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TOM TAT
Trong nghién cizu ndy, vdt ligu nano gamma — MnO, duwoc ding lam chdt hdp
phu dé logi bé ion Pb?* tir dung dich nuréc. CAc yéu té dnh huwéng dén kha nang hdp
phu cuia vat liéu nhue pH, thoi gian hap phy va nong dg ban dau cia Pb (11) da duwoc
khdo sat. Dir liéu thuc nghiém da diwoc phan tich béi 3 phwong trinh hdp phu dang
nhiét phi tuyén 1a: Langmuir, Freundlich va Sips. Két qua nghién cizu cho thdy, dung
lirong hap phu t6i da dwoc tinh tir mé hinh dang nhiét phi tuyén Langmuir 1a 197.64
mg/g & 297K va pH = 4,0. Hé s6 twong quan R® tinh tir phwong trinh Sips (R?
=0.9635) cao hon so véi hé s twong quan R? tinh tir phwong trinh Langmuir (R?

=0.9623) va Freundlich ((R* =0.8593) cho thdy, qué trinh hdp phu tudn theo dong
thoi ca hai mé hinh Langmuir va Freundlich.

Tir khoéa: chi, hap phu, mé hinh dang nhiét, gamma-MnOs,.
1. Pt van dé

Chi 1a kim loai ning dugc sir dung rong réi trong nhiéu nganh cong nghiép quan
trong nhu pin, san xuat va in 4n cac chat mau, nhién liéu, vat liéu nhiép anh va san
xuat thuéc nd. Chi la mot trong ba kim loai niang doc hai nhat, c6 thé la nguyén nhan
gay ra nhiéu van dé veé stc khoe, dic biét co thé gay ra tir vong cho con ngudi (xem
thém [1]).

C6 rét nhiéu phuong phap da duoc &p dung dé loai bo ion chi (11) tir cac ving
nudc bi 6 nhiém nhu két tua hoa hoc, hap phu va trao doi ion, cong nghé mang va
dung dung méi chiét . Hap phu duoc coi 1a mét trong nhitng phuong phap hiéu qua
nhat va day hira hen dé loai bo luong vét cac ion kim loai nang vi hiéu qua lam giau
cao va dé dang trong giai doan tach.

Gan day, tinh chat hip phu cua céc oxit kim loai c6 cdu trac nano di dugc ap
dung cho xtr ly 6 nhiém mai truong bai vi chiing ¢é dién tich bé mat 1on va ¢ nhiéu
nguyén tir khdng bo hoa trén bé mat 1am tam hap phu, do d6 1am ting kha ning hap
phu ddi véi cac ion kim loai manh. Oxit mangan cé ciu tric nano da thu hat sy chd y

1Tru'é’ng Pai hoc Bdng Nai.
*Trudng Pai hoc Pa Lat.

3Tru'é’ng Pai hoc Bdng Nai.

*Vién Nghién ctru Hat nhan Pa Lat.
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ngay cang nhiéu vi tng dung caa nd trong nhiéu linh vuc khic nhau nhu trong san
Xuat pin, chat xdc tac, va vat liéu hap phu.

Trong nghién ctiu ndy, ching tdi da str dung vat liéu gamma-MnO, cau tric nano (y
- MnO,) lam vat liéu hap phu dé loai bo ion Pb (1) tir dung dich nudc. Kha ning hap
phu cta vt liéu MnO, va hiéu suét loai bo ion Pb (1) tir dung dich nuéc duge danh gia
bang céch sir dung ba mé hinh dang nhiét Freundlich, Langmuir va Sips.

2. Hoa chit, thiét bj, dung cu va phwong phap nghién ctiu

2.1. Hoa chat

Céc hoa chat str dung déu thudc loai ¢ d6 sach phan tich (PA)

- Axit nitric HNO3(d=1,35g/ml) nong d6 65%, PA, Merck, Natri hidroxit NaOH,
PA, Merck.

- Chi nitrat Pb(NOs),, PA, Merck va mau chuan don va da nguyén t6 (multi —
elements standard for AAS), cua hang Merck.

- Vit liéu hap phu gamma - MnO; ciu triic nano duoc tong hop tai Vién Nghién
ctru Moéi truong, truong Pai hoc Pa Lat, Viét Nam.

2.2. Dung cu

- Céc dung cu thay tinh: cbc, binh tam giac, binh dinh muc, pipet, micropipet
cac loai 1-25ul, 50 ul, 100 pl, 500 pl, 1000 ul cua cong hoa Lién bang Buc.

- Céc 6ng nghiém Polyetylen (P.E) dung mau

- May quang phé hap thu nguyén ti AA — 7000 cua hdng Shimazu, san xuit tai
Nhat Ban, trong d6, dén Cathode rdng tng véi nguyén té Pb hap thu ¢ budc song A
=283.3 nm.

- Can phan tich c6 do chinh xé&c 10 gram, san xuét tai Thuy Sy

- Tt siy SheLab cia Vuong Qudc Anh

- May khudy tir da diém c6 kiém soét nhiét ¢6 (Model Kika R5)

- Méy li tdm (Germany)

- May do pH (Mi-150 Romania)

- May quang phd hap thu nguyén tir AA - 7000 (Shimadzu, Nhat Ban)

2.3. Phwong phdp nghién ciru

- Hép phu tinh: 50 ml dung dich Pb** duoc cho vao Bacher cé chtra 0.1 gam vét
liu hap phu. Cac yéu té anh huong dén qua trinh hap phu lan luot duoc khao sat:
thoi gian hap phu (20 + 240 phat), pH cua dung dich (2+6) va nong do dau cia dung
dich Pb* (100+500 mg/l): Céc thi nghiém dugc tién hanh & nhiét do phong (24 +
1°C), hdn hop hap phu dugc lic bang may lic véi tde do 240 vong/phut.

- HAn hop thu duoc sau qué trinh hap phu dugc ly tdm ¢ 5500 rpm dé cho cac
hat MnO, tao mang va két dinh véi nhau, sau d6 loc tach can than lay dich loc bang
b loc PTEE. May quang phd hap phu nguyén tir AA — 7000 dugc st dung dé xac
dinh ndng @6 cua ion kim loai trudc va sau qua trinh hap phu.

- Kha nang hap phu dugc tinh theo cong thirc sau:

(C,-C,)V

Qe ="—"—_—— (1)
m
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Trong d0, ge la dung lwong ion kim loai bi hip phu (mg/g) tai thoi diém can
bang; Co va Ce 1a nong do chi tai thoi diém ban dau ban dau va thoi diém can bang
(mg/L); V la thé tich caa dung dich (L) va m la khéi lwong cua vat liéu hap phu sir
dung (9).

3. Két qua va thao luan

3.1. Thugc tinh caa vt liéu hap phu ¥ - MnO,

CAu trdc va thudc tinh bé mat cua vat lieu MnO, dugc phan tich bang nhidu xa
tia X (XRD), SEM va BET. Két qua phan tich cho thiy MnO, ciu tric nano gamma,
kich thuéc khoang 10 - 18 nm va dién tich bé mat BET Ia khoang 65 m?/g (xem thém
[2-3])
80 r
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-

Hinh 1. Nhiéu xa tia X cua vat liéu (a) va anh SEM cua vat licu (b)
Bang 1. Két qua phan tich B.E.T and B.J.H

Pore size Surface Area
BJH BJH BET BJH Adsorption
Mn gz' Adsorption Desorption Surface cumulative surface area
417.8 A 340.2 65.00 71.04 m2/g
' A mz/g '

3.2. Cac yéu té danh huwong dén qua .

trinh hap phu 30

3.2.1. Anh huong cia pH = 60 (@)
pH 1a mot trong nhitng yéu t6 anh =
hudng truc tiép dén kha nang hip phu cac " 49 7

ion kim loai ning. Anh huéng cia pH & 20 7

dén kha nang hip phu Pb** duoc biéu 0 . .
dién qua hinh 1a. Két qua cho thay, khi 0 5 10
pH cua dung dich tang 1én tir 2 dén 6, kha P

nang hap phu Chi (I1) ciing tang 1én va dat dén bdo hoa tai pH = 4. Vi ly do nay, gia
tri pH t6i wu duoc chon 1a pH = 4.0. Kha nang hip phu céc ion Pb?* khi pH ting c6
thé duoc giai thich rang, & pH cao hon, bé mat vat liéu hip phu duoc dé proton hoa,

75



TAP CHI KHOA HQC - PAI HOC BONG NAI,

do d6 tao diéu kién thuan lgi cho qué trinh
hap phu cation kim loai. Tuy nhién, tai pH
> 6.0, Pb (1) tao két taa Pb(OH),, do d6
kha nang hap phu s& giam xudng.

3.2.2. Anh hwong cia thoi gian hdp phy

M&i quan hé giira thoi gian hip phu
va kha nang hip phu Pb?* cua vat liéu y-
MnO, dugc thé hién trong hinh 2b. Tir két
qua thu duoc, rd rang 1a kha nang hap phu
ion Pb* tang khi thoi gian tiép xuc ting
lén. Kha nang hip phu ion Pb®* cua vat liéu
y- MnO, dat can bing trong thoi gian 80
phat véi 92,47% Pb** bi hap phu.

3.3. Nghién ci#u hdp phu ding nhigt

Céac md hinh hap phu dang nhiét 1a cac
md hinh todn hoc dé mo ta su phan b gitra
chat bi hap phu (pha long) va chat hip phu
(pha ran), dua trén gia dinh rang lién quan
dén su khong ddng nhat/déng nhat cua bé
mat ran va kha ning tuong tc gitra cc chat
bi hap phu. Trong nghién cau nay, dir liu
thuc nghiém dugc phan tich bang ba md
hinh phi tuyén Langmuir, Freundlich va
Sips (xem thém [4]).

3.2.1. M6 hinh hdp phu dang nhiét
Langmuir [7-16]

Langmuir gia dinh rang: bé mat cia vat
liéu 1a ¢dng nhat va sy hap phu trén bé mat
vat li¢u la don 16p, khdng c6 su tuong tac
giita c4c phan tir chat bi hip phu. M6 hinh
duong dang nhiét Langmuir duoc dung dé
du doan kha ning hap phu t6i da tao thanh
don 16p trén bé mat vat liéu.

Do thi biéu thi mdi lién hé gita qe
(mg/g) véi ndng do can bang Ce (Mg/L) cua
Pb** dugc thé hién trong hinh 3a va cac

76

SO 01 - 2016 ISSN 2354-1482
180 -
- TR N PN
@160 o ¢
2140 {* (b)
=120
100 ' ' .
0 100 200 300

Thoi gian tiép xuc (phut)

Hinh 2. Anh huéng caa pH va thoi gian
dén kha ning hap phu cia y- MnO,

(@)

—e—Experiment ——Langmuir

0 20 40 60 80 100
Ce(mg/L)

200
160 ff/
b ]
\&120 (b)
£
> 80 1
=
40 A
0 —o—Expeniment —e—Freundlich
0 20 40 60 80 100
Ce (mg/L)
200
a v *
160 4 /"
of i
o 120
g
2 80 1
40 | (C)
0 —e—Experiment —e—.oips

0 20 80 100

40 60
Ce (mg/L)

Hinh 3. P4 thi dang phi tuyén tinh cua
md hinh Langmuir (a);Freundlich (b) va
Sips (c)



TAP CHi KHOA HOC - DAI HOC DPONG NAI, SO 01 - 2016 ISSN 2354-1482

thong s6 duong ding nhiét phi tuyén tinh, gm, K. va hé sé twrong quan R? duoc thé
hién trong Bang 2.

Két qua tinh toan cho thiy, kha nang hap phu téi da trén bé mat vat liéu caa Pb?*
la 197.64 mg/l. Gi4 tri cao cua hé sb twong quan R? (R? = 0,9623) cho thiy sy théng
nhét cao giira cac gia tri thuc nghiém vai mé hinh.

3.2.2. Md hinh hdp phu dang nhiét Freundlich

M6 hinh dang nhiét Freundlich dugc lya chon dé danh gia cuong do hap phu
cia chat bi hap phu trén bé mat vat liéu hap thu. M6 hinh dang nhiét Freundlich
(Freundlich (1906)) 1a mot phuong trinh thyc nghiém dya trén sy hap phu trén bé
mit khong dong nhét cua vat liéu.

D thi ciia phuong trinh hap phu dang nhiét Freundlich duoc biéu thi trong hinh
3b va cé4c thong sb cua duong diang nhiét duoc thé hién trong bang 2. Gia tri 1/n tinh
toan dugc 13 0,0643 < 1 khing dinh tinh khong dong nhit cua bé mat chat hip phuy,
ddng thoi dy doan duoc lién két gitra chat hap phu va chat bi hap phu la lién két yéu.

3.2.3. Md hinh hdp phu dding nhiét Sips

Mo hinh dang nhiét Sips 1a mot
moé hinh 3 tham sb, két hop gitta mo
hinh dang nhiét Langmuir va md hinh

Bang 2. Céc thong s6 cua 3 mo hinh phi
tuvén Lanamuir, Freundlich va Sips

i nhic dlich. Bé fim cac gia | MO Minh | Dang phi | Thong s6 md
dgng n |¢t\Freun ich. bé tim cac gia tuyén hinh
tri K, a5 va Bs cua phuong trinh chiing K. 20038
toi su Qung (fhuc nang So}ver - Add IrAI | q=8KeCe [ go(molg) | 179.64
cia phan mém Excel. Do thi caa md | Langmuir K.Co T RMSE | 3.8824
hinh ding nhiét Sips va cac thdng so R22 0.9623
cua md hinh dugc thé hién trong hinh Z %%86183
3¢ va bang 2. , q=K.cm | Ke | 13855
Tu két qua tinh todn, véi hé so | Freundlich | ™ 7 °° RMSE | 7.4986
twrong quan (R® = 0.9635) ciia mo hinh R2 22222
dang nhiét Sips cao hon so v&i hé sd ﬁs 333.08
twrong quan R? dugc tinh tir hai md hinh K c" ol 1.8689
. R . X — S,
Langmuir va Freundlich cho thay, su Sips %= g CF Bs 1.1754
z : T O s RMSE | 3.8181
hap phu ion Pb“" trén bé mat vat liéu R? 0.9635
gamma — MnO tuan theo dong thoi ca 2 | 0.3620

hai m6 hinh Langmuir va Freundlich.

Két qua phan tich théng ké ciing cho thay, gia tri RMSE (Root mean square error) va
Chi-square Test (x2) tinh tir md hinh Sips < Langmuir < Freundlich khing ding riang
dir liéu thuc nghiém phu hgp v6i mé hinh Sips hon mé hinh Langmuir va mé hinh
Freundlich.

77



TAP CHi KHOA HOC - DAl HOC DONG NAI, SO 01 - 2016 ISSN 2354-1482

4. Két luan

Két qua nghién cau cho thay, y - MnO; ciu trdc nano cé thé dugc sir dung dé
loai bo Pb (II) trong nudc thai. Dir liéu thuc nghiém da dugc mé ta boi ba mé hinh
dang nhiét: Langmuir, Freundlich, Sips, trong d6 md hinh Sips mé ta tét nhat véi hé
s6 tuong quan cao (R? = 0.9635). Dung lugng hip phu téi da tinh dwoc tir md hinh
Langmuir 12 197.64 mg/g ¢ 297K, pH 4,0 v&i thoi gian tiép xtc 1a 80 phuit.
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INVESTIGATION OF REMOVAL OF LEAD FROM AQUEOUS SOLUTION
BYGAMMA - MnO2 NANO MATERIAL: NON-LINEAR MODELS STUDY

ABSTRACT

In this study, gamma — MnO, was used as an adsorbent to remove Pb** ion
from aqueous solution. The influences of pH, adsorption time as well as Lead (1)
initial concentration were investigated. Experimental data was analysized using
three non — linear isotherm models: Langmuir, Freundlich and Sips. Results showed
the maximum capacity calculated from non-linear Langmuir model was 197.65 mg/g
at 297K and pH = 4.0. Because the corelation coefficent R? value calculated from
Sips model (R* =0.9635) was higher than R? values from Langmuir (R?> =0.9623) and
Freundlich ((R? =0.8593) one, it showed that the adsorption followed both Langmuir
and Freundlich models.

Key words: Lead, adsorption, isotherm model, gamma — MnO..
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