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TOM TAT

Nghién ciru nay duoc thuc hién nham déanh gid hoat tinh xuc tac
cua vdt lieu luong kim FeZn-ZIFs dsi véi viéc loai bo t6n dur thuéc
nhuom khoi moi truong nudc. Trong do, cdu tric tinh thé nhom
chire déc trung, dg bén nhiét, thanh phan nguyén t6 va hinh thai
cua FeZn-ZIFs duoc xdac dinh thong qua cac phuong phap phdn
tich hién dai gom nhiéu xa tia X dang bét, quang phé hong ngoai
bién doi Fourier, nhiét trong lirong, phé tan sdc nang heong tia X
va kinh hién vi dién tr quét. Kha nang logi bo thuée nhuém acid
fuchsin dwa trén hoat tinh xiic tac ciia FeZn-ZIFs doi véi chdt oxy
héa potassium peroxydisulfate (PDS) ciing dirgc danh gid bang
phicong phép UV-Vis. Két qua cho thdy hé xiic tic FeZn-ZIFs/PDS
¢6 kha nang logi bo dén 93,3% acid fuchsin tai nhiét dé phong chi
sau 30 phut.

Tir khoa: Acid fuchsin, luong kim, qua trinh oxy hoa ndng cao, xic
tac, ZIFs

ABSTRACT

This study was conducted to evaluate the catalytic activity of
bimetallic FeZn-ZIFs for removing dye residues in aqueous
solution. In which, the crystal structure, characteristic functional
group, thermal stability, elemental composition and morphology of
FeZn-ZIFs were determined through advanced analytical methods
such as powder X-ray diffraction, Fourier transform infrared
spectroscopy, — thermogravimetric, energy-dispersive  X-ray
spectroscopy, and scanning electron microscopy. Besides, the
ability to handle acid fuchsin dye based on the catalytic activity of
FeZn-ZIFs towards the oxidant potassium peroxydisulfate (PDS)
was also evaluated by UV-Vis method. The results showed that the
FeZn-ZIFs/PDS catalytic system was capable of removing up to
93.3% of acid fuchsin at room temperature after only 30 min.

Keywords: Acid fuchsin, advanced oxidation processes, bimetallic,
catalyst, ZIFs
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1. GIOI THIEU

Su phat trién nhanh chong cia cac hoat dong
cong nghiép di lam ting mirc d6 6 nhiém trén toan
cau, dic biét 1a 6 nhiém moi truong nude gay ra boi
cac hop chit hitru co bén nguy hai (Mohamed et al.,
2022). Trong d6, nudc thai dét nhudm duge xem la
nguon giy 6 nhiém dang bao dong boi nhimg anh
huong tiéu cuc cua ching dbi véi stic khoe con
ngudi va hé sinh thai. Diéu nay d4ng lo ngai khi san
lwong san xuét thudc nhuém hing nim trén thé gioi
1én dén 800.000 tn (Manzoor & Sharma, 2020). C6
hon 10.000 loai thudc nhudm duge sit dung trong
nganh dét may va 10-15% thuc nhudm tong hop bi
that thoat. Udc tinh c6 khoang 200.000 tn thudc
nhudm bi thai ra méi trudng moi ndm trén toan thé
gidi (Rodrigues et al., 2023). Acid Fuchsin (AF)
dugc biét dén 1a mot trong nhitng loai thudc nhuém
sit dung phd bién trong nganh dét nhuém. Tuy
nhién, AF dugc béo céo 1a chat nhuom déc hai, c6
kha nang gay ung thu va kho phén huy sinh hoc do
chu tric bén vimng, phirc tap (Hinh 1) (Jalalian &
Nabavi, 2020).

H,C NH,

SO,Na

NaO,S

e HO,S H
Hinh 1. Cong thitc cdu tao ciia thuc nhugm AF

Chinh vi thé, ¢6 nhiéu k¥ thuat da duoc nghién
clru va ap dung nham loai bo AF khoi méi trudng
nuéec nhu hdp phu (Cao et al, 2017), keo tu
(Mcyotto et al., 2021), t&ch mang (Jalalian &
Nabavi, 2020). Trong do, xtc tac dua trén qua trinh
oxy hoa nang cao (Advanced oxidation processes-
AOPs) dugc quan tam rong rai nho kha nang khoang
hoa va phan hity cac chat 6 nhiém mot cach hi¢u
qua. AOPs hoat dong dua trén viéc kich hoat cac
chat oxy héa nhu hydrogen peroxide (H,0,),
potassium  peroxymonosulfate  (PMS)  hay
potassium peroxydisulfate (PDS) dé san sinh ra cac
gbc hoat dong manh nhu hydroxyl (‘OH), sulfate
(SO4™) ¢6 kha ning phan hay chét 6 nhiém (Shang
et al., 2021). Lién quan dén qua trinh AOPs, viéc
kich hoat chit oxy hoa dé tao ra cac gbc hoat dong
1a van dé thach thirc ddi véi cac nha khoa hoc. So
véi viée st dung vi song, chiéu xa, nhiét do thi dung
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vat lidu di thé dugc nhan dinh 13 phwong phap hiéu
qua nho kha ning xuc tic manh mé va it doi hoi vé
ning lwong (Kurian, 2021). Giira nhiéu loai xuc tac,
st cho thay tiém nang tmg dung 16n do c6 chi phi
thép, phé bién trong ty nhién, than thién v4i moi
truong va co thé kich hoat cac chat oxy hoa mot cach
hiéu qua (Liu et al., 2022). Tuy nhién, khi sir dung
truc t1ep mudi sat lam xuc tac thuong mang nhiéu
han ché nhu can tao moéi truong pH thap, hé hoat
dong trong pham vi pH hep va cé nguy co tao ra méot
lwong 16n bun sau phan tmg, tir 46 dan dén cac 6
nhidm thtr cip kho khic phuc (Hou et al., 2021). Vi
vay, viéc tim ra chét xuc tac 6n dinh cho qua trinh
oxy hoa nang cao dé dam bao loai bo hiéu qua cac
chat 6 nhim noi chung va phdm nhuém AF néi
riéng chinh 14 van dé cap thiét can duoc giai quyét.

Trong nhiing thép ky qua, vat liéu khung co-kim
chu triic zeolite (Zeolitic imidazole frameworks-
ZIFs) dugc tap trung nghién ciru va ung dung vo
cung rong rai nho mang nhiéu vu diém nhu tinh thé
c6 do xép cao v6i dién tich bé mat riéng 16n, bén co
hoa nhiét, thanh phin da dang va kha ning bién tinh
linh hoat (Yu et al., 2015). V& céu tao, ZIFs duge
hinh thanh tir cac ion kim loai chuyén tiép lién két
v6i nhau thong qua cau ndi hiru co 2-
methylimidazole (2-MIm). Trong d6, ZIF-8 voi
thanh phan vo co 1a cac ion kim loai Zn** va phdi tir
2-MIm dugc nghién ctru kha phd bién vi c6 do bén
nhiét va do bén héa vuot tréi hon so voi cac loai
ZIFs khac (Khudhair et al., 2023). Hon nira, ZIF-8
¢6 thé duoc tong hop nhanh & diéu kién nhiét d6 moi
truong ma khong can su dung dung mdi doc hai.
Nho s¢ hitu cac dic tinh ndi bat von c6 cua ZIFs
ciing nhu thanh phéan chira ion kim loai chuyén tiép
Zn”* nén ZIF-8 hira hen 1a mot loai xtic tac hiéu qua
dé ung dung loai bo chit nhudm dua trén quy trinh
oxy hoa nang cao. Bén canh do, nhitng nghién ctru
gan day cho thiy bién tinh ZIF-8 gilp cai thién dang
ké tiém ning xiic tac so voi khung ciu tric ban dau
(Abdi, 2020; Elaouni et al., 2022; Mphuthi et al.,
2021).

Véi mong mudn khai thac tiém ning tng dung
cua vat liu ZIFs trong quy trinh oxy hoa nang cao
dé loai bo chat nhuém mot cach triét dé hon, ludng
kim FeZn-ZIFs dugc tong hop trong nghién ctru nay
dua trén viéce pha tap sit v6i ZIF-8. Vit liéu sau do
duoc tng dung nhu mot chét xuc tac dj thé dé loai
b6 thubc nhudm AF dudi anh hudng cua cac yéu td
gdm khéi luong chét oxy hoa, khéi lwong chét xuc
tac, néng do AF ban dau, thoi gian va nhiét do
phan tng.
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2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

Nguyén li¢u duogc sir dung trong nghién ctru la:
2-methylimidazole (C4HeN,, 2-MIm, 99%) duoc
mua to hang Acros, My; iron (II) sulfate
heptahydrate (FeSO4.7H,0, 99%), zinc nitrate
hexahydrate (Zn(NO3),.6H,0, 99%), potassium
peroxydisulfate (K,S;0s, PDS, 99,5%), methanol
(CH3;0H, MeOH, 99,5%), acid fuchsin
(C20H17N3N2,00S3, AF) dugec mua tir Hoa chat
Xilong, Trung Qudc. Nudc cat tir phong thi nghiém
Vit liéu nang luong dugc st dung dé lam dung moi.
Tat ca cac hoa chat dugc sir dung ma khong can tinh
ché thém.

2.2. Téng hop vit li¢u FeZn-ZIFs

Vit liéu ludng kim FeZn-ZIFs dugc tong hop
bang phuong phap két tia don gian dwa theo quy
trinh cia Yang et al. (2021) nhung c6 chut bién doi
dé phu hop vé6i didu kién thuc té. Pau tién, dung dich
mudi kim loai duoc chuén bi béng cach hoa tan 3,6
mmol Zn(NO3),.6H,O va 0,4 mmol FeSO4.7H,O
trong 20 mL dung moi MeOH. Tiép dén, hdn hop
ddng nhat nay dugc thém timg giot vao dung dich
ligand gdm 1,3136 g 2-MIm hoa tan trong 20 mL
MeOH thong qua burette. Khi két thuc phan tng,
hdn hop tiép tuc duoc khudy thém 30 phut tai nhiét
d6 phong va dé lang 24 gio. Sau 24 gio, phan chat
rin dugc tich bang cach ly tim véi MeOH o toc do
4000 vong/phut trong 10 phut, thuc hién thao tac
nay nhiéu lan nham loai bo hét cac tac chat du roi
sdy tai nhiét do 60°C trong vong 24 gio. Tinh thé
mau vang nau thu dugc sau khi séy chinh Ia vat liéu
FeZn-ZIFs (1:9) véi ti 1& Fe?":Zn?" 1a 1:9.

Bén canh do, lugng mudi kim loai tham gia phan
g ciing dwoc khao sat bang cach tong hop vat liéu
FeZn-ZIFs theo quy trinh twong ty trén, ti 1€ mol ctia
tong hai mudi kim loai va 2-MIm duogc ¢b dinh 1a
1:4 va thay dbi ti 18 Fe>":Zn*>" 1an luot & cac gia tri
1a 2:8, 3:7, 4:6 (ti 1¢ mol), vat liu hinh thanh c6 tén
goi tuong Ung la FeZn-ZIFs (2:8), FeZn-ZIFs (3:7)
va FeZn-ZIFs (4:6). Miu t6i uu xac dinh duoc goi
chung 14 FeZn-ZIFs.

2.3. Thi nghiém xtc tac loai b6 AF

Vit li¢u FeZn-ZIFs dugc sir dung nhu mot chét
xuc tac dé loai bo pham nhudm acid fuchsin (AF)
v6i su hién dién cua chat oxy hoa PDS. Cac yéu to
anh huong dén hiéu qua loai bo AF bai hé phan tmg
FeZn-ZIFs/PDS ciing dugc khao sat bao gdm luong
PDS (0,1-0,5 g/L), khdi lwong FeZn-ZIFs (0-0,5
g/L), ndng d6 AF ban dau (10-50 mg/L), thoi gian
(10-60 phut) va nhiét 46 phan trng (nhiét d6 phong-
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60°C). Thi nghiém duogc thyc hién dya trén viéc thay
d6i mot yéu td va cb dinh cac yéu t6 con lai. Mdi
yéu t6 khao sat dugc lap lai 3 1an va két qua 1a gia
tri trung binh ctia 3 1an 1ap. Quy trinh thi nghiém xuc
tac dugc thuc hién béng cach thém mét lugng FeZn-
ZIFs va PDS vao 10 mL dung dich AF véi néng do
xac dinh. Sau thoi gian phan tng, dung dich dugc
loc va dénh gi4 hidu suat bang phuong phap UV-Vis
0 budc song hép thu cuc dai cua AF 1a 545 nm. Hiéu
suit loai bé AF duoc tinh toan dua theo phuong
trinh sau:

Hidu suit (%) = (Co — C))/Cox 100% (1)

Trong do, Co la ndng do AF ban dau (mg/L) va
C;la nong d¢ AF con lai (mg/L).
2.4. Phwong phap phéan tich

Céu tric tinh thé cua vét liéu dwoc xac dinh bing
phuong phéap nhiéu xa tia X dang bot (PXRD), sir
dung thiét bj Empyrean-PANanlytical. Phé hong
ngoai FT-IR duoc do tir 4000 dén 400 cm™ dé xac
dinh sy hién dién cia cac nhom chirc ¢6 trong vét
liéu FeZn-ZIFs, st dung thiét bi PerkinElmer
MIR/NIR Frontier. Nhiét trong lugng (TGA) duogc
phan tich tir nhiét 9 phong dén 800°C véi toe do gia
nhiét 10 °C/phat bang thiét bi LabSys Evo dé xac
dinh d6 bén nhiét cua FeZn-ZIFs. Hinh thai bé mt
cta tinh thé FeZn-ZIFs duoc quan sat bang kinh
hién vi dién tir quét (SEM), str dung thiét bi Hitachi
S-4800. Sy hién dién cua cac nguyén t6 6 trong
FeZn-ZIFs dugc xac dinh biang phd tan sic ning
luong tia X (EDX).

2.5. Quy trinh tai st dung FeZn-ZIFs

Khé nang thu hdi va tai su dung cua vt liéu
FeZn-ZIFs dugc thuc hién dudi diéu kién tdi wu thu
duoc sau khi danh gid hoat tinh xuc tac ciia hé FeZn-
ZIFs/PDS ddi voi qua trinh loai bo AF. Sau mdi lan
lap lai, FeZn-ZIFs duoc tach khoi hé phan tmg bing
phuong phap loc két hop ly tdm, rira nhiéu 1an bang
dung moi MeOH va sdy qua dém & nhiét do 60°C.
Bén canh d6, d6 6n dinh cu tric cua FeZn-ZIFs
cling duoc xac dinh dya trén viéc phan tich PXRD
va FT-IR cua vét liéu sau thu hoi.

3. KET QUA VA THAO LUAN
3.1. Phin tich dic trung cAu tric cia
FeZn-ZI1Fs

Céac mau gdm FeZn-ZIFs (1:9), FeZn-ZIFs (2:8),
FeZn-ZIFs (3 7) va FeZn-ZIFs (4:6) tuong Umg vdi
céc ti 18 mudi kim loai khac nhau dugc tong hop va
phan tich PXRD, dong thoi so sanh v6i Zn-ZIFs
(ZIF-8) nham danh gia c4u truc tinh thé cta vat liéu
tao thanh (Hinh 2).
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Hinh 2. Gian dd PXRD ciia Zn-ZIFs (a) va vat
liéu FeZn-ZIFs & cac ti 1¢ Fe?* va Zn?" khac
nhau gom FeZn-ZIFs (1:9) (b), FeZn-ZIFs (2:8)
(¢), FeZn-ZIFs (3:7) (d), FeZn-ZIFs (4:6) (e)

Két qua cho thdy mau FeZn-ZIFs (1:9) xuét hién
cac peak ddc trung tai vi tri goc 26 1a 7,3°, 10,3°,
12,7°, 14,9°, 16,3°, 22,1°, 24,9°, 25,5° va 26,5°,
tuong Ung voi cac mat (011), (002), (112), (022),
(013), (222), (114), (233) va (334), hoan toan trung
khop voi khung Zn-ZIFs nguyén so va phu hop voi
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cac cong bd trudc day vé vat lieu FeZn-ZIFs (Yang
et al., 2021; Khudhair et al., 2023). Dang chu y, khi
tang ham luong sit, mau FeZn-ZIFs (2:8), n6 chi thé
hién mot sd it cac peak dac trung vdi cuong do rat
thap so voi Zn-ZIFs. Trong khi d6, PXRD cua mau
FeZn-ZIFs (4:6) va FeZn-ZIFs (3:7) gan nhu & dang
v6 dinh hinh khi khong hién thi bat ky dinh dic
trung niao. Nguyén nhan c6 thé vi khi pha tap st &
ham lugng cao, mot lugng 16n oxide sat da duogc
hinh thanh va két hop thay thé cho nat mang Zn?*
thay vi ion Fe**, dan dén pha v& khung ciu tric cua
Zn-ZIFs. Piéu nay hoan toan phu hop vdi bdo cao
vé vat liéu sat pha tap v6i ZIF-8 (Mai et al., 2018).
Theo d6, bién tinh Zn-ZIFs véi ti 1é Fe?*:Zn* 1a 1:9
dua trén phuong phap nhié¢t dung moi, tai nhiét do
phong 14 diéu kién thich hop dé hinh thanh vat li¢u.
Ciing chinh vi thé, mau FeZn-ZIFs (1:9) dugc chon
1a mau t6i wu dé tiép tuc phén tich dic trung cAu tric.
Sau khi x4c dinh ti 16 tac chit dé téng hop FeZn-
ZIFs, vat lidu duoc tién hanh phan tich FT-IR, dong
thoi dbi chimg véi 2-MIm va Zn-ZIFs dé xem xét su
hién dién cua cac nhom chic dac trung. Két qua
duoc thé hién ¢ Hinh 3a.

Element Wt (%) At (%)

T T T T T T T
100 200 300 400 500 600 700
Temperature (°C)

Hinh 3. Ph6 FT-IR ciia FeZn-ZIFs, Zn-ZIFs, 2-MIm (a), ph EDX (b), anh SEM (c) va gian d6 TGA
(d) ciia FeZn-ZIFs

Hinh 3a cho thiy diy peak trong pham vi tir 600
dén 1500 cm™ dic trung cho dao dong bién dang cia
cac lién két trong vong 2-MIm cing xuat hién rd
rang trong phd FT-IR cta ca ba mau gdm 2-MIm,
Zn-ZIFs va FeZn-ZIFs. Dac biét, dinh he“ip thu tai vi
tri 1846,6 cm' va khoang dao dong tir 2400 dén

3300 cm trén phd FT-IR ctia 2-MIm, lién quan dén
lién két N—H khong hién dién trong phd FT-IR cua
Zn-ZIFs va FeZn-ZIFs, ching t6 da cé sy khu
proton trong lién két N-H cuia phdi tir 2-MIm dé N
két hop v6i Zn>" va Fe** (Mphuthi et al., 2021). Bén
canh do, phé FT-IR cta Zn-ZIFs va FeZn-ZIFs con
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xuit hién peak dic trung méi tai dinh 421,6 cm™,
dai dién cho lién két cua kim loai cia mudi tac chit
va N trong phdi i, chi ra rang sit va k&m da két hop
thanh cong véi 2-MIm dé tao nén FeZn-ZIFs.

Dé 16 rang hon vé su két hop cua sit véi ZIF-8,
phuong phap EDX dugc ap dung dé phan tich thanh
phan hoa hoc ¢ trong FeZn-ZIFs. Két - qua trinh bay
trén Hinh 3b cho thay su hién dién day du cuda cac
nguyén t6 tiéu biéu nhu C, N, Zn va dic biét 1a Fe,
mot 1an nita chi ra ring sit da dugc pha tap thanh
cong vao khung Zn-ZIFs. Ngoai ra, phé EDX con
¢6 su xudt hién ciia nguyén t6 O va S, day c6 thé 1a
tap cht 1an tir gbc sulfate ciia mudi sit tién chat, tuy
nhién diéu nay khong anh huéng dén cau trac cua
ludng kim FeZn-ZIFs. Hinh thai bé mit ciia FeZn-
ZIFs duoc quan sat boi kinh hién vi dién tir quét
SEM cho théy cac hat vat liéu tao thanh c6 dang khéi
v6i bé mit tron nhin (Hinh 3¢). Diéu nay ching to
ring ion st pha tap c6 thé da dugc thay thé dong
hinh véi ion kém nhu mong mudn. Hon nita, két qua
phan tich nhiét trong luong cia FeZn-ZIFs thong
qua phuong phap TGA duoc thé hién trong Hinh 3d
cho thiy FeZn-ZIFs c6 d6 6n dinh nhiét tvong ddi
cao, duy tri dén khoang 350°C. R& rang rang, sau
khi pha tap sit vao Zn-ZIFs, FeZn-ZIFs vira mang
tinh da dang vé thanh phﬁn cAu tao, vira gitt duogc
dic tinh bén vén o cua vt lidu ZIFs.

3.2. Hiéu qu4 loai bé thudc nhuém AF béi hé

xtc tiac FeZn-ZIFs/PDS

Vit liéu FeZn-ZIFs dugc sir dung nhu mot chét
xtic tic di thé dé kich hoat PDS nham loai bé chét
nhuom AF. Trong d6, PDS 1a ngudn chinh dé cung
cép gbc tu do sulfate dua trén tac kich ciia chat xuc
tac FeZn-ZIFs. Chinh vi vay, khdi lugng PDS duoc
khao sat dé xem xét anh huong dbi véi hiéu qua loai
b6 AF. Két qua duoc trinh bay ¢ Hinh 4.

100 - 91,8 93.3 92,9 91,1
’\-?: ] —= T
> 78.2
g 80 1 —F—
) 1
= 60 A
= ]
=
- 40 A
=
= 1
w
& 207
==

0
0.1 0,2 0.3 0.4 0.5

Khbi lrgng PDS (g/L)
Hinh 4. Anh huéng cia khoi lwgng PDS dén
hi€u suat loai bé AF ciia hé FeZn-ZIFs/PDS
(khoi lwgng FeZn-ZIFs = 0,2 g/L, [AF] =
mg/L, thoi gian 30 phut, nhiét do phong)
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Két qua tir Hinh 4 cho thay khi ting ham luong
PDS tir 0,1 dén 0,3 g/L thi hiéu qua loai bé AF ting
twong tng tir 78,2% dén 93,3%. Diéu nay co thé giai
thich 1a do viéc ting lwong PDS goép phan thuc day
su twong tac gitra FeZn-ZIFs va PDS dé sinh ra
luong 16n gdc SO4*~ theo phuong trinh (2), tir d6 lam
tang hiéu qua loai bo AF (Wang et al., 2018; Wu et
al., 2020):

820827 + Fe?t > SO, + SO427 + Fe3t (2)
820827 + S04 — S,08°+ SO+ (3)
S04~ + S04~ — S$208> @)

Tuy nhién, khi tiép tuc ting luong PDS dén mirc
0,4 g/L va 0,5 g/L thi hi¢u qua loai bo AF c6 xu
hudéng gidam nhe, dat gia tri lan luot 14 92,9% va
91,1%. Nguyén nhan c6 thé 14 do khi cung cap quéa
nhiéu PDS din dén xay ra phan (mg phu giita SO4"
va PDS hay tham chi 14 chinh no, tir 46 lam chuyén
hoa gdc oxy hoa manh SO, thanh cac gdc tu do
kém hoat dong hon va giam hiéu suit chung cua ca
qua trinh (phuong trinh 3, 4) (Li et al., 2023). Theo
do, str dung mot lugng 16n PDS khong co lgi v& mat
hiéu qua ciing nhu kinh té. Chinh vi vay, 0,3 g/L
PDS 13 muc t6i wu duge chon dé thuc hién cac
nghién ciru tiép theo.

Nhu da dé cap ¢ trén, xtc tic FeZn-ZIFs dong
vai tro quan trong trong viéc kich hoat PDS dé san
sinh ra cac loai phan tng c6 kha nang oxy hdéa manh.
Chinh vi thé, khdi lugng FeZn-ZIFs dugc khao sat
tir mirc 0 dén 0,5 g/L trong khi c¢b dinh cac yéu to
khac gdbm 0,3 g/L PDS, thoi gian 30 phit, nong do
AF ban d4u 14 30 mg/L va nhiét d6 phong. Nhur trinh
bay & Hinh 5, két qua cho thy khi khéng co sy hién
dién cua xuc tac, hiéu qua loai bé AF chi dat 40,2%,
thap hon nhiéu khi ¢6 sy tham gia ciia FeZn-ZIFs.
Cu thé, chi véi 0,1 g/L FeZn-ZIFs, c6 dén 87,7% AF
bi loai bo va ting dén 93,3% tai mirc 0,2 g/L. Tuy
nhién, khi tiép tuc ting FeZn-ZIFs ¢ cic muc 0,3
g/L, 0.4 g/L va 0,5 g/L thi hiéu suat giam véi gid tri
1an lugt 1 89%, 86,5% va 86,1%. Tuong tu nhur thi
nghiém khdo sat chat oxy hoa, diéu nay co thé giai
thich dya trén diéu kién tiép xuc gitra FeZn-ZIFs va
PDS, luong FeZn-ZIFs cang 16n cang cung cép
nhiéu tim hoat dong dé tac kich PDS, tir d6 san sinh
nhiéu gbc sulfate va tdn cong cac phéan tir thude
nhuém AF. Tuy nhién, cac gbc SO4* co thé tu déap
tat theo phwong trinh 3 va 4 lam giam hi¢u suat
chung ctia ca qua trinh. Chinh vi thé, 0, 2 g/L FeZn-
ZIFs dugc chon 1a khdi lwong xtic tac toi wu dé tiép
tuc khao sat.
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Hinh 5. Anh huong ciia khdi lwong FeZn-ZIFs
dén hiéu suit loai bo AF ciia hé¢ FeZn-ZIFs/PDS
(khdi lwgng PDS = 0,3 g/L, [AF] = 30 mg/L, thoi

gian 30 phut, nhiét d phong)

Nong d6 chét 6 nhidm trong nudc thai 1a vo cliing
da dang, chinh vi vdy anh huong ctia nong d6 AF
ban dau dén hiéu suit loai bo AF duoc xem xét trong
khoang tir 10 mg/L dén 50 mg/L. Két qua thé hién &
Hinh 6 cho thy tai mtc ndng d6 thip 1a 10 mg/L,
hi€u qua loai bo AF bdi hé FeZn-ZIFs/PDS dat
88,1%. Khi ting ndng d6 AF & mutc 20 mg/L va 30
mg/L thi hiu suat ting véi cling gia tri 1a 93,3%.
Nguyén nhan c6 thé vi & ndng d6 AF ban dau la 20
mg/L, mat d6 AF trong dung dich day dac hon so
v6i mire 10 mg/L, tir d6 thic day sy twong tac giira
cac gbe SO4"" sinh ra tir h¢ FeZn-ZIFs/PDS va cac
phan tir thudc nhudém AF, tir d6 gitp lam tang hiéu
suét loai bo AF. Tuy nhién, khi tiép tuc ting nong
do AF & murc cao hon, hiéu suit loai bo c6 xu hudng
giam. Nguyén nhan cé thé 1a vi nghién ctru duoc
thyc hién dudi dang phan Gng theo mé, nghia la
trong cung dleu kién hoat dong t6i wu ¢ trang thai
6n dinh thi ndng do cta cac gbc phan tng sinh ra 1a
khong ddi (Sisi et al., 2020). Khi tang thém ndng do
AF, céac gbc sulfate sin co khong du dé xir Iy AF
mot cach triét dé hon, tir d6 1am giam hiéu suat cua
ca qua trinh. Theo két qua trén, nong do AF ban dau
thich hop dugc chon dé thyc hién cac thi nghiém tiép
theo 1a 30 mg/L.

Dé xem xét thoi gian tdi wu trong viéc loai bo
AF, mot ddy cac thi nghiém khao sat tir 10 phut dén
60 phiit dwoc thyc hién trong diéu kién phan tng
gdm 0,3 g/L PDS, 0,2 g/L FeZn-ZIFs, ndng do AF
ban dau 13 30 mg/L va nhiét d6 phong. Két qua dugc
trinh bay ¢ Hinh 7.
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Hinh 6. Anh hwéng ciia ndng do AF dén hiéu

suét loai bo AF ciia hé FeZn-ZIFs/PDS (khéi

lwong PDS = 0,3 g/L, khdi lrgng FeZn-ZIFs =
0,2 g/L, thoi gian 30 phit, nhiét d phong)
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Hinh 7. Anh hwéng cia thoi gian phan ing dén
hi¢u suit loai bo AF ciia hé FeZn-ZIFs/PDS
(khdi hrgng PDS = 0,3 g/L, khoi lwgng FeZn-

Z1Fs = 0,2 g/L, [AF] = 30 mg/L, nhiét do phong)

Két qua tir Hinh 7 cho thay kha ning loai bo AF
boi hé xuc tac FeZn-ZIFs/PDS dat kha nhanh véi
hiéu sudt hon 88% chi sau 10 phiit phan tmg. Khi
tiép tuc tang thoi gian phan ting dén 30 phut thi hiéu
suat loai bo AF tang dén 93,3% va gan nhu thay doi
khong dang ké khi tiép tuc ting dén cac muc 40
phuat, 50 phut, 60 phit. Didu nay cé thé 1a do thoi
gian cang dai, cang tao diéu kién cho su sinh ra caa
cac gbe tw do va dam bao du thoi gian dé chung tin
cong cac phan tr AF. Theo do, thoi gian 30 phut la
mirc thoi gian ma hé phan ting dan dat dén trang thai
can bang nén ting thém thoi gian thi hidu sut loai
bo AF van duy tri & khoang 93%. Chinh vi thé, 30
phat dugc xem 1a mirc thoi gian tdi wu dé xic tac
FeZn-ZIFs kich hoat PDS cho viéc loai bo AF.

Bén canh d6, anh hudng cua nhiét d6 dén hiéu
qua loai bo AF ciing dugc xem xét véi cac mirc gdm
nhiét d§ phong, 40°C, 50°C va 60°C. Céc thi nghiém
dugc thuc hién trong diéu kién ¢ dinh gdm 0,3 g/L
luong PDS, 0,2 g/L luwong FeZn-ZIFs, né)ng dd AF
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ban du 1a 30 mg/L va thoi gian 30 phat. Két qua
duoc trinh bay ¢ Hinh 8.
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Hinh 8. Anh huéng ciia nhiét 39 dén hi¢u suit

loai bo AF ciia h¢ FeZn-ZIFs/PDS (khoi lwgng

PDS = 0,3 g/L, khdi lrgng FeZn-ZIFs = 0,2 g/L,
[AF] = 30 mg/L, thoi gian 30 pht)

Hinh 8 cho thiy hé xuc tic FeZn-ZIFs/PDS duy
tri hiéu suét loai bo AF cao & khoang nhiét d¢ kha
rong, tir nhiét d6 phong dén 60°C. Tuy nhién, khi
tang nhiét d6 ¢ mirc 40°C, 50°C va 60°C, higu suat
giam khoang 2% so véi khi thuc hién & nhiét do
phong. Theo ly thuyét, nhiét do tang thuc déy tde do
phan {mg ting, dan dén su san sinh gdc sulfate
nhanh hon. Tuy nhién, sy hién dién ciia qué nhiéu
gbc tu do co thé din dén cac phan ung tu dap tat
(phuong trinh 3 va 4), lam anh huong hi¢u suat loai
bo AF. Qua d6 cho tha‘iy, nhiét d6 cao dbi vai hé xtic
tac FeZn-ZIFs/PDS khong c6 1gi ca vé mit hiéu qua
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14n kinh té. Chinh vi thé, nhiét 6 phong 14 mirc phu
hop trong nghién ctru nay.
3.3. Khi ning thu hoi va tii sit dung
FeZn-ZIFs

Dbi v6i vat lidu xuc tac di thé, kha nang thu hoi
va tai st dung mang y nghia v6 cung quan trong. Do
d6, kha nang tai st dung cua FeZn-ZIFs duogc
nghién ctru. Két qua cho thay FeZn-ZIFs van duy tri
hiéu qua loai bo AF dén 88,8% sau 3 lan st dung
(Hinh 9).
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Hinh 9. Hiéu suét loai bo AF béi hé FeZn-
ZIFs/PDS sau cac lan sir dung (khdi lwgng PDS
= 0,3 g/L, khdi lwrgng FeZn-ZIFs = 0,2 g/L, [AF]

=30 mg/L, thoi gian 30 phut, nhiét do phong)

Vit li¢u sau 3 chu ky 51"17 dung duoc tiér} hér}h
phan tich PXRD va FT-IR dé xac dinh d6 bén cau
trac (Hinh 10).
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Hinh 10. Gian d6 PXRD (a) va phd FT-IR (b) cia FeZn-ZIFs trudc va sau khi tai sir dung

Két qua cho thiy PXRD cua FeZn-ZIFs tai sir
dung thé hién day du cac dinh dic trung twong tur
voi FeZn-ZIFs ban dﬁu, chira réng vat liéu van duy
tri dugc cau trac tinh thé véi do két tinh cao (Hinh

10a). Hon nita, trén phd FT-IR cua FeZn-ZIFs sau 3
lan sir dung ciing thé hién hau hét cac khoang dao
dong dic trung so voi mau ban dau (Hinh 10b). Dao
dong dan dai cua cac lién két trong phdi tir 2-MIm
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(tir 600 dén 1500 cm') con hién dién rd rang trong
mAu tai str dung. Déc biét 1 sy ¢ mit cua dinh hip
thu tai vi tri 421,6 cm’!, dai dién cho lién két kim
loai-N, chirng to ring cac lién két ciu thanh nén
mang ludi tinh thé FeZn-ZIFs van dugc dam bao.
Qua d6 cho thiy vat liéu FeZn-ZIFs chang nhiing
mang kha ning xuc tac hidu qua ma con co cau triic
bén viing ddi voi viée loai bo thude nhudém AF trong
su hién dién ctua PDS.

4. KET LUAN

Xuc tac ludng kim FeZn-ZIFs da duoc téng hop
thanh cong bang phwong phap nhiét dung moi don
gian tai nhiét 46 phong. Phuong phap PXRD, FT-IR
xéac dinh FeZn-ZIFs c6 do két tinh cao, cdu trac tinh
thé va cac nhom chic dic trung tuong dong véi
khung nén ZIF-8. Viéc pha tap sit vao khung ZIF-8
dugc thé hién rd rang théng qua phuong phap EDX
khi x4c dinh vt lidu chira day du cac nguyén t6 gom
C, N, Zn va Fe. Hinh thai cia FeZn-ZIFs dugc quan
sat thong qua kinh hién vi dién tir quét c6 dang hinh
khéi v6i bé mit tron nhin, kich thude hat trung binh
khoang 350 nm. Khong nhimg thé, FeZn-ZIFs van
duy tri dwoc ban chat bén nhiét cua vat liéu ZIFs véi
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