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ABSTRACT

Copper/zeolitic imidazolate framework-67 (Cu/ZIF-67) was successfully
synthesized in ethanol as ‘“green solvent” and supported by
ultrasonication method which helped shorter reaction time as compared to
solvothermal method while ensuring a high crystal structure. This material
was used as a catalyst for the removal reaction of congo red in the presence
of hydrogen peroxide. In this work, effects of H,O, concentration, catalyst
dosage, initial concentration of the congo red, and reaction time were
conducted. The results showed that congo red decomposition catalytic
activity of Cu/ZIF-67 was very high with removal efficiency reaching over
98% at congo red concentration 40 ppm in the presence of 0,25 mol/L of
H202, 100 mg/L of Cu/ZIF-67 concentration after 50 minutes at mild
conditions of room temperature and atmospheric pressure. Due to the
efficient congo red decomposition, Cu/ZIF-67 can be a potential
heterogeneous catalyst to remove hazardous dyes from aqueous solution.

TOM TAT

Vit lieu Cu/ZIF-67 dwoc tong hop thanh cong trong “dung méi xanh”
ethanol voi sw hé tro ciia séng siéu am gitip thoi gian phan img duogc rit
ngdn hon s0 voi phuong phdp nhiét dung moi thong thuong ma van dam
bdo dwoc cdu tric tinh thé cao. Vit liéu nay dwoc sir dung lam xic tac dé
Pphdn hity congo red voi sy hién dién cua hydrogen peroxide. Trong nghién
cieu ndy, dnh hieong ciia nong do HoO,, khoi lwong xuc tac, nong do congo
red va thoi gian phan iing diege khao sat. Két qua cho thay hoat tinh xiic
tdac phan hiy congo red cua Cu/ZIF-67 dat kha cao, logi b hon 98% congo
red & nong dd 40 ppm chi sau 50 phiit khi c6 sw hién dién ciia 0,25 mol/L
H20,, 100 mg/L vat liéu Cu/ZIF-67 tai diéu kién ém dju la nhiét do phong
va dp sudt khi quyén. Nho vao hiéu qud phdn hity congo red, vit liéu
CU/ZIF-67 hira hen la mét xiic tdc di thé tiém nang trong viéc logi bo thuéc
nhuém doc hai tir dung dich nuoc.

1. GIOI THIEU

_Thude nhudm duoc biét dén 1a mot trong nhirng
chat dugc su dung pho bién ¢ nhiéu nganh cong

nghiép nhu dét may, in an, thudc da, ...véi vai tro 1a
mot chat tao mau (Lig et al., 2011). Tuy nhiér}, thuoc
nhudm lai gy ra nhiéu moi de doa dén doi song con
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ngudi va thiy sinh, chi véi mot ndng db thap thude
nhudm ciing c6 thé giy di g, viém da, dot bién hay
thadm chi 1a ung thu (You et al., 2018). Pang bao
dong hon khi c¢6 khoang 70 triéu tan thudc nhuom
dugc san xuat hang nam va thudc nhugm nay thuong
1a cac hop chat hiru co ¢o ciu triic bén viing, kho
phén huy trong moi truong tu nhién (Chandanshive
et al., 2020). Chinh vi vay, viéc xir ly nudc thai c6
chua thudc nhuém di tré thanh mot trong nhiing
thach thirc 16n ddi vé6i cac nha khoa hoc (Zhang et
al., 2011). Trong d6, congo red (CR) dwoc biét dén
1a mot pham nhuém dwoc sir dung rong réi trong
nhiéu nganh cong nghiép nhu my pham, duoc pham,
gidy, hoa chit va dét may (Binupriya et al., 2008).
CR ¢6 @6 bén cao vi cong thirc cau tao Chua nhiéu
lién két —N=N—, vong benzen, vong naphthalene
viing chac (Hinh 1). Sy hién dién caa cac vong amin
thom trong cdu triic chinh 1a nguyén nhan giy ra
bénh ung thu (Afkhami & Moosavi, 2010).
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Hinh 1. Cong thirc ciu tao CR (Ali et al., 2016)

Vi vdy, ¢6 nhiéu phuong phéap da duoc 4p dung
dé loai bo CR nhu héa hoc (Elahmadi et al., 2009),
sinh hoc (Rajaguru et al., 2000), quang xuc tac (Jin
et al., 2015) va khu xuc tac (Jana & De, 2012). Tuy
nhién, da s cac phuong phap van con nhugc diém
nhu chi phi cao, khong hiéu qua hoic tao ra nhiéu
san pham phu doc hai (Asad et al., 2007). Dién hinh
nhu phuong phap hoa hoc va sinh hoc don gian
khong thé loai bo hoan toan cac vong benzen va
naphthalene trong cu trac cua CR (Zhang et al.,
2007). Phuong phap xuic tac quang thi doi hoi thOI
gian chiéu xa dai nhung khong thé phan huy dugc
hoan toan CR (Lachheb et al., 2002). Hon nira, cac
phuong phap nay thuong yéu cau didu kién phan
g khic nghiét (Naseem et al., 2018). So Véi cac
phuong phdp trén, khur xuc tic mang lai nhleu uu
diém hon trong viéc phan huy CR nho co ché cat dut
cac lién két azo bén viing trong cau tric vao tao ra
céc san pham lanh tinh, it doc hai.

Khung hitu co-kim loai MOFs — Metal organic
frameworks, 1a mét loai vat liéu tinh thé xdp véi cau
trac duoc tao nén tir sy két hop gitra ion kim loai va
cau ndi hitu co. MOFs sé hiru cac dic tinh ndi bat
nhu ¢6 dién tich bé mat riéng 16n, do bén nhiét va
d6 bén hoa cao (Howarth et al., 2016). Zeolitic
imidazolate frameworks (ZIFs) la mot phan 16p ctaa
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MOFs, tao thanh tir ion kim loai la cac cation hoa tri
hai dwoc ph01 tri t&r dién (vi du nhu Co?* hay Zn?*)
va cau ndi hitu co gi6i han bei ligand chi la
imidazolate (Im) hozc dan xuat cua imidazolate
(Zhou et al., 2017). Tiéu biéu trong nhom vat li¢u
ZIFs 1a ZIF-67 véi thanh phan ciu tao 1a ion Co?* va
2-methylimidazole (2-MIm) tao nén mot loai vat
liéu c6 dién tich bé mit riéng 16n cing cac dic tinh
noi tri thira huong tir MOFs (Zhong et al., 2018).
Chinh vi thé, ZIF-67 dwoc (tng dung trong nhiéu linh
vie nhu xuc tac, hdp phu va dac biét 1a hudng dén
xir Iy chat thai (Chen et al., 2021). Téng hop vt liéu
ludng kim bang cach pha tap thém ion kim loai khac
vao khung cu trac da va dang duoc nghién ctu rat
rong rii, boi diéu nay gitip lam gia ting dang ké hoat
tinh xuc tac ciing nhu cai thién cac dic tinh ciu tric
S0 véi vat liéu khong dugc pha tap (Budi etal., 2017;
Zanon et al., 2017). Trong nghién ctru ndy, ion Cu?*
dugc chon dé két hop véi Co?* va ligand 2-
methylimidazole nham tao nén vat liéu Cu/ZIF-67.
lon Cu?* duoc chon vi c6 ban kinh ion gan bang véi
Co?* trong cach sap xép tur dién (0.73 A va 0.72 A)
(Kayestha & Hajela, 1995; Kabbur et al., 2021). Cu
thé, nam 2012, nhém nghién ciru ciia Yang di thanh
cong pha tap dong vao khung ciu trac cua ZIF-67
(Yang et al., 2012). Cu/ZIF-67 sau khi tong hop van
giit duoc cac dic trung cdu tric va chirc nang vuot
troi cua ZIF-67, hon nira vat liéu con cho thay kha
ning hap phu Hz va CO; cao hon so vai khung cau
tric tién chét, dac biét 1a kha nang xuc tac quang dé
phan huy methyl da cam hiéu qua. Nam 2019, Giao
va nhom nghién ctru di téng hop thanh cong
AQ/ZIF-67 théng qua viéc chirng minh cac dic trung
céu trac va cho thiy hoat tinh xdc tac cao cua vat
liéu v4i kha nang loai bo hon 99% methyl da cam
khi co6 su hién dién cua hydrogen peroxide (Dang et
al., 2019). Bén canh d6, Ag/ZIF-67 con dong vai tro
nhu mét xuc tac di thé, co kha nang thu hdi va tai sir
dung 3 1an ma van dam bao dugc hiéu suat hon 90%.
Khong dung lai ¢ do, nam 2020, nhom nghién ctu
nay tiép tuc phat trién mang vat liéu ZIFs véi su pha
tap kim loai, ding nhu ky vong, vat liéu Ag/ZnCo-
ZIFs dugc tong hop thanh cong, cho hiéu qua loai
b6 congo red va malachite green trong nudc gia thai
v6i hiéu suit 1an luot 12 94% va 98% (Dang et al.,
2020). Nhu mot xuc tac di thé, Ag/ZnCo-ZIFs c6
kha nang thu hoi va tai sir dung hon bon lan ma van
dat hiéu suét cao.

Nhan théy duoc tiém nang cua vat liéu dugc téng
hop tir viéc pha tap kim loai vao khung cu triic ciia
ZIFs cting v6i wu—nhuge diém cua phuong phép khi
xuc tac thong qua cac nghién cuu trude day, cling
nhu tinh cap thiét trong van dé xur 1y nuéc thai chtra
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thudc nhudm, nghién ctru nay duoc tién hanh nham
tong hop vat liéu Cu/ZIF-67 trong dung mai ethanol
két hop vai su hd tro cua song siéu 4m va (ng dung
xir Iy thuéc nhugm CR.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi va hoa chét

2-methylimidazole (2-MIm, 99%) duoc mua tu
hang Acros, My. Cobalt (I1) nitrate hexahydrate
(Co(NOs3)2.6H20, 99%); copper (Il) nitrate
trihydrate  (Cu(NO3)2.3H.0, 99%); ethanol
(C2HsOH, 99,5%); congo red dugc mua tir hang
Xilong, Trung Qudc.

Nhiéu xa tia X dang bot (PXRD) duoc do bang
thiét bi D8 Advance — Bruker, sir dung birc xa CuK
(= 1,5406 A tai 40 KV, 40 mA, 0,03°, 20) nhim
xac dinh ciu trac tinh thé caa vat liéu. Anh SEM
duoc chup bang thiét bi Hitach S-4800, dung dé xac
dinh bé mat vat liéu. Phd hdng ngoai FT-IR duoc do
bang thiét bi Bruker-Tensor 27-Puc, dung dé xac
dinh cac nhém chtrc ¢ trong mau. Phd tan xa ning
luong tia X (EDX), dung dé xac dinh thanh phan
nguyén t co trong vat liéu. Dién tich bé mat riéng
cia mau duoc tinh toan bang Brunauer-Emmett-
Teller (BET). Xéc dinh nong d6 con lai cua Congo
Red (CR) bang thiét bi do quang ph6 UV-vis.

2.2. Téng hgp Cu/ZIF-67

Cu/ZIF-67 duoc tong hop biang cach hoa tan
riéng biét 0,582g Co(NOs)..6H,0 (0,02 mol) va
0,483g Cu(NQO3)2.3H20 (0,02 mol) vao 10 mL dung
moi ethanol (EtOH). M6t dung dich khac dugc
chuan bi bang cach hoa tan 1,3136g 2-MIm (0,16
mol) vao 20 mL EtOH, trong d6 ty 1é mol cac chat
dua trén nghién cuu ciia Ma va cong su (Ma et al.,
2015). Tiép theo, cho tir tir dung dich mudi dong vao
mudi cobalt roi khudy trong 15 phit dé thu dwoc hdn
hop mudi kim loai dong nhat. Sau do, thong qua
buret, nhé hdn hop mudi kim loai vao dung dich 2-
MIm. Két qua 1a mét dung dich huyén phit mau tim
duoc tao thanh, tiép tuc danh siéu am bang bé siéu
4m véi tan s6 40 kHz khoang 30 phit rdi duy tri hdn
hop & nhiét d6 phong trong 24 gid. Két tia duoc tién
hanh ly tdm va rira nhiéu lan véi dung moi EtOH.
Cudi cung, mau dugc say & nhiét do 60°C, thu dugc
tinh thé Cu/ZIF-67.

2.3. Khao sat hoat tinh phan hiy CR cua

Cu/ZIF-67 véi su hién dién caa H202

Vit liéu Cu/ZIF-67 duoc tong hop trong dung
moi EtOH véi ti 1 cia Co?*, Cu?* va2-MIm 1a 1:1:8
(Ma et al., 2015). Hi¢u suét tong hop Cu/ZIF-67
duoc tinh toan theo cong thuc:
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Mihyc té

x100% (1)

H,~ =
tong ho
ghep My thuyét

Trong d6:
Hiéng hop: hiéU suat tong hop ciia Cu/ZIF-67 (%).

Minge 16 Khdi lwong thuc té cua Cu/ZIF-67 téng hop
dugc (9).

Miy muyét: Khdi lugng Cu/ZIF-67 theo 1y thuyét (),
tinh béi cong thuc:

Co?" + Cu?* + 2MIm™ —» CU0,056C00,944(M|m)2 (2)

Thi nghiém khao sat hoat tinh dugc tién hanh
béng cach phan tdn mot khéi luong vat liéu Cu/ZIF-
67 trong 10 mL dung dich CR c6 n6ng d0 xac dinh,
H,02 dugc thém vao hdn hop va khudy tir cho dén
khi két thiic khao sat. Phan riéng vat liéu va dung
dich CR sau phan tmg bang phuong phap loc. Him
luong CR con lai duge xac dinh bang thiét bi do
quang phd UV-vis véi bude song cuc dai ciia CR 1a
498 nm. Két qua duoc so sanh v6i dudng chuan dé
tinh toan hiéu qua loai bo CR. Hiéu suat loai bo CR
duogc tinh toan theo cong thuc:

H= (1 - z—o) x 100% A3)

Trong d6:
H: hiéu suét loai bo CR (%)
Co: ndng d6 CR ban dau (mg/L)
Ce: ndng d6 CR con lai (mg/L)

Céc yéu td duogc khao sat gf}m khi luong vat
liéu Cu/ZIF-67, nong d¢ H,O,, ndong dd ban dau cia
CR va thoi gian phan ung.

3. KET QUA VA THAO LUAN
3.1. Phan tich ciu tric Cu/ZIF-67

Vit liéu Cu/ZIF-67 d3 duogc téng hop thanh cong
trong dung méi EtOH bang phuong phap danh siéu
am vé6i hiéu suat dat 32,9% (tinh theo mubi Co?*).
Két qua nhiéu xa tia X dang bot (PXRD) cia
Cu/ZIF-67 dugc thé hién ¢ Hinh 2 cho thiy cac peak
dac trung xuét hién tai cac vi tri g6c201a7,4°, 10,4°,
12,8° 14,8° 16,5° 18,1°, 24,5°, 25,6°, 26,7°, 29,7°,
30,8° va 31,5° twong ung voi cac mat (011), (002),
(112), (022), (013), (222), (114), (233), (134), (044),
(244) va (235), phu hgp vdi cac nghién ctru trudc do
(Ma et al., 2015). Diéu nay da gop phan khing dinh
mic du Cu/ZIF-67 duoc téng hop trong dung moi
“xanh” EtOH v&i song siéu am, tai nhiét d6 phong
va thoi gian ngdn van hoan toan ¢ thé hinh thanh
tinh thé véi cu tric kha tot va do két tinh cao.
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Cu/ZIF-67 simulated
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Hinh 2. Nhiéu xa PXRD ciia Cu/ZIF-67

Két qua EDX cho théy su hién dién déy du cua
cac nguyén t co trong tac chat ban dau nhu C, N,
Co va dac biét 1a Cu (Hinh 3). Trong d6, Co va Cu
dong vai tro nhu cac nat kim loai gin cac cau ndi
hitu co voi nhau tai vi tri N va tao nén mang ludi vat
liéu. Su xuat hién ctia Cu da minh chimg cho viéc
pha tap thanh cong ctia kim loai vao khung ciu tric
ZIF-67, diéu nay ciing dong nghia rang vat liéu
Cu/ZIF-67 thong qua sy hd tro clia song siéu am da
duogc tong hop thanh cong.

Hinh 3. EDX cua Cu/ZIF-67

Phuong phap phd hong ngoai FT-IR dugc ap
dung ddi véi vat lieu Cu/ZIF-67 dé xac dinh cac
nhém chte dic trung ¢6 trong vat lidu, dong thoi
phé FT-IR cua ZIF-67 va ligand 2-MIm ciing dugc
ddi chiéu trén cung gian dd dé thuan tién cho viéc so
sanh (Hinh 4). Mot cach tong quat, phd FT-IR cia
2-MIm, ZIF-67 va Cu/ZIF-67 c6 nhiéu diém khac
biét, tuy nhién peak clia cac nhém chie dac trung
van dugc thé hién rd rang. Cu thé, trong viing 600-
1700 cm'%, gian d6 cua ca 3 mau ¢ nét twong dong
vé vi tri xuat hién cac peak mic di cuong do peak
co phén khéc nhau, diéu nay dugc cho 1a do su dao
dong cua vong Imidazole. Tai vi tri 1590,95 cm™
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trén 2-MIm la dao dong cua lién két C=N, xuét hién
twong tmg tai 1586,2 cm™ va 1587,78 cm™ trén ZIF-
67 va Cu/ZIF-67, su dich chuyén cua lién két C=N
chimg 6 rang da ¢6 sy hinh thanh lién két Co-N va
Cu-N trong cAu tric cta vat liéu. Bén canh do, lién
két N-H biéu thi peak tai vi tri 1845,42 cm™ trén phd
FT-IR cua 2-MIm dé vang mit trong phd cua ZIF-
67 va Cu/ZIF-67, diéu ndy ching to rang su tham
gia ctia cac ion kim loai d cat durt lién két N-H trong
ligand dé tham gia vao khung cu triic (Zhang et al.,
2020). bang chu y 1a su xuét hién peak tai vi tri
422.8 cm™ va 422,5 cm™ trén ZIF-67 va Cu/ZIF-67
trong khi phd FT-IR cta 2-MIm khong xudt hién
peak tai vi tri twong tmg. Py dugc cho 1a lién két
cia cia kim loai va N-lién két quan trong dé céu
thanh vat liéu (Gholinejad et al., 2020).

2-MIm

o 1845.42
X "
< 1590.95

b \

9@ 2

g ZIF-67 996.42 I
b= Y T ! 422§
E CwZIF-67 202112 15862 98691

w

=

g
H

T T T T T T T T T T T T T

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Hinh 4. Ph hong ngoai cia Cu/ZIF-67

Vat liéu Cw/ZIF-67 duge kiém tra vé ciu triic bé
mit voi cac do phong dai khac nhau. Két qua tir
Hinh 5 cho théy Cu/ZIF-67 cb cAu triic cac hat lap
phuong tuong d6i dong déu. Diéu nay phu hop voi
nghién curu trude day cua Gholinejad va cong su
(Gholingjad et al., 2020). Bén canh d6, dién tich bé
mit riéng ciing dugc xac dinh, theo the Brunauer-
Emmett-Teller dat 1241,8 m?/g va theo Langmuir la
khoang 1846,8 m%/g. Két qua nay ciing twong dong
v6i nghién ctru trude day vé vat liu Cu/ZIF-67
(Yang et al., 2012). Hon nita, theo phuong phap
Dubinin-Astakhov (DA), sy phan b kich thuéc 16
x6p cua Cu/ZIF-67 ciing dwoc xac dinh khoang
9,8 A. Két qua phan tich SEM va BET d4 mot lan
nira khéng dinh r'img vat liéu v6i dién tich bé mat
riéng 1y tuong dd dwoc tong hop thanh cong biang
phuong phap song siéu am don gian, chi trong mot
thoi gian ngan cing dung moi than thién moi truong.
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S- OkV 8.0mm x10.0k SE(M

3.2. Hoat tinh xic tac cia Cu/ZIF-67 phan
hiy CR véi sw hién dién cia H202

Vit liu Cu/ZIF-67 tong hop trong dung moi
EtOH véi sy ho tro cua song siéu am, sau khi chung
minh cac dic trung cAu trac thi dwoc tién hanh khao
sat hoat tinh xtic tic xir Iy CR vd6i sy hién dién cua
hydrogen peroxide (H,0,). Hé phan tng gdm dung
dich CR, xtic tic Cu/ZIF-67 va Hz02. Co ché quan
trong dé loai bo CR 1a dya vao gdc tu do hydroxyl
(*OH), duoc tao ra chu yéu bang cach cho Cu/ZIF-
67 xtic tac H,02, trong d6, gbc tu do hydroxyl dugc
biét dén 12 mot trong nhiing tac nhan manh dé xir Iy
cac hop chét phirc tap. Cac yéu té anh huéng duoc
khao sat gdm khdi lwong vat liéu Cu/ZIF-67, ndng
d6 H,02, ndng d6 ban dau cta CR va thoi gian phan
ung.

C6 thé noi sy hién dién cua H,0, dong vai trd vo
cuing quan trong d6i voi sy c6 miat cia goc tu do *OH
vi n6 lién quan tryc tiép dén viéc san sinh goc *OH.
Dé 1am rd hon vé anh huong cua H20; véi hidu qua
loai bo CR, mot day cac gia tri ndng do Hy0, tir 0
dén 0,3 mol/L dugc khao sat trong khi ¢b dinh cac
yéu t6 con lai gdm pH~7, néng d6 xuc tac la
100 mg/L, ndng d6 CR 1a 40 ppm, phan tng thuc
hién & nhiét d9 phong trong thoi gian 30 phat. Két
qua duogc thé hién ¢ Hinh 6. Trén thyc té, khi vang
mat H,0,, hiéu qua loai bo CR van dat trén 70%.
Diéu nay c6 thé giai thich 1a do kha ning hap phu ly
tuéng cua vat liu ZIFs noi chung va vat liu
Cu/ZIF-67 néi riéng. Nhd vao cau trac tinh thé xop
va dién tich bé mat riéng 16n nén Cw/ZIF-67 hoan
toan c6 kha ning hap phu. Tuy nhién, muc dich
chinh ctia nghién ctru nay khong dirng lai ¢ hiéu qua
hap phu vi vay H,0, dugc thém vao trude khi qua
trinh nay dién ra. Trén 1y thuyét, ndng d6 H,0, cang
I6n s& san sinh ra cang nhiéu géc tu do *OH. Theo
két qua thyc té tir Hinh 6, hiéu qua xir Iy CR ting
khi nong d6 H,0, tang tir 0 dén 0,25 mol/L. Cu thé,
khi nong d6 H,0, thay d6i tir 0,05 mol/L dén
0,25 mol/L thi hiéu qua loai bé dat twong tng tir
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Hinh 5. Anh SEM ciia Cu/ZIF-67 ¢ cac dd phéng dai khac nhau (a) x10000, (b) x30000

89,6% dén 97,6%. Tuy nhién néu tiép tuc ting dén
0,3 mol/L thi hiéu suat c6 xu huéng giam nhe. Viéc
str dung mét luong 16n H,0, & gop phan tao ra mot
luong 16n gdc tu do *OH twong tng, khi d6 chung
¢6 thé tan cong 13n nhau, tham chi 1a twong tac véi
H>0, trude khi tham gia phan huy CR va lam giam
hiéu qua cua ca qua trinh. Theo trén, hiéu suit loai
bo CR khong dugc cai thién théng qua viéc bo sung
thém ndng d6 H,0, ma d6i khi con lam hiéu suit
giam. Vi vy, nong d6 H,0; téi uu dugc chon la
0,25 mol/L.

100

= =) =
=] =) =
L

Hiéu suit (%)

~
=)

0 0.05 0.1 0.15 0.2

Nbng dé H,0, (mol/L)
Hinh 6. Anh hwéng cia nong do H202 dén higu
qua xir ly CR (pH~7, [Cu/ZIF-67] = 100 mg/L,
[CR] = 40 ppm, thoi gian = 30 phut)

0.25 0.3

Ham lwong Cu/ZIF-67 1a yéu t6 vo cung quan
trong trong hé phan tmg vi n6 dong vai tro xuc tac
dé hoat hoa H,0, san sinh géc *OH-tic nhén truc
tiép loai bo CR. Dé x4c dinh vai tro ciia chat xuc tac,
cac thi nghiém duoc thiét ké véi ndng do khéi lwong
Cu/ZIF-67 tir 0 dén 250 mg/L. Yéu t5 cb dinh gom
nong d6 H20; 13 0,25 mol/L, pH~7, ndng d6 CR 1a
40 ppm, phan tng thuc hién & nhiét do phong trong
thoi gian 30 phit. Két qua duoc trinh bay ¢ Hinh 7.

Két qua khao sat cho thay khi chi c6 H,O, va CR
thi hiéu qua loai bo CR dat thap (khoang 11%). Hiéu
qué loai bo CR trong su viang mat cia Cu/ZIF-67
nguyén nhéan vi H,0, 1a mot chat hoa hoc khong bén
va ¢6 kha nang tu phan hiy, tu san sinh géc *OH va
lam suy giam mot lugng nhé ndng do CR. Tuy
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nhién, khi thém vao hé phan tng 0,5 mg vat liéu
Cu/ZIF-67 (twong dwong ndng do 50 mg/L) thi hiéu
Suit dat 93,8%, ting hon 80% so véi khi khong c6
xic tac va tiép tuc ting dén 97,6% tai muc
100 mg/L. Piéu nay da ching minh dugc vai tro
quan trong cua xuc tac Cw/ZIF-67 trong viéc phan
hiay CR. Khbi lwong Cu/ZIF-67 cang cao, dong
nghia cac tdm kim loai Co?* va Cu?* cang nhiéu, toc
d6 phan tng xay ra cang nhanh nén hiéu suét loai bo
dat cang cao. Tuy nhién, voi dic diém khong chon
loc va hoat dong manh mg, cac gbc *OH duoc sinh
ra qua nhiéu s& d& dang tdn cong 1in nhau va tan
cong ca Hy0,, 1am giam lwong *OH va ndng do H,0,
vébn co, dan dén suy giam hiéu suit chung cua ca qua
trinh. P6 ciing 1a 1y do khi tiép tuc ting thém khdi
luong xuc tac thi hiéu qua loai bé CR c¢é xu hudng
can bang rdi giam nhe. Chinh vi thé, viéc st dung
luong du xtc tac 1a khong can thiét va khéi lugng
xuc tac Cu/ZIF-67 téi uu dwoc chon 1 100 mg/L.
100

40 A
20 A
(1] _
250

Khéi lqu’ug xic tac (mgf'L)

=]
=

Su suit (%)
(=2
=

Hi

Hinh 7. Anh huéng cia khoi lwgng xice tac dén
hiéu qua xir Iy CR (pH~7, [H202] = 0,25 mol/L,
[CR] = 40 ppm, thoi gian = 30 phut)

Thuyc té rang, nong do cua thuéc nhugm trong
nudc thai 1a rat da dang va khong thé diéu chinh.
Chinh vi vy, ndng d6 CR ban dau l1a yéu té duoc
khao sat tiép theo. D& xem xét kha ning xiic tac cua
vat ligu Cu/ZIF-67 doi véi H20; trong viéc phan hity
CR ¢ cac moi truong khdc nhau thi nong do CR ban
dau dugc thay dbi tir 10-70 ppm Véi cac yeu t6 ¢
dinh gdm ndng d6 H20; 14 0,25 mol/L, khéi lwong
Cu/ZIF-67 1a 100 mg/L, pH~7, phan tng thuc hién
& nhiét d6 phong trong thoi gian 30 phat. Két qua
khao sat dugc trinh bay ¢ Hinh 8. Theo thyc nghiém,
v6i nong do CR tir 10 dén 40 ppm thi hiéu qua loai
bo CR dat cao tir 97-98%, nhung khi tiép tuc ting
ndng do cua CR tir 50 dén 70 ppm thi hiéu suat giam
dan va dat 1an luot 1a 92,4%, 92% va 88,1%. biéu
nay co thé 1y giai rang, khi ting ndng do CR thi kha
nang tiép xtc giita cac gbc tu do hydroxyl va tim
hoat dong trén vt liéu cang ting, gbc *OH dé& dang
cét dirt cac lién két bén vimg trong phan tir thudc
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nhudm va gitp hiéu suét loai bo tang cao. Tuy nhién,
str dung CR & ndng do cao thi s& tao méi truong cho
mot luong Ién cac phén tir thuéc nhudm phén tan
trong dung dich, ching c6 kha ning cao s& chiém
hét phan khong gian va bao phu 1én bé mat vat liéu,
tir 46 1am han ché kha niang Cu/ZIF-67 tuong tac vi
H>0; va thuc hién vai tro xtic tac phan huy CR. Hon
nira, cau triic phan tir ciia CR c6 chira rat nhidu vong
thom va lién két bén vimg, vi vay muc thoi gian 30
phiit dwoc chon 1a qué ngdn dé vat liéu c6 thé hoan
thanh nhiém vu phan huy CR mot cach triét dé ¢
n6ng d0 cao. Theo @0, néng d6 ban dau cua CR thich
hop dé tién hanh cac khao sat tiép theo 1a 40 ppm.
100

(<]
=
L

Hiéu suat (%)
[d L (=}
[=] = =
. . .

10 20 30 40 50 60
Néng @6 CR ban diu (ppm)

70

Hinh 8. Anh hwéng ciia nong do CR dén hiéu
qua xir Iy CR (pH~7, [H202] = 0,25 mol/L,
[CU/ZIF-67] = 100 mg/L, thi gian = 30 phit)

Yéu t6 tiép theo duoc chon dé khao sat 1a anh
huong cua thoi gian dén hiéu suit phan hiy CR.
Phan tmg dugc thuc hién tai nhiét d6 phong, duy tri
pH cua dung dich & khoang 7, nong do H,0,, khdi
luong Cu/ZIF-67 va nong do CR ban dau 14 gi tri
t6i wru thu duoc tir cac khao sat truée. Két qua dugc
trinh bay ¢ Hinh 9.

Thuc nghiém cho thdy hiéu qua phan huy CR
tang khi thoi gian phan tmg ting. Trong 5 phit dau,
hiéu suit dat 80,7% va sau 50 phat hiéu suat dat hon
98%. Nguyén nhan vi thoi gian cang lau thi kha
ning Cu/ZIF-67 hoat héa H,O, dé san sinh gbc
hydroxyl cang cao va tao diéu kién dé CR bi phan
hity cang nhiéu. Bén canh d6, cdu tric phan tir ciia
CR kha phtrc tap, chira nhiéu vong thom va lién két
d6i bén vig nén dé co thé phan hity mot cach triét
dé cling nhu ting hiéu sut ctia ca qua trinh thi thoi
gian dai 1a mot yéu tb can thiét. Mac du & mirc 70
phut, higu qua loai b CR rit 1y twong (hon 99%)
nhung hiéu suat nay khong chénh 1éch qua nhiéu so
véi mie 50 phut. Viée duy tri thém 20 phuat phan
(g dé tang thém 0,7% hiéu suét 1a khong c6 y nghia
vé mit kinh té. Chinh vi vay, thoi gian phan tng 50
phiit 1a mirc téi wu dugc chon trong khao sat nay.
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5 10 20 30 40 50 60 70
Thai gian (phat)
Hinh 9. Anh hwéng cia thai gian dén higu qua
xtr Iy CR (pH~7, [H202] = 0,25 mol/L,
[Cu/ZIF-67] = 100 mg/L, [CR] = 40 ppm)

Qua cac thi nghiém trén, nhan thiy Cu/ZIF-67
¢6 hoat tinh x1c tic cao, kha ning loai bd hon 98%
CR & diéu kién t6i wu gdm ndng do H,0, 1a 0,25
mol/L, khdi lugng xtc tac 1a 100 mg/L, ndng d6 CR
ban dau 1a 40 ppm va thoi gian thuc hién phan tng
1a 50 phut.

3.3. So sanh hoat tinh xuc tac caa Cu/ZIF-67

Voi cac xuc tac khac

Dé so sanh hiéu qua loai bo CR cua Cu/ZIF-67
V6i cac xtic tac khac thi thi nghiém dugc tién hanh
bang cach thay thé vat liéu Cu/ZIF-67 trong hé phan
g tai diéu kién téi wu da khao sat dwoc lan luot
bang cac xtc tac dong thé va di thé. Cac chat dong
thé dugc chon 1a 2-MIm, Co(NO3),.6H,O va
Cu(N03)2.3H,0, day la cac tién chat dé tong hop
Cu/ZIF-67. Cac di thé duoc chon gém than hoat
tinh, ZIF-67 va Ag/ZnCo-ZIFs. Két qua trinh bay &
Hinh 10.

100
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Hinh 10. So sanh hi¢u qua Xir ly CR giira cac
dong theé, di thé va Cu/ZIF-67
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Két qua cho thay khi thay thé vat liéu bang cac
ddng thé dé xtr Iy CR thi hiéu qua thap hon nhiéu so
v6i Cu/ZIF-67. Cu thé, hiéu suat khi su dung
2-MIm, mudi cobalt, mudi dong trong hé phan ting
dat lan luot 1a 19,4%, 39,5% va 65,5%, trong khi
Cu/ZIF-67 loai bo dugc hon 98% CR. Hiéu qua xu
1y CR ctua mudi dong khi co sy hién dién cua H,02
duoc biét dén 1a dua vao phan ang Fenton (Maezono
etal., 2011).

Déi vai cac di thé nhu than hoat tinh, ZIF-67 va
Ag/ZnCo-ZIFs thi hiéu suat dat cao hon so véi khi
sir dung ddng thé, cac gia tri hiéu suét dat duoc 1an
lugt 12 68,7%, 73,4% va 86,8% nhung van thip hon
S0 v&i Cu/ZIF-67 (98,7%). Hiéu qua loai bo CR cua
céc di thé 1a do sy twong tac gitra vat liéu voi H,0,
¢6 mat trong hé va sinh ra gc ty do hydroxyl dudi
diéu kién khudy tir, két qua 1a pha v& cdu tric cua
thudc nhuom va tang hiéu suét loai bo CR:

AC +H,0;, > AC*+HO +HO*  (4)
Co?* + H,0; - Co™ + HO- + HO*  (5)
Cu* + H;0, > Cu?* + HO + HO*  (6)

R rang rang, hiéu qua loai bo CR cua Cu/ZIF-
67 dat cao hon ca S0 V&i cac chat con lai trong khao
sat. Mot lan nira Cu/ZIF-67 da chimg minh duoc
tiém nang trong viéc loai bo thuéc nhuém CR khi
pha tap thém kim loai dong vao khung vat ligu.

4. KET LUAN

Vit liéu Cu/ZIF-67 da dwoc tong hop thanh cong
trong dung modi ethanol thong qua phuong phap
danh siéu am don gian. Viéc st dung dung moi than
thién voi moi trudng ciing nhu diéu kién thyc hién
ém diu tai nhiét 6 phong da gitp cho quy trinh tong
hop cai thién hon rat nhiéu so véi cac nghién ctru da
cong b trudc day. Bén canh d6, vat liéu Cu/ZIF-67
cling dwoc sir dung nhu mot xuc tac di thé ding dé
phan huy CR véi su hién dién cua H,0,. Vi thtra
huéng dugc cau tric tinh thé x6p va dién tich bé mat
riéng 16N tir ZIF-67 cung véi sy pha tap thanh cong
ctia dong vao céu triic, Cu/ZIF-67 di chiing minh
dugc hoat tinh xtc tac 1y tudng khi c6 kha nang loai
bo hon 98% CR 40 ppm sau 50 phat chi véi
0,25 mol/L H,0, va 100 mg/L khdi lwong vat ligu.
Do d6, nghién ctru nay khong chi cung cip thém mot
vat li¢u tiém nang trong nhom MOFs ma con mé ra
nhitng dinh hudng day trién vong vé ung dung vat
liéu dé xir Iy nuée thai dét nhuom trong trong lai.
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