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TOM TAT

Quéa trinh Fenton dj thé v&i xuc tac tro
bay bién tinh bdng mudi sét (lll) clorua duoc
str dung dé phan hdy phdm mau Reactive
Blue 182 (RB 182). Mot sé tinh chét co ban
cla tro bay thé va tro bay bién tinh dwoc xac
dinh théng qua cac ky thuat SEM, EDX, va
XRD. Anh huéng cia mét sé6 yéu té quan
trong nhw ham lwong xuc tac, pH va néng dé
hydro peoxit t&i hiéu qua x& ly da dwoc
nghién ctru va thdo luén; déng thoi hang sé

téc dé6 phan hiy RB 182 ciing duoc xéc
dinh. Céc két qua thuc nghiém cho thay rang
ky thuét Fenton dj thé v&i tro bay bién tinh
pht hop dé loai bé phdm nhuém RB 182. O
céc diéu kién téi vu bao gébm ham lwong xuc
tac (1 g/L), nbng do hydro peoxit (3,92 mM),
pH (3), qua trinh loai bé RB 182 dwoc chi ra
la tuan theo dong hoc bac nhét véi hidu suét
Xt ly dat xap xi 90% sau 90 phut.

Terkhoéa: Tro bay, Fenton dj thé, xuc tac, Reactive Blue 182.

MO PAU

O Viét Nam, dét may la nganh cong nghiép
mili nhon, gitr vi tri chién lwgc quan trong trong
su phat trién cua nén kinh té& qudc dan. Tuy
nhién, do dic thu cia mot nganh san xuit phuc
tap, str dung nhiéu hda chat, nguyén liéu (dic biét
la c4c loai pham mau hitu co), 6 nhidm moi
truong trong nganh nay 1a didu khong thé tranh
khoi. Xir Iy nudc thai dét nhuom dang 1a bai toan
nan giai cho nhiéu nha méi truong trong va ngoai
nu6c; boi néu khong dwoc xur 1y, nudc thai dét
nhugm s& gay mat my quan, can trg qué trinh
quang hop, lam giam ham luwong oxy hoa tan
trong nudc, gay anh huong trdm trong moi
truong, sinh thai va doi séng cia nhiéu loai thiy
sinh, ddng vat va con nguai [1-4].

Do c6 thanh phan héa hoc da dang, nudc thai
dét nhuom cé thé duoc giai quyét bang nhiéu ky
thuat khac nhau, dién hinh c6 céc ky thuat hoa Iy
nhu keo ty, dién keo ty, hip phu [5-7], mang; k¥
thuat sinh hoc yém khi, hiéu khi [6, 8]; cac ky
thuat hoa hoc nhu ozon hoa, oxy hoéa tién tién. ..
[7, 9-14]. Trong thuc té, nguoi ta cin &p dung két
hop cac ky thuat trén mot cach phu hop. Tuy
nhién, trong nhiéu truong hop, cac ky thuat oxy
héa tién tién 1a su lya chon duy nhit dé xir ly
hoic tién xir ly cac loai pham mau hitu co boi
nhiéu loai pham nhuém gan nhu khéng/khé bi
phan huy, loai bo bai cac ki thuat sinh hoc, hda
ly thong thuong [15] mac di van ton tai mot s6
han ché nhit dinh nhu tao ra mot lugng ban sau
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xtr ly, chi phi cao, d& bj anh huong boi nhiéu ion
la hodc cac san pham trung gian... Nghién ciru
phét trién cac hé x(c tac Fenton di thé trén co s
sir dung céac loai quing ty nhién hoic cac chat
thai ran céng nghiép nhu xi pirit, bun do, tro
bay... c6 thé khic phuc duoc cac nhuge diém cua
cac ky thuat oxy hoa tién tién thong thuong.

Trong cong trinh nay, tro bay dwgc bién tinh
va sir dung véi vai tro xdc tac Fenton di thé trong
muc tiéu phan hay pham mau Reactive Blue 182
(RB 182), mét loai pham mau sir dung phé bién &
mién Béic Viét Nam, dic biét 1a & cac lang nghé
nhu Duong Noi, Van Phuc (Ha Noi).

VAT LIEU VA PHUONG PHAP
Héa chit va tro bay

Phim nhuom RB 182 c6 cau tric nhu trén
Hinh 1, duogc cung cap boi Ciba Specialty
Chemicals Inc va duoc lay tai lang nghé Dét
nhu¢m Duong No6i (Ha Dong, Ha Noi).

Dung dich hydro peoxit (30%), FeCls;.6H,0
thuoc loai tinh khiét phan tich.

Tro bay duoc ldy tai Nha méay Nhiét dién
Uong Bi, tinh Quang Ninh.

Hinh 1. C4u trac hoa hoc ctia pham nhudém Reactive Blue 182 [16]

Quy trinh bién tinh tro bay

Hoa tan 3,38 g FeCl;.6H,0 vao 20 ml nu6c
cit. Han hop vira chuén bi dugc khudy, gia nhiét
& 100°C (téi khi nuéc bay hoan toan) trén may
khudy tir ¢ tc do 120 vong/phut sau khi duoc bd
sung 10 g tro bay. Xtic tac thu dugc la san pham
sau khi nung hdn hop da duoc ¢d can & 500°C
trong 4 gio.

Phan tich, xac dinh cac dic trung vat liéu

Anh hién vi dién tir quét (SEM) cua cac mau
vat liéu dugc chyp tai khoa Vit ly, Truong Dai
hoc Khoa hoc Ty nhién trén may JSM5410LV
JEOL (Nhat Ban) véi thé gia téc 20 kV. Thanh
phan hda hoc ciia cac mau vat liéu duoc xac dinh

thong qua phd tan xa ning lugng tia X (EDX)
duoc ghi tai Vién Khoa hoc Vit liéu, Vién Khoa
hoc va Coéng nghé Viét Nam trén may JED-2300
JEOL (Nhat Ban). Phd nhiu xa Ronghen (XRD)
dugc xac dinh ddng thoi tai Vién Khoa hoc Vat
liéu, Vién Khoa hoc va Céng nghé Viét Nam sir
dung may Ronghen Siemens D5000 (Ptic) trong
diéu kién 6ng phat tia biang Cu, budc song
Ko =15406A, goc quét 20 thay ddi tir 15-85°,
phim loc Ni va tai khoa Hoa hoc, Trudng Pai hoc
Khoa hoc Ty nhién sir dung may D8-Advance,
Bruker, Duc tai cac didu kién do co ban gidng
trwong hop ghi trén Siemens D5000, géc quét
thay ddi tir 20-70°.
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Quy trinh xir ly

B sung mot lwong xéac dinh tro bay da bién
tinh vao thiét bi phan tng. Thém tiép 500 mL
nuée chira phdm nhuom RB 182 (dd dwoc didu
chinh pH). Qué4 trinh phan @ng bit dau khi bd
sung hydro peoxit. Tai thoi diém can xac dinh
hiéu qua xir Iy, miu duogc liy ra dé phan tich.
Cac phwong phap phén tich

Ham lwgng RB 182 trong nudc dugc Xac
dinh bang phwong phap tric quang & budc séng
609 nm (budc song hip thu dic trung cua phim
nhuém). Hiéu qua xi 1y mau (H, %) dugc xac
dinh theo cong thuc:

H(%) = C°C_ C

x100

0

20kV . X2,000

10pm . 0000 1140 SEI

@)

Trong d6 C, va C; tuwong tng 1a ham lugng
RB 182 trong nuéc ¢ thoi diém ban dau va sau
khi xtr ly t phat.
KET QUA VA THAO LUAN
Phéan tich diac tinh tro bay trwéc va sau khi
bién tinh

Trong nghién ctu nay, dic tinh cua tro bay
truéc va sau bién tinh duoc tap trung phan tich
trén anh SEM (Hinh 2) va pho EDX (Hinh 3).

Anh SEM ciia miu tro bay truéc bién tinh
(Hinh 2a) va tro bay sau bién tinh (Hinh 2b) cho
thiy qué trinh bién tinh cai thién dang ké dac tinh
bé mt cua tro bay; san pham sau bién tinh c6 ciu
trdc x6p véi nhidu hbc tréng, didu nay tao didu
kién thuan loi cho cac qué trinh hap phy, xdc tac.

(b)
Hinh 2. Anh SEM ciia miu tro bay trudc bién (a) va sau bién tinh (b)

Trang 15



Science & Technology Development, Vol 16, No.T3- 2013

3002

3200

2800

1
X
%]

un [ ¥

2000

Counts
KKb caka

1600

] [4) ©
v g v
1200 [ o ¥ v ¢
g £ E g g LLE
2 3
0w <@ O FFE ‘z 2
40
N
L i e e A I
000 100 200 300 400 500 600 700 800 900 1000
keV

Counts

3600 003

3200

— SiKa

2800
2400
2000
1600

1200

0.00 700 800 900 1000

2.00

1.00 300 400 500 6.00

keV

Hinh 3. Phd EDX cila mAu tro bay trudc bién tinh (a) va sau bién tinh (b)

Muc tiéu caa viéc bién tinh tro bay trong
nghién ctru nay 1 gin dugc cAc tiéu phan sit vao
ciu tric tro bay va ton tai dudi dang Fe,Os
(hematit). Thanh phan héa hoc cia miu tro bay
truéc va sau bién tinh dwoc cac dinh théng qua
phd EDX; két qua tuong tmg dwoc thé hién trén
Hinh 3a va Hinh 3b. Nhitng phan tich chi tiét hon
cho thdy ham luong sit ting 1én dang ké sau qué
trinh bién tinh, tir 3,35 % 1én 12,27%. Sat ton tai
trong cau tric caa san pham sau bién tinh hoan
toan dudi dang Fe,0s, diéu nay duoc khing dinh
thdng qua gian d6 nhidu xa tia X cua mau tro bay
sau bién tinh (Hinh 4b). Gian d6 trén Hinh
4b ciing xuét hién c4c vach phan xa dic trung cta
mullite (AlgSi,O13) va cta cac hat quartz (SiO,);
trong khi d6 gian d6 nay cua tro bay trudc bién
tinh (Hinh 4a) chi ghi nhan sy hién dién céc phan
xa khoang mullite (AlgSi,Oy3), ¢6 nhiéu nhiéu
nén va gan nhu khong ghi nhan sy xut hién cua
sat trong cAu trdc.

Anh huéng ciia ham lrgng tro bay

Trong qué trinh Fenton di thé, ham lugng
xic tac 1a mot yéu té anh huong manh t6i hiéu
suat xir Iy. Anh huéng cia ham lugng tro bay
dugc khao sat tai cac gia tri 0,6; 0,8; 1; 1,2val4
g/l, trong 110 phat va ham lugng H,0, la 3,92
mM, pH 3.

T nhitng két qua thyc nghiém trén Hinh 5
c6 thé thay khi ham lugng xtc tac ting thi hiéu
suat phan hay RB 182 c¢6 xu hudng ting. Tuy
nhién, diéu nay chi thé hién rd khi ham luong xuc
tac va thoi gian xir 1y chua vuot qua 1 g/l. Néu
tiép tuc tang ham luong xUc tac Ién trén 1 g/l,
hiéu suat xtr Iy ¢6 xu hudng giam. Higu qua xtr ly
thay d6i khong déang ké sau khoang 90 pht xir
ly. Anh huéng cia ham lwong tro bay cé thé giai
thich do tuong quan giita téc do cua cac phan
ung co ban sau [17, 18]:

Fe* +H,0, - Fe(OOH)* +H" (1)

Fe(OOH)*" — Fe** + HO; (2)
Fe* +H,0, —» Fe* + HO™ +HO" (3)
Fe* +HO;, -» Fe* +H' +0, (4)
Fe* +HO® —» Fe* + HO™ (5)

Khi ham Iugng tro bay I6n hon 1 g/l, viéc
tiéu thu mot phan géc tu do hydroxyl (HO") theo
phan tng (5) la nguyén nhan truc tiép dan toi
viéc giam hiéu suat. Véi nhitng két qua trén co
thé két luan ham lugng xdc tac phu hop 1a 1 g/l;
thoi gian xu 1y phu hop khoang 90 phut, khi d6
hiéu suat phan hiy RB182 dat xap xi 90%.
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BAJFile: Duc CN mau 0,0125 500C-4h.raw - Type: Locked Coupled - Start: 20.000 ° - End: 70.010 ° -

Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 16 s - 2-Theta: 20.000 ° - Theta: 10.000

[®]00-033-0664 (*) - Hematite, syn - Fe203 - Y: 93.77 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 5.03560 - b 5.03560 - ¢ 13.74890 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167) -
[#]01-079-1453 (C) - Mullite, syn - Al4.64Si1.3609.68 - Y: 66.81 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 7.56400 - b 7.69230 - ¢ 2.88060 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pbam (
[#]01-070-3755 (C) - Quartz - Si02 - Y: 85.01 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91600 - b 4.91600 - ¢ 5.40900 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3121 (152) - 3 - 113.206 -

(b)

Hinh 4. Gian d nhiéu xa tia X ctia miu tro bay trudc (a) v sau (b) bién tinh

Anh hwéong cia pH

pH 1a mot trong nhitng yéu t6 anh huong
manh nhét t6i hiéu suat phan hay chit hitu co cua
céc ky thuat oxy hoa tién tién [1, 3]. Thong
thudng, cac qua trinh Fenton dong thé, di thé déu

dién ra thuan loi trong méi truong axit. Nghién
cttu anh huong cua pH duoc tién hanh tai cac gia
tri 1; 2; 3; 4 va 5 v6i ham lugng H,0; (3,92 mM)
va tro bay (1 g/l). Két qua nghién ciru trong 110
phut duoc thé hién trén Hinh 6.
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Hinh 5. Anh hudng cia ham lwong xuc tac

Két qua thuc nghiém trén hinh 6 cho thay
qué trinh xtr ly dién ra thuan loi & méi truong pH
2-3; su khac biét vé hiéu qua xir ly khi tién hanh
& pH 2 va pH 3 1a khong dang ké. O cac gia tri
pH khac, hiéu qua xir ly c6 gia tri thap hon, dic
biét 14 & cac ving pH > 3. O pH thip (dudi 2),
cac phan ng (4) va (1) dién ra véi téc do cham
vi ly do hydro peoxit c6 thé bén hda do ton tai &
dang solvat héa (H3;0,"); ion oxinoum khi duoc
hinh thanh s& lam giam kha ning phan ung véi
cac ion sit. Bén canh do, khi tién hanh & pH thap
hon 2, cac gbc tu do hydroxyl c6 thé bi tiéu thu
bgi chinh céac ion H* [19]:

H,0,+H" ——>H,0; (6)
OH"+H'+e ——H,0 )

O pH > 4, hydro peoxit bi phan huy kha
nhanh va day la 1y do chinh dan téi giam hiéu
suét cua qué trinh xtr ly [19].

Anh hwéng ciia ham lwgng hydro peoxit

Hinh 7 thé hién anh huong ciia ham lugng
hydro peoxit téi hiéu suit phan hiy RB 182. C6
thé nhan thay tai cac diéu kién nghién cau (pH 3,
ham lwgng xUc tac 1 g/l), khi ting ham lugng
hydro peoxit tir 1,96 mM t6i 3,92 mM, hiéu suat
¢6 xu hudng ting nhanh va ting manh trong

Hilfurulle dF I150:2)
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Thyigian(phut)

Hinh 6. Anh huéng cua pH

khoang 60 phut dau; sau dé tang cham, khéng
dang ké. Tuy nhién, khi ham luong hydro peoxit
ting 16n hon 3,92 mM thi hiéu qua xt ly khéng
nhitng khong tiép tuc ting ma con co chiéu
huéng giam. Viéc giam hiéu suat khi ham luong
hydro peoxit 16n ¢6 thé giai thich 1a do géc tu do
hydroxyl bi tiéu thu mot phan theo phuong trinh
[12, 17]:
H,0, + HO" — HO; +H,0 ®)

Ham luong hydro peoxit phu hop la 3,92
mM.
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Hinh 7. Anh huong ciia ham lwong hydro peoxit
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DPong hoc ciia qua trinh xir ly

Nhiéu nghién cau cho thiy céc qué trinh
Fenton dong thé va di thé tng dung trong phan
hity céc hop chat hitu co thudng tuan theo dong
hoc bac nhat. Nghién ciu caa S. Karthikeyan va
cong su (2011) lai cho thdy qué trinh Fenton
ddng thé tuan theo dong hoc bac nhat, con Fenton
di thé tuan theo dong hoc bac hai [18]. Trong bai
bao nay, dong hoc cua qua trinh xu ly (phén tich,
tinh toan ¢ diéu kién tdi uu) duoc kiém tra véi ca
hai mé hinh dong hoc, bac nhat va bac hai:

INC,=InC,—kt  (bdc nhat)
1_1 +kt (béc hai)
Ct [¢]
6 y = -0.0297x + 4.9704
5 R?=0.9755

0 T T T

0 10 20 30 40 50 60 70 80 90 10 11
0 0

Thoi gian (phit)

@)

Trong d6 C, va C; twong ung la nong do
pham mau tai thoi diém trude xir 1y va sau khi xir
ly t phat; k 12 hing sé téc d6 phan wng (phat?).

Két qua khao sat dong hoc bac nhat, bac hai
twong @ng duoc thé hién trén Hinh 8a va Hinh
8b. Can ctr trén nhitng két qua thuc nghiém nay
c6 thé nhan thiy qua trinh phan hay phdm nhugm
RB 182 boi qué trinh Fenton dj thé véi tro bay
bién tinh tuan theo dong hoc bac nhit (do cé hé
s6 twong quan R? (0,9755) Ién hon so vai bac hai
(0,9205). Hing s6 toc d6 phan huy RB 182 xéc
dinh duoc bang thuc nghiém 12 0,0297 phat™.

0.14 y =0.0013x - 0.0139
R? = 0.9205 o ¢
0.12 =0.
*
0.1
_. 008
g
3 0.06
5 004
- 002
0 T T T 1 1 T 1 T 1
-0.02 % 20 30 40 50 60 70 80 90 10 11
-0.04 00
Thoi gian (phut)
(b)

Hinh 8. X4c dinh hing s tbc do phan hily Reactive Blue 182 theo dong hoc bac 1 (a), bac 2 (b)

KET LUAN

Viéc bién tinh tro bay biang mudi sat (111)
clorua c6 thé cai thién nhiéu dic tinh cua tro bay.
San pham sau bién tinh cé thé ung dung véi vai
trd xdc tac Fenton di thé trong muc tiéu phan hiry
pham mau Reactive Blue 182. Nghién ctu chi ra
mot sé diéu kién phu hop cho qué trinh phan hay
Reactive Blue 182, cu thé vé ham lugng XUc téc,
ham lugng hydro peoxit, pH va thoi gian phan

ung twong ung la 1 g/L; 3,92 mM; 2-3 va 90
phat. O didu kién phd hop, hiéu suat xu ly mau
dat xap xi 90% véi hing sb téc d6 0,0297 phat™
(R?=0,9755).

LOT CAM ON: Céc tic gia xin chdn thanh cam on sy ho tro

tai chinh tw By Khoa hoc Coéng nghé voi Dé  tai
KC.08.TN05/11-15.
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Degradation of reactive blue 182 dye
by heterogeneous Fenton reaction
using modified fly ash/H,O,

e Dao Sy Duc

University of Science, VNU HN
e VVu The Ninh

Institute of Materials Science

ABSTRACT

In this paper, Fe** was immobilized in fly
ash using a thermal procedure. Fe®-
modified fly ash was used as heterogeneous
Fenton catalyst for the degradation of
Reactive Blue 182 (RB 182). Some
properties of raw and modified fly ashes
were characterized by SEM, EDX and XRD
techniques. Effects of some key operating
parameters such as catalyst dose, pH, and
hydrogen peroxide concentration on the
treatment efficiency were studied and
discussed. Kinetic rate constant of treatment

process was also determined. The
experimental results show that the
heterogeneous Fenton technique using

modified fly ash/H,0, is a suitable method
for removing RB 182 from aqueous solution.
At the optimum conditions includes catalyst
dose of 1 g/l; hydrogen peroxide of 3,92 mM;
pH 3; contact time for 90 minutes;
approximately 90% of RB 182 was removed;
the kinetics fitted well for pseudo first-order
reaction.

Keywords: Fly ash; heterogeneous Fenton; catalyst; Reactive Blue 182.
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