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TOM TAT

Bai bdo trinh bay viéc nghién ciru tong hop
vit liéu MIL-100(Fe) bang phwong phdp thiy
nhiét va viéc sw dung no trong xuc tdac cho phan
wng phan huy xanh methylene (MB). Vat liéu
téng hop dwoc dic trung bang cdc phwong phap
nhw nhiéu xa tia X (XRD), hién vi dién tir quét
(SEM), phé hong ngoai (FT-IR), ddng nhiét hap
phu va gidi hdp nito (BET) VA phé tin xa ndng
lwong tia X (EDX). Két qua cho thdy MIL-

100(Fe) tong hop dwoc c6 do tinh thé héa va bé
mat riéng cao. Hoat tinh xuc tdc cua vat liéu
dwge danh gid bang viéc khao sat d¢ chuyén héa
ciia MB trong phdn tmg oxi héa bang H,0,. Két
qua cho thdy MIL-100(Fe) c6 hoat tinh xiic tdc
cao cho phan wng oxi hoa MB. va ¢ pH = 10, MB
bi chuyén héa gan nhi hoan toan sau 3 gio tiép
Xuc.

Tir khéa: MIL-100(Fe), oxi hda, xanh methylene

MO DAU

Vit liéu khung hitru co kim loai (MOFs:
Metal Organic Frameworks) la nhédm vt liéu lai
mé&i duoc tao nén tir kim loai hodc oxide kim loai
va duoc két ndi bang cac phdi tur 1a cac acid hitu
co da chuc thanh khung mang. Trong s céc
MOFs, MIL-100 (MIL: Material Institute
Lavoisier) 1a mot trong nhirng loai vat liéu mai
va ¢6 nhiéu uvu diém. MIL-100 c6 dién tich bé
mit 16n (Seer khoang 2000 m?/g). Vat lisu MIL-
100(Fe) da duoc tng dung trong nhiéu linh vyc
trong nhitng nam gan day nhu: hap phy, luu trit
khi, 1am x0c tac trong nhiéu phan (ng héa hoc,
tng dung trong y sinh, dan truyén thudc, wng
dung cho than nhan tao. D3 c6 nhidu nghién ciu
dé tong hop vat lisu MIL-100(Fe) bing céc
phuong phap khic nhau nhu dung moéi nhiét, vi
séng, thiy nhiét, tong hop & ap suat cao va ap

suit thuong, co hoic khéng st dung HF, tay
thudc vao linh vuc ung dung caa vat liéu [1, 2,
[3]. Cho dén nay chua thiy c6 cong bé vé nghién
ctru téng hop va ung dung vat liéu MIL-100(Fe)
lam xdc tac ¢ Viét Nam. Bai bao nay trinh bay
két qua nghién ctru tong hop vat liéu khung hitu
co — kim loai MIL-100(Fe) bang phwong phap
thuy nhiét va khao sat kha nang xtc tac trong
phan tng phéan huy xanh methylene (MB).
VAT LIEU VA PHUONG PHAP
Vit lidu va héa chit

Hoéa chat st dung cho nghién ctiu ndy bao
gom: FeSO.7H,O (tinh khiét phan tich, PA,
Trung quéc, TQ), trimesic acid (1,3,5- benzene
tricarboxylic: 1,3,5-BTC) (Merck), H.O, 30 %
(PA, TQ), HNO; 65-68 % (PA, TQ), HF 50 %
flohydric acid (PA, TQ), NaOH (PA, TQ), HCI
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(PA, TQ), Methylene blue (C16H1sCIN3S.3H20)
(Merck)
Téng hop MIL-100(Fe)

Tong hop MIL-100(Fe) bang phuong phap
thity nhiét véi thanh phan hdn hop phan tng 1,0
FeSO.: 0,67 1,3,5-BTC: 3,0 HF: 1,2 HNO3: 280
H,0 duoc thuc hién nhu sau: Hoa tan trimesic
acid vao nudc ¢ 80 °C (1); FeS04.7H,0 vao nudc
(2). Cho (2) vao (1) khudy khoang 30 phat, thém
HNOs, sau do6 vira lac vira cho tir tir tirng giot HF
vao. Chuyén toan bo hdn hop vao binh teflon rdi
dun & 150 °C trong 24 gio. San pham MIL-
100(Fe) méi tong hop duoc tinh ché bang cach
lan Iugt cho vao nude va ethanol ¢ 70 °C trong 3
gio (theo ti 1€ 1 g MIL-100(Fe) trong 350 mL
nuéc). Loc lay chét rin va siy trong ta say chan
khong & 50 °C qua dém. Hoat héa MIL-100(Fe)
bang céach siy chan khong & 150 °C trong 12 gio.

Céu trdc tinh thé, thanh phan pha, hinh théi,
thanh phan cac nhém chuc, tinh chat bé mat cua
vat liéu tong hop duoc duoc ddc trung bang cac
phuong phap XRD, SEM, FT-IR, BET va EDX.

Diém déng dién cua vat liéu dugc xac dinh
bang cach cho 0,5 g vat liéu vao cac binh tam
giac chira dung dich NaCl 0,1 M ¢6 pHi tir 2 - 12

H(%):COC_

Xa&c nhan hoat tinh x(c tac cua vat liéu MIL-
100(Fe) bang céc khao sat nong do MB trong 3
truong hop: hdn hop phan ung chi ¢6 0,1 g vat
lieu MIL-100(Fe) va 100 mL dung dich xanh
methylene 200 mg/L (1), 100 mL dung dich xanh
methylene 200 mg/L + 1 mL dung dich H,O, 30
% (2), 0,1 g vat lieu MIL-100(Fe) + 100 mL
dung dich xanh methylene 200 mg/L + 1 mL
dung dich H202 30 % (3)

Anh huéng ciia pH dén hoat tinh xdc tac
MIL-100(Fe) dugc khao sat ¢ cac gia tri pH: 2, 4,

(diéu chinh pH bang cac dung dich NaOH 0,1 M
va HCI 0,1 M). Khudy bang may khuiy tir trong
48 gio, do pH cua dung dich dugc gia tri pHs.
Giao diém cua duong cong phu thudc cia ApH =
pH—pH; vao pH; véi truc hoanh cho gia tri diém
dang dién (pHpzc) cua vat ligu.
Khao sat kha ning xic tac cia MIL-100(Fe)
trong phan ng phin hiily xanh methylene

Xac dinh ham lugng xanh methylene bang
phuong phép tric quang trén  may
Spectrophotometer UV 2502 (Labomed - My).

Phan Gng phan huy xanh methylene duoc
thuc hién & nhiét do phong bang cach: Cho mot
lugng vat liéu xuc tac vao binh nén, thém chinh
xac mot thé tich dung dich xanh methylene 200
mg/L va mot thé tich xac dinh dung dich H,O,
30%, dat binh nén vao may khuiy trong khoang
thoi gian xac dinh. Sau 10 phat, 30 phat, 60 phat,
90 phat, 120 phat, 180 phat thi ldy ra 1-5 mL
dung dich mau, li tim dé loai bo chit xuc téc va
xac dinh ndng d6 cua MB con lai trong dung dich
bang phuong phép tric quang. Do chuyén hoa
MB trong phan Gng phén htuy duoc tinh theo
cong thuc sau, trong dé: Co, C: ndng d6 MB cua
dung dich ban dau va tai thoi diém t.

" St 100%
0

6, 8, 10. Hiéu chinh pH dung dich bang dung
dich HCI 0,1 M hay NaOH 0,1 M.
KET QUA VA THAO LUAN
Dic trung ciu tric vat liéu

Hinh 1 trinh bay gian ¢ XRD cua mau MIL-
100(Fe) téng hop dwoc. Két qua cho thay vat liu
MIL-100(Fe) téng hop duoc c6 cac peak dic
trung cho ciu tric MIL-100(Fe) ¢ c4c gia tri 20
khoang tur 2°-5°, 5°-8°, va 10°-12° nhu céc cong
b gan day [4, 5, 6].
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Hinh 1. Gian db XRD cua MIL-100(Fe) téng hop dwoc
Anh SEM tai Hinh 2 cho thay vat liéu tong hop dugc c6 ciu tric bat dién dic trung cia MIL-
100(Fe) [7], c4c hat phan bb khong dong déu va c6 kich thudc khoang 0,2 dén 0,3 pm.

(A) ) i , (B)
Hinh 2. Anh SEM cta mau MIL-100(Fe) tong hop duoc

Bing 1. Thanh phan hoa hoc ctia miu MIL-100(Fe) téng hop duoc

Nguyén t6 % khbi luong Trung binh
C 38,26 54,91 48,88 47,35
0 35,78 35,03 39,58 36,80
Fe 25,97 10,05 11,55 15,86
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Hinh 3. Phd EDX cua miu MIL-100(Fe) téng hop dugc ghi tai céc vi trf khac nhau

Thanh phan hoa hoc caa mau MIL-100(Fe)
tong hop duoc phan tich bang phwong phép phd
nang luong tan xa tia X (EDX). Két qua ¢ Hinh 3
va Bang 1 cho thdy mau vat liéu MIL-100(Fe)

Isotherm Linear Plot

—+ Mil100F - Adsorption
. —8~ Mil100F - Desorption

tong hop duoc chira chii yéu cac nguyén tb chinh:
C, O, Fe va khong c6 sy hién dién nguyén t5 la
khac.

BJH Adsorption dVidlog(w) Pore Volume

Halsey: Faas Correction
—+— Wil100F

500-
g4
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Hinh 4. Buong déng nhiét hip phu/khir hap phu N2 & 77 K (A), Buong phéan b kich thudc 15 x5p cia mau MIL-
100(Fe) téng hop (B)

Hinh 4 trinh bay duong dang nhiét hap phu
va khir hap phu N, (BET) ciia mau MIL-100(Fe)
tong hop dugc. C6 thé thay dwong ding nhiét
thuoc kiéu | theo phan loai cua IUPAC. Két hop
v6i két qua tinh toan thé tich xdp trung binh:
0,769952 cm®/g, duwong kinh mao quan: d ~ 2 nm,

c6 thé ndi vat liéu thuoc loai vi mao quan. Két
qua tinh toan tir cac s6 lidu thu dugc ciing cho
thdy mau vat lieu MIL-100(Fe) c6 dién tich bé
mat riéng theo BET la: 1450 + 54 (m?%g), kha
turong dong vai cac két qua khac da cong b [8,
5, 9].
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Hinh 5. Phd FT-IR cia miu MIL-100(Fe) da téng hop duoc

Phé FT-IR cua mau MIL-100(Fe) di tong
hop dugc dua ra & Hinh 5. Viéc quy két cac tin
hiéu dac trung dya trén céc tai liéu tham khao [4,
5, 10, 11]. C6 thé thay phé caa MIL-100(Fe) da
tong hop c6 dai hip thu & sé séng khoang 3431
cm™ (manh) xac nhan sy ton tai cia nhém O-H
cua cac phan tr nude trong cau trdc. Cac dai hip
thu & cac s séng 1632, 1576, 1450, 1382 cm'!
dic trung cho dao dong bat ddi xung va ddi xang
cua nhom carboxyl. Cac dai hap thy tir 760-1112
cm! (manh) twong tng véi dao dong cia nhém
C-H trong vong benzene. Céc dai hap thy tir 712—

1

812 cm? dic trung cho 3 nhom thé 1,35 cua
vong benzene. Dai hap thu ¢ sé séng 484 cm!
dic trung cho lién két Fe-O. Dai hap thu yéu & s6
séng khoang 1725 cm? dic trung cho dao dong
lien két C=0 cua HsBTC, cho thdy qué trinh tinh
ché d3 loai bo kha tét HsBTC trong vat liéu tong
hop duoc.

Nhu vay, cac két qua phan tich phé hong
ngoai da cho thiy cdu tric cua MIL—100(Fe)
dugc hinh thanh boi lién két giira ion Fe va céc
phdi tir hiru co 1,3,5-H3BTC.

pHf- pHi

ApH=

6

Hinh 6. Két qua xac dinh diém déng dién caa vét lieu MIL-100(Fe)
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Hinh 6 trinh bay su twong quan ApH theo pHi. Tir d6 thi, diém ding dién cua vat liéu c6 thé duoc
xéc dinh 1a giao diém cuia duong cong va truc hoanh 1a pHezc = 3.6.

Két qua vé kha niing xiic tic

Bing 2. Do chuyén hoa MB theo thoi gian trong phan tmg phan hiy & 3 truong hop khac nhau

Thoi gian Do chuyén hoa MB (%)

(phut) MB+H,0, MB+ MIL MB+MIL+H20,
0 0 0 0
10 0 28,16 45,542
30 0 38,665 58,5085
60 0 47,45 75,868
90 0 52,165 88,5235
120 0 55,38 96,7065
180 0 57,545 99,376
240 0 59,905 99,494
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Hinh 7. Do chuyén héa MB theo thoi gian trong phan ng phan huy 6 3 trudng hop khac nhau

Pé xac nhan kha ning xuc tac cua vat liéu
MIL-100(Fe) téng hop dwoc ching tdi tién hanh
cac thi nghiém véi 3 truong hop: chi ¢d H.0- va
MB; chi c6 MB va MIL-100(Fe); c6 ca H,0,,
MB va MIL-100(Fe). Két qua xac dinh nong do
MB theo thoi gian cho thay trong trudng hop chi
¢ H,0; thi nong d6 MB khong thay doi. Truong
hop ¢6 MIL-100(Fe) ma khéng cé H,0, thi néng
do MB giam tir 200-80,19 mg/L va khong ddi
sau 4 gio 1a do sy hip phu cia MIL-100 (Fe),
lam giam ndng d6 xanh methylene va dat can
bang hap phu sau 4gio, vat liéu MIL-100(Fe) thi

bi chuyén tir mau vang nhat sang mau xanh. Khi
c6 MIL-100(Fe)+H,0, thi nong do xanh
methylene giam manh, r6 rét tir 200-1 mg/L sau
4 gio, chat rin thu dugc c¢6 mau vang nhu ban
dau. Tur s lieu vé& quan hé gitra do chuyén hoa
MB va thoi gian dugc trinh bay ¢ Bang 2 cung
véi Hinh 7 cho thay MIL-100(Fe) tong hop dugc
c6 thé hién vai tro la chét xdc tac trong phan ng
phan huy MB véi sy ¢ mat cua H20».

Anh huong cia pH dén kha ning xuc tac cua
vat lieu MIL-100(Fe) dwoc khao sat bang viéc
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xé4c dinh Do chuyén héa MB theo thoi gian trong
phan tng phan hiy bang H20, khi c6 mat MIL-

100(Fe) tai cAc gia tri pH tir 2-10. Két qua duoc
trinh bay tai Bang 3 va Hinh 8.

Bang 3. Do chuyén hoa MB & cac pH khéc nhau

Thoi gian Do chuyén hoa MB (%)
(phut) pH =2 pH =4 pH=6 pH =8 pH =10
0 0 0 0 0 0
10 33,755 47,0425 45,542 46,614 56,6865
30 37,827 54,865 58,5085 63,545 72,332
60 40,1845 72,332 75,868 78,011 87,7625
90 52,5075 84,1835 88,5235 88,8985 95,8635
120 59,1515 93,2775 96,7065 96,671 98,7355
180 72,653 99,04805 99,376 99,3995 99,7315

Bang 3 va Hinh 8 cho thiy trong khoang pH
2-10, kha ndng xtc tac phan huy xanh methylene
ciia MIL-100(Fe) tang khi pH tiang. O pH =10,
xanh methylene chuyén héa dén 95,86 % sau 90
phdt va gan nhu hoan toan sau 3 gid. Nguoc lai,
& pH=2, ndng d6 xanh methylene giam 52,5 %
sau 90 phat va 72,6 % sau 3 gio. Tai cac gia tri
pH=4, 6, 8 kha nang xtc tac phan huy xanh
methylene cia MIL-100(Fe) 1a gin nhu nhau,
ndng d6 xanh methylene giam giam tir 84-89 %

120

100
30
60

40

Db chuyén héa MB (%)

20

sau 90 phit va >99 % sau 3 gio. Po chuyén hoa
MB tang khi pH tang dugc giai thich dya vao kha
nang hip phu MB vao vat liégu MIL-100(Fe). Su
hip phu MB vao vat liéu MIL-100(Fe) da duoc
x&c nhan 1a cé ban chat tinh dién do luc hat gita
bé mat vat liéu mang dién tich &m va cac cation
MB [12]. O pH > pHezc = 3,6, bé mat vat ligu
tich dién &m va khi ting pH méi truong mat do
dién tich &m s& cang ting vi vdy kha ning héap
phu MB vao vat liéu MIL-100(Fe) tiang.

—t—pH=2
—f—pH=4

pH=06
=i pH =8

e pH = 10

1] T T

0 50 100 150 200
Thei gian (phat)

Hinh 8. B chuyén hda MB & céc pH khac nhau
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KET LUAN

Pi téng hop thanh cong MIL-100(Fe) bing
phuong phap thay nhiét tir mudi Fe(ll) FeSO, voi
1,3,5- benzene tricarboxylic acid (HsBTC) c6 su
hién dién cua HNOs;, HF trong binh teflon ¢
150°C trong 24 gio. MIL-100(Fe) da tong hop
duoc c6 dién tich bé mat theo BET la; 1450 +
54 (m#g) voéi thé tich 16 x6p: 0,769952 cmd/g, va
duong kinh mao quan: d ~ 2 nm.

Vit ligu MIL-100(Fe) tong hop duoc c6 kha
nang xtc tdc manh cho phan tng phén huy xanh
methylene bai H20,. Trong khoang pH 2-10, kha
nang xuc tac phan hily xanh methylene cia MIL-
100(Fe) tang khi pH tang va ¢ pH = 10, xanh
methylene bi chuyén héa gan nhu hoan toan sau
3 gio tiép xdc.

A study on the synthesis of MIL-100(Fe)
and its application in the catalytic
degradation of methylene blue

e Tran Vinh Thien
e Huynh Huu Dien
University Phu Yen

ABSTRACT

In the present paper, a study on the synthesis
of MIL-100(Fe) by hydrothermal process and its
application in the catalytic degradation of
methylene blue (MB) was demonstrated. The
obtained samples were characterized by X-ray
Diffraction (XRD), scaning electron microscope
(SEM), Fourier-transform infrared spectroscopy
(FT-IR), Brunauer, Emmett and Teller (BET) and
energy-dispersive X-ray spectroscopy (EDX).

The results showed that the synthesized MIL-
100(Fe) exhibited high crystallinity and surface
area. Its catalytic activity was evaluated by
measuring the rate of conversion of MB after
oxidation reaction by H2O,. The results indicated
that the MIL-100(Fe) showsed high catalytic
activity for the oxidation reaction of MB and at
pH = 10, MB was degraded almost completely
after after 3 hours of presence of the catalyst.

Keywords: MIL-100(Fe), oxidation, methylene blue
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