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Trong nghién ctru nay, vat liéu chtra oxit phtrc hop lantan-sit dugc diéu ché bang phuong phap dong két tia cac ion
La*", Fe** va nung ¢ 650°C trong vong 1 gid. San pham thu dugc dung lam vat lidu hap phu dé loai bo ion mangan
trong nude. Dic diém hinh thai bé mat va thanh phan hoa hoc cua vat lidu hip phu dugc xac dinh thong qua anh
hién vi dién tir quét (SEM) va pho tan xa nang lugng tia X (EDX). Cac thir nghiém dugc khao sat voi yéu t: pH
ban dau, ndng d6 chit dugc hap phu Mn(II), thoi gian tiép xtic. Két qua nghién ciru sir dung vat liéu hap phu Mn(II)
cho két qua t6t v6i khoang néng d6 duoc khéo sat tir 8 mg/L dén 50 mg/L, hiéu suat hap phu dat tir 80 - 93%. Céc
diéu kién duoc khao sat cho ket qua hép phu t6t mangan tai pH = 5, nhiét d6 30°C, thoi glan hép phu 60 phut. Cac
thir nghiém 4p dung cho cac miu nuoc ngdm chira mangan tir 0,2 mg/L dén 5,0 mg/L két qua loai bd mangan déu
dudi ngudng gi6i han cho phép vé ham lwong mangan (0,1mg/L) cia Quy chudn k¥ thuat qudc gia vé chat lugng
nude sach sit dung cho muc dich sinh hoat (QCVN 01-1:2018/BYT). Qua trinh hip phu tuan theo mé hinh
Langmuir-Freundlich v&i dung lugng hap phu cuc dai 186,7 mg/g.

Tir khéa: Hap phu, mangan, oxit phirc hgp, xir Iy nwéec.

1. PAT VAN PE

Mangan 14 mot trong nhiing nguyén t6 kim
loai nang phd bién trong vo trai dat, chiém 0,1%
khéi lwong vo trai dat; trong ngudn nudc ngam,
ndng d6 mangan trung binh 5 - 150 pg/L, ndng
d6 mangan dat t6i 1300 pg/L trong nudc ngdm
trung tinh va 9600 pg/L trong nudc ngam cb
tinh axit (ATSDR, 2012). Mangan 1a nguyén té
quan trong cho sy phat trién cua sinh vat; tuy
nhién, mangan tr¢ thanh chét doc hai khi & néng
dd cao trong nudc, nd gay ra cac triéu chiing dau
dau, mat ngu, viém phéi, anh hudng dén hé than
kinh trung wong (ATSDR, 2012; Karin Ljung,
2007; Jhone E.Tobiason, 2016). Pé su dung
ngudn nudc ngam can loai bd mangan va cac
kim loai doc hai khac. Hién nay, c6 nhiéu
phuong phap xu 1y kim loai nang trong nudc
nhu trao d6i ion, hap phuy, héa hoc... Trong do,
cac vat liéu hap phu co céu trac kiéu perovskite
ctia nguyén t6 dat hiém nhu lantan c6 kha ning
hap phu t6t ion mangan trong nudc (Deepti S.
Patil, 2016; Nguyén Thi Ha Chi, 2017). Trong
nghién ciru nay, chung t6i lya chon phuong
phap dong két tia cic mubi lantan va sit trong
dung dich kiém c6 chét nén 1a polivinyl ancol,
sau do6 thiéu nhiét tao thanh vat liéu hip phu
chira oxit phttc hop LaFeOs. Pay la phuong
phap tuong d6i don gian, kich ¢& vét liéu thu

duoc kha déng déu, dat kich thudc nanomet,
nhiét d6 thiéu két thip (Lwu Minh Pai, 2011,
2014). Vat liéu tao thanh dugc nghién ctu thu
nghi¢m loai bdo mangan bang phuong phap hap
phu v6i dung dich pha ché va mau nude ngam.
2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit va thiét bi

Cac héa chit chinh: LaCls.6H:0,
Fe(NO3)3.9H>O, NaOH, polivinyl ancol (PVA),
MnSOs.

May do pH/nhiét do dé ban HI2210-02, méay
khudy tir gia nhiét RCT Basic IKA 20002620,
anh hién vi dién tir quét (SEM) trén may Nova
NanoSEM 450 véi thé gia tdc 5 kV, thanh phan
hoa hoc cua vat liéu hép phu dugc xac dinh
thong qua phd tan xa ning luong tia X (EDX)
ghi trén may Oxford Microanalysis ISIS 300.
2.2. Phuong phap diéu ché vat liéu hip phu

Hoa tan 2,6 g PVA vao 100 mL NaOH 1M ¢
80°C, nho tir tir va dong thoi 100 mL dung dich
LaCl; 0,IM va 100 mL dung dich Fe(NOs)3
0,1M. Hon hop két taa tao thanh duoc khqu
lién tuc & nhiét d6 80°C dén khi tao hdn hop dic.
Loc, rira hdn hop bing nudc cat dén pH =7, sau
d6 sdy khoé & 105°C dé tao thanh hon hop réin.
San pham rin thu dwoc nghién min va nung
trong diéu kién c6 khong khi & 650°C trong
vong 1 gio.
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2.3. Khio sit cic yéu té anh hwong dén qua
trinh hép phu

Qua trinh khao sét cac yéu té anh huong dén
qué trinh hip phu bao gdm: pH, ndng d6 Mn(1I),
va thoi gian hip phu. Thi nghiém duoc tién hanh
theo tmg mé. Mdi mé phan ung dugc thir
nghiém vé6i 1000 mL dung dich Mn(II) c6 noéng
d6 xac dinh (tir 8 mg/L dén 50 mg/L), diéu chinh
pH ban dau cta mau thi nghiém bang dung dich
NaOH 0,05M hoac dung dich HNO3 0,05M vaéi
may do pH, nhiét d6 duoc duy tri & 30°C, bd
sung mdt lugng vat li¢u hép phu duogc tinh cho
timg thi nghiém va khudy ¢ toc do 120
vong/phat. Thoi gian hip phu duoc tinh tir khi
cho vat liéu hap phu dén céc thoi diém trich mau
(t = 10, 30, 50, 60, 80, 100 phat). Mdi lan, 50
mL dung dich dugc hat ra va loc trén gidy loc
bing xanh va dung chit oxi hoa (NH4)2S,0s
chuyén hoa Mn?" thanh MnOs~, sau d6 do mét
d6 quang & budc song dic trung 545 nm dé tinh
nong d6 Mn>" hay Mn(II).
2.4. Khao sat kha ning hap phu

Hiéu suat loai b6 mangan trong nuéc H(%)
duogc xac dinh theo cong thuc:

H(%) = S 00 (1)
Dung luong hip phu dugc tinh theo cong thc:
C -C)V
g =% @
m

Thanh phan nguyén tir cta vat liéu do xéc
dinh bang phuong phap EDX (Hinh 2), két qua
cho thiy ti 16 nguyén tir La:Fe (1,089:1,000),

Trong d6: q (mg/g) 1a dung lwong hap phu
ctia vat lidu can bang, Co, (mg/L) 1a ndng do
dung dich Mn(II) ban dau, C; (mg/L) 14 ndng do
dung dich Mn(II) ¢ thoi gian t, V (L) 1a thé tich
dung dich, m (g) 1 khi lugng chép hap phu.

Ap dung mé hinh hip phu ding nhiét
Langmuir-Freundlich, dé khao sat cac tham s
ctia phuong trinh hip phy hdi quy, phuong trinh
c6 dang:

K.C"
=% ke ©)

Trong d6: q (mg/g) 14 dung lugng hip phu tai
thoi diém can bang, Qs (mg/g) 1a dung luong
hép phu cuc dai, K 13 hing sb can bang hp phu
Langmuir, C (mg/L) 12 ndng d6 can bang cta
Mn(II) trong dung dich, n 1a cudng do hip phu.
Céc thong sb dic trung cia qué trinh hip phu
thu dugc khi xir 1y s6 liéu bang phan mém
Origin 9.0.
3.KET QUA VA THAO LUAN
3.1. Phén tich dic trung vat liéu hip phu

Trong nghién ctru nay, dic trung hinh thai bé
mit cua vt liéu hap phu duoc thé hién trén anh
SEM (Hinh 1). Két qua quét anh SEM cho thay
mau vat liéu hap phu c6 xuét hién cac céu tric
hat kha ddng déu voi kich thudc ¢ dudi 100
nm, cac ciu trac ndy lam ting kha ning hip phu
cac ion kim loai.

Hinh 1. Anh SEM (a) P phéng dai 3.000 lan, (b) P6 phéng dai 60.000 lin

phu hop véi ti 1€ % nguyén tir La:Fe theo 1y
thuyét 1a 1:1.
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Hinh 2. Phé EDX

3.2. Cac yéu t6 anh hwong t6i kha ning hip
phu cia vat liéu
3.2.1. Anh hwong ciia pH

Céc dang ton tai ciia cac ion kim loai phu
thudc vao pH nén trong qua trinh hip phu céac
kim loai, pH 1a mot yéu td anh huong manh dén
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hiéu suat hip phu. Anh huéng cua pH dén qua
trinh hap phu Mn(II) dugc khao sat & pH tir 2
dén 8, trong diéu kién ¢ dinh lwong vat liéu hap
phula 0,5 g/L, néng do Mn(II) 14 20 mg/L, nhiét
d6 30°C, thoi gian khudy 60 phut, téc d6 khudy
120 vong/phut.
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Hinh 3. Anh hwéng cia pH

Két qua khao sat cho thay: pH c6 anh hudng
dén kha nang hip phu cua vat liéu (Hink 3). O
gia tri pH thap, tir 2 d&én 5, hiéu suat xir 1y ting
khi pH tang va dat t&1 93% tai pH = 5. Khi gia
tri pH tang dén 8 thi hiéu sut xur 1y giam con
74%. O mdi truong pH cao, hiéu suat xir Iy bang
tong hiéu suat hap phu va hiéu suat loai bo ion
mangan do qué trinh két tia. Gi tri pH = 5 cho
hiéu qua xur 1y tot nhét trong cac gia tri duogc

khao sat.
3.2.2. Anh huwéng ciia thoi gian hip phu

Tién hanh khao sat thoi gian hip phu tir 10
dén 100 phut dé xac dinh thoi gian thich hop cho
qua trinh xtr Iy. Cac diéu kién khac ctia qua trinh
hép phu duoc gitr ¢ dinh nhu luong vat ligu hz?ip
phu 0,5 g/L, néng d6 Mn(II) 20 mg/L, pH = 5,
nhiét d6 30°C, tbc d6 khudy 120 vong/phit.
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Hinh 4. Anh hwéng ciia thoi gian hip phu

Két qua hiéu suit hap phu theo thoi gian tiép
xtc dugc thé hién & Hinh 4 cho thiy kha niang
hép phu Mn(I) cua vit liéu ting khi thoi gian
tiép xtc tang. Sau 10 phut tiép xtc, hiéu suét
hép phu dat 71% va ting dan theo thoi gian t6i
93% tai 60 phut. Sau d6, c6 hién tuong hiéu suat
hép phu giam, diéu nay tuong ty cac nghién ciu
vé vat liéu hap phu (Nguyén Thi Ha Chi, 2017).
O thoi gian dau qué trinh hap phuy dién ra nhanh,
do s6 lwong tam hip phy chua bi chiém trén bé
mit con 16n, sé lwong tdm hap phu s& giam dan
va bi bao hoa boi cac ion kim loai khi dat to1
trang thai can bang. O gi4 tri pH = 5, thoi gian
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dai c6 hién twong hoa tan cac trung tim hap phu
thanh mudi tan vao dung dich. Nhu vay, thoi
gian tiép xtc tot nhat 1a 60 phit.
3.2.3. Anh hwong ciia nong dp mangan(Il)
Anh huéng cia ndng d6 Mn(Il) dugc xéac
dinh bang cach ting dan ndng d6 Mn(II) tir 8
mg/L dén 50 g/L. Cac diéu kién khac duoc cd
dinh: luong vat li¢u hép phu 0,5 g/L, pH =5,
thoi gian khudy 60 phut, nhiét d6 30°C, toc do
khudy 120 vong/phit. Su thay d6i hiéu suat hap
phu twong tmg v6i ndng d6 ban dau khac nhau
ctia Mn(II) duogc thé hién & Hinh 5.
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Hinh 5. Anh huéng ciia nong do Mn(II)

Hiéu suat hap phu Mn(II) cua vat lidu 1a kha
cao, & nong d6 khao sat tir 8 mg/L dén 50 mg/L.
Hiéu suat hip phu ting dan tir 84% 1én 93% khi
tang ndng do kim loai tir 8 mg/L 1én 20 mg/L.

Khi tiép tuc ting nong do kim loai Mn(II) tir 30
mg/L dén 50 mg/L thi hiéu suat xir Iy giam dan
xudng con 80%. O khoang ndng do mangan nho
hon 20 mg/L, kha ning lam giam ndng do
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mangan xudng rat thip 1a kho nén hiéu suét
khong 16n. Con khi ndng d6 mangan 16n hon 20
mg/L da vuot qua kha ning hip phu cta vat lidu
nén hiéu sut c6 xu hudéng giam. Diéu nay ching
t6 vat liéu da dat dén ndng do bio hoa chét hip
phu trén bé mat, két qua nay tiép tuc duogc su
dung dé tinh toan cac thong s6 cta phuong trinh
Langmuir-Freundlich.

Trong thuc té, cac mau nudc ngﬁm va nudc
m6t s6 hd c6 nong do mangan thap hon so véi
mau nudc thir nghlem Vi vay, chung toi thu:
nghiém 4ap dung d6i véi cac mau nudc ngarn
chtra mangan tir 0,2 mg/L dén 5,0 mg/L ¢ diéu
kién khao sat. Két qua cho thay co6 thé loai bo
mangan xudng dudi 0,1 mg/L, dat chi tiéu vé

mangan cua Quy chun ky thuat qubc gia vé
chét luong nudce sach s dung cho muc dich sinh
hoat (QCVN 01-1:2018/BYT).
3.3. Théong s6 hip thu ding nhiét Langmuir-
Freundlich

Anh huong cta ndng d6 Mn(II) d6i v6i hidu
suat xir Iy duoc str dung dé tinh toan céc thong
s6 dic trung ctua md hinh hip phu déng nhiét
Langmuir-Freundlich. Dung lwong hip phu q
duoc tinh theo cong thuc (2), dung lwong hip
phu cuc dai Qsar dugc tinh theo cong thirc (3).
Két qua tinh dung luong hip phu, nong do can
bang dugc trinh by & Bang 1; két qua tinh toan
hdi quy bang phin mém Origin 9 thé hién trén
Hinh 6.

Biang 1. Dung lwgng hip phu (q), ndng dd cin bing (C) ciia Mn(II) trong dung dich

T Co(mgl)  m(g) C (mg/L) q (mg/g)
1 8 0,5 1,3 13,4
2 10 0,5 1,4 17,2
3 30 0,5 5,0 50,0
4 40 0,5 7,2 65,6
5 50 0,5 9,8 80,4
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Hinh 6. Phwong trinh hdi quy qua trinh hip phu theo mé hinh Langmuir-Freundlich

Thong qua hé sb hdi quy R? = 0,9979 cho
thdy mé hinh hap phu ding nhiét Langmuir-
Freundlich mé ta twong dbi chinh xac su hap
phu ion kim loai Mn(II). Cac thong sé lién quan
dugc xéc dinh thong qua phuong phap hoi quy
nhu sau: Dung luong hap phu cuc dai Qsat =
186,7 mg/g, hiang sb can bang hap phu K =

0,0646, cuong do hap phu n = 1,07768, hé s
twong quan R? = 0,9979.
4. KET LUAN

Vit liéu chtra oxit phurc hop lantan-sit duoc
diéu ché bang phwong phap dong két tia va
thiéu nhiét & 650°C c6 kha ning hiap phu
mangan trong nudc rat tot. Hiéu suat hip phu
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dat tur 80 - 93% khi xtr Iy dung dich Mn(II) c6
ndng do tir 8 mg/L dén 50 mg/L; c6 thé ap dung
loai bo mangan trong nudc ngam tir 0,2 mg/L
dén 5,0 mg/L xudng gidi han 0,1 mg/L cua Quy
chuan k¥ thuat qudc gia vé chat luong nude sach
st dung cho muc dich sinh hoat (QCVN 01-
1:2018/BYT). Diéu kién tién hanh hip phu
mangan tdt nhat tai pH = 5, nhiét d¢ 30°C, thoi
gian hip phu 60 phut. Qua trinh hip phu tuan
theo md hinh hap phu diang nhiét Langmuir-
Freundlich v6i dung lwong hap phu cuc dai
186,7 mg/g.
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MANGANESE REMOVAL FROM AQUEOUS SOLUTION BY USING
PEROVSKITE-TYPE LANTHANUM IRON OXIDE ADSORBENT
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SUMMARY

In this work, perovskite-type lanthanum-iron-oxide was prepared by co-precipitation method and heat treatment
at 650°C, which was used as an adsorbent for the removal of manganese from aqueous solution. The surface
morphology and chemical properties of adsorbent were characterized using Scanning electron microscopy (SEM)
and Energy-dispersive X-ray spectroscopy (EDX). Batch experiments for the adsorption onto adsorbent in 1000
mL of solution were studied with effective parameters including initial pH, manganese concentrations, and
contact time, at a constant speed of 120 rpm. The concentration of manganese has been tested from 8 mg/L to 50
mg/L, the percentage of removal of manganese was up to 93%. The optimal for favourable adsorption: initial pH
= 5, temperature at 30°C, contact time 60 min. Groundwater samples containing manganese from 0.2 mg/L to

5.0 mg/L were tested; after 60 minutes of treatment, manganese concentrations were below the precise value for
standard (0.1 mg/L) which had been set from the National Technical Regulation on domestic Water Quality
(QCVN 01-1:2018/BYT). The adsorption process follows the Langmuir-Freundlich adsorption isotherm model.
The maximum adsorption capacity (Qsx) was 186.7 mg/g, correlation coefficient (R?) was 0.9979.

Keywords: Adsorption, manganese, perovskite-type oxides, water treatment.
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