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TONG HOP HE XUC TACVAT LIEU MOFs (Fe-BTC)
BANG PHUGNG PHAP NGHIEN CO'HOA HOC UNG DUNG
DE XU Li CHAT MAU HG'U €O TRONG MOI TRUGNG NUGC

SYNTHESIS OF MATERIAL COOPERATIVE MOFs (Fe-BTC) BY CHEMICAL MECHANISM METHOD
APPLICATION FOR HANDLING OF ORGANIC COLOR CHEMICALS IN WATER ENVIRONMEN

TOM TAT

Vit liéu MOFs (Fe-BTC) dugc tong hop béng phuong phép nghién co hda
hoc. Mau vat liéu ddc trung béi phuong phdp nhiéu xa tia X (XRD), phuong phap
héap phu va khit hap phu N, (BET), phuang phap phd hdng ngoai (FT-IR), phuang
phap hién vi dién td quét (SEM). Vat liéu MOFs dugc thit nghiém kha ning phan
hly quang xiic tac thudc nhudm RY- 145 trong dung dich nudc. Diéu nay mé ra
mot tiém nang mdi cla vat liéu Fe-BTC trong phéan hiy quang xic téc thudc
nhudm hoat tinh trong dung dich nudc.

Tir khéa: Vit liéu MOFs (Fe-BTC), phuong phdp nghién co héa hoc, phdn hiy
quang xc tdc.

ABSTRACT

MOFs (Fe-BTC) materials are synthesized by mechanical chemical grinding
method. The samples were characterized by X-ray diffraction (XRD), N, (BET)
adsorption and desorption method, infrared spectroscopy (FT-IR), scanning
electron microscopy (SEM). The as-prepared Fe-BTC was tested the
photocatalytic degradation of reactive dye (RY-145) in aqueous. The MOFs (Fe-
BTC) composite exhibited excellent photocatalytic activity. The research
suggested a potential application of Fe-BTC/GO materials as a highly efficient
photocatalytic degradation of reactive dye in aqueous solution.

Keywords: MOFs (Fe-BTC), chemical mechanism method, photocatalytic
degradation.
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1.GIGI THIEU

Vét liéu khung hitu co - kim loai (MOFs) dugc hinh thanh
bdi hai ciu ti chinh: ion kim loai hodc t6 hgp (cluster) ion
kim loai va mot phan ti hitu co thudng dugc goi la chat két
néi (linker). MOFs la vat liéu vi mao quan va mao quan
trung binh. Ching cé nhiéu tinh chat dac trung do dién
tich bé& mat va kich thudc 16 x6p 16n. Do vat liéu MOFs c6 bé
mat riéng 16n nén dugc nghién ctu lam chat xdc tac trong
cac phan ting héa hoc.
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Hién nay xu huéng dp dung céng nghé xanh, sach dugc
dac biét chu trong va phat trién. Phuong phép téng hop
vat liéu MOFs truyén théng la phuang phéap nhiét dung
moi. Trong phuong phap nay, can phai sir dung lugng 16n
dung méi nhu DMF, mét hoa chat dat tién va rat doéc hai.
Mét s6 nghién ciu méi day vé tdng hgp vat liéu MOFs
khong st dung dung méi hitu co da dugc cong bé [1-2].
Mét budc ti€n mai nita trong téng hop vat liéu MOFs la da
téng hgp thanh cong mét s loai MOFs c6 kich thudc nano
(nano MOFs) thay thé cho MOFs truyén théng c6 kich thudc
hat micromet khi st dung mét sé ky thuat nhu siéu am, vi
song, nghién co hoéa hoc... trong téng hap vat liéu MOFs [3].
Dé hoéi nhap véi xu hudng mdi trén thé gidi vé vat liéu
khung ca kim chung t6i tap trung nghién cltu téng hgp vat
lieu MOFs khéng sir dung dung méi hitu co, cé cdu trac
nano bang phuong phéap nghién co héa hoc va tng dung
lam xuc tac quang Fenton dé& xi ly cac chat mau hiu co
(thuéc nhudém hoat tinh RY-145) trong moi trudng nudc
2. THUC NGHIEM
2.1. Téng hgp vat liéu MOFs Fe-BTC

Cho hén hop gém 2,269 FeCl,.4H,0; 1,689 H;BTC; 0,959
NaOH vao ¢8i su, thém ti ti 3mL nudc cat, trén déu hén
hgp r6i dua vao may nghién cc trong 60 phut, téc dé 500
vong/phut, thu dugc vat liéu MOF Fe-BTC. San pham dugc
loc rlfa 3 lan véi nudce cat va 1 lan véi etanol (C2H50H) sau
dé sdy 6 80°C trong 12 gid. Lap lai thi nghiém trén & cac
thai gian 20, 40, 80 phut
2.2, Cac phuong phap dac trung vat liéu

San phdm dugc dic trung bang phuong phap XRD trén

mdy D8 Advance (DPuic) dung buc xa ctia Cu Ko, A = 1,5406 A,
khodng quét 26 = 1 - 70°, t6c d6 quét 0,05°/phut. SEM do
trén mdy SEM JSM-5300LV, BET dugc do trén may TriStar
3000 Plus 2 va FT-IR trén may JASCO (USA), Han Quéc va
FT-IR 6700 - Thermo Nicolet -ThermoElectro. TGA do trén
may phan tich nhiét Labsys evo TG-DTA 1600 hang Setaram
(Phap).
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2.3. Nghién ctru kha nang phan hiy RY-145 trén xuc tac
Fe-BTC

Phan (ng phan hay RY-145 thyc hién trong diéu kién
dung dich dugc khudy lién tuc (250 vong/phut), co hé théng
lam mat dé duy tri nhiét d6 phan tng la 25°C, thdi gian phan
(ing 90 phut tuy ting xdc tac dudi diéu kién st dung dén mé
phéng anh sang mat trgi 15W cd 4 - 6% tia UV (budc song tu
340nm dén 315nm). Trong phan tng phan hay, 100ml dung
dich RY-145 c6 n6ng d6 100mg/L (100ppm), néng d6 chat
xuc tac ¢6 dinh 30mg/L. Nong do H,0, 136mg/L. pH dung
dich dugc khao sat trong khoang tir 3 - 9. Sau tung khoang
thai gian xac dinh loc tach chat rdn dem dung dich thu dugc
phan tich trén may quang ph& UV-Vis Lambda-35 tai buéc
song 421nm. Xac dinh ndng d6 RY-145 con lai trong dung
dich bang phuong phap dudng chuén.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Cac dac trung vat liéu
3.1.1. Phé nhiéu xa tia X (XRD)
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Hinh 1. Gian d6 XRD Fe-BTC § 20, 40, 60, 80 phut téng hop béng phuong
phap nghién co hda hoc

Gian d6 XRD cla vat liéu Fe-BTC véi cac thoi gian
nghién co khac nhau (hinh 1) xuat hién cac pic & 26 ~ 5,8%
12% 13,7% 17,6° va 22,1° tuong Ung vdi cac mat phing
nhiéu xa (012); (104); (110) dac trung cho cau tric Fe-BTC
[4-5]. Tuy nhién, vat liéu Fe-BTC-20 phut c6 cudng do pic &
20 ~ 12° xuat hién véi cudng do thap, thiéu can dsi. O 40
phut c6 céc tinh thé Fe-BTC bat dau phat trién va su hinh
thanh pha ran tuong déi thap. Cudng d6 XRD clia mau Fe-
BTC-60 c6 cau truc hoan thién nhat (cudng doé pic 620 ~12°
I6n va can déi nhat). Tuy nhién, khi tdng thai gian nghién
cd 1én 80 phut thi cac pha tinh thé cda vat liéu Fe-BTC-80 c6
xu hudng gidm haon so v6i mau 60 phut. Diéu nay dugc giai
thich bdi khi thai gian nghién co héa hoc tang qua muc t6i
Uy, cac cum st du hinh thanh cé thé canh tranh véi cac
phéi ti hitu co trong tinh thé Fe-BTC da dugc hinh thanh
[6]. Nhu vay, qua két qua XRD cho thdy mau Fe-BTC-60
dugc téng hop bang phucng phap nghién co héa hoc &
thai gian 60 phat tao ra vat liéu cé cau truc pha én dinh,
trat tu t6t hon & 20, 40 va 80 phut.

3.1.2. Két qua phan tich anh SEM
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Hinh 2. Anh SEM clia vét liéu Fe-BTCNC 6 thai gian 20, 40, 60, 80 phiit

Qua hinh 2 cho thdy vat liéu Fe-BTC-20 phut cé kich
thudc hat 20 - 120nm, kich thudc hat khong déng déu. Vat
liéu Fe-BTC-40 phut c6 kich thudc hat 20 - 80nm, kich thudc
hat khong déng déu. Dua vao két qua phan tich XRD va
SEM chi ra rdng thai gian két tinh 20 phut céc tinh thé Fe-
BTC dang phat trién, chua hoan thién vé mat ciu tric vat
liéu, dang & giai doan hinh thanh vat liéu MOFs. Khi tang
thoi gian nghién co Ién 60 phut ciu trdc vat liéu dan hoan
thién hon nén cau tric vat liéu én dinh hon. Anh SEM clia
vat liéu Fe-BTC-60 phut cé céc hat tinh thé Fe-BTC khoang
20 - 30nm, kich thuéc hat dong déu. Khi tang thoi gian
nghién cg hdéa hoc 1én 80 phut, vat liéu Fe-BTC-80 c6 xu
hudéng co cum thanh cac hat c6 kich thudc 16n, kich thudc
hat khoang 20 - 60nm. Nhu vay, khi tang thai gian nghién
cd héa hoc cdc mam tinh thé phat trién va cé xu huéng co
cum tao thanh cac hat cé kich thuéc I6n, kich thuéc hat
khéng déng déu. Nhu vay, vat liéu Fe-BTC duoc téng hop
bang phuong phap nghién ca hoa hoc vai thai gian nghién
€0 60 phut c6 kich thudc nho (20 - 30nm), dong déu hon so
véi cac thoi gian khac.

3.1.3. Két qua phan tich ddng nhiét hdap phu (BET)
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Hinh 3. Duting dang nhiét hap phu - khit hdp phu N, cda Fe-BTC tdng hgp
bang phuong phap nghién o héa hoc & 20 pht (a), 40 phit (b), 60 phit
(c), 80 phdt (d)

S6 10.2020 e Tap san SINH VIEN NGHIEN CUU KHOA HOC | 287



CONG NGHE

Pudng déng nhiét hap phu - khir hdp phu N, ctia Fe-BTC
téng hgp bang phuang phéap nghién co hinh 3 cé dang IV.
Su xudt hién duong tré chiing to c6 su ngung tu mao quan.

Bang 1. Cac thong s6 dac trung cla vat liéu Fe-BTC

Vit liéu Dién tich bé Téngthétich | Do rongmao
mat (BET-m?%/g) mao quan quan trung
(cm*/g) binh (nm)
Fe-BTC20 463 0,11 29-5,6
Fe-BTC40 579 0,34 3,5-6,0
Fe-BTC60 754 0,45 32-72
Fe-BTC80 649 0,38 2,7-76

T bdng 1 cho thdy, Fe-BTC téng hop bing phucng
phap nghién ca hoa hoc cé dién tich bé mat riéng 16n 463 -
754m?/g, thé tich mao quéan I6n 0,11 - 0,45cm?/g va d6 réng
mao quan trung binh 2,7 - 7,6nm. Khi tang thai gian nghién
o tur 20 phut lén 60 phut dién tich bé mat va thé tich mao
quan ting lan lugt tU 463 lén 754m%*g va 0,11 lén
0,45cm*/g. Diéu nay dugc giai thich baéi khi tang thai gian
nghién co (60 phut) cac tinh thé Fe-BTC dan hoan thién,
cdu tric 6n dinh hon va cac hat ¢ kich thuéc déng déu
haon so véi cdc mau nghién co 20 phat va 40 phat. Tuy
nhién, khi tang thai gian nghién héa hoc tir 60 phat 1én 80
phut, dién tich bé mat va thé tich mao quan vat liéu Fe-BTC
gidm tU 754 xuéng 649m?/g va 0,45 xudng 0,38cm’/g. Diéu
nay dugc giai thich bai khi tang thoi gian nghién co héa
hoc Ién 80 phut, vat liéu Fe-BTC cé xu hudng co cum thanh
céac hat c6 kich thudc I6n, kich thuéc khéng déng déu dan
két dién tich bé mat va thé tich mao quéan giam. Nhu vay,
vat liéu Fe-BTC t8ng hop bang phuong phéap nghién ca véi
thai gian nghién 60 phut cho thay cau trdc én dinh, cac hat
phan bé dong déu, kich thudc nho hon so v6i cac mau
nghién & 20, 40 va 80 phut. Mau Fe-BTC nghién co 60 phut
c6 dién tich bé mat 16n (754m?%g) cling vdi dd rdbng mao
quan 1én la diéu kién thich hop cho su khuéch tan nhanh
cac chat bi hap phu tdi cac tam hap phu trong vat liéu hap
phu, qua d6 lam tang dung lugng hap phu.

3.1.4. Két qud phan tich phé héng ngoai FT-IR

Qua hinh 4 phé héng ngoai cta vat liéu Fe-BTC cho thay
cac pic nam trong khodng 1700 - 1730cm™ dac trung cho
dao dong cta nhom cacbonyl -C=0. Cac pic nam &
3414cm™ dac trung cho dao dong cua lién két O-H tir nudc
hdp phu trén bé mat. Cac pic nam trong khoang 1200 -
1250cm™ dac trung cho su tén tai cua lién két C-0. Céc pic
nam trong khoang 1500 - 1600cm™ dac trung cho su ton tai
cta lién két C=C trong cac hop chat thom. Cac pic nam
trong dai chira dinh 1452cm™ dac trung cho lién két Fe-BTC
va pic & 1382cm™ tuong Uing véi cac dao déng dan bat daéi
xting va d6i xiing clia nhdm cacboxylat trong BTC. Diéu nay
cho thdy su xuat hién lién két cta dicacboxyl véi Fe-BTC.
Dai hdp thu & dinh 759 - 711cm™ dac trung cho dao déng
cta cac ligand BTC. Céc pic & 750 cm™ tuong Ung véi dao
doéng bién dang C-H cha benzen. Cac pic cudng do cao
524cm™ dac trung cho dao déng cla lién két Fe - O [7-8].
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Hinh 4. Fe-BTC -20 phdt (a); Fe-BTC-40 phit (b); Fe-BTC-60 phdit (c);
Fe-BTC-80 phdit (d)
3.1.5. Két qud phan tich TGA vit liéu
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Hinh 5. Gian d6 phan tich nhiét TGA vat liéu Fe-BTC

M3u Fe-BTC téng hgp bing phuang phap nghién co
héa hoc (hinh 5) ta thdy mat trong luong (16,5%) & nhiét
dé 60 - 100°C do mat nudc (trong téng hgp Fe-BTC béng
phuong phéap nghién cg hdéa hoc c6 dua mot lugng nhod
H20 dé tang cudng qua trinh chuyén héa cac mudi sat va
ligand- BTC). Tu gian d6 TGA ta thay pic tdéa nhiét & nhiét
dé 300 - 600°C do su d6t chay cla ligand hiru co BTC
(benzen tricacboxylat).

Vat liéu Fe-BTC t6ng hop bdng céc phuong phap
nghién co héa hoc c6 dd bén nhiét cao (300°C). Cao hon
nhiét d6 nay, qua trinh phan huy nhiét dot chay xay ra.

3.2. Phan ting Photo - Fenton trong qua trinh phan hay
thuéc nhuém RY-145

SO,CH,CH
02 ,CH,O0SO;Na NaO,S

—soms
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Hinh 6. Cdu tao cGia thudc nhudm RY145

P& tién hanh kiém tra hoat tinh xuc tdc quang hda trong
qua trinh phan hay thuéc nhuém, chiing t6i lua chon thudc
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nhudm RY-145. Chat nay c6 hoat tinh tuong d6i 6n dinh va
kh6 phan huly, véi cau tao dugc trinh bay & hinh 6.
3.3. Panh gia hoat tinh xiic tac ctia hé xuc tac téng hop
duoc

3.3.1. Bdnh gid hoat tinh xiic tdc ciia Fe-BTC téng hop
& cdc thoi gian khdc nhau trong phén hiy thuéc nhuém
RY-145

—a— Fe-BTC NC 20
—e— Fe-BTC NC 40
—a— Fe-BTC NC 60

%29 +— Fe-BTC NC 80
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Hinh 7. Hoat tinh xtic tac Fe-BTC & 20, 40, 60, 80 phiit

Qua hinh 7 cho thay, cac mau Fe-BTC téng hgp béang
phuong phép nghién co c6 hoat tinh xic tac cao trong
phén tng phan hay RY-145. D6 chuyén hda RY-145 cta vat
liéu Fe- BTC nghién co 20, 40 phdt sau 180 phut cé hiéu
sudt tuong Uing la 88,89% va 92,34%. Sau khi tang thoi gian
nghién ca tir 40 phut 1én 60 phat hiéu suat phan tng tang
Ién 96,98%. Tuy nhién, khi tang thai gian nghién co ti 60
phut 1én 80 phut hiéu suat phan tng giam xuéng 91,63%.
Diéu nay dugc giai thich 1a khi kéo dai thai gian nghién, cac
tinh thé Fe-BTC hinh thanh bi co cum vao véi nhau tao
thanh cac hat c6 kich thudc I6n [am gidm hoat tinh xuc tac.

3.3.2. Cdc yéu té6 anh hudng dén qud trinh phdn hiy
RY-145
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Hinh 8. Anh hudng clia pH dén kha ning phan hily RY-145 trén xiic tc
Fe-BTC

Hinh 8 cho thay gia tri pH déng vai trdo quan trong déi
véi su phan hdy cla RY-145 do dnh hudng dang ké dén

dién tich bé mat cta Fe,0,. O pH = 3 trong thai gian 90
phut, hiéu suat chuyén hoa RY-145 dat 97%. O pH = 5 trong
thai gian 90 phut thi hiéu sudt chuyén héa dat 90,0% va &
pH = 6,5 thi hiéu suat la 81% sau 90 phut. Khi tang gia tri
pH > 6,5 hiéu suat chuyén hda clia phan ting gidam manh. §
pH = 9, thai gian phan tng & 90 phut thi hiéu suat dat 62%.
Nhu vay, & pH thap thuéc nhuém hoat tinh RY-145 |a anion
tuong tac lyc hut tinh dién véi Fe,O; tich dién duong do d6
hiéu suat chuyén héa cao hon & pH cao [9]. Bén canh dé
pH anh hudng manh dén su hap phu cta thuéc nhuém
anion trén bé mat xuc tac, doé che phl bé mat xuc tac cling
anh hudng dang ké dén su hap phu gilta bé mat xdc tac va
thuéc nhudm. gid tri pH cang thap hiéu suat cang cao.
Anh huéng ctia néng dé H,0,
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Hinh 9. Anh huting ctia nong do H,0, dén dén kha nang phan hiy RY-145
trén xtc tac Fe-BTC

No6ng dé H,0, déng vai trd quan trong trong qua trinh
phan hay cta RY-145 vi n6 anh hudng dén qua trinh sinh ra
géc tu do +OH. Khi néng d6 H,0, thap (68mg/L) qua trinh
phan hay RY-145 dién ra cham, hiéu suat qua trinh dat
81,5% sau 90 phut. Khi tdng n6ng d6 H,0, [én 136mg/L sau
90 phut toc dé va hiéu suat qua trinh tdng manh va dat
97%. Diéu nay la do cac g6c «OH tir H,0, dugc tao ra nhiéu
lam thuc day qua trinh phan tng dan dén téc dé cing nhu
hiéu suat phan hay tang. Tuy vay, khi ti€p tuc tang luong
H,0, trong dung dich (204 mg/L), ldc nay H,0O, du sé tac
dung véi g6c «OH tao thanh géc HOO. lam gidm hiéu suat
qua trinh phan hay [9] (hiéu suét 68,4%).

3.3.3. Bdnh gid hoat tinh ctia hé xiic tdc vat liéu Fe-
BTC & cdc diéu kién khdc nhau

Hinh 10 & dudng A cho thdy & diéu kién phan Gng oxi
héa dudi tac dung clia anh sang mat tréi va khong c6 chat
xuc tac thi su chuyén héa RY-145 1a khéng dang ké. Pudng
B, qua trinh hdp phu dién ra nhanh va dat can bang sau 60
phut phan tng. Hiéu suat hap phu RY-145 trén xuc tac dat
hiéu suat la 33%. Trong qua trinh phan (ing Fenton (véi su
c6 mat clia chat xuc tac, H,0,), sau 90 phut phan (ng, hiéu
suat dat 78,34% (duong C). Tuy nhién, trong qua trinh
Photo Fenton (v&i su c6 mat clia chat xuc tac, H,0, va chiéu
sang) hiéu suat dat 97% (dudng D). TU nhiing két qua nay,
ta nhan thdy vat liéu Fe-BTC c6 hiéu qua cao trong qua
trinh Photo Fenton phan hdy RY-145.
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Hinh 10. Qua trinh phan hdy RY-145 trén xiic tic Fe-BTC & cac diéu kién
khac nhau

(A): Khdng xtc tac (RY-145, H,0,): ndng dd RY-145 100mg/L; ndng dd H,0,
136mg/L; pH: 3; nhiét d6 25°C va chiéu den trong 60 phiit.

(B): Hap phu trong t0i (RY-145, xtc tac Fe-BTC, khong c6 H,0,): nong dd RY-
145 100mg/L; lugng xiic téc 0,3g/L; pH: 3; nhiét d6 25°C va phan ng thuc hién
trong bong t6i.

(Q): Xuc tac Fenton (RY-145, xtc tac Fe-BTC, H,0,): nong do RY-145
100mg/L; ndng d H,0, 136mg/L; lugng xic tac 0,3g/L; pH: 3; nhiét do 25°C va
phan ting thuc hién trong bong toi.

(D): Xtic tac Photo Fenton (RY-145, xiic tac Fe-BTC, H,0,): ndng dd RY-145
100mg/L; ndng dd H,0, 13 mg/L; lugng xc téc 0,3g/L; pH: 3; nhiét do 25°C va
chiéu den trong 90 phiit.

4, KET LUAN

- Pa téng hop thanh céng vat liéu nano Fe-BTC bang
phuong phap nghién cc hoa hoc & cac thai gian khac nhau
20, 40, 60, 80. Phuang phap nay khéng st dung dung moi
h{tu nén than thién véi méi trudng. Vat liéu Fe-BTC téng
hgp dugc da dugc dac trung cdu tric hinh thai hoc bang
cac phuong phap phan tich héa ly hién dai nhu SEM, BET,
XRD, TGA. K&t qua dac trung XRD cho thay Fe-BTC (téng
hop & 60 phat) cé ciu tric pha 8n dinh, c6 kich thudc 20 -
30nm, phan bé dong déu (dnh SEM), dién tich bé mat cao
(745m?/g), d6 bén nhiét cao.

- Vat liéu Fe-BTC t8ng hgp & thdi gian 60 phut cé hiéu
suat xt ly thuéc nhuém cao nhat dat hiéu suat 97% & diéu
kién: ndbng d6 RY-145 ban dau la 100mg/L; lugng xuc tac la
0,39/L; néng dd H,0, la 136mg/L; pH: 3; nhiét do 25°C. Két
qua nay md ra kha nang ing dung phan hldy quang xuc tac
trong xt ly chat hitu co déc hai.
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