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TOM TAT

Trong bai bdo ndy, tro bay dugc bién tinh bing mudi st (II) nitrat. Cic dic tinh co ban
clia tro bay trudc bién tinh, va san phém xiic tdc (tro bay sau bién tinh) dugc xéc dinh thong qua
anh hién vi dién tir quét (SEM), gian d6 nhiéu xa Ronghen (XRD); phd tén xa ning luong tia X
(EDX). Két qua nghién ctru st dung xdc tdc tro bay bién tinh véi vai trd xic tdc Fenton di thé
trong phan hity phdm mau Reactive Blue 181 (RB 181) cho thdy & cdc diéu kién phit hgp vé& ham
luong xic téc (0,4 g/L); ham lugng hydro peoxit (3,92 mM); pH (3); thoi gian xtr 1{ (90 phut),
qud trinh xir If tudn theo dong hoc bac nhat, v6i hang s6 toc d6 0,0238 phit™; R? = 0,9282; hiéu
suét phan huy RB 181 dat 92,21 %.

Twr khoa: tro bay; xtc tac; xuc tidc Fenton di thé; Reactive Blue 181; hé‘ing sb tde do.

1. GIOI THIEU

Xt 1f nude thai dét nhuém dang 1a bai todn nan gidi cho cdc nha khoa hoc; boi néu khong
dugc xir Ii, nudc thai dét nhudm s& gdy mat my quan, can tr6 qua trinh quang hop, lam giam
ham lugng oxy hoa tan trong nudc, gdy anh huong tram trong mdi truong, sinh thai va doi song
ctia nhiéu loai thuy sinh, dong vat va con ngudi [1 - 3].

V& co ban, nude thai dét nhudm c6 thé dwoc gidi quyét bang nhidu ki thut khdc nhau, dién
hinh ¢6 cac lgT thudt hoéa 1i nhu keo tu [4 - 7], dién keo ty, hap phuy, méng,; ki thudt sinh hoc yém
khi [3, 5], hiéu khi [8]; c4c ki thuat héa hoc nhu ozon héda, oxy héa tién tién... [9 - 18].

Tuy c6 mot s6 han ché nhét dinh nhu (i) hinh thanh mét lugng bun st 16n sau qué trinh xu
i, (ii) chi phi xtr Ii bin st sau qua trinh xi 1 thudng cao, (iii) céc ion sit c6 thé bi mat hoat tinh
khi tuong téc, tao phirc voi mot s6 ion nhu photphat, hoic mot sé san pham oxy héa trung gian
[16], nhung trong nhiéu truong hop, céc ki thuat oxy hoa tién tién 1a giai phap duy nhét dé xir 1f
(hodc tién xir 1), phan huy pham mau trong nudc thai boi nhiéu loai phdm mau khong bi phén
hay sinh hoc, khé loai bo bang cic ki thuat héa 1f thong thudng. Cac qud trinh Fenton di thé véi
nhiéu vu diém nhu than thién véi modi truong hon, d& thu hdi va tdi s dung xiic tic... c6 thé
khic phuc cic nhugc diém dién hinh cia céc ki thuat Fenton dong thé. Hién nay, cdc nha khoa
hoc van dang tap trung nghién ctru nham tim ra céc loai vét liéu xtc tic c6 hoat tinh, chi phi dleu
ché, san xuat thip nham giam chi phi xur li. Nhiing két qua nghién ciru gan day cho thay mot sd
hé xtc tac Fenton di thé duoc tong hop trén co s& céc loai khodng hodc san phdm théi ran chira
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sat nhu cao lanh [3], xi pirit, tro bay [2, 7], bun do... Thanh cong ciia cic nghién ctru khi sir
dung cdc vat liéu thai khong nhing ha thap chi phi xir i ma con gép phan giai quyét bai toan 6
nhiém céc chat thai rin nguy hai. Tuy vdy, cdc nha khoa hoc Viét Nam ciing chwa c6 cong bd
nao lién quan téi hudng nghién ctru nay.

Trong bai bdo nay, tro bay dugc bién tinh va st dung nhu mét loai xic tic cho qud trinh
Fenton dj thé, img dung trong phan hity phdm mau Reactive Blue 181.

2. THUC NGHIEM
2.1. Héa chét va tro bay

Pham nhudm Reactive Blue 181 duogc cung cép boi Ciba Specialty Chemicals Inc.
Dung dich hydro peoxit (30%) va cic hoa chét khdc thuoc loai tinh khiét phén tich.
Tro bay dugc léy tai Nha may Nhiét dién Pha Lai, tinh Quang Ninh.

2.2. Quy trinh bién tinh tro bay

Hoa tan 40,4 g Fe(NO;);.9H,0 vao 10,6 g Na,CO; trong 150 mL nudc cAt va khuéy co hoc
(120 vong/phiit) tai nhiét do phong trong 1 gid. Dung dich nay sau d6 duoc thém vao cdc chira
hdn hop 10 g tro bay va 150 mL nudc cat. Khudy hon hop véi téc do 120 vong/phiit trong vong
4 gio. U hdn hop nay trong ndi hap (autoclave) ¢ nhiét d6 60 °C trong 7 ngay. Loc, 1am sach véi
nudc cét hai lan; sdy qua dém & 100 °C rdi nung & 500 °C trong 4 gid.

2.3. Phan tich, xac dinh cac dac trung vat liéu

Mau tro bay ban dau va xic téc sau téng hop dugc chup anh hién vi dién tir quét (SEM) tai
khoa Vat li, Truong Pai hoc Khoa hoc tu nhién trén may JSM5410LV JEOL (Nhat Ban) véi thé
gia tdc 20 kV. Thanh ph?ln héa hoc clia cic mau vat liéu dugce xic dinh thong qua phé tdn xa
nang lugng tia X (EDX) dugc ghi tai Vién Khoa hoc Vat liéu, Vién Khoa hoc va Cong nghé Viét
Nam trén mdy JED-2300 JEOL (Nhat Ban). Phé nhiéu xa Ronghen (XRD) duogc xdc dinh tai
Vién Khoa hoc Vit li¢u, Vién Khoa hgoc va Cong ngh¢ Viét Nam sir dung mdy Ronghen

Siemens D5000 (Dirc) trong diéu kién 6ng phét tia bang Cu, budc séng Ka=1,5406 A , géc
quét 2@ thay doi tir 15 - 85°, phim loc Ni.
2.4. Quy trinh xir li

B6 sung mot ham lugng xédc dinh tro bay bién tinh vao thiét bi phan mg. Thém tlép 500
mL nuéc chira pham nhuém RB 181 (da duoc diéu chinh pH). Qu4 trinh phan tng bat dau khi
b6 sung hydro peoxit. Tai thoi diém can xdc dinh hiéu qua xu Ii, mau dwoc lay ra va xdc dinh
mau.

2.5. Cac phuwong phap phan tich
Ham luong Reactive Blue 181 trong nudc duge xdc dinh bang phuong phép tric quang &

budc séng 609,5 nm (budc séng hap thy dic trung ctia phim nhudm, dugc xic dinh bang thuc
nghiém). Hiéu qua xtr 1i mau (H, %) dugc xac dinh theo cong thic:
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O_Ct

H(%) = x100

trong d6 C, va C, tuong tng 12 ham luong RB 181 trong nudc & thoi diém ban dau va sau khi xir
Ii t phuit.
3. KET QUA VA THAO LUAN

3.1. Phan tich diic tinh tro bay truéc va sau khi bién tinh

Trong nghién ctru niy, dic tinh cia tro bay trude va sau bién tinh dugc tap trung phan tich

trén anh SEM (hinh 1) va ph EDX (hinh 2).
Anh SEM ctia mu tro bay truéc bién tinh (hinh 1, a) va tro bay sau bién tinh (hinh 1, b)
cho thay bé mat tro bay sau bién tinh c6 cau triic xop voi nhi€u hoc trong, di€u nay tao dicu kién

thuén 1¢i cho cédc qua trinh hap phy, xic téc.
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Hinh 2. Phd EDX ciia mu tro bay trudc bién tinh (a) va sau bién tinh (b)
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Muc tiéu chinh cta viéc nghién ciru, bién tinh tro bay véi muyc tiéu sir dung 1am xic tac
Fenton di thé trong phan hity phdm mau 1 gin dugc cic tiéu phén sit vao ciu tric tro bay va ton
tai dudi dang Fe,O; (hematit). Thanh phﬁn héa hoc ciia mau tro bay trudc va sau bién tinh duoc
cc dinh thong qua phd EDX; két qua tuong img dugc thé hién trén hinh 2, a va hinh 2, b.
Nhiing phén tich chi tiét hon cho thay ham luong sat tang 1én ddng ké sau qu4 trinh bién tinh, tir
3,35 % 1én 20,70 %. Sit ton tai trong cAu tric clia san pham sau bién tinh hoan toan dudi dang
Fe,0;, diéu nay dugc khiang dinh théng qua gian d6 nhiéu xa tia X cia mau tro bay sau bién tinh
(hinh 3, b). Gian do trén hinh 3 aciing xudt hién cdc vach phan xa dic trung ciia mullite
(Al6Si,0y3) va cua cac hat quartz (Si0,); trong khi d6 gian dd nay cua tro bay trudc bién tmh
(hinh 3, a) chi ghi nhan su hién dién cac phan xa khodng mullit (AlgSi,O,3), cd nhiéu nhiéu nén
va khong ghi nhan sy xut hién ciia sét trong cau tric.
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Hinh 3. Gian d6 nhiéu xa tia X ctia mau tro bay trudc bién tinh (a) va sau bién tinh (b)
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3.2. Anh huéng ciia ham lwgng tro bay

Trong qué trinh Fenton di thé, ham lugng xic tic 12 mot yéu t6 anh hudng manh téi hiéu
suét xu 1i. Anh hudng ctia ham lugng tro bay dugc khdo st tai cac gia tri 0,2; 0,3; 0,4; 0,5 g/L,
trong 150 phit va ham lwong H,0, (3,92 mM), pH 3.

Tir nhitng két qua thyc nghiém trén hinh 4 ¢6 thé thiy khi ham lugng xic téc ting thi hiéu
sut phan hily Reactive Blue 181 c6 xu huéng tang. Tuy nhién, diéu nay chi thé hién rd khi ham
lugng xuc tac va thoi gian xu li chua vuot qua 0,4 g/L va 90 phat. Néu tlép tuc tang ham luong
xtc téc 1én trén 0,4 g/L, hiéu sudt xir Ii khong nhiing tang khong ddng ké, tham chi con c¢6 xu
hudéng giam (0,5 g/L). Hiu qua xur 1i gan nhu khong thay d6i sau khoang 90 phiit xir 1i & moi
ham Iuong xiic tic. Anh hudng ciia ham lugng tro bay c6 thé giai thich do tuong quan giita tdc
d06 cta cic 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 lugng tro bay 16n hon 0,4 g/L, viéc ti€u thy mot phan goc tu do hydroxyl (HO")
theo phan tmg (5) 1a nguyén nhén truc tiép din t6i viéc giam hidu sudt. Vi nhiing két qua trén
c6 thé két luan ham lugng xiic tic phi hop 12 0,4 g/L.

3.3. Anh huéng cia pH

pH 13 mét trong nhitng yéu t6 anh huong manh nhat téi hiu suat phan hiy chat hitu co ctia
céc ki thudt oxy héa tién tién. Thong thuong, cic qud trinh Fenton dong thé, di thé déu dién ra
thuan loi trong mdi trudng axit. Nghién ctru anh hudng cua pH dugce tién hanh tai cdc gid tri 2;
3; 4 va 5 tai gid tri ham lwong H,0, (3,92 mM) va tro bay (0,4 g/L). Két qua nghién ciru trong
150 phut dugc thé hién trén hinh 5.
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Két qua thyc nghiém trén hinh 5 cho thdy, méi truong axit ¢6 1gi cho qud trinh hinh thanh
gbc tu do hydroxyl, minh ching 13 hidu qua xir Ii ¢6 xu huéng giam khi ting pH. O day ghi nhan
su khdc nhau khong nhiéu vé hiéu qua phéan hity Reactive Blue 181 & timg cip pH 2, pH 3; pH 4,
pH 5 nhung sy chénh 1éch vé hiéu sut cuc dai 12 khd cao (trén 90 % va xap xi 60 %). Gid tri pH
phit hop duge xdc dinh 1a 3; thoi gian phit hop 12 90 phiit; khi d6 hiéu qua loai bo pham nhuém
dat 92,21 %.

3.4. Anh hwéng ciia ham lwong hydro peoxit

Hinh 6 thé hién anh huéng ciia ham lugng hydro peoxit t6i higu sudt phan hily Reactive
Blue 181. C6 thé nhén thiy tai cdc diéu kién nghién ciru (pH 3, ham lugng xic tic 0,4 g/L), khi
tang ham luong hydro peoxit tir 1,96 mM t&i 3,92 mM, hiéu suit c6 xu hudng ting nhanh va
tang manh trong khoang 90 phiit dau; sau d6 tang cham, khong dang ké. Tuy nhién, khi ham
lugng hydro peoxit tang lon hon 3,92 mM thi hiéu qua xtr Ii khong nhirng khong tiép tuc ting
ma con cé chleu hudng giam. Viéc giam hiéu suat khi ham luong hydro peoxit 16n c6 thé giai
thich 1 do gbc tu do hydroxyl bi tiéu thy mot phan theo phuong trinh [12, 17, 19, 20]:

H,0,+HO®" — HO, +H,0 (6)
Ham lugng hydro peoxit phu hop 1a 3,92 mM.
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Hinh 6. Anh huong ctia ham lugng hydro peoxit
3.5. Pong hoc cia qua trinh xir li

Nhiéu nghién ctru cho thiy cdc qud trinh Fenton dong thé va di thé ing dung trong phén
huiy cac hop chat hitu co thuong tudn theo dong hoc bac nhat. Nghién ctru cia S. Karthikeyan va
cong sy (2011) lai cho thay qua trinh Fenton dong thé tuin theo dong hoc bac nhat, con Fenton
di thé tun theo dong hoc béc hai [18]. Trong bai bao nay, dong hoc ctia qua trinh xu 1i (phan
tich, tinh toan ¢ diéu kién toi wu) dugc ki€m tra vdi ca hai mo hinh ddng hoc, bac nhat va bac hai.

Néu qua trinh tuén theo dong hoc bac nhét, bac hai, dong hoc cua qua trinh twong ng dugc
biéu dieén bédi céc biéu thirc:

InC,=InC,—kt (bac nhit)
1 1

— =—+kt (béc hai)
C C

t [}

trong d6 C, va C tuong tng 1a ndng d6 pham mau tai thoi diém trude xir 1 va sau khi xir If t
phiit; k 12 hang sb toc do phan tng (phut™).

Két qua khao sat dong hoc bac nhét dugc thé hién trén hinh 7; dong hoc bac hai duoc thé
hién trén hinh 8. Can c trén nhitng két qua thyc nghiém nay c6 thé nhan thdy qué trinh phan
hty pham nhudém Reactive Blue 181 béi qud trinh Fenton di thé véi tro bay bién tinh tudn theo
dong hoc bac nhit (do c6 hé sb trong quan R? 16n hon so véi bac hai); k; = 0,0238 phit'; R* =
0,9282 phiit™ so véi k, = 0,002 L.mg " .phiit™; R* = 0,816.
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4. KET LUAN

Viéc bién tinh tro bay bé‘ing mot quy trinh don gian nhu trong nghién ctru nay c6 thé cai
thién nhiéu dic tinh cta san pham. Ki thuat Fenton di thé sir dung tro bay bién tinh c6 kha ning
Ung dung trong muyc tiéu phan huy phdm mau RB 181. Nghién ciru cho thy, dudi cdc diéu kién
phit hop, cu thé: ham lugng xtc téc 0,4 g/L; pH 3; ham lugng hydro peoxit 3,92 mM, thoi gian
xir 1f 90 phiit, hiéu suat phan hity RB 181 dat 92,21 %; qué trinh phan hiy pham mau tudn theo

d6ng hoc bac nhat v6i hang sé téc d6 0,0238 phut™; R? =
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ABSTRACT

REMOVAL OF REACTIVE BLUE 181 DYE BY HETEROGENEOUS FENTON
TECHNIQUE USING MODIFIED FLY ASH/H,0,

Dao Sy Duc’, Trinh Thi Thanh Hao

Faculty of Chemistry, VNU Hanoi University of Science

“Email: ducds @vnu.edu.vn

In this paper, the catalysts were synthesized by modified fly ash by iron (III) nitrate and
used as heterogeneous Fenton catalyst for the degradation of Reactive Blue 181 (RB181). Some
properties of raw and modified fly ashes were characterized by SEM, EDX and XRD. 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 181 from aqueous
solution. At the optimum conditions, more than 90 % of RB 181 was removed; the kinetics fitted
well for pseudo first-order reaction.

Keywords: fly ash; heterogeneous Fenton catalyst; Reactive Blue 181; kinetic rate constant.
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