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SUMMARY

STUDY ON ADSORPTIVE REMOVAL OF HEXAVALENT CHROMIUM Cr (VI)
IN WATER ENVIRONMENT USING MnO:

The present study investigated adsorptive removal of toxic hexavalent chromium Cr(VI) from aqueous
solution using manganese dioxide (MnO,). The MnO; particles were characterized by X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FT-IR), and energy-dispersive X-ray spectroscopy
(EDX). Some effective conditions for removal of Cr(VI) using MnO, were optimized and found to be
adsorption time 120 min, adsorbent mass 0.075 g, and pH 4. Under optimum conditions, maximum removal
of about 100 % was achieved. Adsortion capacity of Cr(VI) increased with increasing ionic strength while
adsorption capacity reached to 72.46 mg/g. Adsorption of Cr(VI) on MnO in the absence and in the
presence of antibiotic ciprofloxacin (CFX) decreased with increasing ionic strengths and adsorption
isotherms fit agreed well with Freundlich model, suggesting that adsorption was mainly governed by
electrostatic interaction.
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1.MO PAU hoa, trao ddi ion va hap phu [4-6]. Trong dé, hip
phu la mét trong cac phuong phéap phé bién duoc
nghién ctru dé loai bo Cr(VI) véi hiéu suét cao
bang viéc sir dung cac vat liéu hap phu cé hoat tinh
bé mat cao. Trong sb nhiéu oxit kim loai c6 trong
thanh phan cua khoang sét hay dat tu nhién,
mangan dioxit (MnO,) vai dién tich bé mit riéng
I6n da duoc tng dung 1am chét hap phu xir Iy nuée

Xt 1y nude chaa ion kim loai nang doc hai co y
nghia quan trong ddi voi méi truong [1]. Cac ion
kim loai nang & trong méi trudng nudc cd thé gy
ra anh huong tiéu cuc dén sirc khoe con ngudi, gy
ra cac bénh nguy hiém nhu suy than, ung thu,...
Hexavalent chromium, Cr(V1) ton tai & dang anion
¢6 doc tinh rat cao vi it tich lily sinh hoc, hap thu

yéu va d& bi dao thai khoi co thé [2]. Ton du VA nudcthai [7].

Cr(VI) trong méi truong nudc gay ra nhiéu bénh Trong nudc thai cong nghiép co chira lugng lon
tat nhu di ung da, cac van dé vé da day, rut, gay cac hop chét hitu co khé phan huay trong d6 cé du
suy hd hép, hoai tir da, va gy tén thuong hé sinh lwong khang sinh. Trong sb nhiéu loai khang sinh
san nam. Ngoai ra, Cr(V1) duoc chirng minh c6 thé dugc s dung dé diéu tri chdng nhidm khuén,
gay ung thu [3]. Vi vay, loai bé Cr(VI) trong moi khang sinh ciprofloxacin (CFX) thuéc ho khang
treong nude dwoc nhiéu nha khoa hoc nghién ciu. sinh fluoroquinolon dwoc sir dung phé bién [8].

Tdn du khang sinh CFX trong mdi truong nudc &
muc cao do kha nang phan huy sinh hoc kém. Cac
nghién ctru hap phuy ion kim loai nang khi c6 mat

Hién nay, c6 nhiéu phuong phap dugc nghién ctu
dé loai bo Cr(VI) trong méi truong nudc nhu
phuong phép xuc tac quang, keo ty, oxy hda dién
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clia cac khang sinh c6 y nghia thyc tién 16n do
trong nhiéu nguén nudc c6 dong thai kim loai niang
t6n du cua cac khang sinh kho phan hay. Nghién ciu
vé hap phu Cr(V1) trén vat liéu MnO; va anh huong
khi c6 mat khang sinh CFX chua duoc cong b trong
nudc va quic té.

Bai béo khoa hoc nay nghién ciu hip phu xir Iy
Cr(V1) bang vat lisu MnO,. Mot sé yéu té quan
trong anh huong téi hap phu Cr(VI) trén vat liéu
MnO, da dugc nghién ctu téi wu. Hap phu dang
nhiét Cr(VI) dugc nghién ctu bang thuc nghiém va
mo hinh. Anh huéng cua CFX téi qua trinh hap phu
dang nhiét Cr(V1) ciing dwoc nghién ciu.

2.THU'C NGHIEM
2.1. Thiét bi, dung cu, hoa chit

Vit ligu MnO; kich thudc khoang 10pum, d¢ tinh
khiét 90 % duogc mua tir hiang Sigma-Aldrich.
Dung dich chuan Cr(VI) néng d6 1000ppm cua
hang Merck. Mudi Kali dicromat K,Cr,0-, d6 tinh
khiét >99,8%. Chuan sic ky khang sinh
Ciprofloxacin (CFX) d tinh khiét 98% duoc cung
cap boi hiang TCI, Nhat Ban. Cac hoa chat khac
duoc sir dung déu co do tinh khiét phan tich (p.A,
Merck) hoac tuwong duong.

Thiét bi quang phd hap thu nguyén tir AA-6800
(Shimadzu, Nhat Ban) sir dung ki thuat do ngon
Ita (F-AAS) tai budc song 357,9 nm, khe do 0,5
nm duogc dé phan tich Cr(VI1) trong cac dung dich
mau. Nong d6 CFX duoc phan tich bang thiét bi
quang phd hap thu phan tir UV-Vis (UV-1650PC,
Shimadzu, Nhat Ban).

2.2. Hap phu xir Iy Cr(VI) bang vat liégu MnO;
Hap phu Cr(VI) dugc tién hanh bang phuong phap
tinh. Can chinh xac cac lugng vat liéu MnO; dugc
cho vao cac ng falcon 15 mL, sau d6 thém dung
dich Cr(V1) va dugc chinh pH bang dung dich HCI
0,1 M va NaOH 0,1M. Tién hanh lac trong cac thoi
gian khac nhau dé nghién ctu thoi gian can bang.
Hiéu sut xtr Iy Cr(VI) bang vat liéu MnO; dugc
tinh theo cdng thirc

(Cy—Co
%H = —;—100% 1)

Trong d6 H% la hiéu suat xir Iy Cr (VI); Cova Ce
lan Iuot 12 nong d6 CFX ban dau (ppm) con lai sau
hap phu (ppm).
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Hép phu dang nhiét dugc tién hanh bang cach thay
d6i nong do dau cua dung dich Cr (VI). Puong
dang nhiét hap phu & ba nong d6 mudi 1, 10, 50
mM trong cac diéu kién t6i wu. Hai mé hinh ding
nhiét Langmuir va Freundlich duoc sir dung dé mo
ta sy hap phu cua Cr(V1) trén vat liéu MnO,.

3. KET QUA VA BAN LUAN

3.1. Khao sit cac yéu t6 anh huong téi kha ning
hap phu xir ly Cr(VI1) trén vat ligu MnO

Hap phu ion Cr(VI) trén vat liéu oxit kim loai
MnO; chiu anh huéng cua nhiéu yéu nhu thoi gian
hap phy, pH caa dung dich, va lyc ion.
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Hinh 1. Anh huong cia thoi gian hap phu dén
hiéu sudt xa Iy Cr(VI1) bang vt liéu MnO,.
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Két qua nghién ciru anh huong cia mot s6 yéu th
nhu thoi gian hip phu, pH cua dung dich va luong
vt liéu dugc thé hién trong Hinh 1 dén Hinh 3
trong khi anh huong cua luc ion dwoc thé hién
bing nghién cau hap phu ding nhiét.

Két qua trinh bay trén Hinh 1 cho thay khi ting
thoi gian hap phu tir 0 dén 120 phdt thi kha ning
xir Iy Cr (VI) tang, hiéu suat xur Iy Cr(VI) ting tir
35,4 dén 99,5 %, sau d6 hiéu suat xir Iy thay ddi
khong dang ké. Vi vay, thoi gian téi wu dé hap phu
Cr(VI) 12 120 phat vai hiéu suat dat 99,5 %.
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Hinh 2. Anh hirong cua pH dung dich téi
hiéu sudt xiz ly Cr(VI1) bang vt liéu MnO,



Két qua thé hién trén Hinh 2 cho thay tai pH thap,
Cr(VI) ton tai ¢ hai dang la hydrochromate
(HCrOy) va dichromate (Cr.07%), bé mat cua
MnO; mang dién duong thich hop cho sy hap phu
do lyc hut tinh dién. Khi pH ting, ndng d6 OH
I6n, Cr(VI) ton tai chu yéu & dang CrO42 va dién
tich bé mat MnO; chuyén dan sang dién &m nén
hap phu giam manh. Do vay, pH = 4 la diéu kién
t6i wru dé hap phu Cr(VI) trén vat ligu MnOs.
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Luong vat liéu hip phu (g)
Hinh 3. Anh hwrong ciia heong vdt liéu t6i hiéu
suat xi# ly Cr(VI1) bang vat liéu MnO2

Két qua trinh bay trén Hinh 3 cho thay khi ting
lwong vat liéu hap phu tir 0,025 dén 0,075 g thi kha
nang xir Iy Cr (VI) tang, hiéu suat xir Iy Cr(VI)
tang tir 47,1 dén 99,4 %, sau d6 hiéu suat xu ly
Cr(VI) it thay d6i. Do d6, luong vat liéu téi wu 1a
0,075 g. Luong vat liéu nay dwoc giir ¢ dinh cho
cac nghién ctu tiép theo.
3.2. Hap phu ding nhiét Cr(VI1) trén vt ligu
MnO: khi khéng cé va khi co khang sinh CFX
Anh huong cua luc ion t6i sy hdp phu Cr(VI) trén
vt liéu MnO; tai ba nong d6 mudi 1, 10, 50 mM
& pH=4 khi khéng c6 CFX va khi c6 CFX dugc
thé hién & Bang 1 va Bang 2.

Bang 1. Hdp phu ddng nhiét Cr(VI1) trén vat ligu

MnO khi khéng cé CFX md ta bang md hinh
Langmuir va Freundlich

R Nong d¢ mudi NaCl
M hinh Thsfi”g (mM)
° 1 10 50
amaxXt 1000 | 426 | 397
(mg/g)
Langmuir Ky
002 | 007 | 003
(L/g)
RZ | 0,7121 | 0,9346 | 0,9481
Freundlich Kr 0,71 1,05 0,41
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n 2,31 3,85 2,41
R? 0,959 | 0,972 | 0,918
6 4 2

Két qua thé hién trong Bang 1 cho thiy hap phu
Cr(VI1) trén vat ligu MnO; tai ba nong d6 mudi
NaCl 1, 10, va 50 mM phu hgp hon véi md hinh
nhiét Freundich hon mé hinh Langmuir véi hé s6
R2 déu I6n hon 0,91. Tai ndng d6 mudi cao, md
hinh Langmuir c6 thé m ta qua trinh hip phu do
hip phu la don 16p trén bé mat vat lisgu MnO,
nhung tai ndng d6 mudi thip lyc twong tic tinh
dién manh gitra Cr(V1) mang dién am trén bé mat
MnO; mang dién duong qué I6n thiic day qué trinh
hap phu da 16p.

Két qua thé hién trong Bang 2 cho thay su hip phu
cua Cr(VI) khi c6 CFX trén vat liéu MnO; tai ba
ndng &6 mudi NaCl 1, 10, va 50mM hoan toan phu
hop mé hinh Freundlich véi hé s6 R?16n hon 0,96
trong khi h¢ sé tuong quan ca mo hinh Langmuir
déu rat thip. Ngoai ra, dung lwong hap phu cuc dai
cua Cr(VI) trén vat lieu MnO tang 1én gip nhiéu
1an khi c6 mat khang sinh CFX. Diéu d6 ching to
Cr(VI) mang dién 4m da tao phic cap ion véi CFX
mang dién duong ¢ pH < pKal[8]. Hién tugng nay
tuong tw hdp phu cua ion Cu va dugc phim
diclofenac trén vat liéu tu nhién [9], [10]. Do qua
trinh tao phtc nén hap phu tao thanh da 16p twong
tac gitra cac phan tu phac Cr-CFX trén bé mat vat
|iéU MnO,.

Bang 2. Hdp phu ddng nhiét Cr(V1) trén vat li¢u
MnO; khi cé CFX mé ta bang md hinh Langmuir

va Freundlich

Thén Nong d§ mudi NaCl
M6 hinh Ség (MmM)
1 10 50
amax-\ 2o46 | 67,57 | 54,95
(mg/g)
Langmuir | K 14 9019 | 0,0015 | 0,0017
(L/g)
RZ | 0.3470 | 03768 | 03235
Ke | 0411 | 0276 | 0345
Freundlich n 1,449 1,379 | 1,524
RZ [ 0.9733 | 0.9775 | 0.9605
4. KET LUAN

Bai béo da nghién cau hap phu xi ly Cr(VI) trén
vat liéu MnO,. Thoi gian hip phy, lwong vt liéu



hap phy va pH téi uu dé xir Iy Cr(V1) bang MnO.
la 120 pht, lugng vat liéu hap phu 0,075 g va pH=
4. Khi &p dung cac diéu kién hap phu tdi uu, hiéu
suat hap phu Cr (V1) dat gan 100%. Khi c6 mat
cua khang sinh CFX, dung luong hap phu Cr (V1)
trén MnO; ting 1én nhiéu an do qua trinh tao phirc
cap ion cua Cr(VI) mang dién &m va CFX mang
dién duong trén bé mat cua vat lieu MnO,. Hap
phu ddng nhiét cua Cr(VI) trén vat ligu MnO; phu
hop véi md hinh hap phu Freundlich hon mé hinh
Langmuir.
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