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SUMMARY

EQUILIBRIUM, KINETIC AND THERMODYNAMIC STUDIES
FOR ADSORPTION OF PHOSPHATE FROM AQUEOUS SOLUTION
USING NANOPARATICLES ZnO

In this study, ZnO nanoparticles made by hydrothermal method for adsorption of phosphate from water

The adsorption of phosphate on ZnO nanomaterials follows the isothermal adsorption models

Langmuir, Tempkin and Freundlich, single-layer adsorption, in the condition of heterogeneous

material surface, there is weak interaction between adsorbent and adsorbents. According to the

isothermal adsorption model, Langmuir has determined the maximum adsorption capacity of 769.23

(mg g). Phosphate adsorption of ZnO nanomaterials follows Lagergren's apparent second-order kinetic

model, spontaneous and exothermic.

Keywords: Nanoparticles ZnO, equilibrium, kinetic and thermodynamic, phosphate, Aqueous solution.

1. MO PAU

C6 nhiéu phuwong phap dé tong hop vat liéu
nano ZnO nhu phin xa, sol-gel, dong két
tua,... Mdi phuong phap déu c6 nhimg wu
nhuoc diém riéng tuy thude vao timg muc dich
nghién ctru dé lya chon phuong phap thich
hop. Gan day, viéc ché tao vat liéu nano ZnO
bang phwong thuy luyén ciing di va dang thu
huat duoc rat nhiéu sy quan tim cia cong dong
khoa hoc [5-9]. Chét thai sinh ra tir cic hoat
dong cong, néng nghiép chu yéu ¢ dang rin va
long chira nhiéu chat ban hitu co d& phan huy
sinh hoc va cac ion kim loai ddc hai nhu
phenol, crém, asen, mangan, sét, amoni,
photphat... Cac thanh phin 6 nhidm chinh
trong nudc thai 1a kim loai nang, BODs, COD,
nito, photpho, ... Trong d6, ham lugng nito va
photpho thudng rat 16n, néu khong dugc loai
b6 thi s& lam cho ngudn tiép nhan nudc thai bi
phu dudng, tao diéu kién cho cac loai thuc vat
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thuy sinh phat trién manh roi chét di, thdi rira,
lam cho ngudn nudc tré nén 6 nhidém [1-4]. Vi
vdy, can phai quan ly va xir 1y tot amoni va
photphat trude khi dwa ra moi truong dé tranh
lam anh huong dén strc khoe cong dong néi
riéng va moi truong nodi chung.

Trong bai bio nay chung toi trinh bay cac két
qua nghién ctru dong hoc, nhiét dong luc hoc
qué trinh hap phu phosphat (PC3™) trong méi

truong nudc cua vat li€u nano ZnO ché tao
bang phuong phap thity luyén.

2. THUC NGHIEM

2.1. Ché tao vat liéu

Vat liéu nano kém oxit duogc ché tao bﬁng
phuong phép thily nhiét tir hon hop dung dich
25 mL Zn(NOs); 0,1M + NaOH 0,1M + 20 mL
C,HsOH (ti 16 C,HsOH: H,O = 1:1), pH=11,
trong thoi gian 24 gid & 90°C dén 200°C trong
binh chiu ap suat (autoclave) [5, 6]. Sau khi thu
duge nano ZnO, miu dugc nung trong moi



truong khong khi & 350°C, trong 10 gio dé loai
bo cac tap chét hitu co. Vat liéu sau d6 duge
bao quan trong binh hit 4m trudc khi hap phy.
2.2. Phuong phap nghién ctru vit li€u
Vit liéu nano ZnO sau khi ché tao dwgc xac
dinh dic diém bé mit, ciu trac, thanh phﬁn
bang phuong phap hién vi dién tir quét (SEM),
phd tan ning lugng (EDS) (trén may SEM-
EDS, JSM 6610 LA - Jeol, Nhat Ban), gian dd
nhiéu xa tia X (XRD) (trén may Brucker,
D5000), do dién tich bé mat riéng theo phuong
phap BET.
3. KET QUA VA THAO LUAN
3.1. Khio sat cac yéu t6 anh hwéng téi hinh
thai, cAu tric bé mit
Két qua nghién ctru cAu trac, thanh phﬁn, dac
diém bé mat, dién tich bé mat riéng da duoc
trinh bay chi tiét trong bai bao “Nghién ctru xir
ly phosphat trong nuéc bang vat liéu nano
ZnO”.
3.2. Khio sat qua trinh hip phu photphat theo
cac mé hinh hip phu ding nhiét
St dung két qua do dwoc tir thi nghiém khao
sat anh huong ndng do ban dau cua photphat
dén hi¢u suat hap phu photphat ciia vat li¢u
nano ZnO dé nghién ctru cic mé hinh hip phu déng
nhiét.
3.2.1. Khio sdt cin bang hip phu photphat
theo mé hinh héap phu ding nhi¢t Langmuir
Phan tich ddng nhiét hap phu dong vai tro rat
quan trong cho muc dich thiét ké thi nghiém va
ché tao vat liéu hép phu. Céc s6 lidu thuc
nghiém dugc phan tich voi md hinh ding nhiét
Langmuir vi chiing 1a ¢6 dién va don gian mé ta
cAn bang giita cic ion hap phu trén chat hip phu
va cac ion trong dung dich tai mot nhiét do
khong doi.
Phuong trinh hap phy Langmuir c¢6 dang:

C 1 C

C c

q qmaxK qmax
Trong d6: q: d6 hap phu riéng, 1a s mg chét bi
hap phu trén 1 gam chit hip phu ¢ thoi diém

can bang (mg/g); qmax: dung lwong hap phu cuc
dai (mg/g); C.: Nong do chét bi hip phu trong
dung dich & thoi diém can bang (mg/L); K:
hing s6 Langmuir.

a=— Néudit b=—r

Thi phuong trinh trén c6 dangy =ax + b

Tu thyc nghiém c6 thé tinh duoc héng s6 K va
dung tich hip phu cuc dai (qmax). Két qua duoc
trinh bay ¢ hinh 1.

0.250
y=0.0013x+0.0108

2=0.9983
0200 | R*=0.998

0.150

Ccb/q (g/L)

0.10

0.050 - /
0000 *

0.000 50.000 100.000 150.000 200.000
Ccb (mg/L)

S

Hinh 1: Su phu thudc ciia ciia Ca/q vao Cep
Tir hinh 1, dung lugng hap phu cuc dai gmax va
hing s6 Langmuir b dugc tinh toan (bang 1):

Bang 1: Dung luwong hcfp phu cuc dai Gmax va
hang s6 Langmuir b

Dung lugng hap phu cuc dai 769,23
Qmax (Mg/g)
. 0,12
Hang so b (L/g)

Tir cac két qua thuc nghiém cho thdy mé hinh
dang nhiét hap phu Langmuir mé ta khé t6t sy
hap phu PO~ cta ZnO thé hién qua hé s6 hoi

qui ctia phuong trinh 16n hon 0,9983 cho thiy
rang qua trinh hap phu 1a don 16p va hap phu
hoa hoc.

Dé xac dinh qué trinh hap phu PO}~ bang ZnO

¢6 phu hop véi dang hip phu don 16p theo mo
ta cia md hinh Langmuir hay khong, chung t6i
danh gia mac do phu hop théng qua tham sb
can bang Ry (equilibrium parameter). Tham s6
Rp dugc tinh nhu sau:

1

T 1+ELC

L

Trong d6: Co: 1a ndng do dau ciia chat (mg/g).
Ky: 12 hing s6 Langmuir (L/mg).
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Hinh 2: Sy phu thu¢c cua Ry vao C, ddi véi mo
hinh Langmuir

Tir gié tri tham s Ry tinh toan duoc trong hinh
2 cho thiy gia tri Ry nam trong khoang tir
0,123 dén 0,256 déu nho hon 1, nén c6 thé xac
dinh dwoc mé hinh hidp phu ding nhiét
Langmuir 13 phi hgp v6i qua trinh hap phu
PO bang vat liéu nano ZnO.

3.2.2. Khio sdt cin bang hip phu photphat
theo mé hinh hép phu ding nhiét Freundlich

6.7

65 Inq,

InC,

Hinh 3: D6 thi biéu dién sw phu thugc Ing. vao
InC. d6i véi mé hinh Freundlich
Phuong trinh Freundlich 1a phuong trinh thuc
nghiém dé 4p dung cho sy hap phu chat khi
hoic chit tan trén bé mat hip phy rin. Phuong

trinh c6 dang nhu sau:

9 = Kz C:m

C6 thé dura vé& ham bac nhit bang cach lay In 2 vé:
Ing, =Inkz + i.ln C.

Phuong trinh trén c6 dang y = ax+b.

Trong d6: C.: ndng do tai thoi diém can bing
(mg/L); qe: d6 hip phu riéng, 1a sé gam chit bi
hép phu trén 1 gam chét hap phu (mg/g); K, n:
hé ) thyc nghiém véi n>1.

D4 thi 3 mé ta qué trinh hap phy PO~ trén vat

liéu hip phu ZnO theo mé hinh hdp phu ding
nhiét Freundlich. Ta tinh dugc hang sb hap phu
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Freundlich Kg= 275,145 (mg/g)(L/mg)'" va gia
tri hang s6 n= 4,907. Hé s6 tuong quan R2 =
0,9697.
3.2.3. Khdo sat can bt%ng hép phu photphat
theo mé hinh hdp phu ding nhi¢t Dubinin-
Radushkevich
Mb hinh dang nhiét Dubinin-Radushkevich 1a
mo hinh thyc nghiém dung dé xac dinh ban
chét ciia qua trinh hip phu (vat 1y hodc hoa
hoc). Dang tuyén tinh ctia mé hinh nay duoc
trinh bay theo phuong trinh sau:

Inq.= Ingm - 5. =7

Trong dé: g (mg/g) 1a dung luong hip phu ciia
vt liéu; qm (mg/g) 14 dung lugng hip phu cuc
dai cua vat liéu; g (mol*/J?) la hang s6 cua
ning lwong hip phy;  1a thé Polanyi.
Thé Polanyi dugc mé ta nhu sau:

&= RTlIn(1+ Ei)

Trong d6: T 1a nhiét 6 tuyét dbi (K);R1a

hang s6 khi (R= 8,314 J/mol.K); C.: ndng do
tai thoi diém can bang (mg/L).

¢ Ing,

y =-1.4394x + 6.4898
58 R?=0.6276 EZ

0 0.1 0.2 03 04 0.5

Hinh 4: P06 thi biéu dién sw phu thugc cua Ing.
vao & theo mé hinh hdp phu déng nhiét
Dubinin-Radushkevich

Bdng 2: Gid tri cdc tham s6 hdp phu photphat
theo mé hinh hap phu ding nhiét Dubinin-

Radushkevich
Dung | héap ph
u.ng uong hap phu cuc 658,392
dai qmax (mg/g)
Hz"mg Sé ﬁ' -1,439
R? 0,628
Nang lugng E (kJ/mol) 0,589




D6 thi duong dang nhiét Dubinin-
Radushkevich dugc trinh bay trong hinh 4 va
céc thong so duong dang nhiét cho két qua
trong bang 2. Tir gia tri hé sb twong quan R?
tinh dugc trong bang 2 cho thdy qua trinh hap
phu photphat khong tudn theo md hinh
Dubinin-Radushkevich

3.2.4. Khdo sdt cin bang hdp phu photphat
theo mé hinh hap phu dﬁng nhiét Tempkin
M6 hinh déng nhiét Tempkin gia dinh: Nhiét
hap phu cua tat ca cic phan tir trén bé mat vat
liéu giam tuyén tinh véi mat do bao phu do
twong tic giira chat bi hap phu va chét hip phy.
Mb hinh nay dwoc s dung dé danh gia kha
ning hip phu ciia chat hap phu déi véi chat b
hap phu. Phuong trinh tuyén tinh biéu dién mo
hinh hap phu Tempkin 1a: g = BInKt + BInC
Trong d6: B= RT/br; T 1a nhiét do tuyét ddi
®;

R 1a hang s0 khi (R= 8,314 J/mol.K); br 1a
hang s6 Tempkin.
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Hinh 5: D6 thi biéu dién sy phu thugc cua q.
vio InC, theo mé hinh hap phy dang nhiét
Tempkin
Do thi duong dang nhiét Tempkin duoc trinh
bay trong hinh 5 va cac théng sb dudng ding

nhiét dugc trinh bay trong bang 3.

Bdng 3: Gid tri cdc tham sé hdp phu photphat
theo mé hinh hdp phu dcfng nhiét Tempkin

Hiang s6 Kt | br (kJ/mol) R?

6,859 0,023 0.972

Tir bang 3 ta thy gia tri hang s6 Tempkin br=
0,023 cho thiy cé su twong tac nhung rat yéu
giita cac chat bi hap phu va chat hap phu, hd
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trg qué trinh hap phy vat 1y photphat cta vat
liéu nano ZnO.

Bang 4: So sanh cac mé hinh hdp phu photphat
déi véi vt liéu nano ZnO

M hinh hap Gia tri cac tham s

phu déng nhiét

Ky (L/mg) 0,12
Langmuir Qmax (MgE/g) 769,23

R? 0,99

Kr 275,145
Freundlich (mg/g)(mg/L)'"™

N 4,907

R? 0,97

Kr 6,887
Tempkin br (kJ/mol) 0,023

R? 0,97

gm (Mg/g) 658,392
Dubinin- £ (mol?/J?) -1,439
Radushkevich

R? 0,6276

E (kJ/mol) 0,5894

Tir két qua trong bang 4 cho thiy hé sé xéac
dinh R?
Freundlich, Tempkin 13 gan tvong duong nhau
(0,99; 0,97 va 0,97) va m6 hinh Dubinin-
Radushkevich 1a 0,628. Nhu vdy, co thé xac
dinh qua trinh hip phu photphat cia vat liéu

cuia cac md hinh Langmuir,

nano ZnO khong tuan theo mo6 hinh Dubinin-
Radushkevich, tuan theo md hinh hip phu
dang nhiét Langmuir, Freundlich va Tempkin.
Qué trinh hip phu photphat trén vat liéu nano
ZnO xay ra don 16p, trong diéu kién bé mat vat
liéu khong ddng nhét, co sy tuong tac yéu giira
chét bi hip phu va chét hap phy.

3.3. Nghién ciru dong hoc hip phu POi™ ciia
vat liéu nano ZnO

St dung két qua do duogc tir thi nghiém khao
sat anh huong cua thoi gian tiép xic va ndng
d6 ban dau ban dau cua photphat dé nghién
clru dong hoc qué trinh hip phu photphat cua
vat liéu nano ZnO bang hai dang phwong trinh
dong hoc biéu kién bac 1 va bac 2. Két qua
dugc trinh bay trong hinh 6, 7; bang 5, 6.
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Hinh 6: Péng hoc hdp phu biéu kién bdc 1
doi véi vt liéu ZnO
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Hinh 7: Bong hoc hcfp phu biéu kién bdc 2 déi
voi vat liéu ZnO

Tir gia tri cac tham s ciia phuong trinh déng hoc
béc 1 & hinh 6, bang 5 cho thay hé sé x4c dinh R
trong khoang tir 0,9341 - 0,9744. Tur gia tri cac
tham s ciia phuong trinh dong hoc bac 2 & hinh
7, bang 6 cho thay hé sb xac dinh R? déu dat
0,9995 — 1,0000. Bén canh do, gia tri dung lugng
hép phu can bang tinh toan duoc tir cac phuong
trinh dong hoc bac 2 déu gﬁn so voi gia tri thuc
nghiém hon phuong trinh dong hoc bac 1. Vi
vdy, c6 thé két luan phuong trinh dong hoc biéu
kién bac 2 phu hop véi qué trinh hép phu
photphat cua vat liéu ZnO.

Bdng 5: Gid tri cdc tham s6 ciia phwong trinh
dong hoc hép phu bdc 1

Nong dd | qe, the Hing s6
(e, tinh toan 2
photphat| nghi¢m (mg/g) ki R
(mg/L) | (mg/g) (phit ™)
170,165 |360,082 | 351,040 | 0,0275 | 0,9698
213,846 418,462 | 409,239 | 0,0287 | 0,9341
317,802 589,165 | 580,474 | 0,0295 | 0,9744

Thoi gian

R?=0.9997 Th‘0’i gian
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Bang 6: Gid tri cdc tham s6 ciia phirong trinh

dong hoc hdp phu bdc 2
. HL A
Nf)ﬂg d@ (e, thuc ang so
(e, tinh toan k2 2
photphat nghi¢m R
(mglL) | (mer | " | (B8
phut)
170,165 |355,082(357,143|2,074.104|0,9995
213,846 |414,462(416,667|2,198.10*| 1.000
317,802 [586,165|588,235(2,238.10%0,9997

Néu qué trinh hip phu tuén theo mé hinh dong hoc
béc hai biéu kién cua Lagergren thi ning luong
hoat hoa qua trinh hép phu c6 thé duge xac dinh
theo cong thrc:
k2 = k() CXp(- Ea/RT)
Trong d6: k, 1a hing sb téc d6 hip phu
(g/mg.phut); ko 13 hing sé toc d6 dau; E, la
ning luong hoat héa (kJ/mol); R 1a hing sb
khi ( R = 8,314 J/mol.K ); T 1a nhiét d¢ tuyét
dbi (K). Trong phuong trinh trén k; co thé
duogc thay bang h (h = koq.2 phan anh téc do
hap phu ban dau khi g/t tién dan dén 0), do do
ta co:
k2 = h.exp(-E/RT
Twrdo: E.=RT (Inh - Ink)
Bang 7: Gia tri nang luong hoat hoa qua trinh
hdp phu photphat ciia vét liéu nano ZnO

Nong dd W k2 Ea
diu (mg/L) (g/mg.phut) | (kJ/mol)
170,165

’ 26,150 | 2,074.10* | 23,394
(mg/L)

213,846

’ 34,519 | 2,198.10% | 23,938
(mg/L)

17,802

317,80 52,322 | 2,238.10% | 24,923
(mg/L)

Két qua tinh ning luong hoat héa qué trinh hap
phu photphat cta vét liéu nano ZnO dugc thé
hién trén bang 7 cho thiy, cac gia tri ning
luong hoat héa qua trinh hap phy photphat ciia
vat liéu nano ZnO déu nhé hon 25 kJ/mol, nhu
vay vé mat 1y thuyét thi qua trinh hap hép phu
photphat cua vat liéu nano ZnO 13 qua trinh hip




phu vat Iy véi sy khuéch tan ngoai dong vai tro
chinh.
3.4. Nhiét dong lue hoc hip phu P33~ ciia

vat liéu nano ZnO

Str dung Kkét qua do dugc tir thi nghiém khao
sat anh huong cua nhiét do dén kha nang hip
phu photphat dé nghién ctru nhiét dong luc hoc
clia quéa trinh hip phu photphat cia vat liéu
ZnO. Su bién thién nang lugng tu do (AG®),
entanpy (AH®) va entropy (AS°) cua qua trinh
hap phu photphat di dugc tinh toan bang cach
st dung cac phuong trinh sau day :

K,=3e;  AG’=-RTInK;
ch
0 0 0
mKD:_AG __AH AS
RT RT R

Trong d6: Kp 1a hang sb can bang; q. (mg/g) la
dung lugng hap phuy tai thoi diém can bang; Ce
(mg/L) 14 ndng dd cua chét bi hap phu & thoi
diém can bang; R 1 hing s6 khi (R = 8,314
J/mol.K ); T la nhiét d¢ (K).

Két qua tinh toan cac thong sd nhiét dong qué
trinh hdp phu photphat cia vat liéu nano ZnO
duoc trinh bay trong bang 8.

Bang 8: Cac thong 56 nhiét dong lyc hoc dsi
V6i qud trinh hdp phu PO}-

Nhiétddp | AG® AH°® AS®
(K) | (kJ/mol) | (kJ/mol) | (kJ/mol.K)
298 -8,73
303 8,63 | -14,55 -0,02
313 8,44
323 8,24

Gia tri bién thién nang lugng tu do (AG®) thu
duoc c6 gia tri am (-8,73 dén -8,24 kJ/mol)
didu nay chimg to qua trinh hdp phu PO~ cua

vat liéu nano ZnO 1a qué trinh ty xay ra. Tuy
nhién, bién thién entropy (AS°) c6 gia tri am (-
0,02 kJ/mol.K) nhung qué trinh ndy van xay ra
1a do hé khi hap phu khong phai 1a hé c6 lap,
giita hé va mdi truong co sy trao ddi ning
luong.

Gi4 tri bién thién ning luong entanpy (AH®)
thu dugc co gia tri am -14,55 kJ/mol cho théy
qué trinh hip phu 13 qué trinh toa nhiét.

4. KET LUAN
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Qué trinh hip phu photphat trén vat liéu nano
ZnO tuan theo md hinh hip phu dang nhiét
Langmuir, Tempkin va Freundlich, hép phu
don 16p, trong diéu kién bé mit vat liéu khong
ddng nhat, c6 su tuong tac yéu giira chat bi hip
phu va chit hip phyu. Theo mé hinh hip phu
dang nhiét Langmuir di xac dinh dwoc dung
lwong hip phu cuc dai 1a 769,23 (mg/g). Qua
trinh hép phu photphat cua vét liéu nano ZnO
tuan theo mod hinh dong hoc bac hai biéu kién cta
Lagergren, tu xay ra va tda nhiét.
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