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Composite  materials  MIL-53(Fe)/FesO4 have been successfully
synthesized on the basis of MIL-53 metal organic framework materials
by hydrothermal method. Material characteristics were studied
through XRD, SEM methods. The material has good adsorption
capacity of the Congo Red pigment. The Congo Red adsorption
activity of the composite material was investigated. The results
showed that the adsorption efficiency of Congo Red of MIL-
53(Fe)/FesOs4 reached 98.89% after only 5 minutes, with the
concentration of 2.227 mg/l in Congo red solution. The Congo Red
adsorption process of MIL-53 (Fe)/FesO. follows the Freundlich
isothermal adsorption model.

Gidi thiéu chung

Vat liéu khung kim loai httu cd (MOFs) la nhiing vat
liéu tinh thé x&p trong do kim loai dugc khda vao mét
vi tri dé tao ra hinh dang hinh hoc cling va x8p, céc
cau néi hltu ca ¢d vai tro két néi cac nguyén t hodc
nhém kim loai véi nhau hinh thanh hinh dang tinh thé.
Do tinh linh hoat vé& c4u tric, dién tich bé mat Ién va
kich thudc 16 mao quan cé thé thay déi dé dang,
MOFs c6 nhiéu Ung dung réng rai trong cac Iinh vuc
nhu hdp phu va luu trd khi, phan tach, xic tac, cdm
bién, nhan dang phan t, phan phdi thuéc, quang hoc
phi tuyén tinh, phat quang,[1-12]... Vat liéu MOFs c6
dién tich bé mat riéng I6n, I6n han nhiéu so véi nhiing
vat liéu mao quan khac.[13]

MIL-53(Fe) dugc cau tao tir cac chudi vo han cla cac
don vi bat dién {FeO4(OH/F);} lién k&t chéo vdi nhau

bdi phdi i 1,4 benzenddicacboxylat (BDC) dé tao ra
mét mang 3D trong dé cac 6ng mao quan mét chiéu
chay song song vdi dudng truc vo cg cla cdu tric.
MIL-53(Fe) dudc biét dén nhu mot vat liéu khung hiu
ca-kim loai ¢ tinh ndng “thd” va cdu trdc linh hoat,
vGi cac Ung dung da dang trong linh vuc xuc tac, hap
phu [13-15].

Trong nghién cltu nay, chiing téi dat nhiém vy téng
hop vét liéu nanocomposite MIL-53(Fe)/FesO4 bang
phuong phap thiy nhiét, va nghién clu kha ndng hép
phu chat mau Congo do cla vat liéu. Su két hap gilta
vat liéu khung httu ca - kim loai MIL-53(Fe) vdi vat liéu
tir FesO4 nham muc dich lam tang thé tich mao quéan
cla vat liéu. Haon nlfa, do co thanh phén FesO4 mang
tUr tinh, vat liéu hdp phu s& dé dang dugc thu hoi va
tai sir dung.
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Thyc nghiém va phuong phap nghién cdu
Hdéa chdt

Hoa chat dugc st dung la cac hda chét tinh khiét
dung cho phan tich: s&t (lll) clorua hexahydrat
FeCls.6H,O (Sigma Aldrich), axit terephtalic H,BDC
(Sigma Aldrich), dimetyl formamit (CH3),NCHO (Sigma
Aldrich), metanol CH3;OH (Merck), etylen glycol
CoH4(OH), 96% (Merck), natri axetat CH3;COONa
(Sigma Aldrich), polyetylen glycol 600 H(OCH,CH),OH
(Sigma Aldrich).

Ché tago vdt lidu
Ché tao bot FesO4

Mau bét FesOs dudc téng hop bang phuong phép
thdy nhiét. Hoa tan hdn hop gém sat (lll) clorua
hexahydrat, natri axetat va polyetylen glycol 600 vao
trong dung dich etylen glycol, khudy dén khi déng
nhat. Chuyén dung dich trén vao autoclave roi thiy
nhiét & 200°C trong vong 8 gid. Sau do dem ly tam,
rifa, sdy va nghién min thu dugc mau bot FesO..

Ché tgo vat liéu nanocomposite MIL-53(Fe)/Fe;O.

Vat liéu MIL-53(Fe)/FesOs dugc téng hop bang
phuong phéap thiy nhiét. Hoa tan sat (lll) clorua
hexahydrat va axit terephtalic vao dung dich dimetyl
formamid vdi ty 1 thich hgp. Phan tan bét FesO4 vao
dung dich trén roi chuyén hé dung dich vao
autoclave, thiy nhiét & 150°C trong 12 gid. Sau do
dem ly tam, rira, sdy va nghién min thu dugc mau bét
vat liéu MIL-53(Fe)/FesO..

Khdo sdt khd ndng hdp phu Congo @6 cua MIL-
53(Fe)/Fes04

Céc khéi lugng vat liéu MIL-53(Fe)/FesO4 dugc khao
sat trong khodng tur 0,005 dén 0,01 g. Tién hanh hap
phu nhu sau: can cac khéi lugng thich hap ctia MIL-
53(Fe)/Fe30.4 cho vao 50ml dung dich Congo dd ndng
dé 2.227 mg/l (pH ~7). Khudy nhe trén may khudy tur.
Sau mdi khoang thai gian nhéat dinh, trich méau, ly tam
dé loai bd MIL-53(Fe)/FesO4, dem do tréc quang bang
may UV-VIS.

Gian do nhiéu xa tia X (XRD) dudgc do trén may X-ray
D5005-SIEMENS tai khoa Hoa hoc, Pai hoc Khoa hoc
Ty nhién, Pai hoc Quéc gia Ha Néi vdi bic xa CuKar (A
= 1.54056 A), goc quét 28 thay déi tir 5-70°, t6c dd
quét 0,029/s, nhiét dé 25°C. Hinh thai bé mat cla véat

litu dugc dugc phéan tich bang kinh hién vi dién tu
quét Hitachi S4800 tai Vién Vé sinh Dich t& Trung
Uong. PhS UV-VIS cla cac dung dich chét mau CGR
trong qué trinh khdo sat kha nang hdp phu cta vat
liéu dugc do trén may Spectrometer Agilent 8453 tai
B& mon Hba VO g - Pai cuong, Pai hoc Bach Khoa
Ha Noi.

Két qua va thao luan

Gian do nhiéu xa tia X clia mau bot FesOs, MIL-53(Fe)
va MIL-53(Fe)/FesO, dugc thé hién trén Hinh 1. Két
qua cho thdy, gian do nhiéu xa clia mau bot FesOa co
Cac pic & cac goc 28 = 30,19 35,59 43,1° 53,4°; 56,99
62,5° tuong Ung vdi cac mat mang (220), (311), (400),
(422), (511), (440) cla tinh thé FesO4, ngoai ra khong
con xudt hién cac pic & vi tri khac. Gian do nhiéu xa
clia mau bot MIL-53(Fe) co cac dinh nhiéu xa & cac
goc 26 =~ 9,139 11,7°; 17,4°; 20,8°; 25,3° tucng Ung vdi
cac pic dac trung ctia MIL-53(Fe). Trong mau vat liéu
t6 hgp MIL-53(Fe)/FesO., quan sat dugc cac pic dac
trung cla ca hai vat liéu thanh phén FesOs va MIL-
53(Fe) & cac vi trf goc 26 = 99 10,59 309 35,4 439
53,6% 579 62,6°. Diéu nay chiing té vat liéu t6 hap co
chiia ca hai thanh phan la FesO4 va MIL-53(Fe).
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Hinh 1: Gidn d6 nhiéu xa tia X clla FesO,4, MIL-53(Fe) va vat
liéu t8 hop MIL-53(Fe)/Fes0q

Hinh 2: Anh hién vi dién tir quét SEM cta vat liéu
MIL-53(Fe)/Fe;04

https://doi.org/10.51316/jca.2021.035
95


https://doi.org/10.51316/jca.2021.035

Vietnam Journal of Catalysis and Adsorption, 10 —issue 2 (2021) 94-98

Hinh thai cla vat liéu MIL-53(Fe)/Fes0O4 dugc trinh bay
3 Hinh 2. Két qua SEM cho thdy ré su ¢ mat cla hai
pha trong vat liéu composite MIL-53(Fe)/Fe30a4.

Bang 1 va Hinh 3 trinh bay két qua hdp phu chat mau
Congo do cua vat lieu MIL-53(Fe)/FesO4 theo thai
gian. Khéi lugng Congo do dugc dung cho thi nghiém
la 0,01 g/50 mL dung dich CGR. Két qué cho thay,
trong 1 phdt dau tién, qué trinh hdp phu dién ra rat
nhanh. Sau 2 phut, vat liéu MIL-53(Fe)/FesO4 hap phu
dudc 86,34% lugng Congo dd. Can bang hdp phu dat
dugc sau thdi gian 8 phut.

Bang 1: Khdo sat qué trinh hép phu Congo do cua
MIL-53(Fe)/Fe304 theo thdi gian

(p;m Comg/)  Clmg/l)  qma/g)
0 2.227 2.227 0
1 2.227 0.146 10.404
2 2.227 0.031 10.980
3 2.227 0.030 10.983
4 2.227 0.027 10.998
5 2.227 0.025 11.0M
6 2.227 0.018 11.044
7 2.227 0.013 11.069
8 2.227 0.010 11.084
9 2.227 0.010 11.084
10 2.227 0.010 11.084

Hai m& hinh dang nhiét hdp phu phé bién nhit dé mé
td trang thai can bang hép phu & phuong trinh
Langmuir (1) va phuang trinh Freundlich (2):

k C
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Hinh 3: D6 thi khao sat qua trinh hap phu Congo dé
cla MIL-53(Fe)/FesO4 theo thai gian

Trong dé: ge: dung lugng hdp phu tai thai diém can
bang(mg/g); gm:dung lueng hap phu cuc dai (mg/qg);
Ce: nGNg do chét bi hdp phu tai thai diém can bang
(mg/L); kchang s6 can bang hdp phu Langmuir
(L/mg); n: hang s6 chi cudng dé hdp phuy; ke hang s
can bang hép phu Freundlich.

Cac gia tri Ce va ge cho tinh toan thu dugc tu thuc
nghiém nhu sau: can cac khéi lugng cla MIL-
53(Fe)/FesO4 cho vao 50ml dung dich Congo dd ndng
d6 2.227 mg/l (pH ~7). Khudy nhe trén may khudy tu.
Sau khi dat can bang hap phy, trich mau, ly tam dé
loai bd MIL-53(Fe)/FesQ4, dem do tréc quang bang
may UV-VIS dé xac dinh ndong dé can bang Ce va
dung lugng hép phu can bang ge. Cac két qua dugc
trinh bay trong bang 2.

Bang 2: Anh hudng clia khéi lugng chat hap phu
MIL-53(Fe)/Fe;O4 dén dung lugng hdp phu can bang

ge
Khdi lugng C. .

Cgﬁa T;O (mg/l)  (mg/)) (mc_ij/g) (%)
0.005 2227 0.136 20910 93.89
0.0075 2227 0056 14.472 97.48
0.008 2.227 0.048 13.621 97.86
0.009 2227 0025 11.011 98.89
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Hinh 4: Dang tuyén tinh cla m6 hinh hap phu
Langmuir (a) va Freundlich (b)

ki, gm dugc xac dinh dua vao phuong trinh tuyén tinh
h&p phu déng nhiét Langmuir biéu dién su phu thudc
cla Ce/ge Vvao Cg kfva 1/n dudc xac dinh dua vao
phuong trinh dudng théng Freundlich bidu dién su
phu thudc cla In(ge) vao In(Ce). Két qua tinh toan theo
hai mé hinh dang nhiét hdp phu dugc trinh bay trong
Bang 3 va hinh 4(a,b). TUr két qué tinh todn cho thay
hé s§ tuong quan R? trong md hinh hdp phu dang
nhiét Freundlich khéa t6t, dat 0,9918, I6n hon gia tri R?
trong mé hinh Langmuir. K&t qua nay cho thdy mo
hinh hdp phu dang nhiét Freundlich phu hap vai qué
trinh hdp phu Congo dd cla vat liéu t6 hop MIL-
53(Fe)/FesOs.

Bang 3: Hang s& hdp phu k va hé s6 tuong quan R?
cho hép phu CGR véi mo hinh dang nhiét khac nhau

M& hinh Langmuir M& hinh Freundlich
ke Qm ke (mg™
R? N R?
(L/mg)  (mg/q) LG
22,76 27,29 0727 2,64 43,91 0.9918

K&t luan

()vat lieu MIL-53(Fe)/FesOs dudc téng hgp thanh
cong bang phuong phép thay nhiét. Cac dac trung
vat liéu dugc khao sat qua két qué XRD, SEM; (i) Kha
nang hép phu chit mau Congo ddé cla vat liéu da
dugc khao sat. Két qua hdp phu cho théy chi sau 2
phut, vat liéu MIL-53(Fe)/FesO4 hdp phu dugc 86,34%
lugng Congo dé. Can bang hdp phu dat dugc sau 8
phut; (i) Qua trinh hdp phu Congo ddé cia MIL-
53(Fe)/FesO4 phu hop vai mé hinh hdp phu dang
nhiét Freundlich véi d6 tuong quan R? la 0,9918.
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