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TOM TAT
Nghién cizu nay tap trung khao sat phan izng phan huy xanh metylen (ki hiéu MB) trong
qué trinh Fenton d; thé véi xiic tdc la bin d6 Lam Pong di hoat héa. Bin do thé dwec Xk |i
axit bang céch rira hai lan véi HCI 0,1 mol/L, sau dé dwoc hogt hda bang cach nung &
700°C trong 4 gio (ki hiéu BPA-700). Két qua phan tich bang phé tan xg tia X (EDX) va
nhiéu xg tia X (XRD) cho thdy rang sat oxit & oxit chinh trong mdu BDA-700 véi dé tinh
thé cao. Két qua phan tich bang hién vi dién tir quét (SEM) va dang nhiét hap phu-khi hdp
phu nito cho thdy rang mau BPA-700 bao gom cac hgt nano hinh cau véi dién tich bé mat
riéng cao. Sy oxi héa MB duoc thuc hién tai 30°C trong cdc méi trwong pH khac nhau.
Phwong phdp téc dé dau dwoc sir dung dé nghién cizu dong hoc phan ing nay. Két qua chi
ra rang MB b;j phan huy cao trong khodng pH ban dau cua dung dich tir 5 dén 9. Phdn iing
phan hiy MB véi H,0; trén BPA-700 ¢6 bdgc cua MB la 1,57 va bdc cua H,O, la 0,86. Gia
tri hang sé toc dg phdn ing xdc dinh ¢ 30°C 1a 84,86.
Tur khoa:
1. MO PAU Tuy nhién, cac phan ng xic tac
Hé oxi héa Fenton dong thé, bao gdm  Fenton dong thé can nong do ion sit trong
hydroperoxit trong sy c6 mat cia ion  dung dich la 50-80 ppm. Gia tri nay Ién
Fe(Ill), dd duoc sir dung nhu mot ngudn ~ hon nhiéu so véi muc cho phép cua cong
cac gbc oxi héa manh [1]: dong Chau Au (mic cho phép 1a 2 ppm
Fe® + H,0, <> Fe(OOH)™ + H' (1) [1]D). V! vay, df%.loal ~bé ”cac ion s~ét raﬂkh(zl
Fe(OOHY” > Fe* + HO,  (2) d»ung d1ch nguol ta da sur du?g ky thuaf keF
Fe? + H,0, - Fe* + HO + HO" (3) tua} Va'tal hoa Atan, rihu’ngv kemﬂ theoﬂ no ‘th{
Fe* + HO, — Fe? + H' + 0, (4) chi phi hO%’[ dong cling tang 1én. Dety l? li
5 ) ) . do thuc day su phat trien cta qua trinh
Gan day, nguoi ta da ching minh rang

i E o o bom néu Fenton dj thé. Piém quan trong cua hé xtc
qufa;trln, en'F?n > tang cuong hon neu duot — ya¢ g thé 1a c4c dang sat ¢é dinh phai duoc
chiéu sang, diéu nay dugc giai thich la do su

han hiv oia cAc dang Fe(OHY* H loc ra khoi dung dich trong diéu kién oxi
ph\anh l%y lea galf', ang g( ; hquang 0at  psa manh va c6 tinh axit, ma ¢ d6 phan tng
thanh cac goc OHtrong dung dich: Fenton xay ra. Theo huéng d6, hién nay

Fe(OH)*" +hv— Fe’" + HO® (5) nhidu nd lyc nghién ctru dé thiét ké cac xdc
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tdc méi c6 do 6n dinh cao va cho phép sir
dung htu hiéu hydroperoxit vi gia thanh
tuong ddi cao cua no.

Nhiéu bao céo di sir dung cac vat liéu
vd co va hitu co khac nhau dé hd trg cho
viéc gan cac dang ion sat hoat tinh trong
qua trinh Fenton di thé, nhu carbon [2],
kaolin [3], MCM-41 [4], SBA-15 [1]... Hat
nano oxit sit ciing dwoc st dung lam xuc
tac trong cac hé Fenton di thé ddi véi qua
trinh 1am giam mau va khoang hoa nhiéu
loai pham nhudém hay cac chat hiru co khac
nhau [5, 6].

Bun do Lam Dong véi cac hat kich
thuéc ¢& nano va thanh phan chinh 13 oxit sit
[7] hira hen s& 1a mot hé Fenton di thé hitu
hiéu. Cac thuoc tinh cua bun dé6 nhu ham
luong sat ton tai dudi dang oxit sat (Fe;03)
cao, dién tich bé mat cao, va gia thanh thap
lam cho no tré thanh mot chét xdc tac tiém
nang, hip dan cho nhiéu phan ang [8].

Trong bai b&o nay, bun do da hoat hoa
duogc s dung lam chat x(c tac trong phan
tng Fenton di thé dé phan huy xanh
metylen. Cac dic trung cta mau bun do
duge xac dinh bang XRD, EDX, SEM va
BET. Bong hoc phan ung xuc tac oxi hoa
wot xanh metylen bang hydroperoxit duoc
khao sat theo phuong phap toc do dau.

2. THUC NGHIEM

2.1. Chat xUc tac va dic trung

Bun dé dwoc cung cip boi nha may
alumin Tan Rai (Bao Lam, Lam Dong).
Ban dau, bun do dugc sy khd ¢ 105°C va
ray thanh hat nho ta thu duoc bot bun do
thd. Bot bun do thé dugc xir 1i bang cach
rara 2 1an véi axit HCI (0,1 mol/L trong 4
gior vai ti 18 1:25 (g/mL) vé khdi lugng bin
do/thé tich dung dich). Sau d6, loc, rira bang
nudc cat va say khd & 105°C ta thu dwoc bin
do da dugc axit hoa. Bun do sau khi da axit
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héa dugc hoat hoa bang cach nung & 700°C
trong 4 gio, san pham (ki hiéu BDA-700)
duoc sir dung 1am chat xdc tac.

Thanh phan khoang va pha tinh thé
duoc phan tich bang phuong phap nhidu xa
tia X (XRD) dwoc ghi bing may 8D
Advance Bruker, Germany, dung tia bic xa
CuK, & vling quét géc 26 tir 10-70°. Thanh
phan hda hoc ciia chét xc tac phan tich bang
phuong phap EDX dugc ghi trén may JED-
2300 JEOL. Hinh théi cta bun do dugc quan
sat bang phuong phép hién vi dién tir quét
(SEM, IMS-NKL). Dién tich bé mat riéng
duoc xac dinh bang phuong phap dang nhiét
hap phu-khir hip phu nito ¢ 77K trén may
Micromeritics Tristar 3000.

2.2. Phwong phap khao sat hoat tinh
xuc tac

Xanh metylen (ki hiéu MB) cé cong
thire phan tor CigH1sN3SCI va khéi luong
mol 319,85 g/mol dugc sir dung nhu 1a mot
thudc nhuém dién hinh dé nghién cau md
hinh dong hoc phan tng.

Hoat tinh xuc tac cia mau BDA-700
dugc khao sat ddi véi phan tng oxi hoa
MB trong dung dich nuéc bang hydro-
peroxit & nhiét do 30°C trong binh cau hai
cd dung tich 500 mL. 0,1 g xtc tac duoc
khudy tron véi 100 mL dung dich MB ¢6
nong do pH xac dinh (pH duoc diéu chinh
bing dung dich HCI 0,2M hoic NaOH
0,2M) va mét ham luong hydroperoxit nhat
dinh. Sau méi khoang thoi gian xac dinh, 5
mL dung dich duogc Iy ra, li tim dé loai bo
chat xdc tac, ndong d6 cua MB con lai trong
dung dich dugc xac dinh bing phuong
phdp UV-Vis trén may UVD-3000
(Labomed, My).

Kha nang hoan nguyén cta chat xuc tac
ciing duoc khao séat bang cach thu hoi mau
BDA-700 sau khi da tham gia xuc tac, roi
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tién hanh nung & 700°C trong 4 gio dé hoat
héa lai, san pham ki hiéu 1a BDA-700(r).

Hiéu suét phéan hity MB dugc danh gia
thong qua ti Ié C—“ % 100% (véi C; 1a nong
d6 cia MB trong dung dich tai thoi diém t,
va C, la ndng d6 cua MB tai thoi diém ban
dau). Ti 186 CJ/C, cang thdp thi hiéu sut
phan huy MB cang cao, va nguoc lai.

3. KET QUA VA THAO LUAN

3.1. Pic trung héa Iy ciia chit xic tac

Pha tinh thé caa miu BDA-700 duoc
xéc dinh bang XRD trinh bay ¢ hinh 1. Céc
pic nhiéu xa (26 = 24°, 33°, 36°, 41°, 50°,
54° va 64°) cho thay chi c6 pha tinh thé
hematite (Fe,Os) trong mau X(c tac.

Phd tan xa tia X cua mau BDA-700
phan tich bang EDX va két qua dugc trinh
bay ¢ hinh 2. Két qua phan tich EDX cho
thdy rang Fe la nguyén té chinh trong mau
BDA-700 véi phan traim vé khéi luong 1a
48,45%.

Hinh thai va dién tich bé mat riéng cua
mau BPA-700 duoc quan sat bang SEM va
dang nhiét hap phu-khir hip phu N trinh
bay ¢ hinh 3. Hinh 3(a) cho thiy bé mit

cua chat xic téc gé ghé va khong dong
nhat, ¢ nhiéu mao quan va 15, diéu d6
chang té chat xuc tac c6 dién tich bé mat
I6n. Dién tich bé mat riéng cua mau BDA-
700 xac dinh bing phwong phap BET la
34,0 m%g. Pudng ding nhiét trinh bay &
hinh 3(b) cho thiy c6 khoang ngung tu tai
&p suat twong d6i cao (P/P° ~ 1), day la su
ngung tu trong cdc mao quan duoc hinh
thanh gitra cac hat, chirng t6 cac hat bun dé
¢6 kich thudc nho va tuong ddi dong déu
nhu quan sat thiy & anh SEM.
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3.2. Hoat tinh xtc tac va hap phu cia
BDA-700

Hinh 4 m6 ta sy phu thuoc caa hiéu
suit phan hay MB theo thoi gian dudi cac
diéu kién phan ung khac nhau & 30°C. Két
qua cho thay hiéu suit phan hay MB véi
H,0,, hoic khi chi c6 BDA-700 (xem
duong cong a va b trén hinh 4) thip hon
nhiéu so vai truong hop khi c6 mat dong
thoi ca H,O, va BDA-700 (xem duong
cong ¢ va d trén hinh 4). Pidu d6 ching to
BDBA-700 c6 hoat tinh xuc tac cho phan
tmg oxi héa uét MB bang hydroperoxit.
Quan sat duong cong ¢ va d ta thiy MB bj
phan hay rat nhanh trong nhitng phat dau,
nhung bi phan hiy rat cham trong khoang
thoi gian khao sat con lai cua phan ung,
diéu nay cho thiy BPA-700 chi ¢ hoat
tinh xc tac trong nhitng phat dau caa phan
ung. Tuy nhién, so sanh duong cong ¢ va d
ta thay hoat tinh xdc tc caa BDA-700 gan
nhu khong thay ddi sau khi dugc hoat hoa
lai, diéu nay chung té chat xdc tac co kha
nang tai su dung cao.

100

C,/C, %)

t (phit)
Hinh 4. Si phan hiy MB dudi cic diéu kién
khac nhau: a. MB + H,0,; b. MB + BDA-700;
¢. MB + H,0, + BPA-700; va d. MB + H,0, +
BBPA-700(r) (nong dp MB ban dau 2,09.107
mol/L; nong dg H,0, ban dau 0,09697 mol/L).

Két qua trinh bay ¢ hinh 4 ciing cho
thidy rang, bén canh kha ning xuc tac,
BDA-700 ciing c6 kha ning hip phu MB,
tuy nhién hiéu suat hap phu thap. Dung

lwong hap phu cuc dai cuia BDA-700 Xxéac
dinh theo mé hinh Freundlich la 0,44 mg/g
tai pH bang 5 [7].

3.3. Nghién cwu phan &ng oxi hoa
xanh metylen bang H,O, véi xlc tac
BDA-700

Anh hwong cua pH

Anh huong cua pH dén hiéu suit phan
hiy MB bang H,0, trén xuc tic BDA-700
duoc trinh bay ¢ hinh 5.

Két qua trinh bay ¢ hinh 5 cho thay, ¢
pH bang 3 va 11, sy phan hay MB xay ra
khong dang ké; ¢ pH = 5 — 9, hiéu suit
phan hay MB khong khac nhau nhiéu va ti
l6 CJ/C, dat gia tri 55 — 63% ¢ thoi diém
240 phat. Do do, trong phan tiép theo
ching t6i khao sat dong hoc phan ung oxi
héa MB bang hydroperoxit trén xuc tac
BDBA-700 trong dung dich nuéc ma khéng
can phai diéu chinh gié tri pH ban dau (do
dung dich MB ban dau c6 pH niam trong
khoang giéa tri nay).

Két qua ¢ trén ciing chung to rang phan
g xuc tac xay ra theo tién trinh Fenton di
thé, nghia 1a sat khong bi tan vao dung dich
dé tao thanh hé Fenton dong thé (néu hé
Fenton dong thé xay ra thi sy phan hiy MB
tiép tuc dién ra va hiéu suit phan huy sé
nhanh chong dat gia tri 100%).

C C (%)
— %
1
I ITIT T

120
t (phrit)

Hinh 5. Sir phan hiy MB ¢ céc pH dung dich
ban dau khéac nhau (néng dé MB ban dau
3,13.10° mol/L; nong do H,0, ban dau
0,19204 mol/L)
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Dong hoc phan ing

Quan sét hinh 4 va 5 ta thay chit xuc
tac chi co hoat tinh trong nhitng phut dau
cua phan ung, do d6, chung t6i str dung
phuong phép tbc d6 dau dé nghién ctu
dong hoc phan ng trén.

Phuong trinh dong hoc phan tng phan
hay MB bang H,0, dugc biéu dién:

r= —§= [H,0,]%.[MB]® (6)

O day, [H.0,] va [MB] la néng do
hydroperoxit va xanh metylen [mol.L™*]; a
va b la bac phan ung cua hydroperoxit va
xanh metylen; va k 1a hing sé toc do phan
ing [(mol.L )% (giay)™].

Tai thoi diém dau caa phan Gng,
tdc do dau dugc biéu dién nhu sau:
dc

X b i [H,0,07. MBI (7)

i = dr i

O day, C, va C; la nong do cua xanh
metylen [mol.L™*] trong dung dich tai thoi
diém ban dau va thoi diém dau cua phan
ing tuong ¢ng Vvoi thoi gian t (gidy) rat
nho; [H20.]i va [MB]i 1a nong do
hydroperoxit va xanh metylen [mol.L™'] &
thoi diém ban dau. Trong trudng hop, nong
do hydroperoxit rat 16n so véi nong do caa
MB thi phuong trinh (7) duoc viét lai:

ry =t = k', [MB]? véi
logr; = logk’ + blog[MB]; 9)

Bang 1 trinh bay két qua tinh téc do
dau tai thoi diém 10 gidy cia phan tmg oxi
héa MB bang hydroperoxit voi BDA-700
lam xac tac. Do sb mol cta hydroperoxit
16n hon rat nhiéu so véi thudc nhuém MB
(xem ti 1€ mol (H20,)i/(MB); ¢ bang 1) nén
c6 thé xem ndng do cua hydroperoxit 1a
hang s trong phuong trinh toc d6 cta phan
Gng tai thoi diém ban dau (xem phuong
trinh 8 va 9).

O néng do hydroperoxit thich hop,
dd thi biéu dién mdi quan hé giira logr; (v6i
ri dugc xac dinh & thoi diém 10 gidy) theo
log[MB]; 12 mot duong thang. Co ba db thi
trong Gng voi ba néng do6 hydroperoxit
thich hop la 0,14474; 0,09697 va 0,04873
(mol/L) duoc trinh bay & hinh 6. Do déc va
doan cét trén truc tung s& cung cap gia tri b
va logk’. Cac két qua duoc liét ké ¢ bang 2.
Tir bang 2 ta thiy cac gia tri b dugc xéac
dinh & cac téc do6 dau khac nhau la khéng
khéc nhau nhiéu, va bac phan ung cuia MB
trong nghién cau nay ~1,57.

Bang 1. Két qud xdc dinh téc dé dau tai thoi diém 10 gidy (¢ 30°C)

[MB]; x 10° [MB] 105 x 10° [H20:]i Ti lé mol ri (10s) x 10’

(mol.L™) (mol.L™ (mol.L™) (H20,)i/(MB); (mol.L".s™)
0,67929 0,60174 0,14474 21307 0,77551
1,32699 1,09433 0,14474 10907 2,32654
1,81671 1,53236 0,14474 7967 2,84355
2,49457 1,77075 0,14474 5802 7,23812
0,67929 0,59169 0,09697 14275 0,87604
1,32699 1,03689 0,09697 7307 2,90099
1,81671 1,57975 0,09697 5337 2,36962
2,49457 1,62570 0,09697 3887 8,68862
0,67929 0,60318 0,04873 7173 0,76115
1,32699 1,06418 0,04873 3671 2,62813
1,81671 1,41028 0,04873 2682 4,06426
2,49457 1,96463 0,04873 1953 5,29934

Hoi quy tuyén tinh log[H,0;]; theo
log(k’) xem hinh 7. 6 dbc va doan cit trén
truc tung cua duong thang hoi qui s& cung
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cap gia tri bac phan tng ciia H,0, va hang sé
téc do cua phan Gng. Gia tri a va hang sb k
tinh duoc twong ung la 0,86 va 84,86.
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T o <o) .

lag(r},
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log( r)I

Iug(lj‘
»

1o g[ME], 1o g[ME], 1o 2[ME]

Hinh 6. D6 thi log[MB]; theo log(r);: a. [H,0,]i = 0,14474 (mol/L); b. [H,0.]; = 0,09697 (mol/L);

va ¢. [H,0,]; = 0,04873 (mol/L)
Bdng 2. Két qua xdc dinh bdc ciia MB ¢ cac téc dé dau khac nhau

[H202]; (mol.L™) b logk' R?
0,14474 1,6177 1,2338 0,9616
0,09697 1,5667 1,0239 0,8565
0,04873 1,5288 0,8192 0,9777
Khi k" = k. [H,0,]f thi logk’ = logk + alog[H.0.],.
4. KET LUAN
Bun d6 Lam Ddng co dién tich bé mat .
riéng 16n véi thanh phan chinh 1a sat oxit.
Bu_n do sau khi dugc xu Ii bang axit va 2 = 0856x + 19267
nhiét (mau BBA-700) cé hoat tinh xdc tac Ea Re=0975 .

trong phan ung phan huy MB bing
hydroperoxit & pH = 5 — 9. Phuong phap
téc do dau da duoc s dung dé nghién ctu
dong hoc hinh thuc cua phan ung nay.
Phuong trinh dong hoc cua phan tng oxi
héa MB bang hydroperoxit trén xuc tac
BDA-700 14 r = k.[H20,]*%.[MB]**" vai k
= 84,86 [(mol.L 1™ (giay) ] ¢ 30°C.

T T T
-11 -1.0 -0.9

log[HZOZ]i

T
-1.2 -0.8

Hinh 7. o thi log[H,0,]; theo log(k’) dé tinh
hang sé toc dé phan ing va bdc cia H,0,

USE OF LAM DONG RED MUD IN A HETEROGENEOUS FENTON PROCESS

FOR DEGRADATION OF METHYLENE BLUE
Pham Dinh Du, Nguyen Trung Hieu, Doan Thi Diem Trang,
Nguyen Dang Thuy Tien, Ly Ngoc Tam
Thu Dau Mot University

ABSTRACT
The present study focused on the degradation of Methylene Blue (denoted as MB) in a

heterogeneous Fenton process catalyzed by activated Lam Dong red mud. The raw red mud
was acid-treated by washing twice with HCI 0.1 mol/L, then it was activated by calcination
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at 700°C in 4 hours (denoted as BDA-700). The analysis by energy dispersive X-ray (EDX)
and X-ray diffraction (XRD) showed that iron oxide is major oxide in BPA-700 sample with
high crystalinity. The analysis by scanning electronic microscopy (SEM) and nitrogen
isotherm of adsorption/desorption showed that BPA-700 sample consisted of nano
spherical particles with high surface area. The MB oxidation was conducted at 30°C in
various solution pH. A kinetic study using initial rate method was performed. The results
showed MB was decomposed high in range initial solution pH from 5 to 9. The MB
degradation with H,O, over BPA-700 has 1.57 order to MB and 0.86 order to H,O,. The
value of rate constant is 84.86 at 30°C.
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