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SUMMARY

STUDY ON ADSORPTION OF ARSENIC (III) AND AMONIUM, FROM AQUEOUS
SOLUTION BY MIXED Mn;0;-CeO; NANO MATERIAL COATED
ON ACTIVATED CHARCOAL

The coating nanomixed oxides CeO,-Mn;O3 on activated charcoal was synthesized by sol-gel method
combustion method using polyvinyl alcohol (PVA). The percentage of mixed oxides in materials was
varied at 8, 10, 12 and 15 %. Optimum conditions were applied to synthesize materials which is molar
ratio of Mn’*/Ce*" =1/1. Gel formation was obtained at temperature of 80°C, molar ratio of
(Mn**+Ce**)/PVA=1/3 pH 4 and calcination temperature of 350°C for 2 hours. The Ce(IV)
concentration of synthesized material was determined by titration method using diethylene triamine
pentaacetic acid (DTPA) with asenazo indicator. Whereas, Mn(ll) concentration was determined by
atomic absorption spectrophotometry on Perkin Elmer Analyst 200 at wavelength of 279.5 nm. Arsenic
and ammonium adsorption on materials were illustrated. The adsorption capacity of As(Ill) and
ammonium by nanomixed oxides on activated charcoal is 4.10 mg/g and 2.89 mg/g, respectively. From
the results, these composite materials promises a great application to treat As(Ill) and ammonium in
aqueous solution.

Keywords: CeO,— Mn>0s, PVA, sol — gel, ammonium, arsenic, adsorption.

1. GIOI THIEU bao vé thuc vat trong nong nghiép st dung
Viét Nam 1a quéc gia dang phat trién cong khéng kiém soat, nudc thai sinh hoat phat sinh
nghiép, néng nghiép cong thém téc do gia ting nhiéu va khong qua hé thong xur 1y, nudc thai
dan s6 nhanh, viéc kiém soat va xir ly chét thai, cong nghiép xt 1y kho khan va chua duoc triét
nudc thai trong nong nghiép, cong nghiép va dé. Cac ngudn thai trén truc tiép hay gian tiép
sinh hoathién nay chua dugc hiéu qua cao. Cac d6 ra méi truong lam 6 nhim méi trudng
ngudn thai nhu lwong phan bon héa hoc, thude nude. Ngudn nude bi 6 nhiém chira cac thanh
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phan hiru co va vo co lam anh huong 16n dén
sttc khoe cua con ngudi, nhu viée ngudn nudc
nhim amoni & khu vuc Ha Ndi, Vinh Phic,
Ha Nam, Nam Dinh..., tai khu vuc Ha Noi ¢co
noi ndéng d6 amoni vuot tiéu chuin cho phép
dén 10 1an [1]. Khi ngudn nude nhiém amoni
qua qua trinh chuyén hoa trung gian tir vi
khuén nitrosomonas va nitrobacter, tao ra cac
san pham trung gian nhu nitrat va nitrit, san
pham trung gian lai 1a san pham pha hity hong
cau gy ra ung thu cho con ngudi [1-3].

Hay ngudn nuéc nhidém asen nhu Ha Noi, Ha
Nam, Ha Tinh, Thanh Héa Long An....Co
nhiing khu vuc & Ha Noi, Ha Nam, Ha Tinh
ndng do asen vuot qua gidi han cho phép tir 10
dén 50 1an. Qua con dudng dn, udng asen sim
nhap vao co thé con ngudi theo thoi gian, nong
d6 nhiéu, asen c6 trong co thé gay toén thuong
gan, than gdy ra nhilng bénh mén tinh, néu
ndng do qua Ién giy ung thu hodc tir vong. Da
c¢6 nhiéu nghién ciru cua cac tac gia trong va
ngoai nudc trong viée xur ly loai bd amoni va
As(III) ra khoi ngudn nudc nhu cua tic gia
Luu Minh Dai va cong su tong hop oxit hdn
hop kich thudc nanomet hé La(Ce)-Mn va
danh gia kha niang hip phu cia ching ddi véi
amoni, asen [4]. Tac gia Pham Ngoc Chuc
téng hop oxit hdn hop hé Mn-Fe kich thudc
nanomet (mg dung dé xtr 1y asen, sit, mangan
trong nudc sinh hoat thu dwoc dung luong hap
phu lan Iuot 13 1,36 mg/g As(IIl), 1,53 mg/g
As(V) [5], nghién clru cda tac gia Luu Minh
Dai, tong hop vat liéu 6xit hdn hop nano CeO,-
Mn;O; phit trén nén cat thach anh va dénh gia
kha ning hap phu di voi asen, amoni thu duoc
dung luong hép phu cua vat liéu véi As(III) 1a
1,62 mg/g va amoni la 2,10 mg/g [6]. Nghién
clru cua tac gia Duong Thi Lim, tong hop oxit
hdn hop ciu trac nano CeO,-Mn,O; /Bentonit
va dénh gi4 kha nang hap phu amoni, asen, sit,
mangan thu dugc dung lwong hip phu As(III)
1a 0,63 gm/g va 2,87 mg/g amoni [7].

Viéc loai bo va xt ly As(IIl) va amoni ra khoi
ngudn nude dam bao chit lwong ngudn nude
t6t strc khoe cho con ngudi 1a viée lam can
thiét.Vi vy, trong bai bao ndy tac gia nghién
cuu dua Ce0,-Mn,0s trén than hoat tinh thir
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nghiém hap phu amoni va As (III).

2. THUC NGHIEM

2.1. Hoa chét va dung cu

Dung dich Mn(NOs), 50% (Trung Qudc),
Ce(NO3)s 99,8% (Han Qudc), NH4Cl 99,5%
(Trung Quéc), Polyvinyl ancol (PVA) 99%
(Dirc), than hoat tinh 98,5% (Han Qudc).

Céc chiu nhiét 100 ml, 250 ml, binh dinh murc
25 ml, 50 ml, 100 ml, pipet, may khudy ti,
may do quang phd hap phu nguyén tir (AAS)
Perkin Elmer Analyst 200 tai Vién Pia ly —
Vién Han 1am Khoa hoc & Viét Nam , chén
nung, ti say, 16 nung.

2.2. Tong hop vit liéu

Tong hop vit liéu CeOr-Mn;0; trén chdt mang
than hogt tinh: Can mét luong PVA vao cbe
100 ml, thém 30ml nudc cit va khudy lién tuc
trén may khudy tir cho dén khi tan hét PVA,
thém mot luong dung dich mudi kim loai
Mn?*, Ce*" véi ty 1¢ mol kim loai t6i wu nhat
Mn?"/Ce*" = 1/1, nhiét d6 tao gel 1a 80°C, ty 1&
mol (Mn**+Ce*)/PVA = 1/3, pH 4. Dung dich
dugc khudy cho dén khi gel trong sudt (c6 mau
vang rom) dugc tao thanh. Thém mot lugng
than hoat tinh vao cdc khudy déu bang diia
thity tinh, dem sdy kho ¢ 120°C. Sau d6 dem
nung & 350°C trong vong 2 gio. Lwong phu
Ce-Mn 1én trén than hoat tinh theo 1y thuyét
luot1a 8, 10, 12, 15 %.

2.3. Xac dinh ham lugng, danh gia kha nang
hip phu ciia vat liéu

Ham luwong Ce, Mn tam trén than hoat tinh
dugc xac dinh bang cach can 1g mau (sau khi
da rira sach trén cot) tién hanh phd mau bing
HNO3 dac + H,Os va dem phan tich.

Xac dinh Ce(IV) bang phuong phap chudn do
véi DTPA voi chi thi asenazo.

Ham luong mangan dugc xac dinh béng
phuong phap do hip thu nguyén tir trén may
Perkin Elmer Analyst 200 & budc song
279,5nm tai Vién Dia 1y — Vién Han 1am Khoa
hoc & Viét Nam

Panh gia kha niang hip phu amoni va As(III)
tir dung dich theo mé hinh hdp phu dang nhiét
Langmuir. Dung lugng héip phu cuc dai va
hang sé dang nhiét duoc x4c dinh biang phuong
phap hdi quy. Mdi twong quan cac s6 liéu thuc



nghiém giita ndng d6 amoni va asen con lai
trong dung dich (Cs, mg/l) theo dung lwong hip
phu bdo hoa (q, mg/g) dugc xir 1y trén phan
mém tinh toan Table Curves.
Puong dang nhiét hip phu Langmuir 1a dudng
mo ta sy phu thude giita dung lwong hip phu
tai thoi diém vao ndng do cin bing cua chit
hap phu trong dung dich (hay ap suit riéng
phan trong pha khi) tai thoi diém d6. Phuong
trinh Langmuir c6 dang:
Qmax. b. Cf
= T+bcr
Trong do:
Quax: Dung luwong hap phu cuc dai trén
bé mit don 16p, (mg/g);
q: Dung luong hép phy, (mg/g);
b: Hang s6 dang nhiét cia phuong trinh,
(dm*/mg);
Cr: Nong d6 amoni va asen con lai trong
dung dich, (mg/1).
3. KET QUA VA THAO LUAN
3.1. Két qua tong hop vt liéu
3.1.1. Tong hop vit lieu CeQ:-Mn:03 tim
trén than hoat tinh
Vit liéu duoc téng hop dem di rira sach ph'?m
Ce0,-Mn;0; du b'img nude cat. Vat lieu dem
phan tich ham luong xeri va mangan duoc tim
vao, két qua nghién ctru dugc dua ra trong
bang 1.
Bdng 1: Ham lwong xeri, mangan tam trén
than hoat tinh

% . Ham .
Ham Ham Hiéu
dung lugng x
i lugng luong . suat
dich . xeri va ,
2 xeri mangan phu
tam mangan
ban
0, 0, 0, 0,
Jeo I U B R CO R I 0
8 2,24 0,88 3,12 39
10 2,8 1,09 3,89 38,9
12 3,17 1,24 4,41 36,7
15 3,18 1,25 4,43 28,8

Keét qua phan tich ham lugng xeri va mangan
ngim tam trén chat mang ¢ bang 1 cho thay &
ham lugng mangan va xeri trén chat mang ting
dan theo chiéu ting phan traim dung dich ngam
tam ban dau tir 8 dén 15 %. Khi phan trim
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dung dich ngam tim ban dau 1a 12 % va 15 %
thi ham luong xeri va mangan trén chat mang
tang khong dang ké. Nhu vay c6 thé thiy rang
& phan trim ngam tam 1a 12 % ham luong
mangan va xeri phil trén chit mang di dat
trang thai bio hoa va theo 1y thuyét 12 % ty 1é
phu thuc dat dugc 4,41 %.
3.1.2. Két qua hip phu Amoni, As(Il) ciia vit
liéu phii trén chit mang
Kha ning hap phu asen va amoni cua vat liéu
téng hop phu thude rat 16n vao ham luong
Mn,;03 — CeO; trén nén chit mang. Khao sat
kha ning hap phu asen va amoni trén vat li¢u
d3 ngdm tdm & cac phan tram ngam tim khéc
nhau, dé lya chon duogc phﬁn tram dung dich
ngdm tdm ban dau thich hop dé tong hop vat
liéu Mn,O3 — CeO; trén nén than hoat tinh c6
dung luong hép phu cao s& gitp giam chi phi
trong qua trinh san xuét vat li¢u.
Bdng 2: Két qua hap phu NH,*, As(Ill) cia vit
liéu o cac ty I¢ khac nhau

tr'P rﬁanh , ) Nong | Nong | Dung
AMPIY Y Chatbi | doban | docon | luong
STT | trén chat héo ohu | dau Co | 1ai Cr | hép ph
mang; ap phu | dau Co | larCr | hap phu
%) (mg/l) | (mg/l) | q(mg/g)

| g NH,* 25 20,6 0,89
Aslly | 25 | 214 | 072

) 10 NH,* 25 20,5 0,9
As(IIT) 25 21,3 0,75

; b NH,* 25 19,8 1,05
As(II) 25 20,3 0,94

A s NH,* 25 19,6 1,08
As(III) 25 20,2 0,97

Két qua hip phu amoni, As(IIl) cua vat liéu
CeO;>-Mn;0;s phu trén than hoat tinh & cac ty 1€
8, 10, 12 va 15 % trén bang 2, thay rang ty 18
phu CeO:-Mn;Os 1én trén than hoat tinh 6 8 %
va 10 %, vét liéu c6 dung luwong hap phu amoni
va As(III) thap so voi ty 18 phi 12 % va 15 %.
O ty 1€ phu 12 % va 15 % vat li¢u 1én trén than
hoat tinh ¢6 dung luong hip phu sép xi bing
nhau, mat khac tir bang 1 cho két qua phu vat
liéu 1én trén than hoat tinh cao & 12 %, khi tang
1én 15 % dung lwong hip phu amoni va As(III)
tang khong dang ké so voi vat liéu phu tén than




hoat tinh 1a 12 %, diéu nay cé cho thiy vat liéu
Mn,Os — CeO, trén nén than hoat tinh dat trang
thai bdo hoa khi phan tram ngam tim 1a 12 %.
Tir két qua bang 1 va bang 2 cho két qua phu &
12 % la co s& dé lua chon mau phu vat liéu Ién
trén than hoat tinh dé nghién ctru cac diéu kién
tiép theo.

3.2. Két qua hip phu, Amoni, As(III) cia
vét liéu tong hop

3.1.1. Dung lwong hép phu cuc dai cia vit
liéu Ce02-Mn:0;3 tim trén than hoat tinh

a. Dung luong hap phu cuc dai amoni cia vat
liéu

Thi nghiém hap phu dugc tién hanh voi dung
dich ¢6 ndng d6 ban dau ciia amoni dugc thay
do6i tir 1 mg/l dén 200 mg/l, dugc khudy lién
tuc véi 0,5 g vat lidu CeOr-MnO5 tim trén
than hoat tinh ¢6 nong do trong dung dich tim
ban dau 1a 12 % (CT12). Thoi gian dat can
bang dbi voi NH,* 1a 90 phat. Két qua duoc
nghién ctru dugc dua ra & bang 3.

Bdng 3: Dung lwong hap phu NH,"ciia vt liéu

CTi2
Nggg Nong Dung Nong
NH4+ ao luong do
ban NHL h'f\p. phu NH,*
diu con lai q ) Pan
C Ct (mg/e) dau C;
ety | Y (mg/h)
1 0,4 0,06
5 2,1 0,29 5
10 5,5 0,45 10
25 14,5 1,05 25
50 30,6 1,94 50
100 68,4 3,16 100
150 112,8 3,72 150
200 158,6 4,14 200

Céc hang s6 dang nhiét clia qua trinh hap phu
amoni trén vat liéu CT12 duogc xac dinh tir két
quéa hoi qui cac s6 lidu thyc nghiém bang phan
mém tinh toan Table Curve. Két qua dua ra
trong hinh 1.
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Duong dang nhiet hap phu Langmuir
Rank 3 Eqn 8131 Intermedl1 c>d(a,b,c,d)
*2=0.99944163 DF Adj 172=0.99869713 FitStdErr=0.050478929 Fstat=2386.554
Qmax=4.1 mg/g

45 45
4 4
35 35
3 3
2.5 2.5
& &

2 2
1.5 / 1.5
1 1
0.5 0.5
0. 0
0 50 100 150
cf

Hinh 1. Puong dang nhiét hap phu Langmuir
NH/" cua vdt liéu CTI2
Dung luong hép phu cuc dai amoni cua vt ligu
CT12 1a Qmax = 4,10 mg/g, nghién clru nay cé
dung luong cao hon 2,0 mg/g va 1,23 mg/g so
v6i nghién cuu cuu cla tac gia Luu Minh Pai
va tac gia Dwong Thi Lim khi tim vat liéu
Ce0,-Mn,0;s trén cat thach anh va bentonit cé
dung luong hip phu cuc dai 1an luot 1a Quax 12
2,10 mg/g va Qmax 12 2,87 mg/g [6,7] . Day la
diéu tuyét voi trong viéc tim kiém ché tao vat
lidu c6 dung lwong hap phu amoni cao. Nghién
ctru lam da dang cac loai vat li€u c6 kha nang
hap phu cac chat 6 nhiém trong méi trudng
nudc ngam noi riéng.
b. Dung luong h'f\p phu cuc dai As(III) cua vat
liéu
Thi nghiém hép phu duoc tién hanh, 1iy nong
d6 As(IIT) nam trong dai 1 mg/l dén 200 mg/l.
Thoi gian dat can bang hap phu dbi véi As(III)
1a 120 phut. Nong d6 asen trudc va sau khi hap
phu duoc xac dinh bang phuong phap hip thu
nguyén tir, két qua nghién ctru dwoc dua ra
trong bang 4.
Céc hang s6 dang nhiét cia qua trinh hap phu
asen trén vat liéu CT12 dugc xac dinh tir két
quéa hoi qui cac s6 lidu thyc nghiém bang phan
mém tinh toan Table Curve. Két qua dua ra
trong hinh 2.



Bdng 4. Dung lwong hap phu As(Ill) ciia vit

liéu CTI12
Nong 6 Nong do Dung luong
As(IIT) ban s £
R As(IIT) con lai hap phu
da Crmgh) | q(mgle)
Ci (mg/l)
1 0,5 0,05
5 2,8 0,22
10 6,2 0,38
25 15,6 0,94
50 34,8 1,52
100 76,6 2,34
150 122,2 2,78
200 171,0 2,90

Duong dang nhiet hap phu Langmuir

Rank 4 Eqn 8131 Intermedl1 c>d(a,b,c,d)
72=0.99862315 DF Adj 1"2=0.99678735 FitStdErr=0.056880459 Fstat=967.0607:
Qmax=2.89 mg/g

3 | = 3
2.5 / 2.5
2 2
5 * 1.5
1 - 1
0.5 / 0.5
0 0

0 50 100 150
cf

Hinh 2. Puong dang nhiét hap phu Langmuir
ciia vt liéu CT12 doi véi As(Ill).

Dung lugng héip phu cuc dai cua vat liéu CT12
dbi voi As(I) 1a 2,89 mg/g, dung luong hap
phu thu duoc dénh gia kha ning hip phu
As(III) cta vat lidu CT12 tét hon so véi cac vat
liéu da nghién clru cua cac tac gia [5,6,7],
nghién ctru nay cho thém mot loai vét li€u co
kha nang xtr 1y tét As(III) néi riéng va ion kim
loai nang ndi chung trong moéi troeong nudc.

4. KET LUAN

D3 tong hop thanh cong vat liéu nano hdn hop
oxit CeO-Mn,0s tm trén chit mang than hoat
tinh bang phwong phap sol — gel st dung PVA
vGi cac didu kién cua phan umg tao gel nhu
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sau: ty 16 mol kim loai t6i wu nhat Mn2*/Ce*" =
1/1, nhiét do tao gel 1a 80°C, ty 1€ mol
(Mn**+Ce*")/PVA = 1/3, pH 4.

DPi danh gia kha niang hap phu amoni va
As(III) cua vat liéu Mn,O; — CeO, trén nén
than hoat tinh (ki hiéu CT12): dung lugng hap
phu cuc dai cua vat liéu ddi voi amoni 1a 4,10
mg/g va 2,89 mg/g ddi voi As(III).

Loi cam on: Nghién ciru nay dugc tai tro bdi
Lién hiép cac Hoi Khoa hoc va Ky thuat Viét
Nam trong Dy an s6 106/HD-LHHVN.
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