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TOM TAT

Trong nghién c(tu nay, chiing tdi st dung phuong phap dong két tia dé tong hap vat liéu composite Zn0/Chitosan (ZC-5) kich thudc nano. Céc déc trung cau
trdc, kich thudc tinh thé, hinh thai va kich thudc hat ciia vat liéu da duoc xac dinh. Anh chup bing kinh hién vi dién ti quét phat xa truding (FE-SEM), hién vi dién
tG truyén qua (TEM) va phan tich XRD (nhiéu xa tia X) cho thdy phuong phap dugc st dung da dan dén viéc ché tao vat composite Zn0/Chitosan (ZC-5) kich thudc
nano ¢6 d6 tinh khiét cao vdi kich thudc tir 20 - 40nm. Vat liéu ZC-5 da dugc st dung dé hdp phu x Iy chdt mau congo do. Két qua la thoi gian hdp phu dat téi
can bang sau 50- 60 phiit, két qua hap phu phi hop véi phuong trinh dong hoc biéu ki€n bac 2 va phit hop véi mé hinh hap phu d&ng nhiét Langmuir véi dung
[ugng hap phu cuc dai dat dugc la 223,71mg/q.

Tirkhéa: Zn0/chitosan (Zn0/CS), hdp phu, nano composite, congo d6.

ABSTRACT

In this study, we used the co-precipitation method to synthesize nano-sized Zn0/Chitosan (ZC-5) composite materials. The structural characteristics, crystal
size, morphology and particle size were determined. Field emission scanning electron microscopy (FE-SEM), transmission electron microscopy (TEM) and XRD
(X-ray diffraction) analysis showed that the method used led to the fabrication of high-purity nano-sized Zn0/Chitosan composite materials with sizes ranging
from 20 - 40nm. The synthesized materials were used as adsorbents to treat Congo red dye in aqueous solutions. As a result, the adsorption time reached
equilibrium after 50 - 60 min, the adsorption results followed the pseudo-second-order kinetic equation and were consistent with the Langmuir isotherm model.
with a maximum adsorption capacity of 223.71mg/qg.

Keywords: Zn0/chitosan (Zn0/(S), adsorption, nanocomposite, congo red.

Truong Hoa va Khoa hoc su song, Dai hoc Bach khoa Ha Noi
Khoa K§ thugt va Méi truong, Trudng Dai hoc Tha @6 Ha Noi
“Email: thinh.nguyenngoc@hust.edu.vn

Ngay nhan bai: 19/02/2025

Ngay nhan bai stfa sau phan bién: 16/5/2025

Ngay chdp nhan dang: 28/5/2025

1. GIGI THIEU

O nhiém méi truding nudc do cac hgp chat hitu co, déc
biét 1a cac chat mau téng hgp tir nganh céng nghiép dét
nhudm, gidy, in an va ché bién thuc phdm, dang trg thanh
van dé nghiém trong trén toan cau. Cac hgp chat mau
hitu co nhu methylene blue, rhodamine B va cac thuéc
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nhuém azo c6 cau trdc phan ti bén viing, kha nang phan
huy sinh hoc thap va tiém nang gay doc cao, lam anh
hudng nghiém trong dén hé sinh thai thay sinh va stc
khde con ngudi [1, 2]. Nhimng chat nay c6 thé lam gidm su
tham nhap cda anh sang vao moi trudng nudc, can trd
qua trinh quang hgp ctia sinh vat, déong thai moét sé thudc
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nhudm con c6 kha nang phan hay tao ra cac san pham co6
tinh dot bién hodc gay ung thu [2, 3]. Do d6, viéc tim kiém
cac giai phap xu ly hiéu qua cac chat mau hitu co trong
nudc thai cong nghiép la mét yéu cau cap thiét. Hién nay,
c6 nhiéu phuang phap x ly chat mau hiru co trong nuéc
thai, bao gom phuong phap hoa hoc (oxy héa nang cao,
kh{r héa hoc), phuong phap sinh hoc (st dung vi sinh vat
phan hy thuéc nhuém) va phuong phap vat ly (hap phu,
mang loc). Trong dé, phuong phap hap phu dugc coi la
mot gidi phap t6i uu nha tinh don gian, hiéu suat cao, chi
phi hop ly va kha nang ting dung rong rai. Hap phu la qua
trinh trong d6 céc phan ti chat 6 nhiém bi gil lai trén bé
mat cla vat liéu hap phu thdng qua cac tuong tac vat ly
hodc héa hoc. Hiéu suat ctia qua trinh hap phu phu thudc
vao dic tinh cta vat liéu hap phu, chdng han nhu dién
tich bé mat riéng, kich thudc 16 x6p, nhom chiic bé mat
va kha nang tai st dung [1-4]. VGi su phat trién manh mé
cla céng nghé nano, cac vat liéu hap phu nano dang
nhan dugc nhiéu su quan tdm do nhimng uu diém vugt
troi nhu dién tich bé mat I6n, kha nang hap phu manh,
tinh chat hoa ly c6 thé diéu chinh va kha nang téi st dung
nhiéu 1an. Mot sé vat liéu nano phé bién dugc st dung
trong qua trinh hap phu bao gébm nano oxit kim loai
(Fes04, TiO,, Zn0), graphene oxide, carbon nanotubes va
céac vat lieu composite lai tao. Nhiing vat liéu nay c6 thé
dugc bién tinh dé ting cudng kha nang hap phu, déng
thai cdi thién khd nang tach rai khoi moi trudng nudc sau
khi st dung, gitip gidm thiéu 6 nhiém thu cap [4, 5]. Bai
bao nay sé trinh bay phuong phap déng két tla dé téng
hgp vat liéu nano composite ZnO/chitosan va Uing dung
vat liéu téng hgp dugc dé lam chat hap phu xur ly chat
mau congo do trong mai trudng nudc.
2. THUC NGHIEM

Quy trinh téng hop

Cac héa chat sirdung trong bai bdo nay déu la loai tinh
khiét phan tich. Quy trinh téng hgp vat liéu dugc thuc
hién theo phuong phap da cong bé truéc d6, cé diéu
chinh nhu sau: 12,75g mu6i Zn(NO;),-6H,0 dugc hoa tan
hoan toan trong 100 mL dung dich chitosan (CS) 0,2%.
H6nN hgp thu dugc dugc khudy déu bang may khudy tu &
nhiét d6 80°C trong vong 30 phut. Sau d6, dung dich
NaOH 0,1M dugc nho giot tir ti vao dén khi pH ctia hé dat
gia tri 10. Qua trinh khudy dugc tiép tuc duy tri trong 120
phut & cung diéu kién nhiét do. Két ta tao thanh duoc
tach ra bang may ly tam, sau d6 dugc rtia bang nudc cat
dén khi pH trung tinh. Cu6i cing, mau dugc sdy kho &
60°C trong 8 gid va nghién min bang c6i ma nao dé thu
dugc vat liéu cudi cung ki hiéu la ZC-5 [5-7].
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Ddc trung vat liéu

Céc dac trung hoa ly cta vat liéu nano composite ZC-
5 sau khi diéu ché dugc khao sat bang nhiéu phuong
phap khac nhau. Cau tric va dac diém tinh thé dugc phan
tich bang may nhiéu xa tia X (Bruker D8), s dung nguén
phat Cu Ka (A = 1,54A), véi téc d6 quét 0,02°/s, trong dai
g6c 20° - 70°... Quan sat hinh thai bé mat va danh gid kich
thudc hat dugc thuc hién bang kinh hién vi dién ti quét
(Hitachi 5-4800) va kinh hién vi dién t truyén qua (JEOL
JEM-1010). Bong thoi, ndng dé chat mau congo do dugc
xac dinh bang phé hdp thu UV-Vis trén thiét bi Agilent
8453.

Quad trinh hdp phu chdt mau congo dé

Qua trinh hap phu chat mau congo do lén vat liéu
nanocomposite ZC-5 dugc tién hanh theo quy trinh sau:
chinh xac 0,05g vat liéu dugc can va dua vao binh phan
tng chidia 50mL dung dich chat mau congo do vdi cac
noéng dé ban dau khac nhau. Hé phan tng dugc lac lién
tuc bang may ldc ngang nham dam bao su tiép xdc hiéu
qua gilra chat hap phu va dung dich chat mau. Tai cac thoi
diém xac dinh, 5mL dung dich dugc 1ay ra va ly tam & téc
dé 6000 vong/phut dé loai bd phan chat ran. Nong do
chat mau congo dé con lai trong dung dich dugc xac dinh
bang phuong phap do quang phd UV-Vis tai budc séng
hap thu cuc dai ctia chat mau congo d6 la 494nm. Sau khi
do, dung dich da lay dugc hoan tra vao hé phan tng ban
dau dé dam bao thé tich khéng déi trong sudt qua trinh
khao sat [7, 8].

Cong thic tinh hiéu suat hap phu nhu sau:

H(%) = S0 =% 400

trong do, Co la néng d6 chat bi hap phu chat mau
congo d6 & thai diém ban dau, C; (mg.l") la néng dé chat
mau congo dé trong dung dich tai thai diém t.
3. KET QUA VA THAO LUAN

Phé nhiéu xa tia X (XRD) cda vat liéu composite ZC-5
(hinh 1) cho thdy cac dinh nhiéu xa dac trung tai cac goc
26, tuong Ung vai cac mat phdng (hkl) clia cau tric tinh
thé luc phuong wurtzite cGia ZnO (theo JCPDS card sé 36-
1451) [7, 91. Khéng ghi nhan cac tin hiéu pha tap, khdng
dinh san phadm téng hop ¢ d6 tinh khiét cao. Kich thudc
tinh thé trung binh, tinh toan theo phuong trinh Debye-
Scherrer (D = kM\/BcosB), vao khoang 29,6nm [7, 9]. Két
qua nay phu hop véi kich thudc hat quan sat dugc tu anh
hién vi dién ti truyén qua (TEM) va hién vi dién ti quét
(SEM), cho thady su déng nhat vé cau tric va kich thudc
clia vat liéu nano composite ZC-5.
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100

Intensity (A.U)

Hinh 2. Anh FESEM (tréi) va TEM (phi) ctia méu vat liéu mau nanocomposite
105

Hinh 2 la anh chup FESEM va TEM cula vat liéu
composite ZC-5 da dugc téng hop. Két qua cho thay, vat
liéu bao gdbm céc hat hinh cau va cac hat hinh luc giac c6
kich thudc tir 20 - 40nm. K&t qua nay phu hgp véi mot s6
nghién ctu khac d6 la khi s&t dung nguyén liéu dau la
mudi Zn(CH3COO0); thi sdn pham vat liéu ZnO sé c6 dang
hinh que, con st dung nguyén liéu dau la mudi Zn(NOs),
thi san pham thu dugc sé ¢6 hinh cau hoac hinh luc giac
tuy theo ti lé gilta cac chat [5-7, 10]. Diéu nay c6 thé sé
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gilp chung ta c6 thé diéu khién dugc hinh dang cda vat
liéu tuy theo muc dich st dung.

Vat liéu nanocomposite ZC-5 dugc st dung lam vat
lieu hap phu nham xt ly chat mau congo dé trong dung
dich nudc. M6i quan hé gilia hiéu suat hap phu chat mau
congo d6 va thai gian hap phu dugc trinh bay & hinh 3,
c6 thé thay trong khodng 40 phut dau tién, gia tri hiéu
sudt hap phu tang nhanh ching to téc dé hap phu congo
dd cua vat liéu ZC-5 rat cao, réi sau do toc dé hap phu
giam dan va dat téi can bang trong khoang 40 - 60 phdt.
Diéu nay c6 thé do dau tién cac tam hdp phu con nhiéu
nén téc d6 hap phu tang nhanh, sau dé cac tam hap phu
bi chiém ché bdi congo d6 lam t6c d6 hdp phu giam
xuéng roi cudi cung dat t6i can bang sau khoang 120
phut, hiéu suat hap phu dat hon 98%.
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Hinh 3. Do thi mdi quan hé gitta thai gian (t) va hiéu sudt hap phu congo
d6 (H%) (thé tich: 50mL; lugng chét hap phu: 0,05g; nong dd congo d6 ban
dau: 100mg/L)

Dong hoc qua trinh hap phu congo dé clia mau nano
composite ZC-5 dugc nghién clu bang cach st dung 2
moé hinh dong hoc 1a phuong trinh déng hoc biéu kién
bac nhat va bac hai [8].

lo -gq,)=lo —1t (N
9(9.-9,) = log(q.) 5303

qt KZ'qe qe

Trong dé:

- ge (Mg/q): lugng chat mau congo d6 hap phu tai thai
diém can bang.

- gt (mg/g): lugng chat mau congo do hap phu tai thai
diém t (phat).

- Ki (phut), K; (g.mg'phat”): hang s6 téc dé phuang
trinh déng hoc biéu kién bac nhat va bac hai.
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Trong thi nghiém nay, lugng chat hap phu nano
composite ZC-5 la: 0,05g va thay d&i néng d6 dung dich
chat mau congo dé ban dau lan lugt la 100, 150 va
200mg/L. Két qua dugc thé hién trén hinh 4 vabang 1, 2.
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Hinh 4. D6 thi m hinh ddng hoc hdp phu biéu kién bac nhat (trai) va do
thi mé hinh ddng hoc hap phu bac hai biéu kién (phai)

Bang 1. Thong s6 phuong trinh ddng hoc bac nhat biéu kién

Nong dd ban dau Pong hoc biéu kién bac nhat
chat mau congo dé | ... (mg/g) | K; (phit") | gew (Mg/g) | R?
(R 100mg/! 98,05 0,057990 22,615 0,986
(R 150mg/I 143,23 0,039934 42,75 0,8923
(R 200mg/! 182,36 0,022477 | 37,5837 | 0,72566
Bang 2. Thdng s6 phuong trinh ddng hoc bac hai biéu kién
Nong dé ban Pong hoc biéu kién bac hai
dau chat mau o Qe
congodo | Geen(M3/9) | Klgmg'phit) |- o R
(R 100mg/! 98,05 0,000975 100,03 | 0,99957
(R 150mg/! 143,23 0,001925 146,84 | 0,99973
(R 200mg/! 182,36 0,002834 185,52 | 0,99995

Qeexp: dung lugng hap phu khi can bang (thuc nghiém)
Qe.ca- dung luigng hap phu tinh theo md hinh
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Két qua thu dugc qua bang 1 va 2 cho thay, d6i véi mo
hinh déng hoc bac 1 biéu kién mac du hé s6 tuong quan
khéng thap tuy nhién khi 4p dung mé hinh dé tinh céac gia
tri dung lugng hap phu thi gia tri khac rat nhiéu so vai gia
tri dung luong héap phu thuc nghiém. Trong khi d6, trong
mo hinh hap phu biéu kién bac 2, cac gia tri hé sé tuang
quan R? rat cao va cac gia tri dung lugng hap phu tinh
theo mé hinh déu xap xi gia tri thuc nghiém. Tir d6 c6 thé
két luan qua trinh hap phu chat mau congo d6 ctia nano
composite ZC-5 tuan theo phuang trinh déng hoc biéu
kién bac hai.

DE& nghién ctu sau hon vé co ché qua trinh hap phuy,
hai mé hinh dang nhiét hap phu Langmuir va Freundlich
da dugc sirdung dé phan tich qua trinh hap phu chat mau
congo dé trén vat liéu nano ZC-5. M6 hinh Langmuir gia
thiét su hap phu don |6p tai cac vi tri déng nhat, khong co
su tuang tac gilra cac phan td bi hap phu, trong khi moé
hinh Freundlich dac trung cho su hap phu da I6p trén bé
mat khéng déng nhat. Cac phuong trinh tuyén tinh hoa
clia hai mé hinh dang nhiét dugc trinh bay dudi day [8]:

C G, 1

e Gn GnK

1
Ing, =InK, +—InC,
n

Trong dé:

ge (Mmg/g) la dung lugng hap phu congo do6 & trang
thai can bang.

gm (Mg/g) la dung lugng hdp phu cuc dai theo ly
thuyét.

Ce(mg/L) la néng d6 congo dd & trang thai can bang.

K. (L/mg), Ke ((mg/g).(L/mg)"") lan lugt la cac hang s6
Langmuir va Freundlich.

Két qua dudng dang nhiét Langmuir va Freundlich va
cac thong sé clia no dugc mo ta trong hinh 5 va bang 3.
Két qua thu dugc cho thdy qua trinh hap phu dang nhiét
congo d6 tuan theo phuang trinh dang nhiét hip phu
Langmuir véi hé s6 tuong quan R? la 0,998 I6n hon so vai
phuong trinh Freundlich (R?=0,979). Do d6, qua trinh hap
phu la don 16p véi d6 hap phu cuc dai theo ly thuyét la
223,71 (mg/qg).

Dung lugng hap phu cuc dai chat mau congo red cta
vat liéu nanocomposite ZC-5 téng hgp dugc tuong
duong va cao hon so véi moét sé vat liéu hap phu khac
trong cac nghién ctu da dugc cong bé trudc day (bang
4). Vi vay c6 thé két luan rang nanocomposite ZC-5 thu
dugc c6 tiém nang cao dé c6 kha nang ap dung loai bd
mau congo do.
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Hinh 5. Dudng dang nhiét Langmuir (trdi) va Freundlich (phai) hap phu
chat mau congo dd ctia vt liéu nanocomposite Z(-5

Bang 3. Cac thong s6 phuong trinh dang nhiét hdp phu Langmuir va
Freundlich

Hap phu Langmuir Hap phu Freundlich
qm(ma/g) | Ki(L/mg) | R* |Ki(mg/g).(L/mg)""| 1/n R?
223,71 0,18434 {0,998 85,168 0,2442 | 0,979

Bang 4. Dung lugng hdp phu cuc dai clia mot s6 chat hap phu da dugc
ong bo

Chét hap phu qm(mg/g) | Tham khdo
graphen oxit/polyvinyl alcohol/Fe;04 23,31 [11]
MIL-53(Al)@rGO 128,21 [12]
Magnetic (S/carrageenan ampholytic 212,7 [13]
microspheres
Chitosan coated magnetic Fe;04 42,62 - [14]
particle 56,66

Zinc peroxide nanomaterial 208 [15]
Mg-doped ZnO NPs 125 [16]

Vat liéu nanocomposite ZC-5 223,71 Nghién ciiu nay

4. KET LUAN
Trong bai bdo nay, vat liéu nanocomposite

ZnO/chitosan (ZC-5) da dugc téng hgp thanh cong bang

Vol. 61 - No. 5B (May 2025)

phuong phap dong két tda. Vat liéu nanocomposite ZC-5
sau khi t6ng hgp dugc phan tich dic trung bang céc
phuong phap phd nhiéu xa tia X, kinh hién vi dién ti quét
va hién vi dién t truyén qua. K&t qua cho thay kich thudc
trung binh cla tinh thé nano ZnO khodng 29,6nm. Két
qua hinh anh FESEM, TEM cho thay vat liéu nano ZC-5 c6
dang hat hinh cau va hinh luc giac c6 kich thudc trong
khodng 20 - 40nm. Vat liéu t6ng hgp dugc da dugc si
dung d@é xt ly loai bé chat mau congo dé khoi dung dich
nudgc. K&t qua la thai gian hap phu dat dugc can bang sau
khoang 50 - 60 phut, két qua hap phu phu hop hon véi
mo hinh dang nhiét Langmuir. Vat liéu dugc ching minh
c6 kha nang hap phu tét chat mau congo d6 véi dung
lugng hap phu cuc dai la 223,71mg/g, ching to6 vat liéu
hoan toan c6 kha nang phat trién thém dé tién téi tng
dung lam chat hap phu chat mau hitu co.

LO1 CAM ON

Nghién cttu nay dugc tai trg bai Dai hoc Bach khoa Ha
Noi trong dé tai ma s6 T2024- PC-070

TAI LIEU THAM KHAO

[1]. Madhav S., Ahamad A., Singh P., et al., “A review of textile industry:
Wet processing, environmental impacts, and effluent treatment methods,”
Environ. Qual. Manag., 27(3), 31-41, 2018.

[2]. Behera M., Nayak J., Banerjee S., et al., “A review on the treatment of
textile industry waste effluents towards the development of efficient
mitigation strategy: An integrated system design approach,” J. Environ. Chem.
Eng.,9(4), 2021.

[3]. Robinson T., McMullan G., Marchant R., et al., “Remediation of dyes
in textile effluent; A critical review on current treatment technologies with a
proposed alternative,” Bioresour. Technol.,, 77(3), 247-255, 2001.

[4]. ). Fadzli, K.H. Ku Hamid, N.R. Nik Him, S.W. Puasa, “A critical review
on the treatment of reactive dye wastewater,” Desalination Water Treat., 257,
185-203, 2022.

[5]. Nguyen N.T., Nguyen N.T., Nguyen V.A., “In situ synthesis and
characterization of Zn0O/chitosan nanocomposite as an adsorbent for removal
of congo red from aqueous solution,” Adv. Polym. Technol,, 1-8, 2020.

[6]. Nguyén Nhu Thanh, Nguyén Thanh Tung, Nguyén Van Anh, Nguyén
Thiy Chung, Nguyén Ngoc Thinh, “Xt Iy chdt mau congo red st dung vat liéu
composite Zn0/chitosan kich thudc nano,” Tap chi Xiic tdc va Hdp phu Viét
Nam, 11(4), 57-62, 2022.

[7]. Nguyén Ngoc Thinh, Nguyén Van Anh, Nguyén Huy Hoang, “Nghién
ctiu khd ndng hap phu chat mau methyl da cam trong dung dich nudc st dung
vat liéu composite ZnO/chitosan kich thudc nano,” Tap Chi Khoa hoc Va Cong
nghé Viét Nam bdn B, 67(2), 11-15, 2025.

HaUl Journal of Science and Technology | 449



CONG NGHE https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

[8]. Blachnio M., Budnyak T.M., Marczewska A.D., et al., “Chitosan-silica
hybrid composites for removal of sulfonated azo dyes from aqueous
solutions,” Langmuir, 34(6), 2258-2273, 2018.

[9]. A. Ashar, |.A. Bhatti, T. Siddique, et al., “Integrated hydrothermal
assisted green synthesis of Zn0 nano discs and their water purification
efficiency together with antimicrobial activity,” J. Mater. Res. Technol,, 15,
6901-6917, 2021.

[10]. P.Bhadra, M.K. Mitra, G.C. Das, et al., “Interaction of chitosan capped
In0 nanorods with Escherichia coli,” Mater. Sci. Eng. (, 31(5), 929-937, 2011.

[11]. Lé Diéu Thu, Tran Vinh Hoang, “Nghién cu qua trinh hap phu Congo
d6 (Congo Red - CR) trén vdt liéu graphen oxit/polyvinyl alcohol/Fe;0s,” Tap
chi Xiic tdc va Hdp phu Viét Nam, 10(1), 31-35, 2021.

[12]. Hoang Thi Linh Giang, Nguyén Diic Quan, Dao Van Thanh, Bui
Phuong Linh, Nguyén Thi Tuyét Mai, Ddng Thi Minh Hug, “Nghién ctiu téng
hop vét liéu composite MIL-53(Al)@rGO ting dung hdp phu chat mau Congo
dd trong moi trung nudc,” Tap chi Xiic tdc va Hdp phu Viét Nam, 13(1), 129-
133,2024.

[13]. X. Liang, J. Duan, Q. Xua, et al., “Ampholytic microspheres

constructed from chitosan and carrageenan in alkali/urea aqueous solution for
purification of various wastewater,” Chem. Eng. J.,, 317, 766-776, 2017.

[14]. Zhu H.,Zhang M., Liu Y., Zhang L., et al., “Study of Congo red
adsorption onto chitosan coated magnetic iron oxide in batch
mode,” Desalination and Water Treatment, 37, 46-54, 2012.

[15].S. Chawla, H. Uppal, M. Yadav, et al., “Zinc peroxide nanomaterial as
an adsorbent for removal of Congo red dye from wastewater,” Ecotoxicol.
Environ. Saf., 135, 68-74, 2017.

[16]. P.P. Ratha, S.S. Behera, B. Priyadarshini, et al., “Influence of Mg
doping on ZnO NPs for enhanced adsorption activity of Congo Red dye,” Appl.
Surf. Sci., 491, 256-266, 2019.

AUTHORS INFORMATION
Ngoc Thinh Nguyen', Van Anh Nguyen?

1School of Chemistry and Life Science, Hanoi University of Science and
Technology, Vietnam

“Faculty of Enginering and Environment, Hanoi Metropolitan University,
Vietnam

450 | Tap chi Khoa hoc va Cdng nghé Trudng Dai hoc Cong nghiép Ha Noi Tap 61- 50 5B (5/2025)



