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THONG TIN BAI BAO TOM TAT

Qua trinh xiz Iy: Ngay nay, nhleu nghién ctru huéng dén viéc ché tao céc vat ligu hd tro
Ngay nhan bai: 26/10/2023 xir ly cac ngudn nudc bi & nhidm boi pham nhudm va ion kim loai. Vat
Ngay nhén ban chinh siza: 27/11/2023 I!¢u nano oxide klm loai 6 tinh tir t1n_h dang 1a nhiing ung cur vién dang
Ngay nhdn dang: 09/12/2023 tin cdy. Trong nghién cuu nay, vat liéu Fe;Os/CTS da dugc tong hop
Ngay xudt ban: 20/4/2026 thanh cong bing phuong phap thuy nhiét. Vat liéu duoc déc trung boi

cac phuong phap phd hong ngoai (IR), gian do nhidu xa Ronghen
(XRD), phan tich nhiét trong luong (TGA) va kinh hién vi dién tir quét

Tur khoa: (SEM). Két qua cho thay Fe,O3 trong vt liéu Fe,0a/CTS c6 tinh tinh thé
Vat li¢u; cao, phan bé trén soi polymer chitosan va chiém ham luong 49%. Vit
Fe0s lidu Fe;03/CTS c6 kha ning hap phu cac chit mau hitu co Methylene
ﬁgg"sﬁ; Blue (MB), Methyl Orange (MO), Congo Red (CR) va Rhodamine B

(RhB) & nhiét do phong. Tién hanh thi nghiém vai 0,100 g vat liéu
Fe;0s/CTS trong 30 mL dung dich c4c chat mau MB, MO, CR va RhB
nong do 10 mg/L, hiéu suat hap phu va dung Iwong hap phu tuong tng
lan luot 12 41,6%; 12,1%; 99,6%; 38,7% va 1,3; 0,4; 2,9; 1,2 mg/g.

Chdt mau héiu co.

1. PAT VAN PE

Thudc nhudm duoc st dung rong réi trong cac nganh dét nhudém, da, my pham, muc in, ché bién thuc pham.
Tuy nhién, khoang 15% thudc nhudm bj that thoat trong qué trinh nhudém va thai vao cac ngudn nudc thai
(Biswas et al., 2021). Do thuéc nhuém azo c6 ham luong 16n cic vong thom trong phén tir va c6 kha ning
khang sinh hoc nén cac phuong phap xtt Iy sinh hoc thuong khong hiéu qua trong viéc khir mau va loai bo
thudc nhugm azo nguy hiém. Ngoai ra, cac thuéc nhuom nay con c6 thé gay ra nhiing thiét hai d6i véi moi
truong, sinh vét dudi nuéc va suc khoe con nguoi (Aizat & Aziz, 2019). Trong nhitng ndm gan day, nhiéu
phuong phap xtr 1y da duoc nghién ctu va st dung dé khir mau nudc thai thudc nhugm nhur phuong phap dong

tu, ling dong, quang xdc tac, loc mang... Cac qua trinh nay déu c6 nhitng han ché riéng, Chang han nhu tao
bun, hinh thanh cac amin thom va lam tic ngh&n mang (Chenab et al., 2020). Su hip phu trén bé mat rin dang
ngay cang dugc quan tdm trong xtr 1y nudc thai va duge coi 1a phuo‘ng phap hiéu qua va kinh té dé loai bo
thuoc nhudém khoi dung dich nuéc.

Chitosan (CTS) la san pham duoc diéu ché bang céch deacetyl héa chitin, mot loai polymer sinh hoc phd
bién thi hai trén thé gioi sau cellulose. Vit liéu CTS dang tho, dang ghep va co lién két ngang duoc sir dung
lam chat hap phu dang thu hit nhiéu sy chd y va cho thy day 1a dang vat liéu hap phu tiém nang dé loai bo
c4c loai thudc nhuom khac nhau vi trong mach phan tir chitosan ¢6 mat cac nhém chirc amino (—NH.) va
hydroxy (~OH) c6 thé tao lién két phdi tri va twong tac tinh dién (Sakib et al., 2021). Tuy nhién, nhuoc diém
cua vat liéu CTS I viéc tach CTS ra khoi dung dich gap nhiéu kho khan nén han ché cac wng dung thuc té cua
loai vat ligu nay. Cong nghé tach vat liéu hap phu c6 su hd tro tir tinh da cung cAp mot phuong phap thay thé
dé tach cac chat hip phu dang bot khoi dung dich mot cach hiéu qua va dé dang bang quy trinh tir tinh don
gian (Akin Sahbaz et al., 2019). Magnetite (FesO4) va maghemite (Fe.0s) da duoc stir dung rong rai lam vat
liéu tir tinh do c6 dac tinh tir tinh, tinh 6n dinh héa hoc va kha niang twong thich sinh hoc (Al-Anber & Al-
Qaisi, 2019). Gan day da c6 nhiéu cdng trinh nghién ciru vé vat liéu composite Fe,0a/CTS tir tinh va tmg dung
ctia chiing trong viéc loai bo cac ion kim loai ciing nhu chat mau hitu co. Trong nghién ctu ndy, vat liéu
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Fe:05/CTS dugc tdng hop bang phuong phap thiy nhiét. Vat liéu dugc dic trung va khao sat kha ning hap
phu mét s6 chat mau hiru co nhw Methylene Blue (MB), Methyl Orange (MO), Congo Red (CR) va Rhodamine
B (RhB).

2. THU'C NGHIEM

2.1. Héa chat

CTS (hinh 1a) duoc diéu ché tir v6 cua c6 d6 deacetyl DDA > 90% theo quy trinh (Pang et al., 2018). Céc
hoa chit ferric chloride FeCls (tir Sigma Aldrich, Hoa Ky) c6 do tinh khiét cao (> 99,0%). Sodium hydroxide
NaOH, hydrochloric acid HCI va cac chat mau Methylene Blue (MB), Methyl Orange (MO), Congo Red (CR)
va Rhodamine B (RhB) tir Xilong Scientific, Trung Quéc.

2.2. Tong hop vat liéu Fe,0s/chitosan

Quy trinh diéu ché vat lidu Fe;0s/CTS dugc thuc hién dya trén cong bd khoa hoc (Ping et al., 2021). Qua
trinh duoc thuc hién nhu sau: Tién hanh hoa tan 1,3 g CTS trong 100 mL dung dich FeCls 0,1 M thu dugc
dung dich gel FeCls/CTS mau nau d6. Sau do, nho tung giot dung dich gel FeCls/CTS vao binh chira 250 mL
dung dich NaOH 0,1 M thong qua syringe dong thoi khuiy nhe va sau d6 dé yén trong 3 gio thu duoc cac hat
cau gel Fe(OH)3/CTS (hinh 1b). Tién hanh thay nhiét hat ciu Fe(OH)a/CTS trong dung dich NH3z 5% & nhiét
dd 160 °C trong 6 gio. Qua trinh thuy nhiét két thiic thu dwgc san pham 1a céc hat gel cau Fe,0s/CTS mau nau
d6 (hinh 1c). Tién hanh siy dong kho cac hat gel cau Fe,03/CTS & -20 °C trong 24 gid thu duoc céc hat cau
xbp Fe;04/CTS (hinh 1d).

Hat cau CTS ciing duoc tdng hop theo quy trinh twong tu nhu hat ciu Fe,03/CTS bang cach hoa tan 1,3 g
CTS trong 100 mL dung dich CH3COOH 0,1 M thu dugc dung dich gel CTS trong sudt khong mau. Sau do,
nho ting giot dung dich gel CTS vao binh chtra 250 mL dung dich NaOH 0,1 M thong qua syringe dong thoi
khudy nhe va dé yén trong 3 gio thu duoc céc hat cau gel CTS mau tring duc. Tién hanh sy dong kho cac hat
gel cau CTS & -20 °C trong 24 gio thu duoc cac hat cau CTS.

Hinh 1. Cac san pham thu dugc trong cac giai doan tong hop vat liéu Fe,03/CTS.

(a) Mang CTS thu dugc tir vo cua; (b) Hat gel cau Fe(OH)s/CTS; (c) Hat gel cau Fe,05/CTS
va (d) Hat cau Fe,Os/CTS sau khi say dong kho.

2.3. Bdc trung vat liéu

Céc mau vat ligu CTS va Fe,03/CTS dugc dic trung bang cac phuong phap sau: Pho hong ngoai (IR) dugc
do trén may IR-Prestige-21 spectrometer (Shimadzu) trong viing c6 budc song tir 400 - 4000 cm™. Gian do
nhiéu xa Ronghen (XRD) duoc ghi trén may nhiéu xa Ronghen Advance Bruker D8 X-ray diffractometer, sir
dung ngudn buc xa CuK, véi bude song A = 1,5406 A, goc quét 20 thay doi tir 10-80°. Phan tich nhiét trong
lwong duoc thuc hién trén thiét bi Labsys TG/DSC-SETARAM thermogravimetric analyzer: gia nhiét 5-10 mg
mau vat liéu trong khong khi tir nhiét d6 phong dén 900 °C vai tée do gia nhiét 20 °C/ph(t. Hinh théi cua vat
liéu dugc quan sat trén kinh hién vi dién tir quét (SEM). Anh SEM chup bé mit duoc ghi trén may Jeol JSM-
6490LV & cac do phan giai khac nhau.
2.4. Khao sét kha nang hdp phu chdt mau cua vdt liéu Fe,Os/chitosan

Vit liéu CTS va Fe;0s/CTS duoc tién hanh khao sét kha niang hip phu 4 chit mau MB, MO, CR va RhB.
Quy trinh thuc hién: Chuan bj 0,100 gam hat ciu CTS va 0,100 gam hat ciu Fe,O3/CTS va 8 cdc ¢6 dung tich
100 mL. Cho vao mdi cdc riéng biét ¢6 30 mL dung dich céc chit mau MB, MO, CR va RhB ¢6 nong d6 10
mg/L. Tién hanh khudy trén méay khuy tir trong thoi gian 60 phat & nhiét dd phong véi toc do khudy 200 vong/
phdt. Trich lay dung dich cac chat mau ban dau va sau 60 phdt, tién hanh ly tam, tach vat liéu Fe,0s/CTS va
do mat do quang A cac dung dich chat mau MB, MO, CR va RhB tai cac budc s0ng Amax twong tng vai bon
chat mau lan luot 1a 664, 465, 498 va 553 nm.

Hiéu suat hap phu (H%) va dung luong hap phu (q:) cac chat mau cua hai vat liéu CTS va Fe,03/CTS duoc
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tinh theo cac phuong trinh (1) va (2):

H% =

Co - Ct
T 100% (D)

(o]

g = Co -GV @)

m
Trong do:
Co, C: ndng do cuia dung dich chit mau ban dau va tai thoi diém t (mg/L)
m: Khéi lugng chat hip phu (g)
V: Thé tich dung dich chat mau (L)
3. KET QUA VA THAO LUAN
3.1. Tong hop va dic trung vat liéu Fe,Os/chitosan
Vit liéu Fe203/CTS dugc t6ng hop theo quy trinh muc 2.2 va dac trung boi cac phuong phap IR, XRD,
TGA va SEM. Phé IR cua 2 vat liéu CTS va Fe;O3/CTS (hinh 2a) déu xuat hién cac dao déng cta cac lién két
va nhém chtic dic trung trong phan tir CTS nhu dao dong hoa tri cua céc lién két O—H va N—H/amin (chéng
I&n nhau) tai sé séng 3200 — 3550 cm %, dao dong hoéa tri cua lién két C=0/amide tai 1647 — 1655 cm™, dao
dong bién dang hinh kéo cua lién két N—H/NH; tai s6 séng 1404 cm va dao dong hoa trj cua lién két
C-O-Clglycoside tai 1072 — 1078 cm? (Patnaik et al., 2016). Ngoai ra, phd IR cua Fe,03/CTS con ghi nhan
su xuat hién tin hiéu cua lién két Fe-O dic trung cua a-Fe;Oj tai s6 song 551 va 611 cm™ (Wang et al., 1998).
Gian d6 XRD cua vat lisu Fe;0s/CTS (hinh 2b) xuat hién cac peak tinh thé tai cac goc nhidu xa 20 = 24,3°;
33,3% 35,8% 41,1°; 49,5 54,1°; 62,5° va 64,2° tuong ung véi cac mat phan xa (012), (104), (110), (113),
(024), (116), (214) va (030). Day la cac peak tinh the déc trung cho cau truc cua a-Fe,Os phu hop véi dit ligu
JCPDS Card, No. 33-0664 véia=b =5.038 A°, ¢ = 13.772 A° (Tadi¢ et al., 2019). Cac peak tinh thé c¢6 cuong

d 16n va sic nhon, chiing to cac hat nano Fe,05 mitc d tinh thé cao. Kich thudc hat tinh thé nano Fe,Ostrong
hat cau Fe;O3/CTS dugc tinh theo phuong trinh Sherrer dya trén peak (104) co gid tri trung binh 1a 30 nm.
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Hinh 2. (a) Pho IR; (b) Gian &6 XRD;(c) Gian d6 TGA va (d) Anh SEM cuia cAc vat liéu CTS va Fe,0a/CTS.

Hinh 2c trinh bay gidn d6 TGA cua vat ligu CTS va Fe,Os/CTS. Két qua cho thiy hinh dang gian d6 TGA
ctia hai mau vat liéu 1a twong tu nhau va Fe,03 chiém 49% trong mau vat lidu Fe,0s/CTS. Mit khac, nhiét do
phan hay hoan toan CTS trong mau vat liéu Fe,0s/CTS 1a & khoang 650 °C va thip hon so véi mau CTS
(750 °C). Biéu nay chung to da c6 sy tuong tac giira Fe,O3 Vi mang polymer trong mang CTS va vi vay, CTS
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trong vat ligu Fe;03/CTS c6 do bén nhiét thap hon so véi CTS ban dau. Anh SEM cua vt ligu Fe;05/CTS
(hinh 2d) quan sat thay hinh thai sgi polymer cia CTS va cac hat tinh thé Fe,Os trén soi CTS.

3.2. Kha nang hdp phu cac chat mau hiu co ciia vt liéu Fe,Os/chitosan
3.2.1. Pdnh gid kha ndng hap phu chat mau MB cua chitosan va Fe,Os/chitosan

Hinh 3. Dung dich MB trudc va sau khi hap phu bai vat liéu CTS va Fe,O3/CTS.

Kha ning hap phu chat mau MB cua hai vat ligu CTS va Fe,Os/CTS da dugc danh gia (hinh 3). Két qua do
pho UV — Vis cta dung dich MB ban dau va dung dich MB sau khi hap phu boi hai vat liéu CTS va Fe,Os/CTS
trong 60 phut dugc trinh bay ¢ bang 1.

Bang 1. Kha ning hap phy chit mau MB cua vat liéu CTS va Fe,Os/CTS

A 1in Co Cin Hiéu suat Dung lwong
Vatlieu Ao mg) ™" (mgl)  hipphuH (%) hip phu g (mglg)

CTS 1,593 10,31 1,016 6,34 38,5% 1,2
Fe,Os/CTS 1,593 10,31 0,970 6,02 41,6% 1,3

Két qua tir bang 1 cho thay ca hai vat liéu CTS va Fe;0s/CTS déu c6 kha niang hap phu MB vaéi hiéu suit
hip phu sau 60 phat tuong tng 14 38,5% va 41,6%. Dung lwong hip phu cua vét liéu CTS va Fe,0s/CTS lan
luot 12 1,2 va 1,3 mg/g. Nhu vay, vat liéu Fe;0s/CTS c6 kha nang hap phu MB véi hiéu suit va dung luong
cao hon so véi vat liéu CTS. Tuy nhién, hiéu sut ciing nhu dung luong hap phu cua hai vat liéu nay khdng co
nhiéu su chénh léch.

3.2.2. Bdnh gid kha ndng hap phu chat mau MO cua chitosan va Fe,Os/chitosan

Hinh 4. Dung dich MO truéc va sau khi hdp phu béi vat liéu CTS va Fe,0s/CTS.

Kha nang hap phu chat mau MO cua hai vat liéu CTS va Fe,05/CTS ciing da dugc tién hanh khao sat (hinh
4). Két qua do pho UV — Vis dung dich MO ban dau va sau khi hap phu trong thoi gian 60 phat boi hai vat
liéu trén dugc trinh bay ¢ bang 2.

Bang 2. Kha nang hap phu chit mau MO cua vat liéu CTS va Fe,0s/CTS

Ar lin Co Cin Hiéu suat _Dung lwgng
Vitlieu Ao mg) ™" (mgl) hipphuH (%) hip phu g (mglg)
CTS 0,767 10,01 0,727 9,48 5,3% 0,2
Fe,Os/CTS 0,767 10,01 0,675 8,8 12,1% 0,4

Két qua bang 2 cho thay ca hai vat liéu CTS va Fe,0s/CTS déu c6 kha ning hdp phu MO nhung hiéu suat
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va dung luong hap phu kha thap. Trong d6, vat liéu Fe,03/CTS c6 kha ning hap phy MO cao hon so véi CTS
vai hiéu suat hap phu cua hai vat liéu CTS va Fe;0s/CTS tuwong tng 1a 5,3% va 12,1%. Dung luong hap phu
cua vat liéu CTS va Fe,03/CTS lan luot 13 0,2 va 0,4 mg/g. Nhu vay, vat lidu Fe;0s/CTS ¢6 kha ning hip phu
chat mau MO véi hiéu suat va dung luong cao hon so véi vat liéu CTS.

3.2.3. Pdnh gid kha ndng hdp phu chat mau CR cua chitosan va Fe,Os/chitosan

157 i@
b

< N
b TN

Ban dau

Hinh 5. Dung dich CR trudc va sau khi hip phu bai vét liéu CTS va Fe,0s/CTS.

Ching t0i d tién hanh khao sét kha ning hap phy chit mau CR cua hai vat liéu CTS va Fe;04/CTS (hinh
5). Két qua do pho UV — Vis cua dung dich CR ban dau va sau khi hap phu bai hai vat liéu trén dugc trinh bay
6 bang 3.

Bang 3. Kha ning hap phu chat mau CR cua vat liéu CTS va Fe,0s/CTS

Ap 1in Co Cin Hiéu suat Dung luong
Vitligu Ao mgl) ™" (mgl)  hipphuH (%) _hip phy g (mgig)

CTS 0,262 9,80 0,084 2,95 69,9 2,1
Fe,Os/CTS 0,262 9,80 0,008 0,03 99,6 2,9

Két qua & bang 3 cho thdy ca hai vat liéu CTS va Fe;0s/CTS déu c6 kha ning hap phu CR véi hiéu suat
hap phu sau 60 phat tuong g 14 69,9% va 99,6%. Dung luong hap phu cia vat lieu CTS va Fe,0s/CTS lan
luot 12 2,1 va 2,9 mg/g. Nhu vay, hai vat liéu CTS va Fe,0s/CTS déu c6 kha ning hap phu tét chat mau CR,
trong do vat lidu Fe;0s/CTS c¢6 kha nang hap phu CR véi hiéu suat va dung luong cao hon so véi vat liéu CTS.

3.2.4. Panh gid kha nang hap phu chat mau RhB cia chitosan va Fe,Os/chitosan

Hinh 6. Dung dich RhB truéc va sau khi hip phu bai vat liéu CTS va Fe,0s/CTS.

,Chét mau RhB ciing da duoc khao sat kha néng bi hap phu boi hai vat liéu CTS va Fe:05/CTS (hinh 6).
Keét qua do pho UV — Vis cta dung dich CR ban dau va cac dung dich CR sau khi hap phu bai hai vat liéu trén
dugc trinh bay ¢ bang 4.

Bing 4. Kha nang hip phu chit mau RhB cua vat liéu CTS va Fe,0/CTS

Ar lin Co Cin Hiéu suat Dung lwong
Vitlieu Ao mgl) ™" (mgl) hipphuH (%) hip phy g (mgig)
CTS 1,607 10,16 1,123 7,01 31,0 0,9
Fe,Os/CTS 1,607 10,16 1,003 6,23 38,7 1,2

Két qua ¢ bang 4 cho thy ca hai vat liéu CTS va Fe;03/CTS déu ¢6 kha nang hap phu RhB nhung khong
cao. Hiéu suat hap phu sau 60 phat cua vat liéu CTS va Fe,O3/CTS tuong (rng 1a 31,0% va 38,7%. Dung lugng
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hap phu cia vat ligu CTS va Fe;04/CTS lan luot 1a 0,9 va 1,2 mg/g. Két qua trén ciing cho thdy vat ligu
Fe203/CTS ¢6 kha nang hap phu RhB véi hiéu suat va dung luwgng cao hon so vai vt liéu CTS.

Nhu vay, tir két qua khao sat kha nang hap phu cac chat mau MB, MO, CR va RhB cua vt liéu CTS va
Fe,03/CTS, chiing ti nhan thay rang vat liéu Fe,Oa/CTS c¢6 kha nang hap phu bén chat mau khao sat va déu
hap phu tét hon so v&i CTS. Trong d6, kha niang hap phu chat mau CR cua vat liéu Fe;0s/CTS cao nhét, giam
dan dén MB, RhB va cudi cuing 1a MO.

4. KET LUAN

Céac két qua nghién ctu cho thay vat ligu Fe,05/CTS da dugc tong hop thanh cong bang phuong phép thuy
nhiét voi quy trinh don gian. Fe,Os trong vat liéu Fe,03/CTS c6 tinh tinh thé cao, phan bd trén soi polymer
chitosan va chiém ham luong 49%. Vit lidu Fe,Os/CTS c6 kha ning hap phu cac chat mau hitu co Methylene
Blue, Methyl Orange, Congo Red va Rhodamine B véi hiéu suat va dung lwong hap phu giam dan tir Congo
Red dén Methylene Blue, Rhodamine B va cubi cung 1a Methyl Orange. Trong d6, tién hanh thi nghiém voi
0,10 g vat liéu Fe,O4/CTS véi 30 mL dung dich Congo Red nong d 10 mg/L thi hiéu suat hap phu thu duoc
12 99,6% va dung luong hap phu 1a 2,9 mg/g. Véi nhiing két qua trén, vat liéu Fe,0s/CTS c6 thé dugc xem 1
vt liéu tiém nang trong tng dung hap phy, xir Iy chat mau hitu co trong dung dich nudc.

) Loi cam on: Nghién ctru nay duoc tai trg boi Truong Pai hoc Su pham, Pai hoc Hué trong nhiém vy ma
s06 T23-TN-02.
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To date, more research is aimed to fabricate nanomaterials that
support the treatment of wastewater containing harmful chemicals
such as dyes and metal ions. Magnetic oxide nanomaterials are the
potential candidates. In this study, Fe,Os/CTS was successfully
synthesized by hydrothermal method. The asproduct was
characterized by Infrared Spectroscopy (IR), X-ray Diffraction
(XRD), Thermogravimetric Analysis (TGA) and Scanning
Electron Microscope (SEM). The results showed that Fe;Os in
Fe,03/CTS was highly crystalline, formly distributed on chitosan
polymer fibers and accounted for 49%. Fe,Os/CTS was
investigated the organic dyes adsorbing ability including
Methylene Blue (MB), Methyl Orange (MO), Congo Red (CR)
and Rhodamine B (RhB) at room temperature. When conducting
experiments with 0.10 g of Fe,Os/CTS in 30 mL of MB, MO, CR
and RhB solutions with a concentration of 10 mg/L,, the adsorption
efficiency and adsorption capacity were 41.6%; 12.1%; 99.6%;
38.7% and 1.3; 0.4; 2.9; 1.2 mg/g, respectively.
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