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SUMMARY

STUDY ON ADSORPTIVE REMOVAL OF Cu?* IN WATER ENVIRONMENT
USING NANOSILICA RICE HUSK

In this study, we investigated adsorptive removal of copper ion Cu?* in water environment using nanosilica
fabricated from rice husk. The nanosilica was characterized by X-ray diffraction (XRD), and energy-
dispersive X-ray spectroscopy (EDX). Some parameters for removal of Cu?* using nanosilica through
adsorption technique were adsorption time 90 min, pH 7 and adsorbent dosage 10 mg/mL. Under optimum
conditions, maximum removal of Cu?* reached to 98.7 %. Adsortion capacity of Cu®*on nanosilica
decreased with increasing ionic strength while adsorption capacity reached to 50.0 mg/g. Adsorption of
Cu?* on nanosilica in the presence of antibiotic ciprofloxacin (CFX) was higher than that in the absence
of CFX. Adsorption isotherms were well fitted by Freundlich model, suggesting that adsorption induced by
both electrostatic and non-electrostatic interactions.
Keywords: Adsorption, Cu?*, Water treatment, Nanosilica, Rice husk.

1.MO PAU

O nhiém méi trudng nudc béi kim loai ning da va
dang gay ra hau qua nghiém trong cho méi truong
va con ngudi [1]. VAn dé nhidm doc ion ddng
(Cu?*) duoc ghi nhan tai nhiéu quéc gia trong do
c6 Viét Nam [2]. Nong do Cu?* cao c6 thé gay ra
mot sb anh huong ddi vai sic khoé. Nhidm doc
ddng trong thoi gian ngén cé thé gay réi loan da
day va nén mira. Viéc sir dung nuéc cd nong do
ddng vuot qua gii han cho phép trong nhiéu nim
c6 thé gay ra nhitng bénh vé gan va than. Khi co
thé nguoi hdp thu mot luong Cu?* ¢ thé tich tu
gay bénh Wilson. Vi vay, viéc loai bo ion Cu?
trong méi trudng nuéc bi 6 nhiém c6 y nghia quan
trong.

Hién nay c6 nhiéu phuong phép xt Iy loai bo ion
Cu?* trong mdi truong nudc nhu xir ly sinh hoc,
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keo tu, xuc tac quang va hp phu [3, 4]. Trong do,
hap phu duoc biét dén 1a mot trong sb cac phuong
phép xir ly hiéu qua cao phu hop véi cac nude dang
phat trién [5]. Phuong phap nay rat phi hop voi
c4c nudce dang phat trién nhu Viét Nam bang viéc
sir dung cac ngudn vat liéu hip phu ré tién, sin c6
nhu cac khoang sét tu nhién hodc phu pham néng
nghi¢p [6].

Nanosilica la vat liéu hap phu co ban c6 thé dé
dang ché tao tir phu phiam néng nghiép nhu vo
trau. Nhiéu cong trinh da nghién ciu hap phu ion
kim loai ning trén nanosilica [7]. Trong mdi
truong nudc c6 thé chira nhiéu cac hop chat hiru
co kho phén huay trong d6 ¢6 du lugng khang sinh.
Khang sinh ciprofloxacin (CFX) thuoc thé hé thi
hai ho khang sinh fluoroquinolon dugc sir dung
phd bién nhung rat kho phan hiy sinh hoc [8]. Tuy



nhién, nghién ciru hap phu Cu?* trén nanosilica khi
c6 mat khang sinh CFX chua dugc cong bé trong
nudc va quoc té.

Trong cdng trinh nay, chang tdi nghién ctu xtr Iy
Cu?* bang phuong phap hap phu sir dung vat li¢u
nanosilica ché tao tir vo trau. Vat liéu nanosilica
dugc xac dinh ddc trung bang cac phuong phap
nhidu xa Ronghen (XRD), phd tan Xa nang lugng
tia X (EDX). Cac yéu t6 hap phu quan trong nhu
thoi gian hap phu, pH cua dung dich, lwong vat
liéu hdp phu duoc nghién ctu t6i wu bing phuong
phap don bién. M6 hinh hip phu ding nhiét
Freundlich duoc nghién ciru dé danh gia co ché
hip phu. Anh huong cua CFX t6i qua trinh hap
phu dang nhiét Cu?* ciing dugc nghién cuau.

2.THU'C NGHIEM
2.1. Thiét bi, dung cu, hoa chit

Vit liéu nanosilica ché tao tir vo trau theo quy trinh
da dugc cdng b trong cac bai bao [9, 10]. Dung
dich chuan quang phé Cu?* nong do 1000ppm cua
hiang Merck. Chuin sic ky khang sinh
Ciprofloxacin (CFX) d6 tinh khiét 98% dwoc cung
cap bai hang TCI, Nhat Ban. Céc hoa chat khéc
duoc sir dung déu co do tinh khiét phan tich (p.A,
Scharlau) hoac twong dwong.

Nong d6 khang sinh CFX dwoc phan tich bing
phuong phap UV-Vis trén thiét bi UV-1650PC,
Shimadzu, Nhat Ban. Nong d6 Cu trong cac dung
dich dugc phan tich bang thiét bi quang phd hap
thu nguyén tir AA-6800 (Shimadzu, Nhat Ban).

2.2. Hip phu xir Iy Cu?* bing vit liéu nanosilica

Hap phu duoc tién hanh bang cach hit cac lugng
thé tich khac nhau cua dung dich nanosilica 100
mg/mLdugc tién hanh trong 6ng falcon 15 mL sir
dung 2,0 ppm Cu?*, diéu chinh pH bang dung dich
HC1 0,1 M va KOH 0,1M. Tién hanh lic trong cac
thoi gian khac nhau dé nghién ctu thoi gian can
bang.
Hiéu suat xir Iy Cu?* bang vat liéu nanosilica dugc
tinh theo cdng thuc
(Cy -
CU

c,)
%H =

1009

’ ®
Trong d6 H% la hiéu suét xir Iy Cu?*; Cova Ce lan
luot 12 nong d6 ban dau (ppm) con lai sau hap phu
(ppm) cta Cu?*,
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Hép phu dang nhiét dwoc tién hanh trong diéu kién
t6i wu khi c6 mat va khong c6 mat khang sinh
CFX. Puong dang nhiét hip phu ¢ ba nong do
mudi 1, 10, 50 mM trong cac diéu kién t6i vu. M6
hinh dang nhiét Freundlich dugc sir dung dé mo ta
su hip phu cua Cu?* trén vat liéu nanosilica.

3. KET QUA VA BAN LUAN
3.1. DPic trung cua vat liéu nanosilica

Vit lidu nanosilica ché tao tir vo triu dugc xac
dinh ddc trung bang cac phuong phap nhidu xa
Ronghen (XRD), va pho tan xa ning luong tia X
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Hinh 1. Gian dé XRD cua vdt liéu nanosilica
Hinh 1 cho thay trén gian d6 XRD xuét hién goc
rong c6 cuong dé6 manh tai 26 trong khoang 20 —
24°, dac trung cho silica vo dinh hinh [11].
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Hinh 2. Phé EDX cua vat lidu nanosilica

Thanh phan cua vat liéu duoc khing dinh bang
phuong phap EDX. Két qua trén Hinh 2 chi ra ring
thanh phan nguyén t6 cua vat liéu chi bao gom Si
va O vai ti 18 khbi lwong nguyén t6 1an luot la 35.3
va 64.7 % phu hop véi SiO..

Két qua Hinh 1 va 2 ching to, vat liéu nanosilica
d3 duoc ché tao thanh cong tir vo triu véi do tinh
khiét cao.



3.2. Khao sat anh hwéng téi kha ning hap phu
xur ly Cu?* trén vat li¢u nanosilica

Hap phu ion kim loai nang trén vat liéu nanosilica
chiu tac dong cua nhiéu yéu té nhu thoi gian hip
phu, pH cua dung dich, va luong vat liéu.
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Hinh 3. Anh hirong cua thoi gian hap phu téi

hiéu sudt xi ly Cu?* bang vat liéu nanosilica.

Hinh 3 cho thay khi thai gian hap phu ting thi hiéu
Suat xur ly Cu?* tang nhanh. Sau 90 phut, higu suat
xir Iy thay d6i khong dang ké, chung to can bang
hap phu dat dugc sau 90 phut. Vi vay, thoi gian ti
wu dé hap phu xu Iy Cu?* trong mdi truong nude
1290 phit.
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Hinh 4. Anh hirong cia pH téi hiéu sudt xi Iy
Cu?* bang vat liéu nanosilica.

Hinh 4 cho thay hiéu suat xir Iy Cu?* bang vat liéu
nanosilica rat thip & pH nho. Khi tang pH hiéu suat
xir Iy ting. O pH dudi 6 ti trong dién tich am cia
vt liéu nanosilica chua du l6n dé luu gitr cac ion
mang dién duong Cu?* [12]. Khi pH > 6.0 hiéu
sudt xtr Iy tang 1én dang ké. Tai pH = 7, hiéu suét
xir Iy dat gan 99 % trong khi sai khac giira cac thi
nghiém lap lai thé hién bang d6 léch chuan rat nho.
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Két qua nay thuan lgi khi xa Iy mau thuc tidn voi
moi truong pH trung tinh. Vi vay pH =7 dugc giir
¢6 dinh cho cac thi nghiém tiép theo.
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Hinh 5. Anh hurong cua lieong vat liéu téi hiéu
suat xi Iy Cu?* bang vat liéu nanosilica.

Két qua khao sat anh hudng cua luong vat liéu
nanosilica téi hiéu suat xir Iy Cu?* trén Hinh 5 cho
thiy khi tang luong vat ligu hidu suat xu Iy ting va
dat gia tri cuc dai tai 10 mg/mL. Vi vay, 10 mg/mL
la lugng vat lieu téi wu dé xu ly Cu?* bing
nanosilica.

3.3. Hip phu ding nhiét Cu?* trén vat ligu
nanosilica khi khéng cé va khi co khang sinh
CFX

Anh huong cua lyc ion t6i sy hdp phu Cu?* trén
vat liéu nanosilica tai hai nong d6 mudi 1 mM va
10 mM tai pH=7 khi khdng c6 CFX va khi c6 CFX
dugc thé hién ¢ Bang 1.
Bang 1. Hdp phu ddng nhiét Cu* trén vat ligu
nanosilica khi khong cé va cé CFX mé td bang
mé hinh Freundlich

Thong Néng dé mudi NaCl
sb (mM)
1 10
Kr 0,46 0,45
Khi khéng n 1,01 1,12
c6 CFX R? 0,9706 0,9738
Q max 40.3 29.3
Kr 0.994 0.91
Khi co n 1.49 1.60
CFX R? 0.9695 0.9837
Q max 50.0 375

Két qua trén Bang 1 cho thiy hap phu Cu?* trén
vat liéu nanosilica tai hai nong d6 mudi NaCl 1



mM va 10 mM khi khdng c6 va khi c6 mat khang
sinh CFX phu hop hon véi md hinh nhiét
Freundich vai hé s R? déu 16n hon 0,96. Bang 1
cho thidy sy hap phu cia Cu?* trén vat ligu
nanosilica tai hai nong do luc ion, khi c6 CFX,
dung lugng hap phu cuc dai déu cao hon so véi khi
khéng co mat khang sinh CFX. Piéu d6 ching to
Cu?* mang dién am di tao phtrc cdp ion véi CFX
mang dién &m & pH >pKal. Hién tugng nay twong
tw hip phu cua ion Cu va dugc pham diclofenac
trén vat liéu tu nhién [13]. Do qua trinh tao phuc
nén hip phu tao thanh da 16p tuong tic giira cac
phan tr phic Cu-CFX trén bé mat vat liéu
nanosilica nén hé s6 n trong md hinh cua
Freundlich ting gip 1,4 lan khi c6 mat cia CFX.
Két qua nay twong ty hap phu Cu?* trén d4 ong khi
c6 mat cua cac thanh phan hop chat hitu co tu
nhién c6 mat trong thanh phan da ong [14].

Nanosilica ché tao tir vo triu 1a vat liéu hap phu
hiéu ning cao c6 kha nang xt 1y nhidu hop chét
hitu co da duoc nghién ctu hé théng [15]. Nghién
clru ndy maé ra tng dung méi trong hap phu ion
kim loai nang, dic biét c6 kha nang hap phu dong
thoi kim loai nang va cac chit gay 6 nhiém hiru co.

4. KET LUAN

Bai bao da nghién ctru hap phu xtr Iy Cu?* sir dung
vt liéu nanosilica ché tao tir vo trau. Pic trung cta
vt liéu nanosilica dugc xac dinh bang cac phuong
phap XRD va EDX. Thoi gian hip phy, pH, va
lwong vat liéu téi uu @ xir Iy Cu?* bang nanosilica
lan luwot la 1a 90 phat, pH= 7 va 10 mg/mL. Khi ap
dung cac diéu kién hap phu tbi wu, hiéu suit hdp phu
Cu?* dat trén 98 %. Khi c6 mit caa khang sinh CFX,
dung lugng hap phy Cu?* trén nanosilica ting 1én do
qua trinh tao phic cap ion cua Cu?* mang dién
duwong va CFX mang dién &m trén bé mat cua vat
lidu nanosilica. Hip phu dang nhiét ciia Cu®* trén
vt liéu nanosilica phit hgp véi mé hinh déng nhiét
Freundlich.

TAI LIEU THAM KHAO

[1] T.M.T. Nguyen, T.P.T. Do, T.S. Hoang, N.V.
Nguyen, H.D. Pham, T.D. Nguyen, T.N.M. Pham,
T.S. Le, T.D. Pham, (2018). Adsorption of
Anionic Surfactants onto Alumina:
Characteristics, Mechanisms, and Application for

115

Heavy Metal Removal. International Journal of
Polymer Science, 2018, 11.

[2] T.D.Pham, H.H. Nguyen, N.V. Nguyen, T.T.
Vu, T.N.M. Pham, T.H.Y. Doan, M.H. Nguyen,
T.M.V. Ngo, (2017). Adsorptive Removal of
Copper by Using Surfactant Modified Laterite
Soil. Journal of Chemistry, 2017, 10.

[3] F. Fu, Q. Wang, (2011). Removal of heavy
metal ions from wastewaters: A review. Journal of
Environmental Management, 92(3), 407-418.

[4] M.B. Ahmed, J.L. Zhou, H.H. Ngo, W. Guo,
(2015). Adsorptive removal of antibiotics from
water and wastewater: Progress and challenges.
Science of The Total Environment, 532, 112-126.

[5] S. Babel, T.A. Kurniawan, (2003). Low-cost
adsorbents for heavy metals uptake from
contaminated water: a review. Journal of
Hazardous Materials, 97(1-3), 219-243.

[6] Y. Dai, N. Zhang, C. Xing, Q. Cui, Q. Sun,
(2019). The adsorption, regeneration and
engineering applications of biochar for removal
organic pollutants: A review. Chemosphere, 223,
12-27.

[7] M. Machida, B. Fotoohi, Y. Amamo, L.
Mercier, (2012). Cadmium(ll) and lead(Il)
adsorption  onto  hetero-atom  functional
mesoporous silica and activated carbon. Applied
Surface Science, 258(19), 7389-7394.

[8] N.T. Nguyen, T.H. Dao, T.T. Truong, T.M.T.
Nguyen, T.D. Pham, (2020). Adsorption
characteristic of ciprofloxacin antibiotic onto
synthesized alpha alumina nanoparticles with
surface modification by polyanion. Journal of
Molecular Liquids, 309(6), 113150.

[9] T.D. Dinh, M.N. Phan, D.T. Nguyen, T.M.D.
Le, A.K. Nadda, A.L. Srivastav, T.N.M. Pham,
T.D. Pham, (2022). Removal of beta-lactam
antibiotic in water environment by adsorption
technique using cationic surfactant functionalized
nanosilica rice husk. Environmental Research,
210(1-3), 112943.

[10] T.T.T. Truong, T.N. Vu, T.D. Dinh, T.T.
Pham, T.A.H. Nguyen, M.H. Nguyen, T.D.
Nguyen, S.-i. Yusa, T.D. Pham, (2021).



Adsorptive removal of cefixime using a novel
adsorbent based on synthesized polycation coated
nanosilica rice husk. Progress in Organic
Coatings, 158(9), 106361.

[11] T.D. Pham, T.T. Bui, T.T. Trang Truong,
T.H. Hoang, T.S. Le, V.D. Duong, A. Yamaguchi,
M. Kobayashi, Y. Adachi, (2020). Adsorption
characteristics of beta-lactam cefixime onto
nanosilica fabricated from rice husk with surface
modification by polyelectrolyte. Journal of
Molecular Liquids, 298, 111981.

[12] T.D. Pham, T.T. Bui, V.T. Nguyen, T.K.V.
Bui, T.T. Tran, Q.C. Phan, T.D. Pham, T.H.
Hoang, (2018). Adsorption of Polyelectrolyte onto
Nanosilica Synthesized from Rice Husk:

116

Characteristics, Mechanisms, and Application for
Antibiotic Removal. Polymers, 10(2), 220.

[13] M. Graouer-Bacart, S. Sayen, E. Guillon,
(2016). Adsorption and co-adsorption of
diclofenac and Cu(ll) on calcareous soils.
Ecotoxicology and Environmental Safety, 124,
386-392.

[14] Phan Minh Nguyet, Pham Thuy Nga, Pham
Thi Ngoc Mai, Pham Tien Duc, Nguyen The
Dung, (2021). Adsorption characteristics of
cationic surfactant onto nanosilica synthesized
from rice husk. Journal of Analytical Sciences, 26,
216-219.

[15] Pham Tién Bwc, Pham Luan, Tran Tu Hiéu,
Ng6 Thi Mai Viét, Chu Dinh Binh, (2009). Khao
sat dung lugng hip phu céc ion kim loai nang cua
vat liéu hap phu d4 ong bién tinh co6 gia thém dét
hiém, Tap chi Phan tich Héa, Ly va Sinh hoc,
14(2), 103-1009.



	35bai
	Q2.23.I19


