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SUMMARY

ADSORPTION OF Pb** IONS FROM AQUEOUS SOLUTION ONTO CHITOSAN
LOADED MnO,; NANOPARTICLES: EQUILIBRIUM ISOTHERM STUDIES

Equilibrium sorption of the Chitosan loaded manganese dioxide (MnQ,) nanoparticles was

studied. The experimental data were analyzed by five adsorption isotherm models:
Freundlich, Langmuir, Redlich-Peterson, Tempkin and Dubinin — Redushkevich (D — R).

Evaluating the correlation coefficients showed that the Redlich-Peterson isotherm described

the data move appropriable than others. The adsorption capacity (q,) from the Langmuir

isotherm for Pb’" is found as 129.8 mg/g. The heat of sorption process for Pb’ was estimated
from Temkin Isotherm model to be 0.1546 KJ/mol and the mean free energy for Pb’ was
estimated from D - R isotherm model to be 0.5189 KJ/mol which vividly proved that the
adsorption experiment followed a physical process.

Keywords: Freundlich, Langmuir, Redlich-Peterson, Tempkin, Dubinin—Redushkevich (D—R).

1. MO PAU

Chi duoc thai vao vung nudc tu nhién tir
nhiu ngudn khac nhau nhu qua trinh luyén
chi, san xuét chi tetraethyl, khai thac md, xi
ma, sung dan va cac nganh cong nghiép

thiy tinh gém str. Theo Luat Chit luong
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Moi truong (Environmental Quality Act),
giéi han cho phép cua chi trong nuée udng
cua 1a 0.10mg/L. Sy hién dién cta chi du
thira trong nudc udng gy ra cac bénh nhu
thiéu mau, bénh ndo va viém gan. lon chi

¢6 ai lyc vdi cac phoi tir c6 chira nhom thiol



va c6 chira photphat, chung @c ché sinh
téng hop heme, gay thiét hai cho ca than va
gan. Pac biét, chi co thé ¢ dinh trong
nhidu ndm va do do rat khé dé phat hién
cac rdi loan chuyén hoa no gy ra [1].
Trong s cac quy trinh hoéa 1y dd duoc ap
dung dé loai bé cac ion chi (II) tir cac ving
nudce bi 6 nhidm nhu két tia hoa hoc, hép
phu va trao ddi ion, cong nghé mang [2-4],
hip phu duoc coi 1a mot trong nhiing
phuong phap hiéu qua nhat vi hiéu qua cao,
khong ton kém. [1-6].

Qua trinh hip phu phu thudc vao cac thong
s6 nhu tinh cht hdp phy, ndng d6 ban diu
ciia chit bi hép phu, luong chét hép phu,
thoi gian tiép xtc va pH [6]. Nghién ciru
can bang hip phu sé& cho chiing ta biét duoc
hiéu suét ctua qua trinh hip phu, thuong 1a
ty 16 gitta lwong bi hdp phu va luong con lai
trong dung dich & trang thai can bang va &
nhiét d6 c¢b dinh. Bén canh do, viée sir dung
cac md hinh hip phu ding nhiét s& giup
chiing ta udc luong dugc nang lugng trong
qué trinh hip phu, tir d6 du doan ban chit
ctia qua trinh hip phu.

Trong nghién ctru nay, ching tdi da nghién
cru nim md hinh hip phu ding nhiét:
Langmuir, Freundlich, Redlich-Peterson,
Tempkin va Dubinin - Redushkevich (D -
R) cho qua trinh hdp phu ion Pb*" tir dung
dich nuéc béng vat liéu Chitosan ¢c6 gén
cac phan tr co cAu trac nano MnO,
(MnO,/CS).

2. THIET BI, DUNG CU, HOA CHAT VA
PHUONG PHAP NGHIEN CUU

2.1. Thiét bi

- May quang phd hip thu nguyén tor AA —
7000 cta hing Shimazu, san xuit tai Nhat
Ban, trong d6, dén Cathode rdng ung véi
nguyén t6 Pb hdp thu & budc song A =
283.3 nm.

- Can phan tich ¢4 d6 chinh xac 10° gram,
san xuét tai Thuy S§

- Tt siy SheLab cua Vuong Qubc Anh

- May khudy tir gia nhiét 5 diém coa Duc
(Model IKA R5)

- May do pH (Mi-150 Romania)

2.2. Dung cu

- Cac dung cu thuy tinh: cbc, binh tam giac,
binh dinh mtrc, pipet, micropipet cac loai 1-
25ul, 50 pl, 100 pl, 500 pl, 1000 pl ciaa
cdng hoa Lién bang Drrc.

- Cac éng nghiém Polyetylen (P.E) dung
mau

2.3. Héa chat

Céc hoa chit str dung déu thudc loai c6 do
sach phan tich (PA)

- Axit nitric HNO5(d=1,35g/ml) ndng do
65%, PA, Merck, Natri hidroxit NaOH, PA,
Merck.

- Chi nitrat Pb(NO;),, PA, Merck va mau
chuin don va da nguyén t6 (multi —
elements standard for AAS), ctia hang
Merck.

2.4. Phwong phap

Hép phu tinh: 50 ml dung dich chta ion
kim loai Pb*" v6i ndng do ban dau khac
nhau tir 100 dén 500 mg/L dugc cho vao
cbe thay tinh 100 ml dd c6 chia 0,1 gam
vat liéu MnO,/CS. Qué trinh hip phu dwoc
tién hanh trong diéu kién tbi wu (pH = 4,
tbc d6 khudy 1a 240 rpm, thoi gian khudy
120 phit) & nhiét d6 phong khoang 24°C.
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Sau khoang thoi gian 120 phit, cac mau
duoc loc dé thu léy dich loc. N(‘Sng do cua
ion kim loai trong dung dich truéc va phan
tmg duoc xac dinh bing may quang phd
hip thu nguyén tir (AA-.7000-Shimadzu).
TAt ca cac thi nghién dugc lap lai 3 lan va
liy két qua trung binh cong.
Ham luong ion kim loai Pb*" bi hdp phu
(milligram) trong mdi gram vat liéu duoc
xac dinh bang cach s dung phuong trinh
can bang khdi lugng sau day [7-11]:
(C,-C.)V

=
Trong d6, q 1a ham lugng ion kim loai bi
hap phu (mg/g) & trang thai can bang, Co
va Ce la ndng d6 ban dau va nong do cin
bang (mg/L) tuong tng. V 1a thé tich dung
dich (ml) va m 1a khéi luong (g) cua vat
liéu hép phu dugc sir dung.
3. KET QUA VA BIEN LUAN
3.1. Pic diém hinh thai va dién tich bé
mit cia vt li¢u
Vat liéu MnO,/CS da duoc téng hop thanh
cong tai Vién Nghién ciru Moi truong,
Trudong Pai hoc Pa Lat. Két qua phan tich
anh SEM quan sat bé mat cia vat liéu CS
va MnQO,/CS dugc md ta trong hinh 1. Nhu
hinh 1a, cho théy CS c6 mdt bé mat gly,
min va chat ché. Trong khi d6, quan sat
trong hinh 1b cho thdy c6 sy phan bd dong
déu cac phéan t& MnO, c6 kich thudc nho
hon 18 nm trén vat liéu CS, tao ra mot bé
mit xOp — diéu nay lam ting sb lugng tim

hép phu trén bé mat vat lidu.
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IMS-NKL x100k SE(M)

Hinh 1. Anh SEM ciia Chitosan (a) va
MnO,/CS (b)

Dién tich bé mat ciia CS va MnO,/CS duoc
do bang phuong phap BET — BJH. Két qua
cho thiy, MnO,/CS c6 dién tich bé mat 1a
15.75 m%g 16n hon gap khoang 68 lan so
v6i dién tich bé mat cua CS 1a 0.23 m?/g.
Két qua phan tich 16 x6p cho thay, vat liéu
¢6 kich thude 16 xdp mao quan trung binh
(2 nm < d < 50 nm).
3.2. Nghién ciru cac md hinh ding nhiét
Céac md hinh hip phu déng nhiét 1 cac mo
hinh toan hoc dé mé ta sy phan bd giita
chit bi hap phu (pha 16ng) va chit hip phu
(pha rin), dya trén gia dinh rang lién quan
dén sy khong ddng nhat va dong nhat cta
bé mit ran va kha ning tuong tic giira cac
chit bi hap phu. Trong nghién ctru nay, dit
lisu dugc phan tich bing cac mé hinh
Freundlich, Langmuir, Redlich - Peterson,
Tempkin va Dubinin - Redushkevich



3.2.1. M6 hinh ding nhiét Langmuir

Mo hinh ddng nhiét Langmuir (Langmuir,
1918) [7-15] gia dinh rang sy hdp thu cac
ion kim loai xay ra trén mot bé mat d(‘Sng
nhét cua vat liéu va su hip phu 1a don 16p,
khong ¢ bat ky su twong tic ndo giira cac
ion hdp thu. Phuong trinh tuyén tinh cua
md hinh ding nhiét Langmuir dugc dua ra
boi cong thire sau:

Cc, C, 1
= +

qe qm qm 'KL
Mo hinh dudng ding nhiét Langmuir dwoc

2)

dung dé danh gia kha ning hap phu tdi da
trén bé mit don 16p cua vat liéu MnO,/CS.
D4 thi biéu thi mdi lién hé giita (Ce/qe) theo
ndng do can bang (Ce) cua Pb (II) duoc thé
hién trong hinh 2a. Céc théng sé dudng
déng nhiét tuyén tinh, qm, K duoc thé hién
trong Bang 1.

Céc dit lidu trong Bang 1 chi ra ring, gia tri
cao cta hé sé tuong quan (R = 0,9965) cho
thdy su théng nhat cao giira cac thong sb
v6i su hdp phu don 16p cua Pb (II) 1én bé
mit cAu trac vat lieu MnO,/CS. Hon nita,
kha ning hip phu, qm, 13 thuéc do kha
ning hip phu tbi da tvong tmg dé phu hoan
toan don 16p trén bé mat vat liéu duoc ude
lwong dbi v6i Pb(Il) 1a 129,8 mg/g.
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Hinh 2. D6 thi dwong ding nhiét Langmuir

(a), Freundlich (b) va Redlich — Peterson (c)
3.2.2. M6 hinh ding nhiét Freundlich
Mo hinh ddng nhiét Freundlich (Freundlich
(1906)) [7-15] 1a mot phuong trinh thuc
nghiém dya trén su hép phu trén bé mat
khong ddng nhit cta vat liéu. Phuong trinh

tuyén tinh thuong duoc biéu dién la:
log q, =logK + (lj logC, 3)
n

Trong d6, Ce (mg/L) la ndng do tai thoi
diém can bang va q. (mg/g) 1a lugng ion
kim loai bj hip phu trén mot don vi khoi
lwong vat liéu hap phu. Hing sé n 1a sé mii
trong phuong trinh Freundlich, dic trung
cho tinh khong ddng nhit vé ning luong
cia bé mit hdp phu. Ky 13 hing sb
Freundlich dé chi kha ning hip phu tuong
dbi cia cac vat lidu hip phu. M6 hinh
Freundlich duoc lua chon dé danh gia
cuong dd hip phu cua chit bi hip phu trén
bé mit chit hip thu. DS thi cua phuong

trinh déng nhiét Freundlich dugc biéu thi
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trén hinh 2b va cac théng s cia dudng
ddng nhiét duoc dua ra trong bang 1.

Két qua & bang 1 cho thiy, gi tri thap 1/n
(0.1666) khing dinh tinh khong déng nhit
clia bé mit chét hép phu. Bén canh d6, nd
ciing chi ra rang lién két gita Pb*" voi bé
mdt vat liu hap phu thudc loai lién két yéu.
3.3.3. Mo hinh ding nhiét Redlich-
Peterson

M6 hinh ding nhiét Redlich-Peterson [7-
15] 12 mot dudng ding nhiét két hop giita
md hinh Langmuir va Freundlich voi ba
tham sb chua biét 1a orp, Krp va B. Dang
tuyén tinh cia phwong trinh Redlich-
Peterson nhu sau:

Ln(KRP C -IJZBLnCeJr Lna, 4)

de.
Trong d6 Kgp (L/g), ogp (L/mg) va B la
hing sb cia dudong ding nhiét Redlich-
Peterson. Gia tri ciia B 13 s6 mil nim giita 0
va 1. Trong gidi han, cic dudng ddng nhiét
Redlich-Peterson tiép cian mé hinh dudng
ddng nhiét Freundlich & ndng d6 cao (khi
cac gia tri B c6 xu hudng bang 0) va phu
hop v&i mé hinh dang nhiét Langmuir khi &
ndng do thap (khi gia tri B c6 xu hudng gin
bang 1).
Céac hiang ding nhiét Redlich-Peterson co6
thé duoc du doan tir dd thi lién hé giita

de

didu nay 1a khong thé xac dinh duogc nhu

C
Ln(KRP —e-lj so v6i LnCe. Tuy nhién,

cac dang tuyén tinh y = ax + b vi phuong
trinh déng nhiét Redlich-Peterson co ba
tham sd chua biét ogp, Kgp va B. Vi vay,
phuong phap binh phuong tdi thiéu duoc ap
dung dé t6i da hoa hé sb tuong quan R* va
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dugc x4c dinh bang chic ning Solver —
Add ins cua phin mém Excel.
D thi duong ding nhiét dugc trinh bay
trong hinh 2¢ va cac thong sé duong déing
nhiét dugc dua ra trong Bang 1.

Bang 1. Cdc thong sé dwong ding nhiét
Langmuir, Freundlich, Redlich — Peterson,

Tempkin va Dubinin - Radushkevich

Isotherm
Models Parameters

K 0.1489
Langmuir Jm(mg/g) 129.8
R’ 0.9965
I/n 0.1666
Freundlich Kr 56.73
R’ 0.9895
Kr (L/g) 214.1
Redlich - orp(L/mg) 3.427
Peterson P 0855
RMSE 1.599
R’ 0.9990
Tempkin Kt 19.24
br(kJ.mol) 0.1546
R’ 0.9905
Dubinin - Jm (Mmg/g) 108.9
Redushkevich B -1.852
R’ 0.7616
E (kJ/mol) 0.519

Cac dir liéu trong Bang 1 chi ra rang, gia tri
R? cao hon cho thdy su ddng thuén cua dit
liéu cac thuc nghiém vaéi cac phuong trinh
dédng nhiét Redlich-Peterson.

3.3.4. M6 hinh ding nhiét Temkin

Mo hinh déng nhiét Tempkin gia dinh rang:
nhiét hip thu cua tit ca cac phn tir trén bé
mdat vat liéu giam tuyén tinh v6i mat do bao
phi do twong tac giita chit hip phu va chét
bi hép phu va su hép phu dugc dic trung




boi su phin bd ddng déu cua cac ngudn
ning lwong lién két, cho dén mot sé ning
lwong lién két t6i da (Tempkin , 1940) [7-
15]. Puong ding nhiét Temkin duoc biéu
dién boi phuong trinh sau day:

RT
q,= b—Ln(KTCe) (5)

T
Phuong trinh (5) ¢6 thé dugc thé hién duéi
dang tuyén tinh nhu sau:
q,=BInK,+BInC, (6)

Trong d6 B = RT/by, T 14 nhiét d6 tuyét doi
(K), R 1a hing sb khi (c6 gia tri bang
8.314.10°kJ/mol.K), by 1a hing sé Temkin,
c6 lién quan dén nhiét hip phu (kJ/mol).
Mo hinh hdp phu ding nhiét Temkin dwoc
lwa chon dé danh gia kha ning hip phu cua
chit hip phu ddi v6i cac chat bj hip phu.
Db thi duong déng nhiét Temkin duoc trinh
bay trong hinh 3a va cac thong sé dudng
dédng nhiét duoc cho trong bang 1.

Héng s& Temkin, by, lién quan dén nhiét
hip phu cho ion kim loai Pb(Il) 1a 0.1546
kJ/mol, Gia tri nhiét hdp phu nho c6 thé chi
ra ring c6 mot su tuong tac yéu giita cac
chat bi hép phu va chét hép thu, hd trg mot
qué trinh hip phu vt Iy cho nghién ctru nay
[10,12].

3.3.5. M hinh déing nhiét Dubinin -
Radushkevich

M6 hinh ding nhiét Dubinin -
Radushkevich (D — R) [7-15] 1a md hinh
thuc nghiém dugc dung dé xac dinh ban
chit ctia qua trinh hip phu (vt Iy hodc hoa
hoc). Dang tuyén tinh cia mé hinh D-R
dugc trinh bay nhu phuong trinh sau day:
Inge = Inqm — B.€* (7
Trong do, q. (mg/g) 1a lugng ion kim loai bi

hép phu trén mot don vi khéi lugng vat lidu

hip phu MnO,/CS, q. (mg/g) 12 kha ning
hip phu tdi da (mg/g), B 1a hing sb cua
ning lwong hip phu (mol*/J%), ¢6 lién quan
dén ning luong trung binh cia mdi mol
chit hip phy trén mot mol chat bi hip phu.
va ¢ la thé Polanyi, dugc mo ta nhu sau:

1
=RTIn|1+— 8
& n(+cj (8)

trong d6 T 1a nhiét d6 dung dich (K) va R la
hing sé khi va bang 8.314.10° kJ/mol.K.
Gi4 tri ca ning lugng hip phu trung binh,
E (kJ / mol), c6 thé dugc tinh toan tir D-R

theo tham s B nhu sau:

1
- ©)
) B

Gié tri ciia ning lwong hip phu trung binh

E=

cho biét ban chit cua qua trinh hip phu.
Khi gia tri E nho hon 8 kJ / mol thi qua
trinh hap phuy 1a hip phu vat 1y va 8 - 16 kJ/
mol 14 qué trinh hdp phu hoéa hoc [13-15].

160
y=15.9750x +47.2214

120 R*=0.9905
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= 80
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Enge

4.4

4.2 +
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Hinh 3. Do thi dwong ding nhiét Tempkin
(a) va Dubinin — Radushkevich (b)
Db thi duong ding nhiét Dubinin -
Radushkevich duogc trinh bay trong hinh 3b

va céac théng sé duong dang nhiét duoc cho

trong bang 1.Gia tri E tinh dugc cho qua
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trinh hip phu Pb*" trén vat liéu MnO,/CS 1a
0.5189 kJ/mol (Bang 1) < 8 kJ/mol, chi ra
réng su hép phu cac ion Pb*" trén vat lidu
MnO,/CS 1a hap phu vat 1y.

4. KET LUAN

Trong nghién cru nay, céc dir liéu thuc
nghiém duoc phan tich boi 5 mo hinh déng
nhiét Freundlich, Langmuir, Redlich-
Peterson, Tempkin and Dubunin -
Redushkevich. Két qua cho thiy, trong diéu
kién téi wu (pH = 4, téc do khudy = 240
vong/phut, thdi gian khudy = 120 phut,
khéi lwong vat lidu hap phu = 0,1 gam):

- Phuong trinh hip phu ding nhiét Redlich
— Peterson 1 phit hop nhit v6i hé sb twong
quan cao (R* = 0.9990)

- Dung luong hip phu cuc dai tinh toan
dugc tr md hinh ding nhiét Langmuir d6i
v6i ion Pb* 1a 129.8 mg/g.

- Gia tri nhiét hép phu va nang luong tu do
tinh dugc tir md hinh ding nhiét Tempkin
vd Dubini — Radushkevich déu nho 8
KJ/mol ¢6 thé khéng dinh dugc ban chét
ctia qua trinh hip phu 13 hip phu vat 1y.
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