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TOM TAT

Trong nghién ciru nay, vt liéu FeCo-ZIFs c6 cau triic tinh thé cao
da dwoc tong hop thanh cong trong methanol bang phirong phdp
nhiét dung méi. Pdc diém cdu tric ciia FeCo-ZIFs dwoc xdc dinh
bang cdc phirong phdp phan tich hién dai nhw PXRD, FT-IR, EDX,
SEM, TGA va kha ning hdp phu khi nito. FeCo-ZIFs thé hién kha
ndng xiic tac phan hiy acid orange 7 (AO7) tot véi su hién dién
clia chat oxy héa potassium peroxydisulfate trong méi trirong nuée
gid thai. Két qud cho thdy FeCo-ZIFs cé thé xir Iy 99,2% AO7 nong
a6 30 mg/L trong vong 20 phiit & nhiét d¢ phong, véi nong dp PDS
va FeCo-ZIFs lan ot la 0,1 g/L va 0,2 g/L. Piéu nay chimg t6
FeCo-ZIFs la vdt liéu tiém nang dé logi b6 cac hop chat hitu co
khé phdn hity trong méi trwong nwée, gép phan bdao vé méi truong.

Tir khéa: Acid orange 7, FeCo-ZIFs, potassium peroxydisulfate,
thuoc nhuém, xuc tac

ABSTRACT

In this study, FeCo-ZIFs with highly crystalline structures were
successfully synthesized in a methanol environment using a
solvothermal method. The structural characteristics of FeCo-ZIFs
were evaluated using advanced analytical techniques, including
PXRD, FT-IR, EDX, SEM, TGA, and nitrogen adsorption analysis.
FeCo-ZIFs were investigated for their catalytic ability to degrade
orange acid 7 (AO7) in the presence of potassium peroxydisulfate.
Factors  affecting  catalytic  efficiency, including PDS
concentration, catalyst mass, AO7 concentration, and reaction
time, were examined. The study demonstrated that FeCo-ZIF could
degrade 99.2% of AO7 at a concentration of 30 mg/L within 20
minutes at room temperature, with PDS and FeCo-ZIFs
concentrations of 0.1 g/L and 0.2 g/L, respectively. These findings
suggest that FeCo-ZIFs are a promising material for removing
toxic persistent organic compounds from water, offering a
sustainable method to help protect the environment.

Keywords: Acid orange 7, catalyst, dyes, FeCo-ZIFs, potassium
peroxydisulfate
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1. GIOI THIEU

Acid Orange 7 (AO7) 1a mot trong nhimng loai
phiam nhudm azo phd bién trong nganh dét may
(Gupta et al., 2006). Tuy nhién, AO7 c6 thé bi phan
huy thanh cdc amin thom 1a nhimng hop chét di dugc
cong bd c¢6 kha niang gdy ung thu & ngudi va dong
vat (Vinodgopal & Peller, 2003; Chung, 2016; Guo
et al., 2024). Do d9, viéc xu ly nudc thai tor nganh
dét may c6 chira AO7 v6i ham luong cao dé bao vé
moi trudng va sirc khoe con nguoi 1a mot van dé rat
cép thiét va quan trong. C6 nhiéu phuong phap khac
nhau nhu hip phu (Gupta et al., 2006; Naraghi et al.,
2017), xtr Iy sinh hoc (Mezohegyi et al., 2007; Ong
et al., 2008) va cac quy trinh oxy hda nang cao
(Vinodgopal & Peller, 2003),... dé loai bo AO7 khoi
nude thai di dwoc nghién ciru va cong bd. Tuy
nhién, do c4u tric vong thom phtrc tap ciia loai phim
nhudém nay khién né kho phan huy va lam cho cac
qua trinh xr Iy tréd nén kho khan (He & Bishop,
1994; Davies et al., 2006; Gui et al., 2019).

Trong cac phuong phap trén thi qua trinh oxy
héa nang cao (AOPs) mang lai hiéu qua cao bdi cac
AOPs nhu y-radiolysis va sonolysis c6 kha nang tao
ra gbc -OH, gitp phd huy hoan toan nhém
chromophore ciia AO7, khoang hoéa mot phan va
phan hity hoan toan thudc nhudém, véi san pham cudi
cung la céac ion oxalate va formate (Vinodgopal &
Peller, 2003). Cac AOPs khac nhu Fenton, ozone
hoa va peroxone cho thay hiéu hiéu qua cao trong
viéc phan huy AO7 nh¢ vao kha nang khoang hoa
va loai b carbon hitu co gitip nang cao hiéu suat cia
qua trinh x1r 1y cac chat 6 nhiém co trong nudc thai
(Papié et al., 2006). Mot wu diém ndi bat ciia AOPs
s0 vOi cac phuong phap khac la cac ion carbonate
trong nudc thai thyc té c6 thé ting cuong qua trinh
phan hiy AO7 trong cac AOPs (Rayaroth et al.,
2023). Tir nhitng wu diém néu trén cho thiy AOPs
1a phuong phap hiéu qua dé xtr Iy AO7 vé6i kha nang
phan huy hoan toan thudc nhudém, tao ra cac san
pham cudi cung it doc hai hon. Phuong phap nay c6
thé hoat dong t6t trong diéu kién nudc thai thyc té,
cho thiy tiém ning ung dung rong rii trong
cong nghiép.

Chit xuc tic déng vai trdo quan trong trong
cac quy trinh oxy hoa ning cao, giup ting toc do
phan g, tao ra cac gbc tu do nhu hydroxyl (‘OH)
va sulfate (SO4"~) (Huang & Zhang, 2019; Niu et al.,
2020). Xtc tac di thé 1a mot dang chét xdc tac ton
tai & pha khac v&i cac chat phan tng, thudng 1a chat
xUc tac rén trong cic phan tmg 16ng. Chat xuc tac di
thé c6 wu diém 1a dé tich va tai sir dung sau qua trinh
xuc tac phan tmg. Do d6, viée sir dung chét xuc tac
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di thé gitip ddy nhanh qua trinh phan hiiy AO7 bang
AOPs 1a mot phuong phép day hira hen dé dé xir Iy
AQO7 c6 trong nudc thai boi kha nang khoang hoa
hoan toan pham nhudém dudi tac dong cua loai loai
xUc tac nay (Gui et al., 2019; Zhang, 2020).

OH

720 N

SO5Na

Hinh 1. Céng thirc ciu tao thudc nhuoém AO7
(Gupta et al., 2006)

Zeolitic Imidazolate Frameworks (ZIFs) la loai
vat liéu duogc téng hop tir cac cation kim loai (vi du:
Co?, Zn?*, Cu?*, Ni2*) két hop voi imidazolate hoac
dan xuét cia no hinh thanh loai vat liéu c6 dic tinh
ndi bat la do xép cao va dién tich bé mit 16n. ZIFs
dd dugc ung dung trong nhiéu linh vuc khac nhau
bao gém xuc tac, hip phu va dic biét 1a xir Iy nude
thai (Corma & Garcia, 2008; Zhu et al., 2019; Kaur
et al., 2020). ZIFs co thé dugc st dung lam chét xtic
tac dé phan huy cac chat 6 nhiém hiru co, chiang han
nhu thuéc nhudém va thude trir sdu, thong qua cac
quy trinh oxy hoa nang cao. Dién tich bé mit 16n va
d6 xp cao cua ZIFs cung cap nhiéu vi tri hoat dong
cho céc phan rng xuc tac tir d6 nang cao hiéu qua
xuc tac phan huy cac chit 6 nhiém (Elaouni et al.,
2022; Le et al., 2023). Cac nghién ctru gan day vé
kha niang ung dung ZIFs nhu chat xuc tac xu ly
pham nhudém trong nudc thai di c6 duogc nhimng
thanh tuu nhat dinh c6 thé duge ké dén nhu: Co/Zn-
ZIF-8 da dugc bao cao co kha nang phan huy hon
90% methyl orange trong vong 50 phut (Abuzalat et
al., 2022), Cu/ZIF-67 dat kha nang phan huy 98%
Congo Red & ndng d6 40 ppm trong vong 50 phiit
(Dang et al., 2023), Zn/Co-ZIF c¢6 thé phan huy
98,2% methylene blue trong vong 4 phut (Nguyen
et al., 2024).

Tuy nhién, cac vén dé lién quan dén tinh 6n dinh,
phuong phép loai bo chét xuc tac sau xir Iy, kha ning
mo rong quy md va tmg dung thuc té cua vat lidu
trong xur 1y nudc thai van chua duoc giai quyét triét
dé (Ahmad et al., 2024). Bén canh d6, hiéu suét xuc
tac cua cac vat li€u ZIFs c6 xu hudng suy giam theo
thoi gian, 1am han ché tiém nang tng dung, cung voi
chi phi tong hop cao dit ra thach thirc khong nho
cho viéc trién khai trong thyc tién (Kholdeeva &
Maksimchuk, 2021). Chinh vi vay, viéc tong hop vat
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liéu FeCo-ZIFs trong dung modi methanol bing
phuong phap nhiét dung mdi dugce tap trung nghién
ctru. Myc tiéu chinh 14 xdc dinh cc diéu kién t5i wu
cho qué trinh xt 1y AO7 trong nudce. Cu thé, vat liéu
nay dong vai tro nhu mot cht xic tac, kich hoat qua
trinh oxy hoa va thic day sy hinh thanh cac goc tu
do tir chit oxy héa. Cac gbc tu do nay tin cong va
phan hay céc phan tir thudc nhuém AO7 mot cach
hi€u qua, tir 6 danh gia kha nang ung dung cua vat
lidu trong xir Iy 6 nhiém mai truong.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Céc hoa chét va nguyén liéu dugc st dung trong
nghién ctru nay bao gom: Ligand 2-methylimidazole
(C4HeN», 2-MIm) 99%, Acros; Cobalt (II) nitrate
hexahydrate (Co(NO3),.6H,O), 98,5%, Trung
Qubc; Iron (1) sulfate  heptaphydrate
(FeS04.7H,0), 99%, Trung Qudc; Methanol
(CH30H, MeOH), 99,5%, Trung Quéc; Acetone

(C3HsO), 99,5%, Trung Quéc;  Potassium
@Co“ + Fe?* + MeOH
Fe2" + MeOH {;;
@ @ a Bé lén
i a—"" i — ] 24 givy
Co*" + MeOH 2-MIm + MeOH

Két tia
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peroxydisulfate (K,S,0s, PDS), Xilong - Trung
Quoc; Orange II sodium salt (CisHiiN2NaO4S),
Macklin-Trung Quoc.

2.2. Téng hop vt liéu FeCo-ZIFs

Vit liéu FeCo-ZIFs duoc téng hop béng phuong
phép nhiét dung moi, dua trén quy trinh cua Hu et
al. (2018). Cu thé, 0,608 g (2,08 mmol)
Co(NO,)3.6H,O va 0,116 g (0,42 mmol)
FeS04.7H,0 dugc hoa tan riéng trong 30 mL MeOH
tao thanh 2 dung dich mudi sau d6 dwoc phbi tron
tao thanh 1 hdn hop ¢ chtra 2 mubi. Song song do,
3,28 g (40 mmol) 2-MIm ciing dugc hoa tan trong
30 mL MeOH. Hon hop hai mubi va 2-MIm dugc
chuan bi véi ti 1¢ 1:16 tinh theo s6 mol. Nho timg
giot hdn hop Co(NO3),.6H,O va FeS04.7H,0 vio
dung dich 2-MIm. Huyén pht méau tim dé duoc hinh
thanh sau phan Gng. Khi két thic phan Gng, hé
huyén phi duge dé lang & nhiét do phong trong vong
24 gio. Két tua thu dugc dugc ria lai nhiéu lan béng
dung mdi MeOH va sdy & nhiét d6 60°C sau 24h thu
dugc FeCo-ZIFs dang bdt mau do tim.

¢

2 ) R

Rira nhidu lin S Shy 60°C %)
—)

24 gior

FeCo-ZIFs

Hinh 2. So d6 quy tinh téng hop FeCo-ZIFs

2.3. Thi nghiém xuc tac loai bé AO7

Vit li¢u FeCo-ZIFs dugc su dung dé khao sat
hoat tinh xtc tac loai bd phém nhuém AO7 véi su
hién dién ctia chat oxy hoa PDS bang cach phan tan
mot khéi lugng vat li€u thtr nghiém trong 10 ml
dung dich AO7 & cac muc néng ddo AO7, khoang
thoi gian va nhiét do khac nhau. Sau khi két thic
phan ung, FeCo-ZIFs dugc tach ra khdi dung dich
bang phuong phap loc, dung dich sau khi loc dugc
phan tich trén thiét bi UV-Vis vai budc song hap thu
cuc dai 12 485 nm. Hiéu suit phan hiy AO7 dugc
tinh theo phuong trinh sau:

16

C
Hiéu sudit xit [y AO7 (%) = (1—C—t)x100 (1
0

Trong d6:

_ C0 1a ndng do ban dau cia AO7 (mg.L-1), Ct 1a
nong d AO7 sau khi phan huy (mg.L-1).

Céc nhan t6 nhu khoi lugng FeCo-ZIFs va PDS,
ndéng d6 AO7, thoi gian phan tmg, chit oxy hoa
dugc khao st dé danh gia hiéu qua cia qua trinh
phén huy.
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2.4. Phwong phap phan tich

Nhiéu xa tia X dang bot (PXRD), Empyrean —
PANanlytical, goc do 20 tir 5° dén 80° duoc sir dung
dé x4c dinh ciu tric tinh thé cua vat liéu. Cac nhom
chirc c6 trong vat ligu FeCo-ZIFs dugc xac dinh
bang thiét bi phd hong ngoai (FT-IR) PerkinElmer
MIR/NIR Frontier khoang dao dong 4000 — 400 cm”
'. D6 bén nhiét cua vat lidu duoc khao sat trén thiét
bi Liseis PT1600 tir nhiét d6 phong dén 1000°C véi
téc do gia nhiét 10°C/phut. Dién tich bé mat riéng
(theo Langmuir) ctia FeCo-ZIFs dugc khao sat trén
thiét bi Quantachrome 4000e. Kinh hién vi dién ta
quét (SEM) S-4800, Horiba duoc sir dung dé quan
sat hinh thai bé mit cta tinh thé FeCo-ZIFs. Thiét bi
phd tan sic ning lugng tia X (EDX), H-7593,
Horiba dugc st dung dé phan tich sy hién dién cta
cac nguyén to co trong vat lidu tong hop duge. Nong
d6 AO7 trong dung dich dugc do bang thiét bj phd
hap thu phén tir UV — vis, Spectro UV-VIS Double
Beam UVD-3500.

3. KET QUA VA THAO LUAN
3.1. Phén tich ciu tric FeCo-ZIFs

Két qua nhidu xa tia X dang bot cia FeCo-
ZIFs dugc thé hién & Hinh 3 cho thiy cac peak dic
trung xuat hién tai cac vi tri géc 20 lan luot la: 7,3;
10,3; 12,7; 14,9; 16,3; 18; 22,1; 24,9; 25,5 va 29,5°,
tuong Ung voi cac mat (011), (002), (112), (022),
(013), (222), (114), (233), (134) va (044) diéu nay
hoan toan phii hop vi PXRD mé phong va két qua
trong nghién ciru ciia Hu et al. (2018) vé FeCo-ZIFs

. Tir @6 c6 thé khing dinh FeCo-ZIFs di duoc tong
hop thanh cong trong dung m6i MeOH ¢ nhiét do
phong trong thoi gian ngan nhung van hinh thanh
duoc cAu trac tinh thé kha tt va do két tinh cao.

(011)

Indensity (a.u.)

C
(002)
(112)
(022)
(013)
(222)
L (114)
L (233)
¢ (134)
L (044)

FeCo-ZIFs

10 2|0 3|0 4b Sb 60
20 )
Hinh 3. Nhiéu xa PXRD ciia FeCo-ZIFs

Trong nghién ciru nay, phé hdng ngoai FT-IR
duogc st dung dé xac dinh sy hién dién cua cac nhom
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chuc dac trung co trong vat liéu FeCo-ZIFs. Két qua
phan tich FT-IR cho thay c4u triic phan tir ciia FeCo-
ZIFs dao dong trong khoang 500 — 4000 cm™ (Hinh
4a). FeCo-ZIFs dugc hinh thanh dya trén lién Kkét
phéi tri giita cac tim Fe*, Co®" tir dién vdi cac lién
két hiru co 2-MIm tai vi tri N. Dao dong kéo dai cua
lién két N—H tai vi tri 1867,1 cm™ trong phd FT-IR
ctia 2-MIm (Hinh 4a) khong con hién dién trong phd
FT-IR ctia FeCo-ZIFs. Diéu nay ching to lién két
N-H trong ligand 2-MIm d bj thay thé bai lién két
cua ion kim loai v&i N hinh thanh vét liéu c6 su Kkét
hop gitra thanh phan v co va hitu co (Zhou et al.,
2017). Tai vi tri 1442,8 cm™ 1a dao dong gian dai
ctia lién két C=N c¢ trong phan tir 2-MIm van con
hién dién trong ph6 hong ngoai ciia FeCo-ZIFs véi
su dich chuyén nhe, twong tng 1a 1423,0 cm™ va
1425,0 cm!. Pang chii ¥, phd FT-IR ciia FeCo-ZIFs
xuét hién cac dao dong dic trung kéo dai ctia V(‘)ng
imidazole, hién thi trong khoéng 550 — 1500 cm’!
Thém vao d6 tai vi tri 429,0 cm’ trong dao dong FT-
IR dbi v6i FeCo-ZIFs c6 sy chuyén dich rd, tuy
nhién su dich chuyén nay khong dugc tim thiy & 2-
MIm, diéu nay ching minh cac ion kim loai da dugc
lién két v&i nguyén tir nitrogen trong 2-MIm, cu thé
13 ion Co?" va Fe*".

Bén canh viéc phan tich phd FT-IR nhim xac
dinh céu triic phan tir va cac nhém chire dac trung,
pho tan sic nang lugng tia X ciing duoc st dung dé
biét rd hon vé thanh phém nguyén té ctia F eCo-ZIFs.
Phuong phép nay cung cap thong tin chi tiét vé ty 18
nguyén tu cua tirmg nguyén t6 trong mau, hd trg viée
phan tich cdu trac va chat lugng vat liéu tong hop
duoc. Phé tan sic nang luong tia X cua vat li€u
FeCo-ZIFs dugc thé hién ¢ Hinh 4b. Két qua cho
thdy cac nguyén td bao gdm: C, N, O, Co va dic biét
1a Fe trong méu vdi ti 1¢ nguyén tir 1an luot 14 56,51;
22,92; 11,01; 6,58 va 2,4%. Céac nguyén t6 O va S
cling dugc phat hién trén phd EDX cta mau vdi ti 16
nguyén tir & muc 11,01 va 0,58%, diéu didu nay c6
thé giai thich 1a do cac gbc SO4* va NO; ¢6 trong
mudi FeSO4 va Co(NOs), chua dugc lam sach hoan
toan gay nhiém tap cho mau.

Ngoai ra, anh chup SEM tinh thé FeCo-ZIFs
(Hinh 4c) thé hién hinh thai cdu trac 1ap phuong, cu
thé 12 kh6i 12 mat déu hinh thoi trong tu nhu nghién
ctru cua Hu et al. (2018), chimg t6 Fe** da lién két
ddng hinh véi Co?* va gitr duoc céu tric cua tinh thé
Co-ZIFs.

Dit diém cu trac tao nén dic tinh chirc nang ndi
bat cua nhom vat liéu khung co-kim néi chung la
dién tich bé mat riéng 1on (MacGillivray et al.,
2014). Két qua tir gian d0 dang nhiét hap phu va giai
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hip phu N2 cho thdy dién tich bé mit riéng cua
FeCo-ZIFs theo Langmuir 1a 1570 m*.g™" va kich
thude 16 x6p 14 9,9 (A).

D6 6n dinh nhiét chinh 1a mot trong nhimg thong
s6 quan trong ddi voi vat lidu xuc tic. FeCo-ZIFs
dugc phén tich nhiét trong luong (TGA) dé xac dinh
cac bude giam khéi lwong ctia mau vat liéu khi ting
nhiét dd dén 1000°C. Sy thay ddi khéi lugng cua vat
liéu FeCo-ZIFs dugc trinh bay trong gian dd TGA
Hinh 4d. Két qua TGA ciia FeCo-ZIFs cho thay khi
gia nhiét tir nhiét d6 phong dén khoang 500°C, mau
vt liéu mat khoang 3% vé khdi lugng, nguyén nhan
ctia hién tugng nay c6 thé 1a do sy bay hoi cua cac
vét dung moi du hodc tac chit chua phan (mg con
sot lai. Cac budce giam khéi lugng tiép theo 1an luot
nam trong cac khoang nhiét d6 tir 500 dén 550 °C va

()

2-MIm

FeCo-ZIFs

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000

(©)

Wavenumber (cm™)

$-4800 10.0kV 8.0mm x60.0k SE(M)

Weight loss (wt%)
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tir 550 dén 700°C véi khdi luong giam twong img 1a
19% va 31%, bude giam khéi luong nay c¢6 thé 1a do
FeCo-ZIFs bat diu bi phan hay & nhiét d6 500°C va
qua trinh tro héa hoan toan vat liéu bét dau khi nhiét
do dat 550°C. Tir s6 liéu khao sat cho thay FeCo-
ZIFs tong hop dugc 6n dinh & nhigt do lén
dén 550°C.

Qua nhimg phén tich ddc trung cu triic trén cho
thiy vat liéu FeCo-ZIFs da dugc téng hop thanh va
mang nhleu tiém ning g dung nho sy pha tap cta
Fe** vao nén Co-ZIFs giup cai thién dugc nhuoc
diém két tu cua hat nano kim loai khi hoat dong
riéng 1&, vira tich hop duogc tinh chét vuot troi cua
Fe** va vat lidu khung co-kim ciu trac tuong tu
zeolite.

(b)

Element Weight%
C 39,5

N 18,7

o 10,3

S 1,1

Fe 7.8
Co 22,6

Atomic%

56,5
229
11,0
0,58
24
6,58

500 0 1 2 3 4 5 6 7 8 9

Energy (keV)
(d
100
80
60
FeCo-ZIFs
40 T T . . T
200 400 600 800 1000
Temperature (°C)

Hinh 4. Phd FT-IR ciia FeCo-ZIFs, 2-MIm (a), phé EDX (b), anh SEM (c), va gian dd TGA (d) ciia
FeCo-ZIFs
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3.2. Thi nghiém xuc tac loai b6 AO7

Qué trinh xir Iy pham nhuém AO7 khong chi
dién ra qu4 trinh phan huy ctia xtc tic thong thuong,
ma con c6 qua trinh hap phu do anh huéng cia dién
tich bé mit cua vt lidu. Thoi gian phan g la mot
nhan t6 quan trong anh huong dén hiéu qua xir Iy
AO7. Hiéu qua xu ly AO7 cua FeCo-ZIFs voi su
hién dién cta PDS dat gia tri 79,1% chi sau 3 phut.
Khi thoi gian phan tmg duoc kéo dai dén muc 5, 10
va 20 phut thi hiéu suat xir Iy ting voi gia tri tuong
ung 1a 89,0%, 89,4% va 94,9%. Hién tugng nay co
thé dwoc giai thich do thoi gian cang dai thi sy
khuéch tan cta phdm nhudém va PDS vio cic tim
hoat dong 16n tir d6 lam tang kha nang FeCo-ZIFs
hoat hoa PDS dé san sinh gbc SO4*~ tao diéu kién dé
phan huy AO7. Két qua ¢ thi nghiém nay dugc trinh
bay chi tiét trong d6 thi Hinh 5 cho thay mirc thoi
gian xir Iy dat hiéu qua cao nhat 1a 20 phit, viéc kéo
dai thoi gian 1én 30 va 40 phut khong mang lai cai
thién dang ké, tham chi hiéu suat c6 xu huéng giam
nhe so v&i thoi gian xir Iy 20 phut.
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Hinh 5. Anh hwéng ciia thoi gian phan vimg dén
hi¢u suit xir Iy AO7 (JAO7] = 30 mg.L", FeCo-
ZIFs = 0,1 g.L'', PDS= 0,1 g.L" va nhiét
do phong)

Nong do cua phém nhudm trong nude thai dao
dong trong khoang rat 16n do vay noéng d6 AO7 cd
trong mau nude can duoc khao sat de xem xét anh
hudng cta nhan té nay dén hiéu suit cia qua trinh.
Viéc khao sat xur Iy AO7 dugc thuce hién voi mot day
cac gia tri ndng do tir 10 — 50 mg. L. Két qua ghi
nhan dugc trinh bay & Hinh 6. Cu thé, khi tang néng
d6 AO7 tir 10 mg.L" 1én 30 mg.L! hi¢u suét xu 1y
¢6 xu hudng giam nhe tir 96,8% xuéng 94,9%, néu
tiép tuc ting ndng do6 AO7 lén trong khoang tir 40
mg.L"' dén 50 mg.L" hi¢u suat xir Iy c6 xu hudng
giam manh tir 89,1% xudng 68,9%. Su suy giam nay
¢6 thé 14 do su bio hoa céc vi tri hoat dong trén bé

19

Tdp 62, S6 14 (2026): 14-23

mat chét xuc tac FeCo-ZIFs, su thiéu hut tuong ddi
cua chat oxy héa PDS so véi lugng chat 6 nhiém
tang lén.

Thi nghiém cho thiy nong d6 AO7 cao nhat ma
quy trinh xt 1y c6 thé xt 1y dat hi¢u suat cao la 30
mg.L-1 twong g voi hiéu suat phan huy dat 94,9%.

Kha nédng xuc tac cua FeCo-ZIFs dugc danh gia
thong qua qua trinh phan hily thudc nhuém AO7 voi
su hd trg ctia chit oxy hoa PDS. R rang, FeCo-ZIFs
dong vai tro la chit xuc tc, kich hoat PDS sén sinh
gbc SO4e— dé phan hity pham nhuom AO7 (Yang et
al., 2018; Zeng et al., 2020; Li et al., 2022). Do do,
kh01 luong FeCo- ZIFs 1a yéu t6 quan trong tiép theo
can duoc khao sat trong nghién clru nay. Két qua cia
khao sat dugc trinh bay chi tiét trong Hinh 7.
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Hinh 6. Anh huéng cia ndng dd AO7 ban diu
dén hi¢u qua xir Iy AO7. (thoi gian = 20 phut,
FeCo-ZIFs = 0,1 g.L'!, PDS = 0,1 g.L'!, & nhiét

do phong)
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Khéi luong FeCo-ZIFs (g.L™)
Hinh 7. Anh hwéng khéi lwgng FeCo-ZIFs dén
hi¢u qua xir Iy AO7 (thoi gian 20 phit, [AO7] =
30 mg.LY, PDS = 0,1 g.L"! va nhi¢t do phong)

Két qué cho thy, khi khéng c6 mit chat xuc tac
(khoi lugng FeCo-ZIFs tai murc 0), hi¢u suat xu ly
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AO7 la rét thap chi dat 6,0%, khang dinh vai tro xuic
tac quan trong cua FeCo-ZIFs trong qua trinh oxy
hoa. Véi sy gia tang khdi lugng FeCo-ZIFs tir 0,05
gL "1én 0,1 gL', hidu suat xtr Iy tang vot tir 30,7%
1én 94,9%. Didu nay cho thy sy gia ting dang ké sb
lwong cac vi tri hoat dong co sin dé kich hoat PDS,
dan dén qua trinh phan hay AO7 hidu qua hon. Dang
chu ¥ 13, khi khdi lugng FeCo-ZIFs tiép tuc ting tir
0,2 g.L"dn 0,5 g.L"', hiéu suat xir Iy AO7 dat dén
murc rit cao va duy tri 6n dinh & trén 99%. Két qua
tir thi nghiém nay cho thay khdi lugng 0,2 g.L"!
FeCo-ZIFs 1a muc phu hop dugc chon dé xu Iy AO7
va viéc tang thém luong chét xtc tic khong mang
lai hiéu qua cai thién dang ke.

Ngoai viéc danh gia vai trd cua khéi luong
chat xuc tac FeCo-ZIFs trong hiéu qua xir Iy AO7,
tam quan trong ciia PDS trong quy trinh oxy hoa
nang cao ciing da duoc khao sat dé lam rd hon co
ché va hiéu suat cta qua trinh. PDS 1a mot chit oxy
hoa déng vai trd quan trong c6 anh huong dang ké
trong quy trinh oxy hoa nang cao. Két qua khao sat
thé hién ¢ Hinh 8 cho thay, khi khong c6 mat PDS
hiéu suit phan hiy AO7 dat 83,8%. Hiéu qua xt Iy
nay co thé dat dugc do kha nang hép phu cta vat liéu
FeCo-ZIFs nhd ban chit xép va dién tich bé mat
riéng 1on.
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Hinh 8. Anh hwéng ciia khdi lwgng PDS dén
hi€u qua loai b6 AO7 (thai gian 20 phut, [AO7]
=30 mg.L, FeCo-ZIFs = 0,2 g.L"!, va nhiét d§
phong)

PDS dugc thém vao quy trinh nhim cung cép
goc ty do SO4*~ dudi su xtc tac cua FeCo-ZIFs theo
phuong trinh (2) va (3):

Fe?'+ S,04% = Fe’" + S04 + S04 (2)

Co% + $,08 > Co™ + S04 + SO.> (3)

0 0,1 0,2 0,5
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O mirc khéi lugng PDS 0,1 g.L ', 0,2 g. L' va 0,3
g.L"! quy trinh phan hily AO7 c6 hiéu suat xtr Iy ting
va giam ¢ timg khoang ndng d6 khdi lugng tuy
nhién sy thay d6i nay khong khac biét & murc y nghia
5%. Bén canh PDS thi H,O; va peroxymonosulfate
(PMS) 1a nhitng chét oxy héa duge sir dung phd bién
trong quy trinh oxy hoa nang cao, ca ba chit oxy hoa
nay dugc tham do dé xem xét hiéu qua loai bo AO7
dudi kha ning xitic tic cia FeCo-ZIFs. Tur d6 thi
Hinh 9 cho thay PDS la chit oxy héa phu hop cho
phan ung xtc tac cia FeCo-ZIFs khi cho hi€u qua
loai bo AO7 dat 99,2%, cao hon khi st dung H,O»
(loai b6 97,4% AO7) va PMS (loai bd 94,2% AO7).
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Hinh 10. Hi¢u suit loai bé AO7 ciia FeCo-ZIFs
so véi cac dj thé khac

Céc di thé dugc sir dung dé so sanh hiéu qua loai
b6 AO7 véi xuc tac FeCo-ZIFs gom CuCo-ZIFs,
Co-ZIFs, FeZn-ZIFs, ZIF-8, va NiZn-ZIFs. Thi
nghiém dugc thyc hién trong diéu kién 0,1 g.L-1
PDS, 0,2 g.L-1 khéi lugng vat lidu, 10 mL AO7
ndng d6 30 mg.L-1, phan (ng dugc thuc hién ¢ nhiét
d6 phong trong 20 phit.
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Qua qua trinh khao sat cho thdy FeCo-ZIFs co
kha nang xtr ly AO7 dat hi¢u qua cao hon so vdi cac
xuc tac di thé khac ciing nhu mot s6 cong bd gan day
dé loai b6 AO7 trong nudc thai duge trinh bay &
Bang 1 va Hinh 10.

Bang 1. So sanh hiéu qua loai b6 AO7 giira FeCo-
ZIFs/PDS va cac phwong phap khac.

Phuwong phap Hiéu suat

i Iy (%) Tham khao
FeCo-ZIFs/PDS 99,2 Nghién ctru nay
Than hoat hoa 99.0 (Mezohegyi et al.,
sinh hoc (BAC) ’ 2007)
Bot tra Kenya 98,4 (Naraghi et al., 2017)
Phigagmites sp. 93,0 (Davies et al., 2006)
Mang MBR 85,6 (Luu et al., 2023)

Trong nghién ctru nay, FeCo-ZIFs c6 kha nang
loai b 99,2% AO7 & nong d6 30 mg.L"! trong khi
hiéu qua xir Iy AO7 cia CuCo-ZIFs, Co-ZIFs, Zn-
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