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Trong nghién ctvu nay, vat liéu quang xuc tac Ag@AgCI/MIL-101(Cr) da dwoc téng hop tir
hai hop phan, bao gdm chat mang 1a khung hi*u co—kim loai (MIL-101(Cr)) va pha hoat tinh
xuc tac Ag@AgCI. Chat mang MIL-101(Cr) dwoc tdng hop béng phwong phap dung nhiét.
Vat lieu quang xuc tdc Ag@AgCI/MIL-101(Cr) tbng hop da dwoc déc trung bang céac
phwong phap héa ly khac nhau nhw nhiéu xa tia X (XRD), phd héng ngoai (FT-IR), hién vi
dién t& quét (SEM), dang nhiét hap phu - nha hap phu N2 theo BET va tinh chat quang cla
vat liéu dwoc xac dinh bang phd phan xa - khuéch tan (UV-Vis DRS). Hoat tinh xuc tac
quang ctia Ag@AgCI/MIL-101(Cr) dwoc st dung dé x& ly thudc nhudm RY-145. Két qua
cho thay hiéu suét xt ly thubc nhuém dat 96% trong thoi gian phan (ng 4 h s dung tac
nhan oxi héa H202 va hiéu suét dat 91% khi khéng st dung H20: la tac nhan oxi hda. Quéa
trinh x& ly thudc nhudm RY-145 trén xic tac Ag@AgCI/MIL-101(Cr) tuan theo phwong trinh
dong hoc bac hai.

Ag@AgCI/MIL-101(Cr), RY-145, quang xUc tac, thubc nhudém.

In this study, Ag@AgCI/MIL-101(Cr) photocatalyst material has been synthesized by the
two compounds, including support as metal-organic framework (MIL-101(Cr) and catalytic
active phase as Ag@AQCI. MIL-101(Cr) synthesized by solvent thermal method. The
synthesized Ag@AgCI/MIL-101(Cr) photocatalyst material characterized by the various
physical-chemistry methods such as X-ray diffraction (XRD), fourier transform infrared
(FT-IR), scanning electron microscopy (SEM), adsorption-desorption of N2 by BET and
optical property off materials were determined by Ultraviolet—Visible Diffuse Reflectancee
Spectroscopy (UV-Vis-DRS). The photocatalytic activity of Ag@AgCI/MIL-101(Cr) used to
treat the RY-145 dye. The obtained results show that the treatment efficency reaches 91% in
a perious of 4 h and without H202 and 96% with H202 as oxidizing agent. The treatment of
RY-145 dye by Ag@AgCI/MIL-101(Cr) obeys speudo-second-order equation.

Ag@AgCI/MIL-101(Cr), RY-145, photocatalyst, dye.

trong trong cau tric cia MOFs va xu hudng
gan day ngay cang di sdu hon vao nhiing tng

Trong thap ky vira qua, MOFs duoc biét dén
la vat liéu c6 nhitng tinh chat dic trung Vi
kha ning (ng dung trong nhiéu linh vyc nhu:
xUc tac, hap phu, dugc phiam, quang hoc, tir
tinh. P4 c¢6 nhiéu nghién ciu vé su da dang

dung day tiém nang cua loai vat liéu nay.

MOFs 13 loai vt liéu co kim méi ¢d ciu tric
x6p, 6n dinh. Ciu truc co ban cia MOFs
thuoc loai vat liéu tinh thé, ciu tao tir nhiing
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cation kim loai lién két vai cac phan tir hitu co
(ligand) d@é hinh thanh cau trac c6 khéng gian
ba chiéu xdp va c6 bé mit riéng lén.

MOFs duoc cau tao tir hai thanh phan chinh:
kim loai va cac cau ndi hitu co. Nhitng tinh
chat cua cau ndi dong vai tro quan trong trong
su hinh thanh céu trdc khung cia MOFs.
Ddng thoi, hinh dang cua ion kim loai déng
vai trd quyét dinh dén két ciu cia MOFs sau
khi tong hop.

lon kim loai va cac oxit kim loai thuong gap
la Zn%*, Co?*, Ni%*, Cu?*, Fe?*, Mn?*, AP,
Cr3*,... Ion kim loai trung tdm hay oxit kim
loai dong vai tro nhu “truc banh xe”.

Cac cau ndi hitu co trong vat liecu MOFs
la cac cau néi hiru co dong vai trd nhu
la nhitng “chan chéng”. Mot sé chat hiru co
la dan xuat cua cacboxylic acid thuong dung
lam cau ndi trong tong hop vat lieu MOFs
nhu: 1,4- benzendicacboxylic (BDC) acid;
2,6- naphthalendicacboxylic acid (2,6-NDC);
1,4naphthalencacboxylic acid (1,4-NDC);
1,3,5-benzentricacboxylic (BTC) acid;
2-aminoterephthalic (NH2-BDC) acid...

Céc tam kim loai duoc thay d6i d& dang trong
khung mang MOFs htra hen nhiéu ung dung
to 16n trong viéc ché tao chit x(c tac. Bén
canh d6 dién tich bé mat I6n 1a diéu kién
thuan loi cho viéc phéan tan cac tdm xuc tac
trén nén vat liéu MOFs. Xiao va cong su [4]
d3 nghién ctu ché tao chat xic tac quang
dang plasma Ag@AgBr lap phuong va duoc
cho la xdc tac trién vong cho qua trinh 1am
sach nudc va xir Iy moi truong.

Vi vay trong nghién ctru nay MOFs duoc
ding téng hop vat liéu quang xuc tac
Ag@AgCI/MIL-101(Cr) ung dung dé xt ly
moi trudng.

Trong hoa hoc, khai niém phan ung xuc tac
quang dung dé néi dén nhitng phan tng xay ra

dudi thc dung dong thoi cua chat xdc tac va
anh sang, hay ndéi cach khac, anh sang chinh
la nhan té kich hoat chat xuc tac, gidp cho
phan tng xay ra. Khi c6 su kich thich caa &nh
sang, trong chét ban dan sé tao ra cap electron
— 16 trong quang sinh va c6 su trao doi
electron gitra cac chat bi hip phu, théng qua
cau ndi la chat ban dan.

Thuéc nhuom RY-145 la mét trong nhiing
thudc nhudm vang thuong duoc sir dung trong
nhudém bong, to nhan tao, cong nghiép dét, in
an, thuoc da. Ton du cua loai thudc nay trong
nuéc 1a mot van dé 1on dbi véi moi truong
nudc noi riéng va moi truong ndi chung.
Nhiéu nha khoa hoc di nghién ctu Ccéc
phuong phap khic nhau dé xir ly van dé nay
nhu Singh va cong su [5] da sir dung to hop vi
khuan E. asburiae and E. cloacae (véi ty &
1:1). Km. Rachna va cong sy [6] d tién hanh
loai bo thudc nhuém Reactive Yellow tir nuge
st dung chat hap phu vo triu. Véi hoat tinh
xuc tdc cao cua vat liéu quang xuc tac
Ag@AgCI/MIL-101(Cr) thi kha nang xu ly
ton du RY-145 trong nudc la rat Ion. Pay
chinh 13 co s¢ dé tién hanh nghién cau nay.

2. THUPC NGHIEM
2.1. Héa chat

Terephthalic acid (TPA); chromium (11)
nitrate nonahydrate (Cr(NO3)3.9H.0) 99%,

fluoride acid (HF) 40%, ammonium
fluoride (NH4F); ethanol (EtOH) 95%,
dimethylfomanmide (DMF), silver nitrate

(AgNO3), nudc cit hai lan. Tat ca cac hoa
chat c6 ngudn gbc tir Sigma-Aldrich va co do
tinh khiét cao.

2.2. Cac bwérc tién hanh

2.2.1. Téng hop vét liéu khung hiu co kim
loai MIL-101(Cr)

Vit lieu MIL-101(Cr) dugc tong hop theo
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phuong phap nhiét phan dung méi trong moi
truong acid. Hon hop ban dau gom
Cr(NO3)3.9H20, H0, terephthalic acid, HF
40% sau khi duoc tinh toan ti 1é xac dinh
duoc khudy trong 1 h sau d6 duoc dua vao
thiét bj auto clave dé tién hanh qué trinh thay
nhiét tai 220°C trong 9 h. San pham sau phan
tmg dugc ly tim sau d6 ngdm rira nhiéu lan
véi dung moi DMF, EtOH 95% va NHsF 1M.
Cudi cung san pham duoc say khd & 100°C.
Quy trinh tong hop vat lieu MIL-101(Cr)
duoc dua ra theo so do hinh 1.

6,52 g Cr(NO;);.9H,0 +
80 mL 1,0

28gTPA+08g
HF 40%

Khudy L h

Hén hap

Autoclave & 220°C
trong 9 h

Dung nhiét trong DMF & 100°C, 3 h

Dung nhiét trong ethanol & 80°C trong 24 h

Dung nhiét trong NH,F 1 M & 70°C trong 24 h

Chit rin mau
xanh

Loc, rira bing nudc néng
MIL-101(Cr)

Hinh 1. Quy trinh téng hep vat liéu MIL-101(Cr)

2.2.2. Téng hop Ag@AgCI/MIL-101(Cr)

Tir nguon MIL-101(Cr) di tong hop & trén
tiép tuc tong hop Ag@AgCl/MIL-101(Cr)
v6i quy trinh tong hop nhu sau: 0,1 g
MIL-101(Cr) da duoc thém vao 10 ml dung
dich AgNO3 (53,7 mmol/L, Vnusc: Vethanoi=1:6)
& nhiét @6 phong, khudy lién tuc trong 3 h.
Sau khi khudy, nho giot thém 100 ml dung
dich NaCl (10.48 mmol/L, Vnusc:Vethanoi=1:6)
trong vong 20 phut, khudy lién tuc trong 10 h.
Sau d6, san phdm mau xanh xam duoc tach ra
bang cach quay ly tam, ria va siy khd & 70°C
trong 12h [7]. Quy trinh téng hop dugc thé
hién nhu hinh 2.

0,1 g MIL-101(Cr)
10 mL IL,0; 60 mL C,FH,0H

10 mL AgNO; 53,7 mmol/L.

Thém 100 mL NaCl 20 phat
Khuay 3 h

Két tia

Ly tam, loc, nra
Say khé 70°C, 12 h

Ag@AgCI/MIL-
101(Cr)

Hinh 2. Quy trinh téng hop Ag@AgCI/MIL-101(Cr)
2.2.3. Quy trinh x& ly thuéc nhuém

Vat licu Ag@AQCI/MIL-101(Cr) sau khi
tong hop duoc st dung dé tién hanh xu ly
thudc nhudém RY-145. Pé tién hanh thuc
nghiém xir ly thudc nhuém, ding 0.05 g
Ag@AQCI/MIL-101(Cr) véi 30 ml dung dich
RY-145 ndng d6 50 ppm va dé can bang hap
phu trong ti 30 phat. Sau d6 thém 1 ml H20;
vao hdn hop trén, va dé dudi anh sang ty
nhién (visible), ct sau 1 h hat mau va tién
hanh phan tich trén thiét bi UV-vis dé xac
dinh hiéu suit cua qué trinh.

2.3. Cac phwong phap dac trung vat liéu

Gian d6 nhidu xa tia X duogc ghi trén thiét bj
D8-Advance Bruker voi tia phat xa CuKa
(bude song L = 1,54 A°), cong suét 40 kV,
40 mA tai Truong DPai hoc Khoa hoc tu nhién
— Pai hoc Qudc gia Ha Noi. Hinh thai duoc
xac dinh thiét bi kinh hién vi dién tir quét
(SEM) Hitachi S4800 (Nhat). Quang phd
phan xa khuéch tan (DRS) thu dugc biang may
quang phd Shimadzu-UV-2550-8030 trong
pham vi 190-800 nm vdi chiéu rong khe la
50 nm va ngudn sang co budc song
A=360 nm ¢ nhiét 46 phong duoc do tai Vién
Vit ly. Pang nhiét hap phu - giai hip phu N2
do trén thiét bi ChemBET-3030 tai Vién Hoa
hoc, Vién Han lam Khoa hoc va Cong nghé
Viét Nam.
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3. KET QUA VA THAO LUAN

3.1. Téng hop vat liéu khung hiru co — kim
loai MIL-101(Cr)

3.1.1. Phwong phdp nhiéu xa Ronghen
(XRD)

Mau MIL-101(Cr) duoc phan tich véi
phuong phép nhiéu xa tia X trong khoang 260
tir 2 dén 40°. Két qua thu dugc ¢ hinh 3.
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Hinh 3. Phd XRD cua vat liéu MIL-101(Cr)

Qua phan tich phé XRD cua vat liéu
MIL-101(Cr) cho thiy cac peak dic trung
xuat hién & goc nho 26 1a dic trung cho vat
lieu mao quan véi nhiéu 16 trong hozc cac 16
rong. Cac peak nhiéu xa dic trung ¢ 20 = 1,7;
3,25; 8,4; 9,1; 10,9; 16,5 va cac peak ctia mau
dugc thay 1a twong ty véi phd chuan cua vat
lieu MIL-101(Cr).

3.1.2. Phwong phap phé héng ngoai FT-IR

Mau MIL-101(Cr) sau khi téng hop duoc
phan tich bang phuong phap phd hdng ngoai
FT-IR cho két qua nhu hinh 4.

Tir két qua phan tich hdng ngoai FT—IR hinh
3.2 cho thiy cac thdng sb song dic trung thé
hién cac nhom lién két trong vat liéu nhu sé
s6ng tong hop cho thay tan sé dao dong manh
va rong hinh thanh trong vung tir 3000-3500
cm? dugc xac nhan 14 cia nhom —COOH,
diéu nay chung té su c6 miat caa TPA trong
cAu trdc MOF. Céc peak tai 1018 cm™ va

748 cm™ ing voi cac dao dong bién dang va
dao dong hoa tri twong tng cua lién két —-CH
trong vong thom. Hon nita, cac peak xuét hién
tai 1623 cm?, 1510 cm™ twong ung véi cac
dao dong hoa tri dbi xung va bat déi xing cua
nhom carbonyl (C=0) va carboxyl (COO).
Vi peak dao dong tai 1405 cm™ dic trung
cho lién két C-C trong khung ciu tric
MIL-101(Cr).
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Hinh 4. Phd héng ngoai FT-IR ctia MIL-101

3.1.3. Phwong phdp dién tor hién vi quét
(SEM)

Mau MOF sau khi tong hop dugc dic trung
bang phuong phap dién tir hién vi quét cho két
qua hinh 5.

Hinh 5. Anh SEM cta vat liéu MIL -101

Anh hién vi dién tir quét (SEM) dugc duara ¢
hinh 5 cho thdy vat ligu MOF téng hop c6
hinh dang va céu tric kha dong déu. Hinh thai
cua vat liéu thu duoc bao gdm céc tinh thé
hinh bét dién va&i cdc miat nhan va min.
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3.1.4. Phwong phdp xdc dinh dién tich bé
mat riéng BET

Céu trGc mao quan trung binh cua vat lidu
MIL-101(Cr) ciing duoc khang dinh théng
qua viéc nghién ctru dang nhiét hap phu - nha
hip phu Nitrogen (BET) (hinh 6).

—— MIL-101 (Cr) - Adsorption  —©— MIL-101 (Cr) - Desorption

oo

st L p—o—p—6—F

3

Quantity Adsorbed (cmg STP)

0.0 0.1 02 03 o7 08 0.9 1.0

0.4 05 06
Relative Pressure (p/p°)

Hinh 6. DPwéng dang nhiét hap phu - nha hap phu
nitrogen cta MIL-101

d=2776

Lin (Cps)

d=3207

Puong hap phu nitrogen cua vat lieu
MIL-101(Cr) ta thay sy xuat hién vong tré
dang IV (theo phan loai IUPAC) dac trung
cho su c6 mat cua loai mao quan trung binh.
Tir két qua do BET cho thiy céc thdng sé cua
vat liéu nhu:

= Dién tich bé mit 16n: 1964 m?/g;

= Thé tich 15 xp: 1,03 cm®/g;

= Puong kinh 16 trung binh: 2,1 nm.

3.2. Téng hop vat liéu quang xuc tac

Tir vat liéu MIL-101(Cr) da tong hop ta tiép
tuc téng hop dwoc vat liéu quang xuc tac
Ag@AgCI/MIL-101(Cr) nhu trinh bay ¢ muc
2.2.4. Vit liéu sau tong hop duoc danh gia cac
déac trung hoa ly.

3.2.1. Phuong phdp nhiéu xa Ronghen
(XRD)

d=1963

S |
d=0.790
- d=5.361

5 10 20 3I0
2-theta (d¢)

Hinh 7. Phd XRD cua vat liéu Ag@AgCIl/MIL-101(Cr)

Mau Ag@AgCI/MIL-101(Cr) duoc phan tich
véi phuong phap nhiéu xa tia X trong khoang
20 tir 5 dén 80°. Két qua thu duoc ¢ hinh 7.
Nhu vay c6 thé nhan thay, ngoai peak dic

trung rd rét cia MIL-101(Cr), con thay xuét
hién cac peak dac trung ¢ 20=27,8° 32,2
46,2° 54,8°% 57,5° va 76,7° twong (tng V&i cac
mat phan xa (111), (200), (220), (311), (222)
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va (420) caa AgCl [7].

3.2.2. Phwong phap UV-vis DRS

Pé xac dinh niang luong ving cdm va budc
song cua vat liéu, ta thuc hién véi phuong

phap do UV-vis. Két qua thu duoc dua ra &
hinh 8.

40% Ag@AgC/MOF
30% Ag@AgCI/MOF
50% Ag@AgCI/MOF
50% Ag@AgI/MOF
——— MOFs

0 T T

2 3 4 5
Energy gap (hv)
Hinh 8. Bé thi [F(r)hv]2 theo hv dé tinh Eg

cua cac vat liéu quang xuc tac

Gia tri nang lwong ving cam (Eg) c6 thé xac
dinh theo phuong trinh Tauc: (ahv)’ = A (hv -
Eg). Dya vao do thi [F(r)hv]*? theo hv dé xac
dinh Eg. Két qua niang luong ving cam & hinh
3.6 cho thiy ning luong ving cam Eg cua cac
vat liéu xac tdc Ag@AgCI/MIL-101(Cr) theo
ham luong xUc tac 30%; 40%; 50% lan lugt &
cac khoang la 1,39eV;1,38eV va 1,46eV. Eg
cua vat liéu xdc tac Ag@Agl/MOF va MOF
lan luot 14 1.52eV va 1.54eV. Piéu nay cho
thdy MOF diéu chinh khoang cach do rong
viing cim Ag/AgCl va Ag/Agl gan dén 1,5eV.
Khi ting dan luong vat liéu Ag/AgCl 1am ting
d6 rong vung cim (1.46eV), dan dén su anh
huong dang ké tinh chat x(c tac quang cua
Ag@AgCI/MIL-101(Cr). Pac biét cd thé nhan
thiy nang luong ving cim Eg cua vat liéu
Ag@AgCI/MIL-101(Cr) véi ham lugng xuc
tac 40% nho hon so v&i ham lugng 30%, 50%,
qua d6 cho thdy ti 1& thich hop gin vat liéu
Ag/AgCI 1én vat ligu mao quan MOF.

Cac tinh chiat quang cua x(c tac
Ag@AgCI/MIL-101(Cr) dugc phan tich bang
phuong phap phd tan xa khuéch tan (UV-Vis
DRS) ¢ budc séng 200-800 nm. Két qua duoc
thé hién trong hinh 9.

1.0

0.8 4
——— 40% Ag@AgCVMOF
- 30% Ag@AgCVMOF
& ——— 50% Ag@AgCUMOF
; 0.6 50% Ag@A gl MOF
P ——— MOF
:
g 044 ~ f
8 4 ¥
3 NS
N, /\ N A
02- / Do e
00 ; . : . : :
200 300 400 500 600 700 800

Wavelength (nm)
Hinh 9. Phd Uv - Vis DRS cla vat liéu
Ag@AgCI/MIL-101(Cr)

3.3. Xtr ly thuéc nhuém RY-145
3.3.1. Pdnh gid khé ndng xu& |y thuéc
nhuém théng qua phwong phap do UV-Vis

Khao sat co va khéng c6 H,O,
100

80

60

40

% loai bé Ry 145

20 —ea— Khdng H202

—ea—COH202

0 0.5 1 15 L2 25 3 35 4
Thei gian (h)

Khio sat ndng d6 thudc nhuém RY 145

100
w
-
-
: 80
g8
g
g 60 F —eo—30 ppm
.(§ —a—50 ppm
k< ot —o—70 ppm
2
S 20 b
|
S
o . . . . .
0 05 1 15 2 25 3 35 4 45 5
Théi gian (h)

Hinh 10. Danh gia kha nang xt ly thudéc nhudém
RY-145
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Pé xac nhan kha ning xuc tac cua vat lidu
Ag@AgCI/MIL-101(Cr) tong hop duoc, ta
tién hanh céc thi nghiém véi 2 truong hop: co
H202 va khong c6 H202; khdi lugng chat xdc
tac véi timg nong do RY-145.

Két qua xac dinh ndng d6 RY-145 theo thoi
gian cho thay trong truong hop khdng cd
H20; thi phan trim néng d6 RY-145 bi loai
91%. Truong hop Ag@AgCI/MIL-101(Cr) co
H.0. thi nong d6 RY-145 bi loai 96% va
khong ddi sau 4 h. Nhu vay, véi hé xic tac
Ag@AgCI/MIL-101(Cr) vai tro cua tac nhan
oxi hoa H20; 1a khong dang ké.

Két qua khao sat nong do6 thudc nhuom
RY-145 cho thay kha ning xtc tac cta vat liéu
giam dan so véi nong do thudc nhuom. Nong
d6 thudc nhuém cao thi phan tram loai bo
thudc nhuom thap.

3.3.2. b6éng hoc phan déng cda qua trinh xa
ly thuéc nhuém

5

4.5
y=0.6745x + 0.762
RZ=0.9712

4 ®30ppm

# 50ppm
3.5 y=0.3797x + 1.1698
70ppm R2=0.9429

3

[~
i

[T

y=0.3639x + 1.1029
R2=0.9181

In(Co/C)

= [
th = in

o

o
-
~
w
IS
2]
@

Thoi gian (h)

Hinh 11. Bong hoc phan &ng qua trinh phan hay
thudc nhudm RY-145 trén xUc tac
Ag@AgCI/MIL-101(Cr) trong phan ng bac 1

Qua hai hinh 11 va hinh 12 thiy duoc hé s6
tuong quan cua phuong trinh dong hoc bac 1
cao hon hé sé twong quan cua phuong trinh
dong hoc bac 2. Nén phuong trinh dong hoc
bac hai 1a phu hop d6i véi quéa trinh xir ly
RY-145 trén xdc tac Ag@AgCI/MIL-101(Cr).

® 30ppm

2 ® 50ppm y=0.5362x - 0.7752

R?=0.7499

® 70ppm

1/C-1/Co

y=0.0808x- 0.0304
. R?=0.9078

= 0,0477x-0.0112
R?=0.9243

] 1 5 [

Thi gian (h)

Hinh 12. Béng hoc phan tvng qué trinh phan hay
thudc nhudm RY-145 trén x(c tac
Ag@AgCI/MIL-101(Cr) trong phan &ng bac 2

4. KET LUAN

Véi muc tiéu tong hop vat liéu khung hiru co
— kim loai sir dung 1am chat mang cho pha
hoat dong quang xuc tac Ag@AgCI tng dung
xa ly thuéc nhuém RY-145 trong nudc,
nghién ciru da dat duoc nhitng két qua sau:

= Két qua XRD, phd FT-IR cho thay cac lién
két C=0, C=C (vong), Cr-O di duogc hinh
thanh trong MIL-101(Cr). Két qua SEM cho
thay vat liéu MIL-101(Cr) 14 vat liéu cau tric,
¢6 kich thudc va 16 mao quan kha dong déu.
Hinh thai cua vt liéu thu duoc bao gdbm céc
tinh thé hinh bat dién vai cac mat nhin va min.
Ping nhiét hip phu - nha hip phu N2 cho thiy
MIL-101(Cr) dién tich bé mat riéng Ion, vat
liéu c6 cau trdc mao quan. Két qua do UV-vis
DRS cho thdy dwoc ning lugng ving cam
cua vat liéu 40%Ag@AgCI/MIL-101(Cr) la
1,38 eV.

= Kha nang xu ly thuéc nhuém RY-145 trén
xuc tac Ag@AgCI/MIL-101(Cr) dat hiéu suat
96% trong thoi gian 4h sir dung tdc nhan oxi
hoa H20> va 91% khi khong str dung tac nhén
oxi hda H202. Bong hoc phan tng cho thay
qua trinh xtr ly RY-145 trén xdc tdc RY-145
tuan theo phuong trinh dong hoc bac 2.
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