&n hay, nén lugng Ozon bi
tiéu tén s& nhiéu hon. Con trong nudc
deion, lugng Ozon tiéu ton chi do qué
trinh hoa tan va ty phan hay ma khong
c6 sy tham gia phan ung véi pham
nhudém nén luong Ozon tiéu thu it hon.

- B6i vé6i nude deion, ¢ diéu kién pH = 3
chi xay ra qua trinh tuy phan huay cua
Ozon nén luong Ozon tiéu thy twong dbi
it. Khi pH nang dan tir trung tinh (pH
=7), kiém yéu (pH=8) va kiém hoi manh
(pH=10) thi lwong Ozon hap thy ting dan
va nhiéu nhat ¢ pH = 10 (10,61 mg Os).

Piéu nay cd thé giai thich: dung dich
kiém c6 goéc OH’, ngoai quéa trinh tu
phan huay, con xay ra phan ung gitra
Ozon va géc OH™ (O3 + OH — HO, +
0,") nén tiéu tén Ozon nhiéu hon. Khi
pH cang ting, gbc OH™ cang nhiéu thi
lwong Ozon tiéu ton cang tang.

Ciling xay ra tuong ty nhu nudc deion, &
dung dich chira pham nhudm, ngoai cac
phan g trén con mat thém luong Ozon
dé oxy hoa cac phan tir pham nhuom,
nén luong ozon tiéu thu nhiéu hon. O
cac pH khac nhau, lugng Ozon tiéu thu
la khac nhau, pH cang tang, luong tiéu
thu Ozon cang l6n. Luong O3 tiéu thu
nhiéu nhat ¢ pH = 10 (can 2416 -
283,25 mg O3 ddi véi Direct Red 23,
can 240,8 — 282,4 mg Oz ddi voi
Reactive Blue 19) diéu nay co thé la
trong moi truong pH cao hon, da xay ra
c4c phan ung tao gdc *OH [3] lam ting
tbc d6 phan tng, pha v cau trac phan tir
pham nhuom.

Tir két qua trén ciing cho thay, véi loai
pham nhuém c6 ndng do khac nhau thi
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su hip thu Ozon vao dung dich khéc
nhau. Khi néng d6 phim trong dung
dich cang cao, sy hip thu Ozon vao
dung dich cang Ién (vi du d6i véi pham
Direct Red 23: & pH = 8, vé&i nong do
pham 100 mg/L thi lugng Ozon hap thu
vao dung dich la 143,4 mg Os, con &
nong d6 pham 500 mg/L can 218,3 mg
0,).

3.2.2. Anh hwong cia pH va théi gian
dén higu qua xi ly mau cka pham
nhugm trong qué trinh oxi hoa bang
tac nhan Ozon.

Tur két qua thuc nghiém tai muc 3.2.1 ta
thiy pH cang cao, kha nang hap thu cua
Ozon vao dung dich cang tt va c6 kha
nang tao ra cac phan ung hinh thanh goc
*OH lam ting toc do phan ang. Mait
khac, thong thuong nudc thai tir cac
céng doan nhuém tai cac co so cé tinh
hoi kiém [4, 5, 7], vi vay, chlng t6i tién

120 1 Direct Red 23

S

T

=4=pH=7

——pH=8
pH=3

—<pH=10

Higu suat xtr ly d8 mau (%)
f=a}
o

pH=11

¢ Migen ey
Hinh 7. Hiéu sudt xi Iy d6 mau theo thoi
gian va pH khac nhau cia phadm Direct
Red 23
Tir cac két qua phan tich trén, rat ra mot
sb két luan sau:
- O cac diéu kién pH khac nhau, qua
trinh oxy hoa bang tic nhan Ozon déu
lam giam d6 mau cua ca hai loai pham
nhudm, khi pH cang cao thi hiéu suat xu
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Hiéu sudt xir ly dd mau (%)

hanh thi nghiém trong dai pH tir 7 dén
11.

Déi tuong thi nghiém 1a hai loai pham
nhuém tu pha: Direct Red 23 va
Reactive Blue 19 déu c6 ndéng do 500
mg/L voi céc thdng sé ban dau nhu
trong bang 1.

Thi nghiém duogc tién hanh bang cach
suc ozon lién tuc vao trong dung dich
pham nhuém da pha sin, pH cua dung
dich dugc theo ddi va diéu chinh (st
dung dung dich NaOH 1N) theo céac gia
tri pH can nghién cau trong suét qua
trinh thuc nghiém. Tién hanh thi nghiém
trong vong 90 phdt, ctr sau 10 phat, lay
mau 1 lan dé xac dinh d6 mau cua dung
dich. Két qua nghién ciru anh huéng coa
pH va thoi gian dén hiéu qua xir ly mau
cta qua trinh Ozon héa dugc trinh bay
trong céc hinh sau.

120 7 Reactive Blue 19

100 -

80 -
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40 1 pH=9
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pH=11

B T T T T T T T T
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Hinh 8. Hiéu sudt xi 1y d6 mau theo thoi

gian va pH khéc nhau cia pham Reactive

Blue 19
1y cang tdng. Trong khoang pH = 7-11,
hiéu suat xir ly thap nhat tai pH = 7, hiéu
suat nay tang dan qua pH= 8, 9, 10 va
cao nhat & pH =11 (dat 97,74 % ddi voi
Direct Red 23 va 98,81 % ddi V6i



Reactive Blue 19). Két qua nay ciing
tuong (ng vai thi nghiém ¢ muc 3.2.1.

- Tur céc két qua trén nhan thy, thoi
gian phan ng va loai pham nhugm ciing
la cac yéu té quan trong anh hudng truc
tiép dén hiéu qua xu ly cua qua trinh oxy
héa bang tac nhan Ozon. Thoi gian phan
tng cang kéo dai thi hiéu suat xu ly
cang tang.

+ Di véi pham Direct Red 23, ¢ pH =7
va 8, sau thoi gian 90 phdt phan tng, tuy
hiéu qua xtr ly mau kha cao (lan luot Ia
84,15 % va 94,52 %) nhung d6 mau cua
dung dich con 683 (Pt-Co) va 236 (Pt-
Co) - chua dat gigi han cho phép cua
quy chuan (QCVN 13:2009/BTNMT,
¢t B = 150(Pt-Co)). Nhung khi pH = 9,
10 va 11, thoi gian phan tng chi can 80
phat, 6 mau cua dung dich pham
nhuém di nam trong gidi han cho phép
(IAn Tuot 12 148, 123 va 93 (Pt-Co)).

+ Pdi v6i pham Reactive Blue 19, sau
thoi gian 90 phut phan &ng chi c6 do
mau & pH = 7 van chua dat gi¢i han cho
phép. Khi pH = 8 thi sau 80 phut, dén
pH = 9, 10 va 11 chi can 60 phat phan
mg, d6 mau cua dung dich pham nhuém
d3 nam trong giéi han cho phép cua quy
chuén (QCVN 13:2009/BTNMT, cot B
=150 Pt-Co). Nhu vay, c6 thé két luan
rang: pH = 11 cho hiéu qua xu ly mau
ctia qué trinh Ozon cao nht.

Tuy nhién, do cing dén mot moc thoi
gian (80 phut ddi vai Direct Red 23 va
60 phat ddi voi Reactive Blue 19) thi do
mau & pH =9, 10 va 11 déu dat tiéu

chuan cho phép); vi vay, khi ting dung
trong thuc té, dé giam chi phi va dé tién
hanh thuc nghiém hon, chung t6i chon
pH= 9 d thyc hién phan tng. Thoi gian
cang dai, hiéu qua xtr ly cang tang, thoi
gian xir ly cho pham Reactive Blue 19 1a
60 phut, véi pham Direct Red 23 1a 80
phut thi @6 mau cua dung dich sau xtr ly
dat tiéu chuan cho phép.

4. KET LUAN

Ozon c6 kha ning phan tng phéa v cau
trdc cua cac hop chat mau cé trong nudc
thai dét nhuém dan dén 1am méat mau
cua ching. Qua trinh Ozon da xu ly
dugc mau cua hai loai pham nhuom
Direct Red 23 va Reactive Blue 19.

Pi xac dinh lugng Ozon hap thu
vao cac loai dung dich khac nhau hay
ciing mat loai dung dich nhung c6 nong
d6 khac nhau 1a khac nhau, nong do chat
trong dung dich cang cao, sy hip thu
Ozon vao dung dich cang nhiéu.

Hiéu qua cua qué trinh Ozon phu thugc
vao pH cua dung dich, nong do chat mau
va thoi gian phan tng. B$ pH cang cao,
thoi gian cho qua trinh Ozon cang dai thi
hiéu suat xtr Iy mau cang ting. Ddi Voi
thi nghiém trén mau tu pha, tai pH = 11
cho hiéu qua xur cao nhét (dat 98,31% dbi
voi Direct Red 23 va 99,78% vaéi
Reactive Blue 19).
LOI CAM ON
Cong trinh nay nhdn duwoc hé tro tai
chinh tir d@é tai TN-14-13 (trwong Pai
hoc Khoa hoc Ty nhién Ha Ngi).

(xem tiép tr.29)
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