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NGHIEN CUU TONG HQP VA KHA NANG HAP PHU XANH
METHYLENE CUA MIL-100(Fe)
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Nguyén Thi Mai Trinh**
Tom tat
Bai bdo trinh bay viéc tong hop vit liéu mao quan trung binh sdt (III) carboxylate
MIL-100(Fe) tir FeSO,, trimesic acid (HsBTC) bang phwong phdp thiiy nhiét. San pham tong
hop dwoc dic trung bang XRD, TEM, BET, FT-R va TGA. Két qud nghién ciru sir dung vit
liéu MIL—100(Fe) tong hop dwoc lam chat hdp phu logi bo thuée nhudm trong nwée cho thdy
qud trinh hdp phy xanh methylene (MB) vao vt liéu tong hop dwoc tudn theo quy ludt dong hoc
biéu kién bdc hai va phit hop véi mé hinh Langmuir véi dung lwong hap phu MB cao dén
344,828 mg.g™. Dung lrong hdp phu cao ciia vit liéu la do bé mdt riéng cao dén 1657,37 m>.g™
va cdu triic 16 xop thich hop. Piéu ndy cho thdy tiém ndng to I6n trong viéc vmg dung vit liéu
MIL-100(Fe) dé loai bé cac logi thuoc nhuém trong nuoc thdi.
Tir khoa: MIL-100(Fe), kdp phu, xanh methylene.
Abstract
A study on the synthesis of MIL—100(Fe) and its adsorption capacity for
methylene blue
In this work, mesoporous iron (l11) carboxylate [MIL-100(Fe)] was synthesized via
the reaction of ferrous sulfate, trimesic acid (HsBTC), and HF—free during hydrothermal
reaction. The synthesized samples were characterized by XRD, TEM, BET, FT-IR and,
TGA. MIL-100(Fe) is synthesized and applied as an adsorbent to remove dye from
aqueous solution in view of assessing the adsorption isotherms, kinetics. The adsorption
isotherms were adequately fitted with the Langmuir model and the kinetic data were
followed by the pseudo-second-order model. The maximum adsorption capacity of
MIL-100(Fe) for methylene blue (MB) reached 344,828 mg.g™. The high adsorption
capacity could be attributed to high surface area and suitable pore structure. These
structures indicated that MIL-100(Fe) exhibited great potential to remove types of dyes in
wastewater.
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1. Pit van dé

Véi sy phat trién ngdy cang manh mé
clia cac hoat dong san xuat cua nganh in va
nhuém, gan 10.000 loai thuéc nhuom da
duge san xuét, va hon 700.000 tin thudc
nhudm dang c6 mit trén thi trudng thé gisi,
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khoang 100 tin thudc nhuom dugc thai ra
dudi dang nudce thai cua cac nganh d6 [1],
c6 thé gdy ra mot mdi de doa nghiém trong
tiém 4n dbi voéi co thé con ngudi va moi
truong sinh thai, dac biét 1a ¢ cac quéc gia
dang phat trién nhu Viét Nam. Nudc thai
nganh dét chira nhiéu loai chat 6 nhiém khac
nhau, song cac nha nghién ctru da chi ra
rang, chat nhuém 13 ngudn chinh giy 6
nhiém ngudn nudc.



Pa phén cac chit nhuém déu la cac hop
chat hitu co doc hai, khé phan huy. Sau khi
di vao méi truong, chung s& ton tai rat lau
hodc chi phan hity mot phan thanh cac tac
nhan gy dot bién d6i v6i sinh vt thiy sinh,
gy hai d6i voi nguoi va dong vat, vi vay
viéc loai b chat mau khoi nuéc thai dét
nhudém di va dang 1a van dé rit dang quan
tam.

Lad mdot MOFs dién hinh, vat ligu
MIL-100(Fe) (MIL: Material Institute
Lavoisier) hién dang thu hut dugc sy quan
tam dac biét cua cac nha khoa hoc trong
nuéc va trén thé gigi véi nhitng wu diém vé
cAu trlic, dac biét dién tich bé mit riéng cao,
d6 bén héa hoc dic biét, nhicu tim kim loai
hoat dong...[1]. Véi nhitng dic tinh hap dan
nay, MIL-100(Fe) c6 kha ning hap phu céc
hop chit hiru co kho phan huy tir nudc thai
cdng nghiép, ting dung hap phu céc kim loai
nang...[2]

Trong nghién ctru nay, ching téi tién
hanh tong hop va st dung MIL-100(Fe)
lam chit hap phu thudéc nhuém xanh
methylen (MB) va nghién ctru co ché hap
phu, ding nhiét va dong hoc hap phu cua
MB trén MIL-100(Fe).

2. Thuc nghiém
2.1. Téng hop vt liéu

MIL-100(Fe) duoc tong hop theo
phuong phép thiy nhiét [2]. Hon hop phan
ung duoc tron theo ti 1¢ 1FeSO,4.7H,0 : 0,67
H3BTC : 3HF : 1,2HNO; : 280H,0 trong
binh phan tng Teflon, dugc khudy & 80°C
trong 60 phit, sau d6 dit vao trong tu say
gia nhiét dén 150°C trong 24h. Hdn hop
dung dich sau phan tng duoc loc tach két
tua, va tién hanh tinh ché véi nuéc cat &
80°C trong 3h va etanol & 70°C trong 1h.
Cubi cung, say san pham trong may loc hit
chan khéng qua dém & 80°C. Trude mdi lan
su dung, kich hoat MIL-100(Fe) ¢ 150°C.
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2.2. Pac trung vat liéu

- Nhiéu xa tia X (XRD) cua vat liéu dugc
ghi trén may D8 Advance,
Brucker—Germany véi tia phat xa CuKa,
budc song A = 1,5406 A, cong suat 40 kV,
cuong do 40 mA.

- Pang nhiét hap phu — khir hip phu N,
(BET) dugc thuc hién ¢ 77,350K trén may
Micromeritics TriStar 3000. Mau duoc hoat
hoa ¢ 150°C trong chan khoéng trong 5 gio
truede khi do.

- Anh hién vi dién tir truyén qua (TEM)
dugc thuc hién trén trén may JEOL
JEM-1400.

- Phan tich nhiét TGA duoc thuc hién trén
may Universal V4.5A TA.

- Phé hong ngoai FT-IR dugc ghi trén may
Thermo Nicolet NEXUS 670.

2.3. Panh gia kha ning hip phu

Céc thi nghiém nghién ctru hap phu
pham nhuém MB tién hanh trong bong tdi &
nhiét 6 30°C. Nong d6 MB duoc xac dinh
bang phwong phap UV-Vis trén may
Spectrophotometer UV 2502 (Labomed —
M3) & Amax cia phdm nhuém MB (665 nm).
2.3.1. Xdc dinh diém ding dién ciia
MIL—-100(Fe)

Cho vao 8 binh tam giac (dung tich 50
mL) 25 mL dung dich NaCl 0,01M va 0,01
gam MIL-100(Fe). Gia tri pH ban dau cua
dung dich (pH;) dugc diéu chinh nim trong
khoang 1 dén 10 bang dung dich HCI va
NaOH. Day kin va lic bang may lac trong
24h. Sau d6 dé ling, loc sach huyén phu
bang gidy loc, do lai gia tri pH goi 1a pHy.
D6 thi biéu dién mdi quan hé sy khac nhau
gilta cac gia tri pH ban dau va sau cung
(ApH = pHs - pH;) theo pH; 1a duong cong
cét truc hoanh tai ApH = 0 cho ta gia tri pH
dang dién (pHeip)-

2.3.2. Ding nhiét hip phu
Cho lan Iuwot 5; 10; 15; 20; 25; 30; 35 va
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40 mg MIL-100(Fe) vao mot loat 8 binh
tam giac (dung tich 100 mL) chira 50 mL
dung dich pham nhuém MB 30 mg.L™*, pH
= 7,5, day kin trong bong tdi, lic bang may
lic trong 24h dé dam bao dat can bang hap
phu. Sau d6, i tim dé loai bo chat hip phu
va xac dinh ndng d6 MB trong dung dich.
2.3.3. Dong hoc hd'p phu

Anh huong cia nong dé dau: & 30°C:
Chuan bi 8 binh tam giac (dung tich 100
mL), cho vao mdi binh 0,05 gam vat liéu
MIL-100(Fe) va 250 mL dung dich MB véi
noéng d6 20; 30 va 40 mg.L™*, pH = 7,5
khudy hdn hop biang may khudy tir dé vat
liéu phan b déu trong hdn hop. O timg
khoang thoi gian xac dinh, dung dich dugc
lay ra, 1i tim dé loai bo chat hip phu va xac
dinh nong d6 MB.

Anh hwéng cia pH: Chuan bi 8 binh
tam giac (dung tich 100 mL): cho vao mdi
binh 0,01 gam MIL-100(Fe) va 50 mL
dung dich pham nhuém MB (40mg.L ™) c6
pH khac nhau trong khoang pH tir 1 dén 12.
pH duoc diéu chinh bang dung dich NaOH
va HCI dam dac, day kin trong bong tdi, 1ic
bang may lic trong 24h dé dam bao dat can
bang hap phu. Sau d6 i tim dé loai bo chat
hap phu va xac dinh ndng d6 MB.

3. Két qua va thao luin
3.1. Pac trung vat liéu

Hinh 1 trinh bay gian d6 XRD clia miu

MIL-100(Fe) tong hop dugc.

Intensity (a.u)

10 ' 20
20/(°)
Hinh 1. Gian d6 XRD ciia MIL-100(Fe)

C6 thé thdy rang gian do co tit ca cac
peak dac trung ¢ 2,09°, 3,40°, 4,03°, 4,83°,
5,29°, 5,94°, 6,32°, 10,33°, va 11° trén déu
phu hop véi cac cong bd trude day [2], [3],
[4], trong d6 c6 cac peak ¢ khoang 10°-12°
la nhitng peak dic trung nhit cua
MIL-100(Fe), mot cacboxylate sat (III)
dugc xdy dung tir cac trime voi sy phan bd
bat dién c6 dinh chung pu3—O [5]. Cac peak
c6 cudng do cao cho thiy do két tinh cua
mau cao.

Hinh thai cia MIL-100(Fe) dugc dac
trung bang phwong phap hién vi dién tu
truyén qua (TEM). Két qua duoc trinh bay &
hinh 2 cho thay kich thudc hat quan sat
duogc ting dan tr 50 nm dén 500 nm. Két
qua & hinh 2 cho thiy rang MIL-100(Fe)
téng hop dugc co cac hat hinh bat dién, phu
hop vé6i cac két qua dd cong bd trude day
[2], [3], [4]. Cac bat dién phan tan, bé mat it
bi két tu, bé mat tinh thé quan sat rd rang,
dy doan vat li¢u c6 dién tich bé mit cao va
do két tinh cao. Tuy nhién, trén bé mat hat
van con c6 mot s6 di vat, co thé 1a do su
hién di¢n cua cac tap chat con sot lai sau
qué trinh tinh ché, nhu acid trimesic khong
phan tmg trong céac 16 xdp, cac cation hodc
anion tir mudi kim loai, bén canh d6 1a mot
lugng cac pha v dinh hodc tinh thé tap chét

[6].



Hinh 2. Anh TEM ciia MIL-100(Fe)

Puong dang nhiét hdp phu — khir hip
phu N, ctia MIL-100(Fe) dugc trinh bay ¢
hinh 3.

—— Mi-100(Fs) - Adsorption
700—S—_Mi-100(Fe) - Desorption

TRUONG DAl HOC PHU YEN

nhiét TGA, két qua duoc trinh bay ¢ hinh 4
cho thiy ring c6 3 qua trinh mat khéi lugng
tir 42°C dén 787°C. Tlr 42°C dén 100°C, la
su gidi phong cac phan t& nudc ty do bén
trong céac 16 xop véi do giam khéi luong 1a
17,8%. Tir 150°C dén 400°C, c6 thé 1a cac
phan tir nudc twong tic v4i cac trime sat
tuong ung voi do giam khdi lugng khoang
6,33%. Tir 400°C dén 787°C, 1a qué trinh
dbt chay acid trimesic, bat dau xuét hién qua
trinh phan huy MIL-100(Fe), twong ung v&i
d6 giam khdi lugng khoang 39,34%. Do do,
do6 bén ciia MIL-100(Fe) c6 thé 1én dén
400°C.
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Hinh 3. Puong dang nhiét hap phu - khi
hdp phu N ciia MIL-100(Fe)

Két qua hinh 3 chi ra rang duong cong
déng nhiét thudc kiéu IV theo phan loai cua
IUPAC, ching to vat lidu co cau trac mao
quan trung binh. Tir két qua nghién ciu
déng nhiét tinh dugc dién tich bé mat riéng,
Sger cua vat liu MIL-100(Fe) tong hop
duoc 12 1657,37 m?/g, kha cao va thé tich 13
x6p cua vat liéu 1 0,65 cm/g.

Do bén nhiét cia MIL-100(Fe) duogc
nghién cru bang phuong phap phén tich

08

% Trong phd FT-IR cuia MIL-100(Fe)
dugc trinh bay tai hinh 5, c6 thé thdy dao
dong manh va rong & 3423 em? 13 cua
nhém (OH), cic dao dong & 1632 cm™,
1575 cm™ twong Ung véi cac dao dong
vas(C=0), vs(C=0) trong nhém cacboxyl va
& 1383 cm™ 1a dao dong v(C—C) ching to
sw c6 mit cta lién két dicacboxylate trong
khung MIL-100(Fe). Cac dao dong ¢ 760
cm™ va 712 cm™ tuong tng v6i dao dong
cua C-H trong vong benzen. Dao dong &
485 cm™ dac trung cho lién két Fe-O. Tir
nhing dit liéu trén cho thiy rang vat liéu da
tong hop dugc xay dung tir cac tim kim loai
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va cau ndi 1a phdi tir cacboxylate. Dao dong
v(C=0) trong nhom acid (-COOH) ¢ 1710
-1720 cm™ dic trung cho HsBTC nhung
day 1a dao dong yéu, cho thiy qua trinh tinh
ché tbt da loai bé H3BTC du trong mau
MIL-100(Fe). Trong giai doan tinh ché, c6
thé ¢6 sy trao dbi cac anion cacboxylate voi
anion fluorure F~ va loai bé acid hiru co du
tir cac 15 x6p thong qua viéc hoa tan trong
nudc nong [7].

10 >
. i
g
E : mn .
2 21 Yo q
<
4000 3000 2000 1000

Wavenumbers (cm-1)

Hinh 5. Phé FT—-IR ciia MIL-100(Fe)
3.2. Khio sat hap phu phim nhuém MB

MIL-100(Fe) s¢ hitu hai bo 16ng khac
nhau (25°A va 29°A) véi cac cira sO mao
quan trung binh (dudng kinh 5,5°A va
8,6°A), nhiéu tdm sit acid Lewis, kich
thudce 16 Xép thich hop, dién tich bé mit cao
[8]. Nho nhiing dac tinh nay, MIL—100(Fe)
¢6 loi thé 16n cho qué trinh hip phu pham
nhuém MB. Qua trinh hap phu xay ra théng
qua tuong tac tinh dién, do la luc tuong tac
chinh gilra phan tdt MB va MIL-100(Fe).
Phan (g trao doi bé mat xay ra cho dén khi
cac vi tri nhom chtrc trén bé mit da hoan
toan bi chiém va & d6 cac phan tir pham
nhudm MB duge khuéch tan vao mang ludi
khung MIL-100(Fe), tao ra cac tuong tac
tinh dién [2].

Pé mo ta quéa trinh hap phu dang nhiét
ctia MIL-100(Fe) d6i v6i phdam nhuém MB,
ching t6i str dung hai m6 hinh: Langmuir va
Freundlich. Hinh 6 trinh bay céc duong ding

nhiét dang tuyén tinh theo hai mé hinh trén.
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Hinh 6. Dang tuyén tinh ciia mé hinh ding
nhiét hap phu Langmuir (a) va Freundlich
(b) ciia qud trinh hdp phu MB trén
MIL-100(Fe)

Gi4 tri hé s6 twong quan (R?) ctia duong
thing dugc xac dinh cao cho thdy rang dir
liéu hip phu dang nhiét cia MIL-100(Fe)
tuong thich tot véi md hinh Langmuir. Diéu
nay c6 nghia 1a qua trinh hap phu xay ra tai
cac vi tri lién két trén bé mat chat xic tac
(tao thanh don 16p trén bé mat chat hap
phu), khiang dinh ban chit ctia qua trinh hp
phu nay 13 hap phu hoa hoc.

Tu phuong trinh Langmuir, tinh dugc
dung luong hip phu MB cuc dai cua
MIL-100(Fe) (qm = 344,828 mg.g™) 1a khé
cao. Dung luong hdp phu cao cua
MIL-100(Fe) co thé dugc 1y giai 1a do



chung s hitu cau trac 16 x6p thich hop va
dién tich bé mat cao. Véi su gia tang di¢n
tich bé mit caa MIL-100(Fe), nhiéu tam
acid Lewis va dién tich 4m trén bé mat s&
duoc tiép xuc, thuan lgi cho tuong tac tinh
dién va tuong tac gitra cac tdm acid Lewis
cua MIL-100(Fe) va base Lewis —N(CHjs),
ctia phan tir MB, din dén cai thién kha niang
hép phu.

Anh huéng cia néng do dung dich MB
ban ddu dén dung luong hap phu MB trén
MIL-100(Fe) trong khoang ndng d6 20 — 40
mg.L™ dugc thé hién ¢ hinh 7.
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Hinh 7. Anh hwong ciia nong do ban dau dén

dung lwong hdp phu trén MIL-100(Fe)

Két qua cho thiy, dung luong hap phu
trén vét liéu hap phuy ting khi ndng d6 MB
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tang. Ban dau ti 1& s6 phan tir pham nhudém
véi cac tam hoat dong trén bé mat vat liéu
thip nén khi ting ndng d6 s& lam ting su
tuong tac giita cac phan tir pham nhudém va
chat hip phu [9]. Ngoai ra, khi ting ndng do
ban dau s& lam tang dong luc (driving force)
clia qué trinh truyén khdi cia MB tir dung
dich vao bé mat chat hip phy, do d6 lam
tang dung luong hap phu phim nhudém [10].

Hinh 7 ciing cho thdy rang, qua trinh
hap phu MB xay ra nhanh trong giai doan
dau tir 0 — 50 phut va dan dat can bang, thoi
gian can thiét dé dat trang thai can bang la
khoang 120 phut.

Pong hoc hinh thirc cta quéa trinh hip
phu pham nhuém MB trén MIL-100(Fe)
dugc phan tich bang hai mé hinh dong hoc
c¢d dién 1a mo6 hinh dong hoc biac mot biéu
kién va dong hoc bac hai biéu kién, két qua
thé hién qua bang 1.

Két qua tinh toan cho thdy mo hinh bac
hai biéu kién cho mdi quan hé tuyén tinh
v6i hé sd twong quan cao (R? > 0,99) dbi
véi tht ca cac néng d% khéo sat, tham s Oe
tinh toan tir mo hinh gan véi g, thuc nghiém
hon 1a m6 hinh dong hoc bac nhét biéu kién
nén c6 thé két luan rang mo hinh hip phuy
béc hai biéu kién phu hop cho qua trinh hap
phu pham nhuém MB trén MIL—-100(Fe).

Bdng 1. C4c tham s¢ déng hoc ciia cac md hinh khac nhau

M hinh ddng hoc béc nhit M6 hinh dong hoc bac hai
Co ) G ‘ex‘i G (cal) k1107 . e (cal k,.10° .
Mot | M99 | (mgg) | (ohat) (mg.g™) | (@mg*phit?)
20 86,454 11,290 27,40 0,98294 87,032 7,69 0,99994
30 128,483 | 15,305 23,00 0,91760 129,870 3,98 0,99986
40 167,084 | 44,892 25,80 0,88902 172,414 1,43 0,99969

Do mé hinh dong hoc biéu kién bac hai

phu hoa hoc 14 giai doan quyét dinh toc do

dugc thiét 1ap trén co so gia thiét rang hdp  hép phu nén mo hinh nay ciing co tén goi la
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mo hinh hip phu hoa hoc biéu kién bac hai,
vi vdy qud trinh hidp phu MB trén
MIL-100(Fe) mang ban chit héa hoc.

Mot trong nhimng tham sé quan trong dé
diéu khién qua trinh hip phu 1a pH. Anh
huong cua pH dén qué trinh hap phu MB
trén MIL-100(Fe) dugc nghién ctu trong
khoang pH 1 — 12, két qua thé hién & hinh 8.
C6 thé thiy dung luong hip phu MB cua
chat hap phu tang 1én khi pH nam khoéang 1
dén 5,5 va 7,8 dén 10,5, giam nhe trong
khoang 5,5 dén 7,8 va giam manh khi pH
tang 1én cao trén 10. Kha niang hip phu MB
cia MIL-100(Fe) dwoc giai thich bang
tuong tac gitra cac tdm acid Lewis cua
MIL-100(Fe) va base Lewis —N(CHj3), cta
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Hinh 8.,A’nh hieong ciia pH dén qud trinh
hap phu MB trén MIL-100(Fe)

4. KET LUAN

Pi tong hop thanh coéng vat liéu
MIL-100(Fe) bang phuong phap thily nhiét
tir Fe** va HyBTC. Vit liéu téng hop dugc
c6 dién tich bé mat BET 1a 1657,37 m>.g™,
va thé tich 16 xdp vat liéu 1a 0,65 cm®g™.
Pong hoc hap phu phdm nhuém MB vao
MIL-100(Fe) tuan theo md hinh hip phu
hoéa hoc bac hai va dang nhiét hip phu
tuong thich t6t v6i md hinh Langmuir c6

phan tor MB. Ngoai ra, kha nang tao tuong
tac m—m gilta cac vong benzene trong phan
tr MB voi MIL-100(Fe) c6 thé s& 1am ting
kha ning hip phy.

Két qua xac dinh diém dang dién cua
MIL—100(Fe) theo phuong phap diéu chinh
pH dugc thé hién qua hinh 9, theo d6 diém
dang dién caa MIL-100(Fe) 1a 4. Két qua
nay cho thiy khi pH ting, bé mit ciia khung
MIL-100(Fe) tich dién am cung véi sy ton
tai cac anion nhu F~ va OH™ s€ tao ra tuong
tac tinh dién voi dién tich duong ctia phan
tr MB, tao thuan loi cho qua trinh hép phu,
do do6 tuong tac tinh dién dong vai tro quan
trong trong qué trinh hap phy.

24
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Hinh 9. Két qud xdc dinh diém dang dién ciia
MIL-100(Fe)

nghia 14 qud trinh hip phu MB vao
MIL—-100(Fe) chii yéu 1a hap phu hoa hoc
va gan nhu tao thanh don 16p trén bé mit
chat hap phu. Dung lugng hap phu MB cuc
dai ctia MIL-100(Fe) (qm = 344,828 mg.g™)
kha 16n, mo ra trién vong ung dung vat li¢u
MIL-100(Fe) dugc ché tao tir ngudn
nguyén li¢u sat than thién véi méi truong,
gid ré trong linh vuc xir 1y nudc thai cia
cong nghi€p dét nhudom.
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