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SUMMARY

REMOVAL OF PHOSPHATE FROM AQUEOUS SOLUTION
BY USING NANOPARATICLES ZnO

In this study, ZnO nanoparticles made by hydrothermal method for adsorption of phosphate from
water. These ZnO nanorods are characterized by a powder X-ray diffraction spectroscopy (XRD),
scanning electron microscope (SEM), specific surface area (BET), energy dispersive X-ray
spectroscopy (EDS). The ZnO materials were applied for adsorption of phosphate from water using
batch experiments. The effects of pH (4 - 10), adsorption time (30 - 240 min), the amount of adsorbent
(0.005 - 0.035 g), and initial concentration of phosphate (147.637 - 466.209 mg/L) on the adsorption
were investigated. The optimum condition was found at pH = 5, at adsorption time of 150 min. The
adsorption was fitted well with Langmuir isotherm and the maximum adsorption capacity was
calculated to be 769.23mg/g. These results show that ZnO material would be a very promising material
for adsorption of phosphate from water.

Keywords: ZnO, nanoparticles, hydrothermal methodfor, phosphate, Aqueous solution.

1. MO PAU lodng xuong (do phdt phat tic dung véi canxi),
Phospho 13 nguyén t6 thiét yéu cua su song. tdc mach mau din t6i tai bién mach mau nio
Do c6 tac dong hoa hoc cao voi oxi don chét hodc dau tim dan t6i suy tim [1-4]. Viéc thira
va trong hop chat nén phdt pho ¢ tu nhién 1a phosphat din dén hién tuong phu dudng, lam
dang hop chat véi oxi va mot sb nguyén t6 tang nhanh qua trinh phat trién cia tao rdi chét
khac (Na, K, Ca, Mg...) [1, 2]. Phosphat la gdy ra mau nudc xanh cla tio, tao mui kho
dang phd bién nhat cta phospho trong tu nhién chiu va giai phong mot sé chat doc gay chét ca
va cling 14 hop chét quan trong, déng vai tro va lam 6 nhiém ngudn nudc [1, 2]. Ngudn
quan trong thiét yéu trong co thé song nhu: 1a nuée 6 nhiém phét phat chu yéu do hoat dong
nguyén liéu di truyén trong DNA va RNA; cac san xuat nong nghiép ciia con nguoi, hang nam
té bao song st dung dé van chuyén ning luong lwong phosphat thai ra ty nhién 1a rat 16n. Vi
thong qua ATP; hay ¢ mang té bao va trong vay, viéc xir Iy phdt phat trong nudc 1a rat can
xuong sdng va rang cua dong vat [1, 2]. Song thiét nham giam 6 nhidm moi trudng va thu hoi
phosphat ciing 14 mot chat doc giy nguy hiém lai lugng 16n phosphat that thoat. Bén canh dé,
cho co thé séng néu du thira phét phat gay ra st dung vat liéu ZnO lam vat liéu hép phu

168



thudc nhuém hodc cac ion kim loai doc hai
trong mdi truong nude nhan duge cac két qua
rit kha quan [5-10]. Trong bai bao niy ching

Ty

t6i trinh bay cac két qua xir Iy phosphat (FZ3 ™3

trong mdi truong nude cua vat li€u nano ZnO
ché tao bang phwong phap thity luyén

2. THUC NGHIEM

2.1. Ché tao vt liéu

Vit liéu nano kém oxit duoc ché tao bing
phuong phép thity nhiét tir hon hogp dung dich
25 mL Zn(NOs); 0,1M + NaOH 0,1M + 20 mL
C,HsOH (ti 1€ C,HsOH: H,O = 1:1), pH=11,
trong thoi gian 24 gio & 90°C dén 200°C trong
binh chiu 4p suét (autoclave) [5, 6]. Sau khi thu
dugc nano ZnO, miu dugc nung trong moi
treong khong khi ¢ 350°C, trong 10 gio dé loai
bo cac tap chét hitu co. Vat liéu sau d6 duogc
bao quan trong binh hit 4m trudc khi hap phu.
2.2. Phuong phap nghién ctru vat li€u

Vat liéu nano ZnO sau khi ché tao dugc xéc
dinh dic diém bé mat, céu trac, thanh phan
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 d6
nhidu xa tia X (XRD) (trén méay Brucker,
D5000), do dién tich bé mit riéng theo phuong
phap BET.

2.3. Nghién ciru kha ning hip phu PO~

Céc thi nghiém hép phu duoc tién hanh khao
sat anh huong cua pH dung dich, thoi gian,
khéi lwong ZnO, ndéng d6 PO~ ban ddu &

nhiét ¢ phong va cac binh tam giac duoc lic &
200 vong/phit. Anh huéng cua pH
ban dau duoc tién hanh bang cach cho 0,025g
ZnO vao 50,0 mL dung dich POX~c6 ndng do

toc do

146,2637mg/L vo6i cac gia tri pH khac nhau
thay d6i tir 1 dén 10, lic trong vong 150 phut.
Dung dich pH dugc diéu chinh bang cac dung
dich HNO; va NaOH 0,IM. Anh huong cua
thoi gian hap phu dugc thyc hién bang cach
cho 0,025 g ZnO vao 50,0 mL dung dich PO}~

¢6 ndng d6 ban dau 142,4176 mg/L, trong thoi
gian thay d6i tir 30 dén 240 phat), didu chinh
pH=5. Anh hudng cua khdi luong ZnO dugc
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thuc hién bang cach cho tang dan khdi luong
ciia ZnO tir 0,005 dén 0,035g vao 50,0 mL
dung dich P2}~c6 ndng do ban dau 162,1978

mg/L, trong 120 phut, diéu chinh pH=5. Anh
huéng cta ndng dd ban dau cia P3E dugc

thyc hién bang cach cho 0,025 g ZnO vao 50,0
mL dung dich P32~ v6i nong do thay doi tir

147,637 dén 466,209 mg/L, trong 150 phut,
didu chinh pH=5. Anh huéng cia nhiét do
duogc thuc hién béng cach cho 0,02g vét liéu
vao mdi binh va hat vao d¢6 50 mL dung dich
photphat c¢6 nong d6 144,0293 mg/L, di diéu
chinh vé pH= 5 sau d6 tién hanh lic trong may
lic voi thoi gian 14 150 phit & nhiét do 298;
303; 313; 323 (K) v6i toc do lic 200
vong/phiit. Sau cdc qua trinh trén, cic mau
dugc ly tam & tde do 4000 vong/phut trong 10
phit. Nong d6 PO}~ trudc va sau hip phu

dugc xac dinh bang phwong phap UV-Vis trén
may Hitachi UH5300 tai Trudong Pai hoc Su
pham - Pai hoc Thai Nguyén.
Dung lugng hép phu va hiéu suat hip phu dwoc
tinh theo cong thirc [5]:
_ (Co-CepV
M

UCg— Cpp!

H %= x 100%

Trong d6: V 1a thé tich dung dich (L), M la
khéi Iugng cua chat hap phu (g), Co 1a ndng do
dung dich ban dau (mg/L), Ce 14 1a nong do
dung dich khi dat can bang hip phu (mg/L), q
1a dung lwong hép phu tai thoi diém can bang
(mg/g), H 1 hiéu suat hip phu (%).

Tién hanh khéo sat qua trinh hap phu PO} theo

md hinh hap phu ding nhiét Langmuir dva vao
két qua cia viéc khao sat ndng do dau. Dung
luong hip phu cuc dai dugc xac dinh theo
phuong trinh hip phu Langmuir dang tuyén tinh:
Cop _ LCgp , 1

9 Amax  b-GQmas
Trong d6: qmax 12 dung luong hap phu cuc dai
(mg/g), b 1a hang s6 Langmuir.
3. KET QUA VA THAO LUAN
3.1. Khio sat cac yéu t6 anh hwong téi hinh
thai, cAu tric bé mit.



3.1.1. Phan tich dnh SEM

Két qua phén tich anh SEM dugc chi ra & trén
hinh 1. Trén hinh 1(a, b, c, d), cho th'fly vat liéu
nano ZnO c6 kich thudc hat giam dan, theo
diéu kién nhiét do tong hop. Nghia 1a qua trinh
tong hop, didu kién nhiét 6 c6 anh huong 16n
tdi qua trinh tao thanh kich thuéc ZnO. Trong
didu kién thiy nhiét ¢ nhiét do thdp 120°C,
hinh thanh cac sgi ZnO c6 kich thudc 16n, tir 5
pum dén 0,1 um. Trén hinh 1(d) cho thdy mau
ZnO ¢6 cau trac nano dang soi, chidu dai
khoang 100 nm, duong kinh khoang 50 nm.
Tuy nhién khi nhiét do tang qua 180°C, kich
thudc hat lai tang [hinh 1(c)]. Do vay chiing toi
lya chon ¢ nhiét do 180°C 1a diéu kién tong

Hinh 1: Anh SEM ciia méau nano ZnO tong hop
¢6 thanh phan 25 ml Zn(NO3); 0,IM + NaOH
0,1M + 20 mL C,HsOH (ti 1é C:H;OH: H,0O
= [:1), pH=11 nhung co nhiét djé khdac nhau.
(a) O nhiét do 120°C; (b) O nhiét do 150°C;
(c) O nhiét dp 200°C; (d) O nhiét dp 180°C.

3.1.2. Phan tich dién tich bé mit (BET)

e

Hinh 2: Puong dang nhiét hdp phu - giai hap
phu N:cua nano ZnO,
diéu kién tong hop ¢ nhiét dp 180°C
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Két qua do dudong dang nhiét hip phu N, &
nhiét d6 -196°C ctia mau nano ZnO duoc do tai
B6 mén Hoa ly, Khoa Hoa hoc, Truong DPai
hoc Su pham Ha Noi. Pudng dang nhiét hip
phuy, giai hap phu N, duoc thé hién trén sic dd
& cac hinh 2. Tir duong ding nhiét hap phu,
thiét bi ty dong xay dung d6 thi duong BET
thé hién trén hinh 3.

Hinh 3: D6 thi dwong BET cua vat liéu nano
ZnO, diéu kién tong hop ¢ nhiét d¢ 180°C

Két qua do dién tich bé mat ciia mau ZnO &
cac didu kién téng hop khac nhau dwoc cac két
qua nhu sau: 4,75 m*g (nhiét do 120°C), 15,12
m?*g (nhiét d6 150°C) va 17,05 m?/g (nhiét do
180°C). Két qua phén tich cho thdy vat liéu
7ZnO ché tao duoc ¢ cAu trac xép, dién tich bé
mat riéng 16n (15,12 dén 17,05 m?%g), ¢6 kich
thudc cac hat ¢& nano. Tir két qua phan tich
dién tich bé mat riéng ctia nano ZnO, c6 thé du
doan c6 anh hudng 16n tinh chét co 1y, do xbp,
kha ning hip phu cua vat liéu nano ZnO.

3.2. Phén tich céu tric nano ZnO

3.2.1. Phdn tich XRD

IEDD

=
=

2- Theta-scale

Hinh 4: Gidn @6 XRD cia nano ZnO tong hop

Gian d6 nhidu xa Ronghen ctia mau vét liéu nano
ZnO duoc chi ra trén hinh 4. Trén hinh 4 ¢6 thé
chi & dugc cac vach dac trung (100); (002);



(101); (102); (110); (103); (112); (201) twong Gng
gian d6 nhidu xa ZnO (cAu tric wurtzite).

3.2.2. Phdn tich EDS

Mau nano ZnO sau khi diéu ché va nung, thanh
ph?m héa hoc bé mit dugc phan tich theo
phuong phap EDS. Két qua dwoc chi ra trén
hinh 5 va bang 1. Tir két qua trén chi ra, thanh
phan bé mat vat liéu nano ZnO thu dugc rt
tinh khiét, dat 99,99 %, tap chét cacbon bi lan
& déy c6 thé 1a do bi hap thy khi CO; tir khong
khi hodc qua trinh phan huy cac chat hitu co
chua hoan toan.

Hinh 5: Phé EDS cua vit liéu nano ZnO sau
khi nung & 350°C, thoi gian 10 gic

Bdng 1: Két qud phan tich EDS

Nguyén to Ly thuyét Két qua
Zn 80,34 80,32
o) 19,66 19,67
Téng 100,00 99,99

3.3. Hap phu PO}~ ciia vat liéu ZnO

3.3.1. Anh huwong ciia pH

Két qua khao sat anh huong ciia pH dén kha
nang hip phu phosphat ciia vat liéu nano ZnO

duogc thé hién trén hinh 6.
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Hinh 6: Anh hwéng cia pH dén hiéu sudt hap

5

=
phu FO,

pH

Hinh 6 1a két qua khao sat sy phu thudc cua
hiéu suit hap phu vao pH. C6 thé nhén thdy,
hiéu suét héip thy phu thude nhiéu vao gia tri
pH, va kha ning hép phu giam véi gia tri pH
tang, cu thé hiéu suat hip phu dat 90,5% & pH
= 5,0 va gidm xuéng con 44,1% & pH = 10,0.

3276 pH cao

Su suy giam kha ning hap phuy E

nay c6 thé 1a khi ting gi4 tri pH, nong d6 OH™
trong dung dich ting, nhu vdy s& xuat hién sy
hap phu canh tranh véi cic ion 4m (H,POJ,

HPCI™ va FGIT) vao cac vi tri hap phu cia

ZnO. Co ché hap phy phét phat trén cac hat
ZnO c¢6 thé duge biéu dién theo phuong trinh
sau [9,10]:

Zn —OH + HPO;~ —= Zn — PO~ + H,0

Do pH 5,0 - 6,0 thuong xdy ra trong moi
truong thuc té, gia tri pH = 5 dugce chon lam
gié tri toi wu cho céc thi nghiém tiép theo.
3.2.2. Anh hwong ciia thoi gian hip phu

Két qua duoc chi ra & hinh 7.
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Hinh 7: Anh hwéng ciia thoi gian dén hiéu sudt
hdp phy POZ~

Két qua thi nghiém cho thdy thoi gian khudy
cang lau thi hiéu sudt hip phu cang ting. Trong
d6, qua trinh hip phu dién ra chu yéu trong 150
phut dau, hiéu suit hap phu POZ™ trén bé mit

vét liéu ZnO tang rat nhanh, sau d6 hiéu suat
hép phu ting khong dang ké trong khoang thoi
gian con lai. Pidu nay 1a do trong giai doan
dau, sb luong 18 tréng kha 16n trén bé mat vat
liéu ZnO nén POZ~d& dang bi hip phu trén vt

it

liéu. Qua trinh hap phu dién ra lién tuc, két qua



la cac ion PO~ dan lap day cac khoang trong

trén vat liéu nén cang vé sau hiéu suét hép phu
khong tang hodc tang rét it, qua trinh hap phu
dat trang thai can béng. Do d6, thoi gian dat
can bang hap phu duoc chon 1a 150 phat cho
céc thi nghiém tiép theo.

3.3.3. Anh hiréng ciia khéi rong chat hap phu

Hinh 8 cho thiy sy anh hudng cua khdi lwong
vat lidu ddi v6i hap phu P22, C6 thé quan sat

thdy viéc loai bo PZ3i™ dan dan ting 1én khi

tang lugng chat hip phu dén 0,035 g. Diéu nay
6 giai thich 1a do khi tang khéi lugng vat ligu
thi cac vi tri trung tdm hap phu ciing ting lén
va do d6 hiéu suit hap phy s& ting. Trong
khoang khéi lugng vét liéu ting tir 0025 dén
0,035 g thi hi¢u sudt hap phy tang cham tir 93-

96%. Tuy nhién lugng PQF~ hip phu trén 1

don vi khdi lugng chéat hap phu s& giam khi
khéi lugng chét hép phu tang Do do, khéi
lugng vat liéu dugc chung t6i chon tién hanh
trong nghién ciru tiép theo 12 0,025 g ZnO.
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Hinh 8: Anh hwong ciia khoi lwong vit liéu dén
hiéu sudt hap phu PO}~

3.3.4. Anh hwéng ciia nhiét dp
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Hinh 9: Anh hwéng ciia nhiét dp dén hiéu sudt
hép phu Pﬂ;'

Hinh 9 cho théy su anh huong cia nhiét 46 ddi
v6i hdp phu P32, C6 thé quan sat thiy viée

loai bé PG~ dan dan tang 1én khi ting nhiét o

tir 298 dén 323K. Piéu nay c6 giai thich 1a do
khi tang nhiét d6 vat li¢u thi cac vi tri trung
tam hip phu ciing giam di va do d6 hiéu suat
hap phu s& giam. Trong khoang nhiét d6 ting
tir 298 dén 323K thi hiéu suit hip phu giam
cham tir 93 -89%. Tuy nhién lugng P35~ hap

phu trén 1 don vi khdi lugng chét hip phy s&
giam khi nhiét d6 ting. Diéu nay ciing ching
t6 qua trinh hip phu photphat cua vat liéu nano
ZnO la qua trinh téa nhiét.

3.3.5. Anh hwong ciia nong dp ban diu

Bang 2 trinh bay Kkét qua khao sat sy phu thudc
ctia hiéu suat hap phu vao ndng d6 dau. Nhan
thdy 16, trong khoang ndng do khao sat, khi
tang néng d6 dau cua dung dich thi hiéu suat
hap phu cua ZnO d6i voi POZ™ giam, dung

lwong hip phu ting. Didu nay dugc cho ring
cing v6i mot s luong vi tri tim hap phu nhat
dinh, thi cac vi tri tim hp phu che kin/lap day
khi néng d6 PO}~ ting lén. Phan tich ding

nhiét hép phu déng vai tro rat quan trong cho
muc dich thiét ké thi nghiém va ché tao vt liéu
hép phu. Cac s6 liéu thuc nghiém dugc phan
tich v6i mo hinh dang nhiét Langmuir vi ching
1a ¢ dién va don gian mo ta can bang giira cac
jon hip phu trén chit hip phu va cac ion trong
dung dich tai m¢t nhiét 46 khong ddi. Két qua
dugc trinh bay 6 hinh 10.

Bdng 2: Anh hwéng ciia nong do dau cia

Pﬂf'dén dung luong va hiéu suat hcfp phu

(msz) Co(mg/L) | q (mg/e) | H (%) é/bﬁ 3
147,637 | 3,132 | 361,264 | 97,879 | 0,009
160,110 | 7,912 | 380,495 | 95,058 | 0,021
283,736 | 38,681 | 612,637 | 86,367 | 0,063
330,440 | 63,407 | 667,582 | 80,811 | 0,095
366,374 | 88352 | 695,055 | 75,885 | 0,127
379,670 | 95330 | 710,852 | 74,891 | 0,134
462,088 | 162,637 | 748,626 | 64,804 | 0217
466,209 | 165385 | 752,060 | 64,526 | 0,220
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Hinh 10: Sw phu thuéc cua cua Cep/q vao Cep

Tir @6 thi hinh 10, dung lugng hip phu cuc dai
Qmax VA hing sb Langmuir b dugc tinh toan
(bang 3).

Tir cac két qua thyc nghiém cho thdy mé hinh
dang nhiét hap phu Langmuir mo ta kha t6t sy
hép phu PO}~ cua ZnO thé hién qua hé sé hoi

qui ctia phuong trinh 16n hon 0,9983 cho thiy
rang qua trinh hap phu 1a don 16p va hap phu
hoa hoc. Két qua ciia nhém 1én hon so véi véi
két qua cua cac nghién ctu da cong bd [9],
[10].
Bang 3: Dung luwong hcfp phu cuc dai Gmax va
hang s6 Langmuir b

Dung luong hap phu cuc dai 769,23
Qmax (Mg/g)
Hing s6 b (L/g) 0,12
4. KET LUAN

Pia didu ché dugc vat liéu ZnO ¢ céu trac
nano dang soi duong kinh khoang 50 nm,
chidu dai 100-200 nm, theo phwong phap thiy
nhiét. Két qua phén tich XRD, EDS, BET chi
ra ZnO c6 céu truc dang wurtzite, d¢ tinh Khiét
dat 99,99%, dién tich bé mat riéng 1a 17,05
m?/g.

Vit lieu ZnO ché tao duoc ung dung hép phu
PO}~ trong nuwdc. Mo hinh hap phu duge mo ta

t6t v6i phuong trinh dang nhiét Langmuir véi
dung luong hdp phu cuc dai 1a 769,23 mg/g.
Co ché hip phu duoc cho 13 do lyc twong tac
tinh dién cua vat liéu mang dién tich duong va
ion 4m phdt phat. Cac két qua nhan duge cho
thdy tiém ning st dung cac hat nano ZnO ché
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tao duoc dé loai bo chat thai trong méi trudng
nudc.
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