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TOM TAT
Mouc tiéu cua bai bao nay la si dung cdc thanh phdn thu nhan duoc tirphé liéu thuy san dé ché tao vit
liéu t6 hop nano coé d¢ xo”'p cao dinh huong wng dung phcfm nhudm va cé dinh vi khuan. Vit liéu t6 hop duoc
ché tao bang phwong phap don gian sir dung cdc thanh phan chitosan, hat hydroxyapatit kich thudc nano va
graphene. Trong do, chitosan va hydroxyapatit thu nhdn dwoc twong irng tir vo It xdc ciia tom va xuwong cd tra.
Vit liéu t6 hop thu dwoc o dang hat co do xép cao va dé~ddng tach ra dé tdi sir dung. Két qua thir nghiém cho
thdy, kha ndng hdp phu cwe dai ciia vit liéu doi véi methylene orange la 129,89 mg/g va hiéu sudt hap phu dat
trén 98% sau 5 lan tdi sir dung. Ngodi ra, vt liéu 0 hop co kha nang 6 dinh vi khudn & trang thai uwot dat 5,4
% sau 108 gio. Két qua thu diroc buéc dau cho thay phé liéu thiy san la nguon nguyén lidu tiém nang dé san
xudt cdc vat lidu t6 hop co tinh nang wu viét irng dung trong xur nuwoc bi 6 nhiém.
Tir khéa: Chitosan, hydroxyapatit, graphene, ¢é dinh vi khudn, hap thu pham nhuém, phé liéu thiy san
ABSTRACT

This paper aims to use the components recovered from seafood by-products to fabricate high porous
nanocomposites for dye adsorption and bacterial immobilization. The nanocomposites were prepared by
a facile method using starting materials, including chitosan, hydroxyapatite nanoparticles, and graphene.
Chitosan and hydroxyapatite were recovered from moulted shrimp shells and catfish bones, respectively. The
as-prepared nanocomposites had a high porosity and could separated easily for reuse. The results showed
that the highest adsorption capacity of the nanocomposite for methylene orange was 129.98 mg/g and the
adsorption efficiency was over 98% after five recycles. Besides, the obtained materials could immobilized over
5.4% bacteria for 108 h even under wet-state. These findings suggest seafood by-products as a potential source
for preparation of advanced composites for wastewater treatment.

Keywords: Chitosan, hydroxyapatite, graphene, bacterial immobilization, dye adsorption, seafood

by-products

I. PAT VAN PE nhiém phd bién 13 cic kim loai ning va
Su 6 nhiém nudc la mot van dé toan cau pham nhudm, c6 nguodn goc tir cac hoat dong

va c6 anh huodng truc ti€p dén con nguoi san xuat cong nghiép nhu khai khoang, san

cting nhu h¢ sinh thai [4]. Cac chat gay 6 xuat hoa chat, dién phan, dét nhudém [3].

2 o TRUONG DAI HOC NHA TRANG



Tap chi Khoa hoc - Cong nghé Thuy san

S6 4/2021

Cho dén nay, da c6 nhiéu phuong phap xir
1y nude bi 6 nhiém kim loai ning va pham
nhuém nhu két tua, oxy héa-khir, st dung
mang loc, phuong phap dién hda, phuong
phép sinh hoc va hip phu [13,8]. Trong do,
phuong phap hap phu duoc sir dung rong rai
nhét do ¢6 cac vu diém nhu hiéu qua tét, dé
thyc hién, chi phi thip, than thién voi moi
truong [8]. Mac du da co rat nhiéu loai vat
liéu hip phu khac nhau duoc ché tao dé xur
ly nudc 6 nhiém, tuy nhién ché tao mot vt
liéu hip phu c6 kha nang hap phu nhiéu loai
chit 6 nhidém hiéu qua, gia thanh thap, dé
dang tai so dung van 1a mot thach thic véi
cic nha nghién ctru. Trong bai bao gan day
[6], chung t6i di cong bd vat liéu hap phu t6
hop véi thanh phan co6 kich thudc nano va
c6 kha nang hap thuy t6t ion Cu(Il) va xanh
methylene trong nudc. Thanh phan chinh ciia
vét li€u nay la chitosan va hydroxyapatite va
duogc thu nhan tuwong Gng tr vo 10t xac cua
tdm va xuong ca tra.

Bai bao nay tiép tuc gidi thiéu hiéu qua
hép phu cta vét liéu t6 hop nano chira cac
thanh phan chitosan, hydroxyapatite va
graphene trong hap thy methylene cam (MO)
trong nudc. Pong thoi, chung t6i thir nghiém
st dung vat liéu trén dé c6 dinh mot loai vi
khuan c6 kha nang cat mach chitin duogc tach
tr vo tom.

IL. VAT LIEU VA PHUONG PHAP

1. Vit liéu

Chitosan (CTS, MW 150kDa, 3o deacetyl
khoang 93%) dugc thu nhan tur vo 10t xac cua
tom thé chan tréng tai ao nuoi tham canh thudc
trai Thyc nghiém Chinh M¥, huyén Ninh
Hoa, tinh Khéanh Hoa [11]. Hydroxyapatit
(HA, kich thuéc hat khoang 50 nm) duoc
thu nhan tr xuwong ca tra theo Nam va cong
su [10]. Graphene oxit (GO) diéu ché tur
graphite theo phuong phap Hummers co6 cai
tién [9]. Cac hoa chat thi nghiém dat d6 tinh
khiét phan tich.

2. Di¢u ché hat nanocompozit

Hat nanocompozit duoc diéu ché theo
quy trinh t&i wu trong cong bd gin day cua
chung t6i [6]. Cac budc bao gdbm: (1) Hoa tan

hoan toan 0,5 g CTS vao 50 mL dung dich
axit axetic 1,0%. Sau d6, cho 0,5 g HA va
0,02 g GO vao dung dich trén va danh siéu
am trong 30 phat dé phan tan déu cac hat HA
va tim GO, thu dugc dung dich A. (2) Chuan
bi dung dich B c6 chira dung dich TPP 4% va
dung dich NaOH 5% theo ty 1€ 3:1 (v/v). (3)
Nho giot dung dich A vao dung dich B trong
diéu kién khudy tir 50 vong/phat dé tao ra hat
nanocompozit. Hat nanocompozit dugc rtra
bang nudc cit cho dén trung tinh, siy kho, do
dac cac tinh chat va st dung dé hap phu, ¢6
dinh vi khuan.

3. Cac phuong phap phéan tich

Hinh dang va tinh chit bé mat cia hat
nanocompozit dugc xac dinh bang kinh hién vi
quét dién tir S-4800 cua hang Hitachi. Thanh
phan va tinh chat két tinh cua hat nanocompozit
duogc danh gia trén phd nhidu xa tia X véi nhidu
xa ké X'Pert-PRO MPD ciia hang PANalytical
sir dung tia chiéu xa Cu Ko (A = 1,54A) voi
hiéu dién thé 40 kV va cudng do 40 mA, goc
quét 4°<20<44°, bude quét 0,05°, tbe do quét
19/min, & nhiét d6 25°C. Cau trac hoa hoc cua
hat nanocompozit dugc phan tich bang pho hap
phu hong ngoai Nicolet iS10 ctia hang Thermo
Scientific trong khoang 500—4000 cm™ voi do
phan giai 16 cm™' trong 32 lan quét sir dung
chit nén KBr.

4. Khio sat kha ning hip phu methylene
da cam (MO) trong nwéc

Hoa tan 0,05 g MO trong 500mL nudc ct,
thu dugc dung dich MO ndng d6 100 mg/L.
Tu do, pha lodng tao cac dung dich MO c6
ndng do 10, 15, 20, 25, 30, 35, 40, 45 va 50
mg/L. Po quang phd UV-vis (Hach, DR600,
USA) ¢ budc song 465 nm va xay dung
duong chuan. Trong mot thi nghiém hap phu
MO, cho 0,1 g hat nanocompozit kh6 vao cbe
thuy tinh chira dung 100 mL dich MO ndng
d6 35 mg/L, lic nhe va dé yén trong 30 phut
tai nhi€t do phong (~28°C). Sau do, loc tach
cac hat nanocompozit, rira 3 1an bang nudc
cit, thu tat ca phan dich loc, tién hanh do
OD trén may UV-Vis ¢ budc song 465 nm dé
xac dinh ham lugng MO con lai trong dung
dich. Dung lugng hap phu can bang trén khi
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lugng chit hap phu (q,, mg/g) dugc xac dinh
theo phuong trinh sau [6]:

— (CE_CO)V (1)

m

Je

Trong do, Co la noéng do ban dau ciia MO
(mg/L), C_ la nong d6 con lai cia MO trong
dung dlCh & trang thai can bang (mg/L), V
va m tuong ung 1a thé tich dung dich (L) va
khéi lugng chat hap phu (g). Hiéu qua hip
phu dugc khao sat trong cac truong hop anh
huéng ctua nong d6 MO ban dau, thoi gian
hap phy, pH dung dich va kha ning tai sir
dung vat liéu. Can béng hép phu duoc khao
sat theo hai mé hinh ding nhiét Langmuir
(phuong trinh (2)) va dang nhiét Freundlich
(phuong trinh (3)) dudi day:

2 = (=) + (C @)

de KLdm dm

Inge = InKg + ()InC, 3)

Trong do, q, va gm tuong tang la dung
luong hip phu va dung lucrng hap phu cuc
dai ¢ trang thai cén bang (mg/g), C, la
ndng dd con lai cia MO trong dung d1ch o
trang thai can bang (mg/L) K, 12 hang sé
Langmuir (L/mg), K, la hing so Freundlich
(mg/g), I/n la hang s6 Freundlich dic trung
cho su khong dong nhit trén bé mit ciia cht
duoc hip phu.

5. Khao sat kha ning ¢6 dinh vi khuén

Phan ldp vi khudn cé khd nang cdt mach
chitossan:

V6 tom 10t thu nhan tai cac ao nudi tom
duoc U tang sinh trong moi truong giau
chitosan sau d6 loc thu dich va phan lap dé
thu nhan cac chung vi khuan trén mai truong
TSA. Céac chung vi khuin d3 phan lap duogc
thtr nghiém kha nang cat mach chitosan dé
lya chon. Trong sb do, chung vi khuén c6 kha
nang cit mach chitosan manh nhét, Bacillus
sp., c6 mot sé dic diém hinh thai va hoa sinh
dac trung: khuén lac c6 mau tréng stra, hinh
tron, tron bong, khong co6 tam; Té bao co
hinh que, dau tron, ding riéng 1¢ hoic tap
hop thanh tiing ddm; Gram + (G+). Chung vi
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khuén lya chon duoc céy tang sinh trén moi
trudng TSB ¢ 37°C, lic 150 vong/phut trong
24 gi¢r dé thu nhan dich vi khuan véi mat do
vi khuan khoang 10° - 107 CFU/ml.

Cé dinh vi khudn trén hat nanocompozit:

Ngam hat nanocompozit trong dich chua vi
khuén trong 2 gid. Sau thoi gian ngam, tach lay
hat, rira sach bang nuéc vo tring va bao quan
trong binh thay tinh ¢6 nap day ¢ nhiét do 6 —
8°C. Sau khoang thoi gian xac dinh tir 12 dén
108 gid, 5 hat nanocompozit dugc 1dy ra va cho
vao 10 mL nudc vo trung, lic 150 vong/phut &
nhiét do phong trong 30 phit. Cudi cung, thu
phan dich va cdy trang trén méi truong TSA, u
& 37°C trong 24 gid, doc két qua va xac dinh
mat d¢ vi khuan.

III. KET QUA NGHIEN CUU

1. Tinh chét ciia vt li¢u nanocompozit

Hinh la cho thay hinh anh vé hdn hop
chira ba thanh phan CTS, HA va GO c¢6 sy
phan tan tt trong toan bo thé tich. Sy phan
b6 t6t nay 1a do CTS tan trong dung dich
va ¢6 tinh chét tuong ty chat lam bén dbi
voi cac hat HA va tim GO. Hon nita, trén
bé mat cua GO co6 chira cadc nhém chue,
¢6 tinh phan cyc cao nhu -OH, -COOH,
-CHO va =CO gitp cho su phan tan tét ctia
GO trong nudce. Sau khi tao thanh cac hat
nancompozit voi kich thuéc duong kinh
trung binh khoang 2 mm (Hinh 1b), su
phan bd dong déu va tuong tac gilra cac
thanh phan tao nén céu trac xdp cao thé
hién trong hinh anh chup tir kinh hién vi
dién tir quét véi d6 phan gida khac nhau
(Hinh lc va 1d). Sy tao thanh ciu trac x6p
cua vat li€u duogc giai thich do qua trinh
tao hydrogel gitta CTS va TPP trong qua
trinh tao hat Sau do6, qua trinh sdy thang
hoa tao cau trac x6p cla aerogel Hon nira,
cac tam nano GO d3 ngan sy két dinh cua
cac hat HA va chu5i polyme CTS, do d6
giup tao cau triic xop cua vat li¢u. Cau truc
voi do x6p cao nay s€ tao ra bé mat tiép
xuc 16n véi nhiéu vi tri hoat doéng, do do
s& tang dung lugng hap phu cac phan ta
chit 6 nhiém trén vat liéu nanocompozit
thu duoc.
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Hinh 1. CAu tric héa hoc va hinh anh hén hgp CTS, HA va GO (a) truée va (b) sau khi tao hat
nanocompozit, (c,d) anh SEM ciia hat nanocompozit c6 d¢ phan giai (c) x 60 1an va (d) x 10000 lan.

Hinh 2 trinh bay dic diém cau tric hoa
hoc theo phd bién dbi hdng ngoai Fourier
(Hinh 2a) va tinh chat két tinh theo phd
nhiéu xa tia X (Hinh 2b) ciia vat liéu
nanocompozit thu duogc. Dya trén cac peak
quan sat thiy trén cac phd nay cho thay
su ¢6 mat cuda ba thanh phﬁn CTS, GO va
HA trong vat liéu to hop thu dugc. Cu thé,
cac peak thé hién cac nhom chirc dic trung
trong phan tir CTS, tim GO va hat HA tai
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sb song 3250 cm! (nhom -OH va N-H),
2913 cm! (nhém C-H), 1549 cm-1 (nhém
C-0), 1404 cm! (nhém N-H), 1015 cm’!
(nhom C-H va P-O) va 560 cm™ (nhom
P-0). Ph6 XRD cho biét cac peak dic trung
cho tinh chat vé dinh hinh cta GO tai goc
quét 20 10,2° va cua CTS tai 20 21,5°. Cac
peak séc, nhon dic trung cho do két tinh
cao cua HA va tuong déng voi phd chuan
JCPDS-09-0432.
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Hinh 2. (a) Ph chuyén débi hf)ng ngoai Fourier va (b) ph(‘; nhiéu xa tia X ciia nanocompozit.
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2. Hip phu methylene da cam bing vit
liéu nanocompozit
2.1. Anh huong cua thoi gian hdp phu va
pH cua dung dich
Hinh 3a cho thay khi ting thoi gian tlep
xuc thi hiéu qua hap phy MO cia vét lidu téng
hop ting. Pic biét, dung lugng hip phu ting
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nhanh va dat dung luong gén cuc dai trong 30
phut dau. Dleu nay c6 thé duoc glal thich do
cAu triic xp cao cua vat liéu, dan dén qué trinh
khuéch tan dé dang cua cac phan tir MO 1én bé
mit cua vat liéu. Vi vdy, can bang hdp phu xay
ra nhanh chong. Hién tugng nay cling xay ra
trong cac nghién curu trudce day [5, 7, 14, 15].
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Hinh 3. Anh hwéng cia (a) thoi gian tiép xic va (b) pH méi truong dén hi¢u qua hiap phu MO ciia
nanocompozit. Piéu kién khao sat: 100 mg nanocompozit, 100 mL dung dich, néng dd MO 35 mg/L.

Hinh 3b trinh bay anh huéng cua pH
méi truong dén hiéu qua hap phu MO cua
nanocompozit. Két qua cho thiy khi pH ting
tr 4 dén 10 thi hiéu qua hap phu giam dan.
Chiing t6i khong khao sat cac gia tri pH thp
hon vi chitosan s& bi hoa tan, mat cu trac
td hop x6p & moéi trudng pH <4 [6,12]. Két
quéa quan sat c6 thé dugc giai thich do cac
nhom amin (-NH,) trong phan tir chitosan bi

CTS-NH; + H30" (dung dich axit) 5 CTS-NH;" (mang dién tich duwong) + H>O

2.2. Hap phu dang nhiét va kha ndng tdi siv
dung chat hap phu

Cac mo hinh dugc strdung dékhao quatrinh
hap phu dang nhiét 1a Langmuir va Freudlich.
Mo hinh Langmuir xem qua trinh hap phu céac
phan tir chét tan ¢ ndng d6 thap, tao thanh mot
16p don trén mot bé mat dong nhét. Trong khi
mo hinh Freudlich 1a m6 hinh thuc nghiém, ap
dung v6i dung dich c6 nong do chat tan trung
binh va cao, cac phan tir dwgc hap phu trén
mot bé mat khong dong nhét [8]. Két qua khao
sat dugc trinh bay trong Hinh 4 va Bang 1. Ca
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proton hoa tao thanh nhém mang dién tich
duong (-NH,” theo phuong trinh (4), do do
s& tuong tac tot véi MO mang dién tich am
khi hoa tan trong nudc (nhu ciu tric mo ta
trong Hinh 3a) [1]. Nguoc lai, trong moi
truong c6 pH cao, cadc nhom amin s€ khong
bi proton héa nén bé mit mang dién tich am,
do cap electron khong lién két trong nguyén
tlr nito.

(6))
hai m6 hinh déu cho thay su tuong thich véi
gia tri thue nghiém véi hé sé hdi quy R*> 0,97
va d6 léch chuan SD < 0,1. Trong d6, md hinh
Langmuir (R? = 0,9858, SD = 0,0289%) cho
thay su phit hgp hon so vi mé hinh Freudlich
(R? = 0,9706, SD = 0,1204%). Ngoai ra, s6
liéu tor m6é hinh Langmuir trong Bang 1 cho
tha‘iy dung luong hép phu cuc dai thu dugc la
129,89 mg/g. Piéu nay ching t6 vat liéu thu
duoc c6 do hap phu tot so véi cac vat lidu nén
chitosan trong cac nghién ciru trude diy thé
hién ¢ Bang 2.
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Hinh 4. D6 thi va thong s6 ciia dwong ding nhiét (a) Langmuir va (b) Freudlich. Piéu kién hip phu:
thoi gian tiép xic 120 phit, 100 mg nanocompozit, 100 mL dung dich, pH 6.

Bang 1. Cac thong sé thu dugc theo cic md hinh ding nhiét khi hip phu MO trén vat liéu CTS/GO/HA

Mo hinh ding nhiét Langmuir Mo hinh ding nhiét Freundlich
K, (L/ SD
2 L 2 2 2 0
R me) qm(mg/ g) X (%) R KF(L/mg) n X SD (%)

0,9858 | 0,0203 | 129,89 | 0,0010 | 0,0289 | 0,9706 5,0687 1,5951 | 0,0145 | 0,1204

Bing 2. So sanh dung lwong hip phu MO cuc dai ciia mot vat ligu chitosan khac nhau

Vit liéu hip phu Dung lwong hip phu (mg/g) Tham khao

T hop Al O,/chitosan 35,31 [14]

Cross-linked chitosan 89,29 [7]

Chitosan 34,83 [12]

Mang Chitosan/PVA/Zeolite 153,00 [5]

T6 hop y-Fe,0,/SiO,/chitosan 34,29 [15]

Chitosan 34,83 [12]

T6 hop HA-CTS-Montmorillonite 137,50 [16]

Tb hop PVA/HA 14,704 [17]

Té hop RGO/HA 49,14 [18]

T hop chitosan/GO/HA 129,89 Nghién ctru nay

Hinh 5a mo ta kha nang tai st dung cia Céc hat dugc sy kho chan khong va tai sir
vat liéu thu duoc. Qua trinh giai hap nhu sau: dung. Dung dich rtra rai dugc dem phan tich
sau khi hap phu MO, céac hat nanocompozit xac dinh ham Iugng MO. Két qua cho thay,
dugc tach va rira bang dung dich H2S0O4 0,1 hiéu qua hap phu dat trén 98% sau 5 lan hap
M dén khi dung dich rira thu dugce khong mau. thu va giai hap. Sy giam mot phan dung lugng
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hap phu c6 thé do mot s6 phan tir MO vén con
ton tai trong thé tich ciia vat liéu hip phu chua
duogc giai hap hoan toan. Hién tugng nay ciing
quan sat dugc trong nghién ctru trudc day [2].
Mot diéu dang luu y d6 1a vat liéu hap phu

1000 -
(a)
100 R B i = 800 4
< 804
z S 600 4
o
€ 60 3
£ o 400
s 404 -
o <
T 2
20 200
0 . ; . . -
0 1 2 3 4 5 04

$6 lan tai st dung

nanocompozit ton tai dudi dang cac hat nén
dé dang tach va tai str dung. Cac tinh chit nay
goi mo tiém nang 16n khi tng dung vat liéu
t6 hop thu duoc 1am chéat hap phu MO trong
nudc trong thuc té.

0 12 24 48 72 9 108

Thei gian luwu giir (gio)

Hinh 5. (a) Hiéu qua hap phu sau cac lan tai sir dung, (b) do thi biéu dién mat d¢ té bao vi khuin theo
thoi gian lwu gitr va hinh anh vi khuén sau thoi gian lwu giir khac nhau trong méi truwong nudi ciy.

3. Co6 dinh vi khuin trén vit li¢u
nanocompozit

Hinh 5b cho thidy mat d6 t& bao vi khuan
phén giai chitin/chitosan luu gitt trén hat
nanocompozit theo thoi gian. Két qua cho
thdy mat do t& bao vi khuan giam dan theo
thoi gian. Cu thé, sd vi khuin bam dinh trén
hat khi luu giit 1a 843 CFU/g, giam xudng 314
va 136 CFU/g sau 24 va 48 gio. Tuy nhién, tu
72 dn 108 gid thi mat do vi khuan hau nhu
khong thay d6i. S6 lwong vi khuan giam nhanh
¢6 thé do trang thai luwu giit 1a trang thai u6t. Do
vay, chung toi dang tién hanh thir nghiém cho
vi khuan bam dinh sau d6 sdy dong kho va cho
két qua rat kha quan. Cac khao sat can duoc
hoan thién va s& cong b trong thoi gian téi.

IV. KET LUAN
Vat liéu t6 hop dang hat chtta 3 thanh
phan CTS, GO va HA duoc diéu ché bang

TAI LIEU THAM KHAO

mot phuong phap don gian & nhiét do
phong. Trong do, CTS va HA dugc thu
nhan tuong ung tu vo tdm va xuong ca. San
pham t6 hop thu duoc c6 do xdp cao va co
kha niang hap phu phim nhudém metyl da
cam trong thoi gian tiép xtc ngin (khoang
30 phut) v6i dung lwong hap phu cuc dai
129,89 mg/g. Ngoai ra, dua trén cac két qua
thtr nghiém budc dau cho théiy vat liéu to
hop thu duoc c6 thé sir dung 1am gia thé dé
¢ dinh va luu giit vi khuén phan giai chitin.
Tuy nhién, can c6 cac nghién ctru tiép theo
dé dinh danh va khao sat kha nang luu giit
trong diéu kién téi vu trude khi c6 thé ung
dung trong thyc té.
LOI CAM ON

Nghién ctru nay duogc tai tro bdi Bo Gido
duc va Pao tao trong dé tai ma sd B2019-
TSN-562-14.

[1]. Alves D.C. S., Healy B., Pinto 1.A.A., Cadaval T.S.A.J. and Breslin C.B. (2021), “Recent
developments in chitosan-based adsorbents for the removal of pollutants from aqueous environments”,

Molecules, 26, pp.594.

[2]. Bao S., Wu D., Wang Q. and Su T. (2014), “Functional elastic hydrogel as recyclable
membrane for the adsorption and degradation of methylene blue”, PLoS ONE 9, pp.e88802.

8 o TRUONG DAI HOC NHA TRANG



Tap chi Khoa hoc - Cong nghé Thuy san S6 4/2021

[3]. Candido I.C.M., Soares J.M.D., Barbosa J.A.B. and Oliveira H.P. (2019), “Adsorption and
identification of traces of dyes in aqueous solutions using chemically modified eggshell membranes”.
Bioresource Technology Reports, 7, pp.100267-100277.

[4]. Dutt M.A., Hanif M.A., Nadeem F. and Bhatti H.N. (2020), “A review of advances in
engineered composite materials popular for wastewater treatment”, Journal of Environmental
Chemical Engineering, 8, pp.104073.

[5]. Habiba U., Siddique T.A., JiJ., Lee L., Joo T.C., Ang B.C. and Afifi A.M. (2018), “Adsorption
study of methyl orange by chitosan/polyvinyl alcohol/zeolite electrospun composite nanofibrous
membrane”, Carbohydrate Polymers, 191, pp.79-85.

[6]. Hoa N.V., Minh N.C., Cuong H.N., Dat P.A., Nam P.V., Viet P.H.T., Phuong P.T.D. and Trung
T.S. (2021) “Highly porous hydroxyapatite/graphene oxide/chitosan beads as an efficient adsorbent
for dyes and heavy metal ions removal”, Molecules, 26, pp. 6127.

[7]. Huang R., Liu Q., Huo J. and Yang B. (2017), “Adsorption of methyl orange onto protonated
cross-linked chitosan”, Arabian Journal of Chemistry, 10, pp.24-32.

[8]. Kyzas G.Z. and Bikiaris D.N. (2015), “Recent modifications of chitosan for adsorption
applications: A critical and systematic review”. Marine Drugs, 13, pp.312-337.

[9]. Marcano C., Kosynkin D.V., Berlin J.M., Sinitskii A., Sun Z., Slesarev A., Alemany L.B.,
Lu W. and Tour J.M. (2010), “Improved synthesis of graphene oxide”, ACS Nano, 4, pp.4806-4814.

[10]. Nam P.V., Hoa N.V. and Trung T.S. (2019), “Properties of hydroxyapatites prepared from
different fish bones: A comparative study”, Ceramics International, 45, pp.20141-20147.

[11]. Phuong P.T.D., Trung T.S., Minh N.C., Bao H.N.D., Stevens W.F. and Hoa N.V. (2021)
“Valorization of heavy waste of modern intensive shrimp farming as a potential source for chitin and
chitosan production”, Waste and Biomass Valorization, in press. https://doi.org/10.1007/s12649-021-
01557-0.

[12]. Saha T.K., Bhoumik N.C., Karmaker S., Ahmed M.G., Ichikawa H. and Fukumori Y. (2010),
“Adsorption of methyl orange onto chitosan from aqueous solution” Journal of Water Resource and
Protection, 2, pp.8§98-906.

[13]. Wu F.C., Tseng R.L. and Juang R.S. (2010) “A review and experimental verification of
using chitosan and its derivatives as adsorbents for selected heavy metals”, Journal of Environmental
Management, 91, pp. 798-806.

[14]. Zhang J., Zhou Q. and Ou L. (2012), “Kinetic, isotherm, and thermodynamic studies of
the adsorption of methyl orange from aqueous solution by chitosan/alumina composite”. Journal of
Chemical & Engineering Data, 57, pp.412—419.

[15]. Zhu H., Jiang R. and Xiao L. (2009), “Adsorption of an anionic azo dye by chitosan/kaolin/
v-Fe,0, composites”, Applied Clay Science, 48, pp.522-526.

[16]. Joudi M., Nasserlah H., Hafdi H., Mouldar J., Hatimi B., El Mhammedi M.A., Bakasse
M. (2020), “Synthesis of an efcient hydroxyapatite—chitosan—montmorillonite thin flm for the
adsorption of anionic and cationic dyes: adsorption isotherm, kinetic and thermodynamic study”, SN
Applied Sciences, 2, pp.1078-1091.

[17].Guan Y., Cao W., Guan H., Lei X., Wang X., Tu Y., Marchetti A., Kong X. (2018), “A novel
polyalcohol-coated hydroxyapatite for the fast adsorption of organic dyes”, Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 548, pp. 85-91.

[18]. Karthikeyan P., Elanchezhiyan S.S.D.,Banu H.A.T., Farzana M.H., Park C.M. (2021),
“Hydrothermal synthesis of hydroxyapatite-reduced graphene oxide (1D-2D) hybrids with enhanced
selective adsorption properties for methyl orange and hexavalent chromium from aqueous solutions”,
Chemosphere, 276, pp. 130200.

TRUONG DAI HOC NHA TRANG e 9



