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TOM TAT

Trong bai bao nay, tro bajugc bién tinh Bing mui sit (111) nitrat. Cacdic tinh @ ban
cua tro bay teéc bién tinh, va én pham xUc tac (tro bay saudpi tinh) dugc xacdinh thong qua
anh hién vi dién tir quét (SEM), gin d6 nhiu xa Ronghen (XRD); pb tan x ning lrong tia X
(EDX). Két qua nghién &u sr dung xuc tac tro bay B tinh i vai tro xdc tac Fentomdhe
trong phan tly phim mau Reactive Blue 181 (RB 181) chéytk cacdiéu kién phu lop & ham
lugng xuc tac (0,4 g/L); hamedng hydro peoxit (3,92 mM); pH (3); &hgian X Ii (90 phut),
qua trinh x Ii tuan theadong hpc bac nhit, véi hing $ toc do 0,0238 phit; R? = 0,9282; hju
suit phan liy RB 181dat 92,21 %.

Tir khoa:tro bay; xuc tac; xdc tac Fentonttié; Reactive Blue 181;dmg $ toc do.

1. GIOITHI EU

Xt |i nudc thai dét nhudm dang 1a bai toan nan4icho cac nha khoaob; boi néu khéng
dugc xir Ii, nugc thai dét nhuwym s gay nit my quan, én tré qua trinh quangdp, lam gim
ham Lrgng oxy hoa tan trongudc, gayanh hrong tiim trong moi trong, sinh thai vatoi sbng
cua nhiu loai thiy sinh,dong vat va con ngai [1 - 3].

Vé co ban, nréc thai dét nhusm c6 it duoc giai quyét bang nhiéu ki thuat khac nhaugién
hinh c6 cac kthuat hoa i nhr keo 1 [4 - 7], dién keo i, Mip phu, mang; k thuit sinh loc yém
khi [3, 5], hiéu khi[8]; cac K thuit hoa lvc nhr ozon hoa, oxy hoa tiéréti... [9 - 18],

Tuy c6 ndt sb han ché nhit dinh nhr (i) hinh thanh it lugng bun &t 16n sau qué trinhix
If, (ii) chi phi x Ii bun git sau qué trinhx|i thuong cao, (iii) cac ioni c6 th bi mat haat tinh
khi twong tac, 40 phrc v6i mét s ion nhr photphat, hc mot s5 sin plam oxy héa trung gian
[16], nhung trong nhiu treong hop, cac k thuat oxy héa tién tin la gai phap duy nht dé xur Ii
(hoic tién xu 1f), phan tiy pham mau trong adc thai béi nhiéu loai phAm mau khong bphan
hiy sinh foc, khé laii bo bing cac kthuit héa |i thong thong. CAc qua trinh Fenton #hé voi
nhiéu vu diém nhr than thén vsi mdi traong ton, & thu i va tai sr dung xuc tac... co th
khic phic cac nlxgc diém dién hinh @a cac k thuit Fentonddng th. Hién nay, cac nha khoa
hoc van dang fip trung nghién@u nhim tim ra cac lai vat lidu xuc tac cé hat tinh, chi phidiéu
ché, sin xuit thap nham giam chi phi % Ii. Nhiing két qua nghién éu gin day cho thy mot sd
hé xic tac Fentonidhé duoc tng hop trén @ so cac lai khoang hac sin pham thai ran chra
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sat nhu cao lanh[3], xi pirit, tro bay[2, 7], bundo... Thanh céng @ cac nghiéntw khi sr
dung cac Wt licu thii khong ntiing ha thip chi phi xr Ii ma con gop pin giai quyét bai toan 6
nhiém cac cht thai rin nguy hi. Tuy vy, cac nha khoadt Viét Nam ding chra cé cong b
nao lién quandi huéng nghién ¢u nay.

Trong bai béo nay, tro bajtoc bién tinh va & dung nhr mot loai xuc tac cho qua trinh
Fenton dthé, tng ding trong phan iy phim mau Reactive Blue 181.

2. THUC NGHIEM
2.1. Hba chit va tro bay

PHim nhidm Reactive Blue 18duoc cung ép boi Ciba Specialty Chemicals Inc
Dung dch hydro peoxit (30%) va cac hoaitkhac théc loai tinh khiét phan tich.
Tro bayduoc liy tai Nha may Nhét dién Phi Lai, tinh Quing Ninh.

2.2. Quy trinh bi én tinh tro bay

Hoa tan 40,4 g Fe(N{2.9H,0 vao 10,6 g NACO; trong 150 mL méc cit va khdy co hoc
(120 vong/phat)di nhiét do phong trong 1 gi. Dung dch nay saui6 dugc thém vao éc chia
hén hop 10 g tro bay va 150 mbudc cit. Khudy hon hop véi téc do 120 vong/phut trong vong
4 gio. U hon hop nay trong Bi hip (autoclave)y nhiét do 60 °C trong 7 ngay. dc, lam ach wi
nudc cit hai Bn; siy quadémaé 100°C rdi nungd 500°C trong 4 gb.

2.3.Phan tich, xacdinh cacdic trung vat liéu

Mau tro bay bantau va xic tac sawhng hyp duoc chup anh hién vi dién tir quét (SEM) 4i
khoa At Ii, Truong Pai hoc Khoa loc tr nhién trén may JSM5410LV JEOL (BttBan) Vi thé
gia Hc 20 kV. Thanh pin héa lc aia cac mu vat liéu dugc xacdinh théng qua phtan x
nang lrong tia X (EDX)dugc ghi tai Vién Khoa ke Vat liéu, Vién Khoa lvc va Céng ngé Viét
Nam trén may JED-2300 JEOL (AthBan). P nhiéu xa Ronghen (XRD)duoc xacdinh ti
Vién Khoa hc Vit liéu, Vién Khoa lc va Cong ngh Viét Nam st dung may Rnghen

Siemens D5000E(rc) trongdiéu kién dng phét tia Bng Cu, réc séngK a =1,5406 A, géc
quét 26 thaydbi tir 15 - 85, phim bc Ni.
2.4.Quy trinh xr li

B6 sung not ham lrgng xéacdinh tro bay bin tinh vao thit bi phan Gng. Thém tp 500
mL nuéc chia pHim nhwwm RB 181 da duoc diéu chinh pH). Qua trinh @h ung kit dau khi
bo sung hydro peoxit. af thoi diém cin xacdinh hiu qua xir Ii, miu dugc liy ra va xaatinh
mau.

2.5.Cac phwong phap phan tich
Ham krong Reactive Blue 181 trongréc duoc xacdinh king phrong phap tic quango

buéc séng 609,5 nm (ke séng Ap thy dac treng adia plim nhwwm, duoc xacdinh king thre
nghiém). Hiéu qua xur i mau (H, %)dugc xacdinh theo cong tinc:
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Counts

Loai bé phdm nhuém reactive blue 181 bang ki thuat fenton dj thé si» dung tro bay...

Co _Ct

H(%) = x100

o]
trongdd G, va G tuongung la hamikong RB 181 trong mdc & thoi diém bandau va sau khi &

li t phat.
3. KET QUA VATHAO LUAN

3.1. Phan tichdic tinh tro bay trwéc va sau khi bén tinh

Trong nghién ¢u nay,dic tinh @a tro bay tréc va sau Hin tinhdwoc tap trung phan tich

trénanh SEM (hinh 1) va ghEDX (hinh 2).
Anh SEM @a miu tro bay twéc bién tinh (hinh 1, a) va tro bay sawibitinh (hinh 1, b)
cho thiy bé mat tro bay sau kén tinh c6 éu trac »op véi nhiéu hoc trong, dieu nay to dieu kién

thuan loi cho cac qua trinhdp phy, xuc tac.
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Hinh 2.Ph5 EDX cia nfiu tro bay teréc bién tinh (a) va sabién tinh (b)
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Muc tiéu chinh 8a viéc nghién @u, bién tinh tro bay ¥i muc tiéu sr dung lam xdc tac
Fenton dthé trong phan tiy phim mau la §n duoc cac téu phan &t vao du trdc tro bay vadn
tai dusi dang FeO; (hematit). Thanh gim héa lc caa miu tro bay teée va sau in tinhduoc
cacdinh thong qua ph EDX; két qua trong tng dugc thé hién trén hinh 2, ava hinh 2, b.
Nhitng phan tich chi ét hon cho thy ham lrgng sit tang léndang I sau qua trinh B tinh, tr
3,35 % lén 20,70 %.46ton tai trong cu tric da sin pham sau bén tinh hoan toanubi dang
Fe0s, diéu nayduoc khing dinh thdng qua gn dd nhiéu xa tia X cia miu tro bay sau Bn tinh
(hinh 3, b). Gin d6 trén hinh 3 aing xuit hién cac wch phin xa dic trung aia mullite
(AlgSiO13) va @ia cac ht quartz (SiQ); trong khido gian do nay dia tro bay tiréc bién tinh
(hinh 3, &) chghi ntin sr hién dign cac pln xa khoangmullit (AlSi;O13), €O nhéu nhéu rén
va khong ghi nin gr xuat hién cia it trong d@u tric.
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Hinh 3.Gian 6 nhidu xa tia X aia miu tro bay twdc bién tinh (a) va sau &n tinh (b)
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3.2.Anh huéng aia ham hrgng tro bay

Trong qué trinh Fentoni dhé, ham trong xdc tac la bt yéu t6 anh hrong manh i hiéu
suit xr Ii. Anh hréng aia ham drong tro baydugc khao séat 4i cac gia ti 0,2; 0,3; 0,4; 0,5 glL,
trong 150 phuat va hanedng HO, (3,92 mM), pH 3.

Tu nhiing ket qua thuc nghim trén hinh 4 c6 ththiy khi ham lrong xdc tacing thi hiu
Suit phan fiy Reactive Blue 181 c6 xurting ting. Tuy nhiéndiéu nay ch thé hién rd khi ham
lwong xuc tac va thi gian xr Ii chua wrot qué 0,4 g/L va 90 phit.& tiép tuc ting ham frong
xuc tac lén trén 0,4 g/L, & suit xu |i khong nfiing ting khongdang 1€, tham chi con c6 xu
huéng giam (0,5 g/L). Héu qui xu i gan nhr khong thaydol sau khang 90 phat ¥ Ii & moi
ham krgng xuc tacAnh hrong aia ham kong tro bay c6 th giai thich do trong quan gia tc
d6 caa cac phnung o ban sau[17, 18}

Fe" +H,Q - Fe(OOH)'+ H (1)
Fe(OOHJ" -~ Fé + HQ (2)
Fe€'+ HQ, -~ F&+ HO+ HO (3
Fe€"+HQ - Fé'+ H+ Q 4
Fe' + HO -~ Fé + HO (5

Khi ham krong tro bay én hon 0,4 g/L, véc tiéu thy mot phan gdc tr do hydroxyl (HO")
theo pkin (g (5) la nguyén nhanu tiép din ti viéc giam higu suit. Vi nhitng ket qua trén
co the két luan ham trgng xuc tac phudp 1a 0,4 g/L.

3.3.Anh hwéng aia pH

pH 1a ndt trong nhing yéu t6 anh hrong manh nhit téi higu suit phan tiy chit hitu co cia
cac K thuat oxy hoéa tién tin. Thong throng, cac qué trinh Fentaidng thé, di thé déu dién ra
thuan loi trong méi trong axit. Nghién ¢u anh hrong aia pHduogc tién hanh 4i cac gia ti 2;
3; 4 va 5 4i gia tri ham Lrong HO, (3,92 mM) va tro bay (0,4 g/L). & qua nghién cu trong
150 phuidugc thé hién trén hinh 5.
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Két qua thyc nghém trén hinh 5 cho fly, méi trong axit ¢6 bi cho qua trinh hinh thanh
gdc tr do hydroxyl, minh cing 1a héu qua xt Ii ¢ xu hréng giam khi ting pH.O day ghi ntan
su khac nhau khéng néu @ hiéu qua phan iy Reactive Blue 18& tirng cip pH 2, pH 3; pH 4,
pH 5 nhing sr chénh éch v hiéu suit cuc dai 1a kha cao (trén 90 % vaip xi 60 %). Gia tr pH
phu hyp duoc xacdinh 1a 3; thi gian phu kyp [a 90 phat; khitd higu qua loai bo pham nhdm
dat 92,21 %.

3.4.Anh hwéng aia ham krong hydro peoxit

Hinh 6 tf¢ hién anh hrong aia ham rong hydro peoxitdi hi¢u suit phan fiy Reactive
Blue 181. Co6 th nhan thiy tai cAcdiéu kién nghién éu (pH 3, hamuong xudc tac 0,4 g/L), khi
ting ham trong hydro peoxitit 1,96 mM ti 3,92 mM, héu suit c6 xu hréng ting nhanh va
tang manh trong khéng 90 phuidau; saudo ting chim, khéngdang K. Tuy nhién, khi ham
lugng hydro peoxitang lon hon 3,92 mM thi hdu qua xur Ii khdng ntiing khong tp tuc ting
ma con co ckiu hueéng giam. Viéc giam hiéu suit khi ham trong hydro peoxitdn c6 tté giai
thich la do §c tr do hydroxyl b tiéu thy mot phin theo plrong trinh[12, 17, 19, 2Q]

H,0,+HO - HO,+ H,O (6)
Ham lrong hydro peoxit phudp la 3,92 mM.

380



Loai bé phdm nhudm reactive blue 181 bang k7 thuat fenton dj thé s dung tro bay...

100 ~

Hiéu suit (%)
o1
o

—&—[H,0,]=1,92 mV
—8— [H,0,]=2,85 mM
—a— [H,0,]=3,92 mM
—*— [H,0,]=4,5mN
—*%— [H,0,]=5mM

0 20 40 60 80 100 120
Thoi gian (phat)

Hinh 6.Anh hrong aia hamirgng hydro peoxit
3.5.P9ng hoc aia qua trinh xir li

Nhiéu nghién ¢u cho thy cac qua trinh Fentotong the va d thé tng ding trong phan
huy cac lp chat hitu ao thuong tuan thedong hoc bac nhit. Nghién ¢u caa S. Karthikeyan va
cong sr (2011) ki cho thay qua trinh Fentodong the tuan theaiong hoc bac nhit, con Fenton
di the tuan theadgng hoc bac hai[18]. Trong bai bao nayjong hoc cia qua trinh ¥ Ii (phan
tich, tinh toar® diéu kién i wu) dugc kiem tra \bi ca hai md hinhdong hpc, bic nhit va kic hai.

~ Néu qua trinh tuan theddng hyc bic nhit, bic hai,dong hoc cia qua trinhitong ing duoc
biéu dién bsi cac béu thac:
INC,=InC, -kt (kic nhit)
1 = 1 +kt (Ac hai)

t 0o

trongdé G, va Gtuong ung la rong do pham mau ai thoi diém treéc xi i va sau khi x i t
phat; k 1a Bing $ téc do phan tng (phat).

Két qua khao satdong hpc bac nhit duoc thé hién trén hinh 7iong hoc bic haiduoc thé
hién trén hinh 8. @n ar trén nhiing két qua thyc nghém nay cé th nhan thay qué trinh phan
hiy phim nhudm Reactive Blue 181db qué trinh Fentonidhé véi tro bay bén tinh tuan theo
dong hoc bac nhit (do c6 i sb tuong quan R16n hon so i bac hai); k = 0,0238 phit; R? =
0,9282 phit so Wi k, = 0,002 L.mg.phat*; R? = 0,816.
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4. KET LUAN

Viéc bién tinh tro bay bng nbt quy trinhdon gian nhr trong nghién éu nay cé th cai
thién nhiéu dic tinh @ia sin phim. Ki thuat Fenton dthé sir dung tro bay bén tinh cé ki nang
rng ding trong mac tiéu phan iy plim mau RB 181. Nghiénia cho thy, dusi cacdiéu kién
phu hyp, a1 thé: ham lrong xuc tac 0,4 g/L; pH 3; hamdng hydro peoxit 3,92 mM, #i gian
xir li 90 phit, htu sit phan iy RB 181dat 92,21 %; qua trinh phaniy pham mau tuan theo
dong hoc bic nhit véi hing $ téc d6 0,0238 phat; R? = 0,9282.
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ABSTRACT

REMOVAL OF REACTIVE BLUE 181 DYE BY HETEROGENEOUSENTON
TECHNIQUE USING MODIFIED FLY ASH/HO,

Dao Sy Dug, Trinh Thi Thanh Hao

Faculty of Chemistry, VNU Hanoi University of Scen

"Email: ducds@vnu.edu.vn

In this paper, the catalysts were synthesized bgifred fly ash by iron (lll) nitrate and
used as heterogeneous Fenton catalyst for thedbggna of Reactive Blue 181 (RB181). Some
properties of raw and modified fly ashes were ottarized by SEM, EDX and XRD. Effects of
some key operating parameters such as catalyst pldsend hydrogen peroxide concentration
on the treatment efficiency were studied and diseds Kinetic rate constant of treatment
process was also determined. The experimentaltseshbw that the heterogeneous Fenton
technique using modified fly ashy8,is a suitable method for removing RB 181 from aaiseo
solution. At the optimum conditions, more than 9@2&RB 181 was removed; the kinetics fitted
well for pseudo first-order reaction.

Keywords fly ash; heterogeneous Fenton catalyst; ReaBiive 181; kinetic rate constant.

384



