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Nghién ciru kh ning hap phu chat mau methyl da cam trong dung dich mwde
stt dung vat Liéu composite ZnO/chitosan kich thuc nano
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Tom tit:

Ngay nay, thudce nhuom hitu co duge sir dung nhiéu trong cac nganh cong nghiép nhu: dét nhuom, my pham, glay, €ao su..
Tuy nhién, sw phat trién nhanh cua cac nganh cong nghiép nay da lam ting dang ké lwgng chit thai chira thudc nhufm hlru
co thai ra moi tru’o’ng, do vay can ¢b bién phap xi ly hiéu qua. Trong bai bao nay, vat liéu nanocomposite ZnO/chitosan
(ZnO/CS) di dwoc tong hop bing phwong phap dong két tia. Sau khi dwge tong hop thanh cong, vat liéu nanocomposite
ZnO/CS dugc phan tich dic trung bang cac phuong phap phé nhiéu xa tia X, kinh hién vi dién tir quét va hién vi dién tir
truyén qua. Két qua cho thay, kich thwéc trung binh ciia tinh thé nano ZnO khoéng 29,6 nm. Vit liéu nanocomposite ZnO/
CS ¢6 dang hat hinh ciu va hinh luc gidc cé kich thuéc trong khoang 20-40 nm. Vit liéu tong hop di dwoc sir dung dé loai
b6 chit mau methyl da cam khéi dung dich nwéc. Két qua cho thay, thoi gian hap phu dat téi cn bang sau 20-30 phuit, két
qua hap phu phit hop véi mé hinh ding nhiét Freundlich, chimg t6 qua trinh hap phu 1a da 16p. VAt liéu dwgc chirng minh cé
kha ning hap phu tot chat mau methyl da cam véi dung lwong hip phu cuwe dai dat 33,90 mg/g, chirng té vat liéu hoan toan
c6 kha ning phat trién thém dé tién téi ng dung 1am chit hap phu chit mau hiru co.

Tir khéa: hip phu, methyl da cam, nanocomposite, ZnO/chitosan.
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Abstract:

Nowadays, organic dyes are widely used in numerous industrial fields such as textile dyeing, cosmetics, paper, rubber, etc.
However, the rapid development of these industries has significantly increased the amount of waste containing organic
dyes released into the environment, thus, they need to be effectively treated. In this article, ZnO/chitosan nanocomposites
(ZnO/CS) were synthesised by the co-precipitation method. After being successfully synthesised, ZnO/CS nanocomposite
materials were characterised by X-ray diffraction spectroscopy, scanning electron microscopy and transmission electron
microscopy. The results indicate that the average size of ZnO nanocrystals is about 29.6 nm. ZnO/CS nanocomposite
materials have spherical and hexagonal particles ranging in size from 20 to 40 nm. The synthesised material was used
to remove methyl orange from water-based solutions. The results demonstrate that the equilibrium adsorption time is
reached after about 20-30 minutes, the adsorption results are more appropriately described by the Freundlich isotherm
model, proving that the adsorption process is multilayer. The material is proven to have a good adsorption capacity of
methyl orange with a maximum adsorption capacity of 33.90 mg/g, showing that the material is fully capable of further
development to be applied as an adsorbent for organic dyes.
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1. Gioi thiéu

Ngay nay, thudc nhuém hitu co dugc st dung nhiéu
trong cic nganh cong nghiép nhu: dét nhuém, my pham,
gidy, cao su... Tuy nhién, su phat trién nhanh cta cac nganh
cong nghiép d6 di lam cho luong chit thai chta thude
nhuém hiru co thai ra méi trudng gia ting dang ké. Udc
tinh, khoang 10-15% luong thu6c nhudm st dung trong qué
trinh san xuat khong dugc hap thu hoan toan vao san pham
cudi cing ma bj thai truc tiép ra ngudn nude. Piéu nay dan
dén nudce thai cong nghiép thudng chira mot lugng 10n chat
nhudém 1am ting nhu cau oxy héa hoc (COD), nhu cau oxy
sinh hoc (BOD), giam d9 xuyén anh sang va tim nhin [1-
3]. Cac hop chat nay khi xdm nhdp vao ngudn nudc cb thé
gdy 6 nhiém nghiém trong, anh huong dén chat lugng nudc
va lam giam da dang sinh hoc cta h¢ sinh thai thiy sinh.
Bén canh d6, mot sb thude nhudm hitu co co kha nang sinh
ra cac chit doc hai trong diéu kién nhit dinh, giy ra cac
bénh 1y nguy hiém [1-4]. Trong s6 cac thudc nhudém hitu co,
methyl da cam dugc cht y nhiéu do tinh doc hai cao. Pay 1a
mét loai thudc nhudm azo véi dic tinh 6n dinh va khé phan
huy, thuong dugc st dung trong cac ng dung cong nghiép
va phong thi nghiém [4]. Theo bao cdo ctua E. Forgacs va
cs (2004) [5], methyl da cam khong chi anh huong dén sirc
khoe con ngudi ma con co thé gay ra anh hudng nghiém
trong cho moéi truong. Khi di vao co thé, methyl da cam c6
thé gy ton thuong hodc rdi loan chirc nang cac co quan nhu
gan, than... Ngoai ra, hop chit nay ciing duoc ghi nhan la
lam giam kha nang sinh san va va tang ty I¢ to vong & céc
loi thay sinh, tir d6 pha v& can bang sinh thai [1, 5]. Pic
biét, khi methyl da cam bi phan hiy khong hoan toan, né
¢6 thé tao ra cac san pham phan hity nhu amin thom - mot
nhom hop chét c6 kha ning giy dot bién va Ia tac nhén
gay nhiéu anh huong khong tét t6i strc khoe da duoc chimg
minh [6]. Do d0, can co cac bién phap loai bo hodc giam
thiéu t6i da luwong thudc nhudém methyl da cam, cling nhu
thuc nhudm hitu co trong nudc thai truée khi xa ching ra
moi trudng.

Dé xur Iy thudc nhudém hiru co, cic nha nghién ciru da sir
dung mot s6 cac phuong phép sinh hoc, hoa hoc va vit 1y,
vi du nhu: xu ly hiéu khi hodc ky khi, dong tu, keo tu, oxy
hoéa hoa hoc, phan huy xuc tac quang, phan huy dién hoa
hoc, phuong phéap loc mang va hip phu... [1, 4, 5]. Trong
s6 nhitng phuong phép trén, hip phu 1a mét trong nhiing
phuong phap phd bién dé loai bo thude nhudém vi dé thuc
hién va hiéu qua cao [2-5]. Trong thoi gian gin day, vat
liéu c6 kich thudc nano (1-100 nm) thuong duge lua chon
nghién ctru 1am chat hdp phu nho ¢6 nhiéu wu diém vuot
troi hon so vdi cac vat liéu hép phu truyén théng do co6 dién

KHOA
&CONGHI\?GCI:-IE

67(2) 2.2025

s Khoa hoc Tu' nhién | Hoa hoc; Khoa hoc Ky thuat va Céng nghé | Ky thuat vat liéu va luyén kim, Céng nghé nano

tich bé mat riéng rat 1on. K.O. Iwuozor va cs (2021) [7] da
thong ké duoc khoang 240 nghién ctru da xuat ban vé kha
nang xt 1y loai bo thuéc nhuém methyl da cam trong moi
truong nudc va nhan manh ring, cic hat nano va chit hip
phu téng hop dua trén polyme (sinh hoc) 1a nhimg vat liéu
dugc nghién cuou thuong xuyén st dung cho muc dich nay
[1, 7]. Trong s do, chitosan (CS), mot loai polyme sinh hoc
tir nhién c6 ngudn gdc tir chitin, khong doc hai, 6 thé phan
huy sinh hoc, dugc coi la mét trong nhiing chét hép phu phu
hop nhét va linh hoat nhét vé mit chirc ning vi né chta cac
nhom hydroxyl (-OH) va amin (-NH,) [1]. Pé tiang cuong
kha ning hap phy, tinh chon loc ciing nhu d¢ bén co hoc
ctia CS cac nha nghién ctru thudng két hop néd voi cac vat
liéu ban dan kich thude nano nhu TiO,, CdS, ZnO... dé tao
thanh cac nanocomposite. Cac nanocomposite vat li¢u ban
dan trén nén CS ¢6 wu diém ndi bat 1a gia ré, it anh hudong
té1 moi truong va cho hiéu suét xur 1y cao [1, 8]. Trong bai
béo nay, vat liu nanocomposite ZnO/CS da dugc tong hop
bang phuong phap dong két tua. Vat liéu téng hop di duoc
str dung dé xir Iy loai bé chat mau methyl da cam khoi dung
dich nudc.

2. Thi nghiém va phuong phap nghién ciiu
2.1. Tong hop nanocomposite ZnO/CS

Nghién ctru str dung cac hoa chat tinh khiét dung trong
phan tich. Quy trinh tong hop mau duoc tién hanh nhu da
cong bd trude day [8] voi mot sé thay doi, cu thé: hoa tan
hoan toan 12,75 g mudi Zn(NO,),.6H,0 vao 100 ml dung
dich CS (ndng d6 0,2%), khudy déu hon hop ¢ 80°C trong
thoi gian 30 phut bang may khudy tir. Sau d6, dung dich
NaOH 0,1 M duoc thém tir tir vao hdn hop cho téi khi pH
ctia hon hop dat toi gia tri pH=10. Khudy tiép tuc hdn hop
phén g trong 120 phut tai ciing nhiét d6 néu trén. Két tua
tao thanh duogc tach bang may ly tim Hettich Mikro 22R.
Sau do, két tia duge 1am sach bé‘mg cach rira v6i nudce cét
cho dén pH trung tinh. San pham thu dugc sdy qua dém
(khoang 8 gid) ¢ nhiét do 60°C. Vat li¢u da duoc lam kho s€
duogc nghién nho véi cbi ma nio.

2.2. Ddc trung tinh chit ciia vit ligu

Vit li¢u nanocomposite ZnO/CS da téng hop dugc dic
trung bang nhiéu thiét bi phan tich hoa 1y hién dai nhu: thiét
bi nhiéu xa tia X (Bruker D8 - Truong Pai hoc Khoa hoc
Ty nhién, Pai hoc Qudc gia Ha N¢i), thiét bi hién vi dién
ttr quét, thiét bi hién vi dién tir truyén qua (JEOL JEM-1010
- Vién Vé sinh Dich t& Trung uong). Néng d6 chat mau
methyl da cam duoc do bang thiét bi quang phd tir ngoai
kha kién (UV-Vis) (Agilent 8453) tai Truong Hoa va Khoa
hoc Su séng, Pai hoc Bach khoa Ha Noi.
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2.3. Nghién civu khd ning hép phu chét mau methyl da
cam cua vt liéu nano ZnO/CS

Qué trinh hip thy methyl da cam lén vat liéu
nanocomposite ZnO/CS dugc khao sat theo quy trinh sau:
can chinh xac 0,05 g nanocomposite ZnO/CS, chuyén luong
chat hap phu da cin vao binh phan tmg c6 chira 50 ml dung
dich methyl da cam c6 cac néng d6 khac nhau (5, 10, 20
va 30 mg/l). Hon hop phan tmg dugc lic lién tuc bang may
lic ngang. Lwong mau 5 ml dugc lay ra sau nhimg khoang
thoi gian khac nhau duoc ly tdm (6000 vong/phut). Sau do,
n6ng d6 chit mau methyl da cam con lai dugc xac dinh
bang phuong phap so mau trén may UV-Vis tai budc song
464 nm. Sau khi do nong d6 methyl da cam, dung dich liy
ra duoc rét lai vao hdn hop phan tng ban dau [9]. Dudi day
1a cong thire duoc str dung dé tinh lwong methyl da cam hap
phu tirc thoi 1én vat liéu da tong hop (g, mg/l):
(Co—Cp)V

w

e = M

trong do: C la ndng do chat bi hap phu methyl da cam & thoi
diém ban dau C, (mg/) la nong d6 methyl da cam tai thoi
diémt, V(1) 1a the tich dung dich methyl da cam va W (g) la
khéi lwong chat hap phu nanocomposite ZnO/CS.

3. Két qua va ban luan

Hinh 1 trinh bay gian d6 nhidu xa tia X cua vét liéu nano
ZnO/CS. C6 thé thiy, chi c6 mot pha tinh thé duy nhét, cac
peak déu trung vai cac peak twong img voi ZnO tinh thé luc
phuong wurtzite theo thé dir liéu chuan JCPDS (36-1451)
[10]. Diéu nay chimg minh, san pham chtra thanh phan tinh
thé ZnO tinh khiét va khong con pha tinh thé nao khéc.

Cwong do

20 30 40 50 80 70 80
20

Hinh 1. Phd nhiéu xa tia X cGia nano ZnO/CS.

Bang 1 thé hién cac thong s6 cua phd nhidu xa tia X cua
vat liéu nano ZnO/CS st dung phén mém X’Pert HighScore
khi so sanh v&i phé chuén cua tinh thé ZnO, cac vi tri peak
dic trung va cudng do trong ddi cua cac peak trong vt lidu
déu kha twong ddng vai phd chuén. Kich thude nhé cua tinh
thé duoc chimg to qua sw mé rong ciia cic peak thu duoc.

KHOA
&CONGHN%CI:-IE

67(2) 2.2025

Bang 1. So sanh cac théng sé cia mau nano ZnO/CS va mau
chuén.

JCPDS (36-1451) Nano ZnO/CS

20 %l 20 %l FWHM
31,76 57 31,75 56,01 0,2362
34,42 44 3431 40,21 0,18
36,25 100 36,22 100 0,2952
47,53 23 47,58 24,57 0,2066
56,60 32 56,55 45,8 0,2362
62,86 29 62,82 32,1 0,4133
67,96 22 67,82 25,74 0,3542
69,09 16 69,02 14,47 0,1771

Cong thirc Scherer dugc ding dé tinh kich thude tinh thé
cua vat liéu:
kA )
LcosO

trong d6: D la kich thudc tinh thé, k=0,94, budc song A cua
tia X - 0,154 nm, do rong peak P tai vi tri nira chiéu cao
(FWHM) [10]. Tir gian dd nhidu xa tia X (hinh 1) va cac
thong s6 trong bang 1 ¢ thé thay, peak tai vi tri goc 2 O 1a
36,22° 1a peak c6 cudong do 16n nhét (100%). Do d6, nhom
tac gia st dung peak nay dé tinh kich thudc cua tinh thé
nano ZnO. Theo d6, kich thudc tinh thé tinh theo cong thic
Scherer cua vat liéu ZnO 1a 29,6 nm.

Kich thudc cling nhu hinh thai hat ctia vat liéu nano
ZnO/CS, dugc xac dinh bang phuong phap kinh hién vi
dién tor quét (FESEM) va kinh hién vi dién tir truyén qua
(TEM) (hinh 2). Theo két qua thu dugc, vét liéu nano ZnO/
CS bao gém cac hat hinh cu va cac hat hinh luc giac ¢o
kich thudc 20-40 nm. Trong mot sé nghién ctru khéc, khi st
dung nguyén liéu dau 12 mudi Zn(CH,CO0), th‘} san pham
nano ZnO thu dugc sé€ c6 dang hinh que 1a chu yéu [11, 12].
Diéu nay co thé gitp kiém soat hinh dang cta vat liéu theo
mong mudn, tity theo cac yéu cau khic nhau. Tuy nhién, co
ché cy thé chinh xéc thi cAn cac nghién ctru sdu hon.

*8

Hinh 2. Anh kinh hién vi dién tir quét (trai) va kinh hién vi dién to
truyén qua (phai) cia mau vat liéu nanocomposite ZnO/CS.
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Hinh 3. Sw phu thuéc cta dung lwgng hap phu methyl da cam Ién
vat liéu nanocomposite ZnO/CS vao thei gian.
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trong do: q, (mg/g) 1a dung lugng hap phu methyl da cam
O trang thai can béng; q,, (mg/g) la dung lugng hap phu
methyl da cam cyc dai theo 1y thuyet C, (mg/1) 1a nong do
methyl da cam ¢ trang thai can bang, K (Umg) 1a hing s6
Langmuir; K ((mg/g).(I/mg)'") 1a hang s Freundlich.

Hinh 4 thé hién do thi tuyen tinh cia dudng hap phu
dang nhiét Langmuir va Freundlich ctua methyl da cam 1én
vt liéu nano ZnO/CS. Tir nhimg dudng dd thi nay, nhimng
thong s6 cua qua trinh hap phu nhu q,, K va K, dugc tinh
toan va biéu dién trong bang 2. Tu két qua thu duorc c6 thé
thay, qua trinh hdp phu dang nhiét methyl da cam tuan theo
phuong trinh dang nhiét hap phu Freundlich véi hé s6 tuong
quan R? 12 0,9895, 16n hon so voi hé s6 twong quan phuong
trinh Langmuir (R>=0,8457). Do d6, qua trinh hip phu dién
ra theo co ché da 16p.

T —

3,04 ™ B

284

2,6 1 )
y=0,6451x + 1,392 R"=0.9895
2,4 1

2,24

Lnge

T
-0,5 0.0 0,5 1.0 15 2.0 2.5
InCe

Hinh 4. Pwéng ddng nhiét Langmuir (trai) va Freundlich (phai) hap phu methyl da cam déi v&i vat liéu nanocomposite ZnO/CS.

Nhu di biét, nong d6 ban diu cia methyl da cam (O]
va thoi gian hip phu c6 kha ning anh huong toi kha ning
hap phu ctia vat liéu. Nhom tac gia di khao sat anh huong
ny va biéu dién két qua thu dugc trong hinh 3. Két qua cho
thdy, trong 5 phat dau tién, dung luong hap phu tang kha
nhanh, sau d6 giam din va dat téi trang thai cAn bang sau
khodng 20 phut. Ngoai ra, khi ting C thi dung lugng hap
phu methyl da cam ciing tang Ién tuong Gng (hinh 3).

Hai mo hinh duong dfmg nhiét hap phu Langmuir (biéu
din sy hap phu don 16p) va Freundlich (biéu dién sy hap
phu da 16p) 1a cac mo hinh dwogc sir dung phd bién trong
céc nghién ctru vé qué trinh hap phy dang nhiét. Do vay,
trong nghién ctru nay, nhom tac gia da dung 2 mo hinh trén
dé kiém ching su hép phu cua methyl da cam 1én vét li¢u
da tong hop dugc. Dudi day 1a nhiing phuong trinh dang
tuyén tinh twong (mg véi hai mé hinh hap phu Langmuir va
Freundlich [7, 9]:

Ceo Lo 1 3)
e dm aAm-KL

1
Inq, = InKp + ;lnCe 4)
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Nhu vay, theo tinh toan ctia nhém tac gia khi su dung
mo hinh Langmuir, dung luong hap phu cuc dai ciia methyl
da cam trén nanocomposite ZnO/CS 1a 33,90 (mg/g). Nhom
tac gia di tién hanh so sanh két qua thu duoc véi nhiing
Kkét qua nghién ctru trén nhiéu loai vat liéu cta cac bai bao
tuong tu, dd dugc xudt ban cua cac tac gia khac (bang 3).
Theo d6, dung lugng hép phu cuc dai methyl da cam cua
vat liéu nanocomposite ZnO/CS thu dugc trong bai bao nay
tuong ddi tot, chimg to vat liéu nanocomposite ZnO/CS nay
¢6 tiém nang phat trién va Gng dung trong xir Iy 6 nhiém
thudc nhudm hiru co.

Bang 2. Cac thong sé6 mé hinh hap phu ding nhiét Langmuir va
hép phu dang nhiét Freundlich.

HAp phu Langmuir Hép phu Freundlich

q, (mg/g) K, (/mg) R’ K, (mg/g).(Ymg)""  1/n R’

33,90 0,18434 0,8457 131,871 0,35186  0,9895
1
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Bang 3. So sanh kha nang xir Iy methyl da cam v&i mot sé vat liéu
hép phu khac.

Loai vat liéu q,, (mg/g) Tai liéu
CS-polyaniline-copper(II) oxide 9,22 [1]

CS schiff/Fe,0, nanocomposite 16,00 [1]
CS/diatomic 26,50 [13]
Fe,O,/mesoporous carbon 35,12 [14]
LDH/Fe,0 /polyvinyl alcohol 19,59 [14]

CS sinh khéi 29 [15]
Mang CS 8,41 [16]
Tro day 3,61 [17]
Pau nanh da khir dau 16,66 [17]
Gel CS 23,10 [18]
ZnO/CS nanocomposite 33,90 Nghién ctru nay

4. Két luan

Trong bai bao nay, vat liéu nano ZnO/CS da duoc téng
hop thanh cong bang phuong phap ddng két tua. Vat lidu
nano ZnO/CS sau khi téng horp dugc phéan tich dic trung
bang cac phuong phap phé nhiéu xa tia X, FESEM va TEM.
Két qua cho théy, kich thudc trung binh cua tinh thé nano
ZnO khoang 29,6 nm. Két qua hinh anh SEM, TEM cho
théy, vat liéu nano ZnO/CS c6 dang hat hinh cau va luc giac
v6i kich thude trong khoang 20-40 nm. Vit liéu tong hop da
dugc sur dung dé xir 1y loai bo chit mau methyl da cam khoi
dung dich nuéc. Thoi gian hap phy dat can bang sau khoang
20-30 phit va phu hop véi mé hinh déng nhiét Freundlich.
Vat li¢u dugc chimg minh c6 kha ning hép phu tét chit mau
methyl da cam véi dung luong hap phu cyc dai 1a 33,90
mg/g, chimg t6 vét liéu hoan toan c6 tiém nang phat trién dé
g dung 1am chét hap phu chit mau hitu co.
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