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NGHIEN CUU XU LY THUOC NHUOM HU'U CO TRONG NUOC
BANG PHUONG PHAP FENTON SU DUNG XUC TAC DI THE MnFe;O4
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TOM TAT

Bai béo trinh bay két qua nghién ctru kha ning xir Iy mau ciia thudc nhudm hitu co bang phuwong phap Fenton di thé
str dung vat lidu oxit phitc hgp MnFe,O4 1am xtc tic. Chat xuc tac dugc ché tao bang phuong phap dong két tia &
dang hidroxit tir mudi Mn* va Fe** trong moi truong kiém, tiép tuc bién tinh thanh oxit phirc hgp bang phuong phép
nung. Thanh phﬁn hoéa hoc va dac diém hinh thai bé mat va cta vat li¢u duogc dac trung boi phé tan xa nang luong tia
X (EDX) va kinh hién vi dién tir quét (SEM). Nong d6 thudc nhudém trong dung dich trudc va sau qué trinh xir 1i
duogc xac dinh béng phuong phép tric quang. Hi¢u qua cua qua trinh xtr Iy dugc khao sat bé“mg d6i voi thube nhudém
hoat tinh mau vang Reactive Yellow 160 phu thudc vao céc thong $6 thuc nghiém: ham luong xuc tac, néng do
hydropeoxit, pH, nhiét do, thoi gian xtr 1y. Diéu kién ti wu khao sat duoc mé rong ap dung cho cac thuée nhudém
truc tiép va thubc nhudm axit khac nhu: Direct Red 224, Direct Red 239, Direct Blue 199 va Acid Blue 23.

Tir khoa: Fenton di thé, MnFe:04, thudc nhudm hiru co, xtc tac.

1. PAT VAN PE

Hién nay, trung binh mdi nim trén thé gidi
san xuit ra mot triéu tdn thudc nhuém va mau
téng hop véi hon 10 nghin chiing loai khac nhau,
duogc str dung rong rai trong nhiéu nganh cong
nghi¢p hién nay nhu dét, da thudc, san xuét thirc
an, my pham... Udc tinh trong sé d6 c6 khoang
15% bi thai ra méi truong, mau séc thudc nhudm
gdy mat my quan, anh huéng qua trinh quang
hop va lugng oxi hoa tan trong nudc, anh hudng
nghiém trong dén méi sinh va doi sdng cac loai
dong thyuc vat thuy sinh va con ngudi (Cao Thé
Ha, Nguyén Hoai Chau, 1999).

Thudc nhudém hiru co kho phan huy c6 thé xur
1y bang nhiéu phuong phap khac nhau nhu: hip
phuy, phan huy vi sinh vat, keo tu, oxi hoa...(Dd
Quéc Chan, 2003). Trong cac phuong phap do,
ki thuat Fenton di thé six dung xtc tac chura sét
oxi hoa cac chat hitu co kho phan huy dang la
mot hudng nghién ctru trién vong véi nhiéu wu
diém nhu: dé thu hdi tai sir dung, hiéu qua xir 1y
cao, than thi¢n vo1 moi truong (Pang Thé Anh,
2020; Vi Huy DPinh va cong su, 2016; Vi Huy
Pinh va cong su, 2019)... Nhiing cong trinh
nghién ctru gan day vé hudng nghién ciru nay
nhu st dung tro bay (Pao Sy Duc, 2013), cao
lanh, bun do (Vi Huy DPinh va cong su, 2016),

phu phém nong nghiép, ché tao vat liéu kich
thudc nano (Trﬁn Manh Tri, Tran Manh Trung,
2005)... dang giai quyét duoc cac van dé ton tai
ctia phuong phap nhu chi phi cao, khé diéu ché.

Trong nghién ciu nay, vat li¢u chua
MnFe;04 kich thude nano duge ché tao béng
phuong phap dong két tia va st dung nhu mot
xtc tac cho qua trinh Fenton dj thé, img dung xir
1y thuéc nhudém hiru co.

2. PHUONG PHAP NGHIEN CUU
2.1. Héa chit va dung cu

Thudc nhom Reactive Yellow 160 (RY 160),
Direct Red 224 (DR 224), Direct Red 239
(DR239), Direct Blue 199 (DB 199) va Acid Red
23 (AR 23) duoc cung cip bai cong ty hoa chit
buc Giang.

Dung dich H>O; (30%), FeCl3.6H.O va
MnSO04.H20 va cac hoa chat khac thudc loai
phan tich.

2.2. Ché tao xiic tac dj thé

Hoatan 5,402 g FeCl3.6H20 (0,02 mol) va 1,69
g MnSO4.H,0 (0,01 mol) vao 50 ml nuéc cat. Hon
hop duogc ting dan pH dén 10 bang dung dich
NaOH 5M va khudy déu trong 30 phut ¢ toc do
120 vong/phut trén may khudy tir gia nhiét. Sau d6
hén hop duoc ting dan nhiét do t6i 95-100°C cho
t61 khi xuét hién hdn hop keo, tiép tuc sdy kho &
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105°C. Hén hop ran thu duoc rira nhiéu 1an véi
nudc cat va duoc séy kho thu duoc vat liéu
MnFe;Os (Tran Thi Phuong et al., 2019; J.
Amighian, Morteza MozaftariBobby Nasr, 2006).
2.3. Phan tich, xac dinh cac dic trung vit liéu

Anh hién vi dién tir quét SEM cua mau vat
liéu duoc chup tai khoa Vat ly, truong Pai hoc
Khoa hoc Ty nhién trén may Nova NanoSEM
450 voi thé gia téc 5 kV. Thanh phan hoa hoc
duogc xac dinh thong qua phd tan xa ning lugng
tia X (EDX) dugc ghi trén may Oxford
Microanalysis ISIS 300.

Ham luong RY 160 trong dung dich dugc xac
dinh bang phuong phap tric quang Uv-vis trén
may DR3900 tai Truong Pai hoc Lam nghiép.
Ham lugng RY 160 dugc xac dinh & budc song
427 nm (budc song dic trung) bang dinh luat
Beer-Lambert. Hi€u qua xt 1y mau dugc xéc
dinh theo cong thirc:

Anh SEM cua vt liéu duoc thé hién trén hinh
1 cho théy c6 cac manh vat liéu kich thudc c&
50-100 nm xuét hién dong déu, phit hop véi dinh
huéng ché tao vat liéu chira oxit MnFe;O4 dinh
huong tao thanh céc trung tdm xuac tac cho phan
g Fenton di thé.
3.1.2. Thanh phén vit liéu

Su hinh thanh cua MnFe;0O4 cling dugc xéc

Hinh 1. Anh SEM ciia vit li¢u chira MnFe;Oy4 a) P9 phong dai 10000 1in b) 60000 lin

H(%)=¥.IOO%

Trong do, C, va C; twong tng la ham lugng
RY 160 trong dung dich ¢ thoi diém bd sung
H>0: va thoi diém t phit.

2.4. Khao sat hoat tinh xuc tac

Pha ché 200 ml dung dich chira thudc nhudém
RY 160 ham lwong 50 mg/L, diéu chinh pH dung
dich, bd sung xuc tac voi ham luong 0,20 g/L.
Phan tmg oxi hoa bt dau khi b6 sung H,O,. Tai
thoi diém xé4c dinh hiéu qua xur 1y, mau duoc hut
ra dé phan tich tric quang ¢ budc song dic trung.
Céac thudc nhudém con lai xt 1y tuong tu.
3.KET QUA VA THAO LUAN
3.1. Phan tich dic trung vat liéu
3.1.1. Hinh thai bé mit

Trong nghién ciru ndy, dic diém hinh thai bé
mat cua vat liéu sau khi téng hop dugc chyp anh
SEM véi kich c¢& phong dai 10000 lan (a) va
60000 1an (b) (hinh 1).

nhan thong qua phd EDX trén hinh 2 va bang 1.
Két qua cho thiy, ti 1& nguyén tir Mn:Fe:O =
0,83:2:3,96 phu hop véi ti 1€ 1y tuong 1a 1:2:4
khi hinh thanh oxit phirc hop MnFe;04. Bén
canh d6 ¢ sy xuét hién cua cac mudi tan 13n
trong mau vat liéu nhu NaCl, Na»SO4 13n vao vat
lidu trong qua trinh ché tao.
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Bang 1. Thanh phin nguyén to

i Nguyén to Thanh phin (%)
i C 3,28
oo o o) 32,67

il. ¢ v Na 13,09
4::|-- | = Al 0,22
" Si 0,64

q fef| =i Fe S 11.03

] Al : ?

g aK YR e Lﬂ ——my Cl 15,72
- 10
] - . Mn 6,86
Hinh 2. Pho EDX cia vit liéu chita MnFe;O4 Fe 16,49

3.2. Cac yéu t6 anh huéng t6i hoat tinh xic tic ~ 1y. Anh hudng ciia ham luong vat liéu chira
3.2.1. Anh hwéng cia ham lwgng xic tac MnFe>O4 dugc khao sat tai cac gia tri 0,05; 0,10;

Trong qua trinh phan huy cac chat hitu co 0,15; 0,20; 0,25: 0,50 va 0,75 g/L trong 60 phut,
bﬁng phan tng Fenton di thé, ham luong xtc tac néng do H>O2 4,9 mM, pH = 2, nhiét d§ 30°C
1a mot yéu td anh huong manh dén hiéu qua xir  véi toc do khudy 120 vong/phiit.

100 - 96.21 97.68 96.85 9551 96.22
80 4 75.72
60
*
I
40 1 30.95
20 A
0 _
0,15

Ham Iu'cmg xuc tac (g/L)

Hinh 2. Khéo sat anh hwéng cia ham lwgng vat liéu xic tac
([H:0:] =4,9mM, V=1L, [RY 160] = 50 mg/L; pH = 2, nhiét do 30°C, t = 60 phut)

Két qua thi nghiém thu dugc trén hinh 3 cho  hi€u qua xr 1y chi tang nhe, tham chi c6 xu
thay khi ham luong chét xuc tac ting thi hiéuqua  hudng giam nhe tir 0,20 g/L. Anh hudng cua
phan huy RY 160 ciing ¢6 xu hudng ting tr  ham luong xic tac nay co thé giai thich qua co
30,95% & 0,05 g/L 1én t61 96,621% & 0,15 g/L. ché phan tng nhu sau (Fenton H.J.H, 1894):
Sau d6, khi tiép tuc ting ham luong xtc tac thi

Fe(lll),,,; -+ H0; — Fe(lll),, ((H,0,) (1)
Fe(lll)__(H,0;) — Fe(ll), . +HO, + H* (2)
HO; — -0, + H* (pK, = 4.8) 3)
Fe(lll),, ; + ‘HO,/0; — Fe(ll),; + O5(+H") (4)
Fe(ll),; + H,0, — Fe(lll), +-OH + OH™ (5)
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D@ thay rang khi ham lugng gbc hydroxyl
tang thi hiéu qua xu ly tdng, nhung khi ham
luong x1c tac tang 1én 16n hon 0,20 g/L viéc tiéu
thy gdc hydroxyl theo phan tng (4) lai lam wc
ché qua trinh xtr 1y, dan t6i hiéu suét phan mg
giam nhe tir mrc ham lugng nay.

Muc ham lugng vat ligu 1a 0,20 g/ duogc
chon str dung cho cac nghién ciru tiép theo.
3.2.2. Anh hwéng cia pH

Trong phan tmg Fenton xtc tac di thé, hiéu

100 -  95.92
86.84

H(%)

sudt phan ung anh huong manh boi yéu t6 pH,
phan tng dién ra thuan loi trong méi truong pH
thap 2-5, giam manh & méi trudng trung tinh va
bazo do ¢ su chuyén dang ton tai ciia mangan
va sit (Zhihong Wang et al., 2020). Nghién ctru
tap trung vao anh hudéng cua pH dugc khao sat
tai cac gia tri 2, 3,4 va 5, ham luong vat liéu 0,20
g/L, cac yéu td khac duogc giit ¢ dinh nhu trong
khao sat ham lugng xtc téc.

79.83
72.90

80 -
60 -
40 -+
20 ~
0 T
2 3

4 5

pH

Hinh 4. Khio sat anh huéng ciia pH
([H:0:] =4,9mM, V =1L, [RY 160] = 50 mg/L,; ham lwong xuc tac 0,20 g/L,
nhiét do 30°C, t = 60 phuit)

Két qua thi nghiém trén hinh 4 cho thay, gia
tri pH dung dich anh huong manh dén qua trinh
xur 1y, tai gia tri pH = 2 cho két qua hiéu suét cao
nhat dat 95,92%, maéi truong axit 1a thuan loi dé
tién hanh phan tmg. Khi ting gia tri pH ctia dung
dich, hiéu suat xtr Iy giam dan, dat 72,9% vdi gia
tri pH = 5. Diéu ndy co thé giai thich khi gia tri
ctia pH ting dan, cac trung tim xuc tac cua vat
liéu bi chuyén dang ton tai sang oxit, phuc
hidroxi hodc hidroxit khé tan cua sit la
Fe(OH)**, Fe(OH)," va Fe(OH); (Vii Huy Pinh
va cong su, 2016). Nén luu y rang phan ung
khong tién hanh ¢ pH thap hon 2, do anh hudng
boi diéu kién tién hanh phan tng kho khan, tén
hoa chit trong qua trinh tmg dung vao thyc té.

Nhu vay, gia tri pH phu hop dugc st dung
trong cac nghién ctru tiép theo 13 2.

3.2.3. Anh hwéng ciia nong do hidropeoxit

Nong d6 hidropeoxit ciing anh hudng t6i higu
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suat phan huy cac chit hitu co, do 13 yéu t6 quyét
dinh dén ham lugng gbc tu do hydroxyl OH
trong phan tng. Nghién ciru tién hanh thay doi
ndéng d6 hidropeoxit & cac mirc nong do 2,45
mM; 4,90mM; 7,36mM va 9,81 mM; cac diéu
kién khac cua phan tmg dugc giir ¢d dinh nhu
khao sat anh huong pH, véi pH = 2.

Két qua thé hién trén hinh 5 cho thay khi ting
ham lugng hidropeoxit tir 2,45 mM 1€n 4,90mM,
hiéu qua xir Iy ting rd rét, dé dang nhan thiy
thong qua phan ung (1) va (5). Tuy nhién, khi
tiép tuc tang nong d6 hidropeoxit, hiéu qua xtr Iy
giam dan, chi con 82,74% véi gia tri n6ng do
9,81 mM. Piéu nay co thé giai thich thong qua
su tiéu thu gdc tu do khi ndng do hidropeoxit qua
cao hoac tu phan huy nhu sau:

H,0, + OH" - HO, + H,O (6)
2H,0, —» 2H,0 + O, (7)
Ham lugng hidropeoxit phu hop 1a 4,90 mM.
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100 97.68

80 A 75.75
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96.09

82.74

9,81

Nong do hldropeOX|t (M
Hinh 5. Khao sat anh hwéng ciia nong do H,0;
(pH=2 V=1L, [RY 160] =50 mg/L; ham luong xuc tiac 0,20 g/L,
nhiét do 30°C, t = 60 phut)

3.2.4. Anh huéng cia nhiét do
Nhiét d6 mdi truong 1a yéu té anh hudng t6i
tdc 6 phan tng, dong thoi ¢ thé anh hudng dén
hiéu qua va co ché phan tng. Nhiét do dung dich
1a yéu t6 tiép theo dugc khao sat v6i ba muc
100 -

96.51

95- I
90

H(%)

nhiét d0 khac nhau 1a 30°C, 40°C va 50°C, cac
yéu t5 con lai duoc gilr ¢ dinh nhu khao sat ham
luong hidropeoxit, ham lugng hidropeoxit 1a
4,90 mM.

98.27

97.72

Nhiét do (O
Hinh 6. Khio sat znh hwéng cia nong dé H,O,
(pH=2,V=1L, [RY 160] = 50 mg/L; ham luwong xic tic 0,20 g/L,
[H20:] = 4,9 mM, t = 60 phut)

Két qua khao sat trén hinh 6 cho thdy hiéu qua
xur Iy RY 160 tang khi nhiét do0 dung dich tang,
dat 98,27% tai 50°C. Tuy nhién, su khac biét vé
hiéu qua xur Iy 1a khong nhiéu, mau sic ctia thude
nhudm sau xir Iy khong con nhan thiy bang mét
thuong.

Nhu vay, qua trinh xtr 1y ¢6 thé ap dung cho
hi€u qua cao & muc nhi¢t do thuong.

3.2.5. Anh hwéng ciia thoi gian

Nghién ctru tiép tuc khao sat yéu t6 thoi
gian phan tmg, nhim tim ra thoi gian ti uu loai
b6 trén 95% mau thudc nhudém. Thoi gian phan
g duoc khao sat bang cach 1y dung dich phan
tmg cach nhau 10 phut, tir 10 phut dén 90 phut.
Céc diéu kién khac duoc cb dinh nhu khi khao
sat anh hudng cua nhiét do.
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Hinh 7. Khdo sat dnh huéng cia thoi gian
(pH=2 V=1L, [RY 160] = 50 mg/L; ham luong xuc tiac 0,20 g/L,
[H>0;] = 4,9 mM, nhiét do 30°)

Két qua trén hinh 7 cho thdy khi hiéu qua xtr
1y tang dan khi thoi gian phan tmg ting, hiéu qua
xtr 1y dat 40,56% ngay sau 10 phut xu ly. Tang
t61 96,68% chi sau 40 phit xir Iy, mau sic cua
thuc nhudm duoc loai bod gén nhu hoan toan.
Tiép tuc tang thoi gian phan tng thi hiéu suét
phan tmg ting dan, nhung sy thay dbi 1a khong
dang ké, chimg to phan tng dat toi can bang. Toc
d6 xtr Iy nay 1a twong ddi 16n khi so sanh v6i mot
sO qué trinh Fenton di thé khac dung tro bay bién

tinh (Pao Sy Puc, 2012) 1a 90 phut.

Thoi gian phu hop cho qua trinh xur 1y 1a 40
phut.
3.2.7. Khao sat kha nang ap dung véi cac
thudc nhudém khac

Nghién ctu mo rong kha ning &p dung véi
thudc nhudm hitu co khéc nhu AR 23, DB 199,
DR 224 va DR 239 déu & mtc ndong do 50 mg/L.
Diéu kién phan tmg phu hop duge giit nguyén
nhu ap dung véi RY 160.

- 96.51
100 90.52
82.07
80 ~
66.35
59.89
60 -
S
I
40 -
20 A
0 n T T T T
AR 23 DB 199 DR 224 DR 239 RY 160

Hinh 8. Khio sat anh hwéng ciia thoi gian
pPH=2,V=11L, [thuéc nhuom] = 50 mg/L; ham lwong xic tac 0,20 g/L,
[H>0;] = 4,9 mM, nhiét do 30°)

Két qua thi nghiém trén hinh 8 cho thay hiéu
qua xtr 1y cac loai thuc nhudém khac nhau cho
két qua khac nhau, cao nhit véi AR 23 va RY
160 trén 90%, thap hon cac thudc nhudém con lai
nhung déu dat khoang 60% trd 1€n, sy khac nhau
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do ban chit cu tao cia cac phan tir thuéc nhudém
1a khac nhau, diéu nay twong dong trong két qua
xtr Iy thuéc nhudém khac nhau (Vi Huy Dinh va
cong sy, 2019).
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4. KET LUAN .

Vit liéu oxit phirc hop MnFe;O4 bang qua
trinh dong két tua va thi€u nhiét vat ly, img dung
lam xuc tac cho qua trinh Fenton di thé phan huy
thuég nhudm hiru co trong nudc. Vat liéu xtc tac
c6 cau tric MnFe;O4 6 kich thuge 50-100 nm
xuat hién trén anh SEM phéng dai 60000 lan va
thanh phan hoa hoc Mn:Fe:O 1a 0,83:2:3,96 trén
ph6 EDX. Trong di€u kién thich hop: ham luong
xuc tac 0,2 g/L; nong d6 H>024,92 mM; pH =2
th(‘wi, gian xu ly 40 phut, nhi¢t do 30°C; toc do
khudy 120 vong/phit cho hi€u qua xur 1y mau
thuoc nhuom RY 160 va AR 23 dat trén 90%;
DR 224; DB 199 va DR 239 dat trén 60%.
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DEGRADATION OF ORGANIC DYES
BY HETEROGENEOUS FENTON METHOD USING MnFe204 CATALYST

Le Khanh Toan', Dang The Anh!
"Vietnam National University of Forestry

SUMMARY

The paper presents the results of research on the ability to treat organic dyes by heterogeneous Fenton method
using MnFe;O4 complex oxide as catalyst. The materials containing MnFe,O4 were prepared by co-precipitation
of manganese and iron salts in a high pH environment and by thermal decomposition. Materials determined the
chemical composition and surface morphology by X-ray diffraction (EDX) and scanning electron microscopy
(SEM). The results obtained catalyst materials have MnFe,Oy in the structure with size 50-100 nm and atomic
ratio Mn: Fe: O = 0.83: 2: 3.96 suitable for the ideal ratio of 1: 2: 4 when forming complex oxide MnFe;O4. The
concentration of dye in the solution before and after treatment determine by the photometric method. The
efficiency of the process investigates for Reactive Yellow 160 depending on experimental parameters: catalyst
content, concentration hydropeoxit, pH, temperature, treatment time. The extended investigation optimal
conditions apply to other direct and acid dyes, such as Direct Red 224, Direct Red 239, Direct Blue 199 and Acid
Blue 23. In the optimal conditions: catalyst concentration is 0.2 g/L; HO, concentration is 4.92 mM; pH = 2;
processing time 40 minutes, temperature 30°C; stirring speed 120 rpm for RY 160 dye treatment efficiency reaches
96.51%; AR 23 reaches 90.52%; DR 224 reaches 82.07%; DB 199 reaches 66.35% and DR 239 reaches 59.89%.
Keywords: catalyst, heterogeneous fenton process, MnFe>Oa, organic dye.
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