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ABSTRACT

In the present study, MIL-53(Al) metal-organic framework material
dopping with iron (denoted as Fe-MIL-53(Al)) had been synthesized
and applied as a catalyst to degrade rhodamine B (RB) in agqueous
solution by H202. The obtained materials were characterized using X-
ray diffraction (XRD), thermogravimetry analysis (TG), transmission
electron microscopy (TEM), and energy dispersive X-ray (EDX). The
influence of iron content on the structure of MIL-53(Al) and treated
temperature of Fe-MIL-53(Al) were investigated. The results showed
that the obtained Fe-MIL-53(Al), which was synthesized at mole ratio of
Fe/Al = 1/9, had high catalytic activity for RB oxidation reaction by H202,
RB degradation efficdency was 92%, and achieved 100% under UV
radiation ([RB] = 10 mg/L). The treatment at 280 °C had almost no
effect on the structure of the material, but also slightly enhanced the
catalytic activity.

Gidi thiéu chung

Vat lieu khung hlu co-kim loai

(Metal-Organic

thirc MOH)-(O2C-=CsH4—CO2)-H20, ¢d tinh linh hoat
héa hoc I6n va dé bén hda hoc cao [11]-[14]. Trong s&
Cac thanh vién cla MIL, MIL-53(Al) dugc quan tam

Frameworks, MOFs) la cac nano ran x&p dugctao ra ti
cac ion kim loai (hodc cac trung tam lai vo cg) lién két
vdi cac cdu ndi huu g (organic linker). Su tdn tai thanh
phan hitu co va vo co trong khung mang cé thé tao ra
tuang tac dong van (synergistic interaction) déi vai su
hdp phu va chon loc cac phan t& mong mudn tU cac
phan t la nhu phan tach khi, tinh ché khi, luu trir khi,
cdm bién khi, xUc tac di thé va dan thusc [1]-[10].
Trong s& cac MOFs, MIL-53(M!) (MIL: Materials of
Institute Lavoisier; M = Fe, Al, Cr, Sc, Ga, In,...) c6 cbng

nhat vi hiéu Ung “hit thd” [15], [16], va dudc khdo sat
rong rai trong finh vuc luu trlr khi [16] va x ly nudc
[17], [18]. Diém d&c trung chd v clia MIL-53(Al) 1a c6 dé
bén nhiét cao, co thé dat dén 500 °C [17], [19].

Hau hét cac cdu tric MOFs dugc nghién clu trong
nhifrng nam qua déu dua trén thanh phan don kim loai.
Do dé, viéc diéu ché MOFs c6 thanh phan chita hdn
hop tU hai kim loai tr& 1én sé md ra nhiéu cc hoi Ung
dung cla loai vat liéu mai vdi céc tinh chat doc déo
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nay [20]-[23]. Nam 2018, Rahmani va cong su [22] d&
st dung MIL-53(Al) va MIL-53(Al-Li) lam chét xuc tac
cho phan Ung Friedel-Crafts cla su alkyl hda benzene.
Két qué cho thdy cd hai xUc tac nay déu co kha nang
lam xUc tac cho phan Ung Friedel-Crafts va déu bén
sau 14 gi¢ xdc tac & 200 °C. Trong do, MIL-53(Al-Li) c6
hiéu sudt xdc tac cao hon so véi MIL-53(Al). Vat liéu
khung hitu co-kim loai v&i cac lién két luéng kim loai
MIL-53(Fe, Al) clng da dugc Huang va cong su [23]
diéu ché va khdo sat tinh chat hdp phu clia né déi vdi
glutathione tr dung dich nudc. Két qua cho thdy dung
luong hép phu cla MIL-53(Fe, Al) déi vdi glutathione
cao hon déang ké so va&i MIL-53(Fe) hay MIL-53(Al), va
chiing minh rang MIL-53(Fe, Al) vd&i lién két ludng kim
loai khong phai 1& hdn hdp <o hoc don gian clia MIL-
53(Fe) va MIL-53(Al). Tuy nhién, ching t6i chua tim
thdy cong bé nao vé viéc iing dung vatliéu MIL-53(Fe,
Al) trong linh vucxdc tac

Rhodamine B (RB) la mdt dai dién quan trong cla
thuéc nhudém xanthene, dugc st dung rong rai lam
chdt tao mau trong hang dét may va thuc pham, va
cling la chat huynh quang déanh ddu nudc néi tiéng, co
dac tinh gy ung thu, déc tinh sinh san va phat trién,
déc tinh than kinh va déc tinh mén tinh déi véi con
ngudi va déng vat [24]. RB cling mét chat 6 nhiém
phdm nhuém hitu cg bén dién hinh c6 chlra bdn
nhém N-ethyl & hai bén clia vong xanthene (Sa dé 1),
va thudng dugc chon lam chdt ¢ nhiém tiéu biéu dé
déanh gig hiéu qua phan hly cla cac hé phan Ung oxi
hda. Trong nghién clu nay, vat liéu khung hiru cg-kim
loai MIL-53(Al) pha tap sat (ki hiéu Fe-MIL-53(Al) d3
dugcténg hop bang phuong phép thiy nhiét va dugc
Uing dung lam chét xtc tac dé phan hdy RB trong dung
dich nudc baiH20o.

(C,Hs),N

So d6 1: Cau trdc hda hoc cia Rhodamine B
Thyc nghiém va phuong phap nghién ctu
T6ng hgp MIL-53(A)) va Fe-MIL-53(Al)
Quy trinh t6ng hap MIL-53(Al) dugc tham khao tur tai

liéu [15], [25]. HON hgp gdm 14,685 g nhém (1) dorua
(Merck), 9,13 g terephthalic acid (Acros, ki hiéu TPA) va

180 mL nudc cdt dugc cho vao binh Teflon (cd boc
thép) va dat & nhiét d6 120 °C trong td sdy 3 ngay. Sau
do, loc ldy san phdm ran ria véi nudc cat, sdy, thu
dugc MIL-53(Al).

Vat liéu Fe-MIL-53(Al) cling dugc tdng hgp theo quy
trinh nhu trén nhung vdi ti 1é mol Fe/Al dugc thay déi
lan lugt 1a 1/9, 2/8 va 3/7 (ngudn st duagc st dung tir
FeCl3-6H20, Merck). Cac mau dudgc ki hiéu tuong Ung
la Fe-Al(1/9), Fe-Al(2/8) va Fe-Al(3/7). Ham lugng cac
tién chdt clia nhom va sat dugctrinh bay trong Bang 1.

Bang 1: Ham lugng céc tién chét clla nhom va sat dugc
st dung dé€t8ng hgp trong cac mau

MEL AICE (g) FeCI3(~g6)HzO Ti;:f/r:lol
MIL-53(Al) 14,685 0 -
Fe-Al(1/9) 13,216 2,977 1/9
Fe-Al(2/8) 11,748 5,954 2/8
Fe-Al(3/7) 10,279 8,930 3/7

Dé€ loai bd cac dang cla TPA khong tham gia phan
Ung, Fe-MIL-53(Al) mdi diéu ché dugcxr ly & cac nhiét
dd khac nhau, gdm 280, 350 va 450 °C, trong 8 gid.
Mau thu dugc ki hiéu tuang Ung 1a x-Fe-Al(1/9), x-Fe-
Al(2/8) hoac x-Fe-Al(3/7), v&ix la nhiét do x ly.

Pha tinh thé cla vét liéu dugc quan sat bang phuong
phap nhiéu xa tia X (XRD) trén may 8D Advance
(Bruker, Germany). Phan tich trong lugng theo nhiét d6
(TG) dugc thyc hién trén may Labsys TG/dTG
SETARAM. Thanh phan héa hoc clia cac mau dudc
phan tich bang phuang phéap EDX trén may JEOL (JED-
2300 AnalysisStation). Anh TEM dugc quan sat bang
may JEM-2100.

Khdo sdt phdn thg phdn huy RB bdng Hz20:

Hoat tinh xUc tac clia vat liéu dugcdanh gia thong qua
phan Ung phan huy phdm nhuém RB (HiMedia, India)
bang H202, két hgp vdi anh hudng clia birc xa den
UV-C (Philips TUV 16W T5 4P-SE, Poland). Trong mdi
thi nghiém, 0,1 g chat xic tac dugc cho vao 100 mL
dung dich RB 10 mg/L trong binh cau hai ¢& (dung tich
500 mL) c6 gén sinh han hoi luu, va thém vao 2 mL
H202 30%. Trudc khi chiéu xa, dung dich huyén phu
duagckhudy tir trong béng t6i 60 phit dé€ dat dugccan
badng hdp phu-khit hdp phu. Trong sudt thai gian chiéu
xa, qué trinh khudy van dugcduy ti détao dugcdung
dich huyén phi déng nhét. Sau mdi khodng thai gian
xac dinh, 5 mL dung dich dugc lay ra, li tam, loai bd
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chat xdc tac, néng dé cla RB con lai trong dung dich
dugc xac dinh bang phuong phap UV-Vis trén may
Jasco V-770 tai Amax = 554 nm.

K&t qua va thao luan
Tinh chdt héa ly ddctrung cua vt lidu

Gidn do nhiéu xa XRD clia MIL-53(Al) va cac mau Fe-
MIL-53(Al) dudc trinh bay & Hinh 1. DI véi mau MIL-
53(Al) (Hinh 1a) cho thdy co cac pic nhidu xa xuat hién
& 260 bang 8,7, 10,2; 15; 17,1; 17,7, 20,4; 21,2; 24,2 va
26,8° dac trung cho vat liéu MIL-53(Al) khi mdi diéu
ché (as-synthesized MIL-53(Al)) [22], [26]—-[28]. Diéu do
chiing té cdu trdc cla vat liéu khung htu cg-kim loai
MIL-53(Al) da dugchinh thanh.
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Hinh 1: Gidn dd XRD: a) Mau MIL-53(Al); b) Cac mau
Fe-MIL-53(Al) dugcténg hop vaiti 1é mol Fe/Al khac
nhau; ©) TPA (dé so sanh)

Péi v&i cac mau Fe-MIL-53(Al) (Hinh 1b), XRD cling ¢
cac pic nhiéu xa nay nhung cudng dé thap va giam
dan khi tang ti 1é mol Fe/Al tUr 1/9 dén 3/7. Ngoai ra,
C4c mau nay con cd cac pic & goéc 26 bang 17; 25;
27,6° v&i cudng do 16n, day la cac pic dac trung cla
TPA (Hinh 10). Biéu nay chi ra rang c6 mét lugng I6n
TPA khong tham gia phdn Ung hodc chi lién két yéu
trén bé mat cla vat liéu.

Gidn dd TG cla TPA, mau MIL-53(Al) va cac mau Fe-
MIL-53(Al) dudc trinh & Hinh 2a. B3&i vai TPA, dudng
cong TG cho thdy c6 hai su mét khéi lugng. Sy mat
khéi lugng thi nhat (khéi lugng mét 56%) xay ra &
nhiét dé khoang 412 °C va sy méat khdi lugng thit hai
(khéi lugng mét 40%) xay ra trong khodng nhiét do
400-700 °C. Cac sy mat khéi lugng nay dudc cho la
do sy phan hly va chay cla tién chat TPA. DEivéi mau
MIL-53(Al), cling ¢ hai su mat khéi lugng, su méat khdi
lugng thd nhadt (33%) xdy ra & nhiét do khodng
425-467 °C ¢6 1€ la do sy loai bd cac dang TPA lién
két yéu trén bé mat cla vat liéu hodc bao boc bén
trong cac mao quan [15], va su mat khéi lugng thit hai
(48%) xdy ra & nhiét do khoang 607 °C la do su phan
hiy cla cac cdu ndi TPA trong khung mang clia vét
liéu, ddng thai MIL-53(Al) dugc chuyén thanh Al2O3 vo
dinh hinh [15].

Péi v&i cac mau Fe-MIL-53(Al) ta thdy clng c6 hai su
mat khoi lugng. Su mat khéi lugng th nhat (~27%) xay
ra & nhiét dé 391-430 °C tucng tu nhu clia TPA, day
€6 1€ la do su loai bd cac dang TPA khdng tham gia
phan ng (nhu d& chitng minh bang XRD & Hinh 1b).
Sy mat khéi lugng thi hai (~63%) xady ra chd yéu &
nhiét dé 513-522 °C c6 I& la do su phan hiy cla cac
dang TPA lién két yéu trén bé mat cla vat liéu va bén
trong khung mang clia vat liéu. Diéu dang chiy la su
phan hly cla cac thanh phéan hitu cg trong vat liéu Fe-
MIL-53(Al) xay ra & nhiét d6 thdp hon nhiéu so vdi
trong vat liéu MIL-53(Al). Su khac biét nay c6 1€ la do
sy hién dién cla thanh phan sat trong khung mang c6
thé dong gop cho su phan hiy/chay xay ra dé dang
hon.

Dé loai bd TPA du, Du va cong sy [25] da nung MIL-
53(Al) mai diéu ché & 280 °C, con Loiseau va cdng sy
[15] da x(r ly nhiét trong khong khit MIL-53(Al) mdi t6ng
hdp & 330 °C trong 3 ngay. O day, két qua phan tich
nhiét cho thay vat liéu Fe-MIL-53(Al) kha bén (chi bj
phan hly & nhiét dé khoang 500 °C). Do d6 déloai bd
cac thanh phan cla TPA khong tham gia phan Ung,
cling nhu lam téng hoat tinh xdc tac cla vat liéu thu
dugc, mau Fe-MIL-53(Al) diéu ché vditi1é mol Fe/Al =
1/9 dugcx ly & cac nhiét dé khac nhau, goém 280, 350
va 450 °C, trong 8 gid. Gian do TG clia cac mau Fe-
https://doi.org/10.51316/jca.2022.026
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MIL-53(Al) da dugc xir ly & cac nhiét do khac nhau
tinh bay & Hinh 2b. D&i v&i mau da xir ly & 280 °C,
gidn do TG cho thdy c6 cac sy mat khéi lugng (25 va
65%) xdy ra trong khodng nhiét dé tu 300-750 °C
tuong tu nhu mau Fe-MIL-53(Al) mdi diéu ché (Hinh
2a). BEi v&i mau da xir ly & 350 °C, dudng cong TG
cho thdy chi con mot sy mét khéi lugng xay ra & nhiét
dé khoang 487 °C, sy gidm khéi lugng nay (khoi lugng
mat khodng 17%) c6 1 la do su phan hiy (hay chay)
clia cac cau nbi hitu ca trong khung mang cla vat liéu.
DEi v8i mau da xr ly & 450 °C, dudng cong TG cho
thdy chi con mét su mét khdi lugng (9%) xay ra & nhiét
dod khoang 140 °C, day la su gidi hdp cla cac phan tu
nudc hdp phu ty do. Piéu nay cling ching té céc
thanh phan hitu cd da bi loai bo hoan toan khi nung &
450 °C.
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Hinh 2: Gian d6 TG: a) TPA, MIL-53(Al), Fe-Al(1/9) va
Fe-Al(2/8); b) Mau Fe-Al(1/9) da dugcxir ly & cac nhiét
dd khac nhau

Gidn dd nhiéu xa tia X clla mau Fe-Al(1/9) d3 dugc xU
ly & cac nhiét do khéac nhau trinh bay & Hinh 3. Ta théy,
khi xr ly & 280 °C (Hinh 3a), mau thu dudgc co cac pic
nhiéu xa hau nhu khéng khac so v&i mau Fe-MIL-
53(Al) mdi téng hop (Hinh 1b) nhung sac nét va c
cudng doé hoi cao hon. O nhiét dé xr ly 350 °C thi
cudng dé cac pic nay giam dang ké va khéng con

quan sat thay khi xtr ly & 450 °C (Hinh 3b). Két qua nay
cling hoan toan tudng doéng vai két qua phén tich
nhiét trinh bay & Hinh 2b.
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Hinh 3: Gian d® XRD cla Fe-MIL-53(Al) ¢o ti 1é mol
Fe/Al = 1/9 dugcxit ly bang cach nung & cac nhiét do
kh&c nhau: a) 280 °C; b) 350 °C va 450 °C

Anh TEM clia m3u MIL-53(Al) va mau Fe-Al(1/9) da
dugc x ly & 280 °C dudc trinh bay & Hinh 4a va 4b.
K&t qua cho thdy hinh thai clia ching hau nhu khdng
khac nhau, bao gdm cac khéi dang tdm vdi kich thudc
khac nhau. D&ivai mau Fe-Al(1/9) d& dugexd ly & 350
°C (Hinh 4c), &nh TEM cho thdy c6 su xudt hién cac cdu
trdic rdbng giéng bong bong & bén trong vat liéu. Day
6 18 la cac hdc mao quéan da dudgckhai thong khi xr 1y
vatliéu & 350 °C.

Thanh phan héa hoc cla mau Fe-MIL-53(Al) diéu ché
vai i 16 mol Fe/Al = 1/9 dugc phan tich bang EDX,
phan tram khéi lugng nguyén té sat va nhom duagc
trinh bay trong Bang 2. Ta thdy ti 1é sat dugc pha tap
vao vat liéu MIL-53(Al) trén thuc té I6n hon rat nhiéu
so vdi ly thuyét. Bay co I8 1a nguyén nhan lam cho céc
pic nhiéu xa dac trung cho vat liéu MIL-53(Al) trong
cac mau Fe-MIL-53(Al) ¢ cudng do thdp (Hinh 1b),
dong thai kém bén nhiét han so vai MIL-53(Al) tinh
khiét (Hinh 2a).
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SU phan b clia cac nguyén t6 khac nhau trén mau Fe-
Al(1/9) cling dugc so dd hda bang EDX (Hinh 5). Két
qud cho thdy cac nguyén té dac trung (C, O, va Al)
dugc phan bé déu dan trén suét dién tich cla vat liéu.
Hon nlta, ban dé cla nguyén t6 sat cling cho thdy cac
nguyén t6 sat dugc phan bé déutrén toanbé dién tich
cla vat liu. Diéu nay chi ra rang sat da duagc lién két
déu dantrong khung mang clia vét liéu MIL-53(Al).

Bang 2. Ham lugng nguyén t6 Fe va Al trong mau Fe-
MIL-53(Al) dugcdiéu ché vaiti 1é mol Fe/Al = 1/9

Phan tram khéi lugng Ti 1& mol Ti 1& mol
nguyen to Al/Fetheo  Al/Fetheo
Fe Al ly thuyét thuc té
1,59+ 0,32 3,35+ 0,89 9 2,1

100 nm

100 nm 100 nm

Hinh 4: Anh TEM clia mau MIL-53(Al) (a) va mau Fe-MIL-53(Al) vditi 16 mol Fe/Al = 1/9 da dugcxit ly & nhiét do
280 °C (b) hodc 350 °C (¢

3 um
ull Scale 3398 cis Cursor: 0,000

Hinh 5: Anh SEM va ban dd nguyén t& (EDX mapping) cla mau Fe-Al(1/9)
Hoat tinh xtc tdc cia MIL-53(Al) va Fe-MIL-53(Al)

Hinh 6 trinh bay hiéu sudt phan huy RB trong dung
dich nudc dudi mot s6 diéu kién khac nhau. Két qua
cho thdy RB rat bén dudi buc xa tia UV, chi phan huy
khodng 2% sau 180 phut chiéu buc xa. Phdn Ung phan
huy RB bang H202 (khong ¢ xdc tao) cling xay ra rat
chém, sau 180 phdt phan &ng chi cd khoang 7% RB bj
phan huy. Nhung khi két hgp déng thai véi su cd mat
clia tdc nhan oxi hod H202 va buc xa tia UV thi RB bj
phan huy nhigu hon dang k& RB bi phan huy khodng
32% sau 120 phut chiéu tia UV trong sy c& mat cla
H202. Nguyén nhan lam cho toc dé phan hdy RB xay
ra nhanh IUc nay c6 thé dugc gidi thich la do tac dung

nang lugng photon UV da lam tang téc dé phan hay
H202 détaoragéc ty do HO™, vavivay tdc do phan

Ung phan hiy RB tang: H202 — 5 2HO".

Hinh 7 trinh bay su hdp phu va phéan huy RB trong
dung dich nudcdudimot sé diéukién khac nhau trong
sU cd mat clla mau MIL-53(Al) hodc maiu Fe-MIL-
53(Al). Ta thdy, khi khdng c6 mat clia tac nhan oxi hoé
(H202) thi mau Fe-Al(1/9) hau nhu khdng hdp phu RB,
va clng khdng co khad nang lam chéat xdc tac quang dé
phan huy RB dudi buc xa tia UV. Khi c& mat H202 thi
RB bi phan huy rat nhanh dudi xdc tac cla mau MIL -
53(Al) hodc mau Fe-Al(1/9), sau 180 phut phan tng RB
dé bi phan huy tuang Ung la 39% va 92%. Khi c& mat
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ca Ho02 va mau Fe-Al(1/9), dong thai chiéu bic xa tia
UV (sau 60 phut phadn Ung) thi RB cang bi phan huy
nhanh han, va RB bi phan huy hoan toan sau 180 phut
khdo sat. LUc nay, hiéu sudt phan huy RB tang lén co 1€
la do ham lugng géc tu do HO® dugc tao ra nhiéu
hon dudi su hd trg clia buc xa UV. BEi v8i mau Fe-
Al(2/8) va Fe-Al(3/7), phan Ung phéan hly RB bang
H202 chi xay ra khi dugc két hgp vdi viéc chiéu bic xa
UV. Tuy nhién, hiéu sudt phan hly RB clng rat thdp
(chi dat dugc 50% va 28% tuong Ung vdi mau Fe-
Al(2/8) va Fe-Al(3/7)).

0.8+
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—a— UV

04 —®—HO,

—a&—H O /chi€u den UV sau 60 phit phan ing

c/C

0.2 -

0.0 — T T T T T T T
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Hinh 6. Su phan huy RBtrong dung dich dudi mét sé
diéu kién khac nhau
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Hinh 7: Su hdp phu va phén huy RB trong su cd mat
clia mau MIL-53(Al) hodc mau Fe-MIL-53(Al) dudi mét
s6 diéu kién khac nhau
Hinh 8a trinh bay két quéd hoat déng xdc tac clia cac
mau Fe-MIL-53(Al) vdi ti 1& mol Fe/Al khac nhau da
dugc hoat hda bang cach nung & 280 °C trong 8 gid.
Két qua cho thdy rang hiéu sudt phan huy RB cla cac
mau déu tang lén, nhung trat tu hoat tinh xUc tac cua
cac mau cling khong khac nhiéu so v&i cac mau Fe-
MIL-53(Al) ngay khi mdi t6ng hgp (chua nung), tuc la

hoat tinh xUc tac gidm dan khi tang ti 1é mol Fe/Al
Hiéu suét phan hiay dat 70% va 34% tucng Ung ddivdi
mau 280-Fe-Al(2/8) va 280-Fe-Al(3/7) (so v4i 50% va
28% clia cac mau chua nung). DSi véi mau 280-Fe-
Al(1/9), hiéu suét phan huy van dat dugc 100% sau 180
phut khdo sat.
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Hinh 8: Su phan huy RBbang H202 trong su ¢ mat
clia cac mau Fe-MIL-53(Al) da dugext ly nhiét: a)
Chiéu dén UV sau 60 phit phan &ng; b) Khong chiéu
den UV

Hinh 8b trinh bay hiéu sudt phan huy RB bang H202
khi c& mat chat xdc tac 13 mau Fe-MIL-53(Al) didu ché
vdi ti 1&é mol Fe/Al = 1/9 da dudc hoat hda & nhiét do
280, 350 hoéac 450 °C (khdng chiéu den UV). Két qua
cho thdy hiéu sudt phan hdy RB gidm manh, tU 96%
dén con 68% khi tién hanh tang nhiét dé xur ly vat liéu
tlr 280 °C dén 350 °C, va gidm xudng con 54% khi xr
ly vat liu & 450 °C.

Cac két qua phan tich XRD va TG trinh bay 3 Hinh 1 va
2 cho thdy, mau Fe-Al(1/9) van ton tai cdu tric khung
mang hu ca-kim loai khi xr ly & 280 °C, khi x( ly vat
litu & 350 °C thi cau tric cla vat liéu khung hitu G-
kim loai cia MIL-53(Al) van ton tai, nhung nhiéu thanh
phan hitu ca trong khung mang da bi loai bd, con khi
XU ly & 450 °C thi cac thanh phén hitu co c6 trong
khung mang da bi loai bd hoan toan, nghia la Iic nay
chi con lai cac dang oxide clia kim loai. Diéu nay cling
gidi thich cho hiéu sudt phan hiy RB thdp clia mau
https://doi.org/10.51316/jca.2022.026
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350-Fe-Al(1/9) va 450-Fe-Al(1/9). Su gidm nay co I Ia
do su phé hdy khung mang va cac thanh phan hitu co
cla vat liéu khi nung & nhiét dé cao.

Tuy nhién, d6i vdi cac mau Fe-MIL-53(Al) ¢6 ti 1é mol
Fe/Al = 2/8 ho&c 3/7 thi hiéu sudt phan hly RB téng
(so vd&i cac mau nay khi chua nung) khi duge xir Iy &
280 °C. Nguyén nhan cla van dé nay co I8 la do cac
mau nay c& ham Iugng st Ién nén khi nung & nhiét dé
cao c6 thé tao ra cac dang ton tai cla oxide st hoat
tinh c6 tac dung dong vai tro xic tac cho qua trinh
phan hay H202 thanh cac g6c hydroxyl ¢ tinh oxi hda
manh, c6 kha ndng phan hiy cac chat hitu cc.

Tom lai, tU cac két qua khdo sét & trén cho thay ham
lugng sat pha tap vao vat liéu MIL-53(Al) thich hop
trong nghién cdu nay la & ti 1é mol Fe/Al = 1/9. Lic
nay, vat liéu Fe-MIL-53(Al) thu dugc co hoat tinh xic
tac cao ddivdiphan Uing phan huy RB trong dung dich
nudc bang hydroperoxide.

DE kiém tra xem sat trong chat xdc tac cd bj tan vao
dung dich phédn &ng hay khdng, mét thi nghiém loc
kiém tra xUc tac bang cach ly tdm da dugc thuc hién
sau 40 phdt phan Ung (Hinh 9). Két qué cho thay qué
trinh khit mau RB da bi dap tat mac du H202 van ton
tai trong dung dich phan ¢ng. Diéu nay ching to rang
knong cé su rlra tréi sat tir chat xdc tac di thé vao
dung dich phan Ung. Két qua thi nghiém nay da khang
dinh Fe-MIL-53(Al) déng vai tro la chat xdc tac dj thé
trong qua trinh oxi hoa.

10 —8—Fe-MIL-53(A) + H,0,
—@— Tich Fe-MIL-53(Al) sau 40 phat
08|
06 -
S
U 044
02|
00|
—T T T ‘1 ' T T " T T~ T "~ T "~ T
0 20 40 60 80 100 120 140 160 180
t (phur)
Hinh 9 : Lockiém tra xUc tac
K&t luén

Vat liéu khung httu co-kim loai MIL-53(Al) pha tap sat
da dugc téng hop thanh cdng bang phuong phép
thdy nhiét. Ham lugng sét pha tap vao vat liéu thich
hop la & ti 1é mol Fe/Al = 1/9, va viéc hoat hda bang
cach xir ly nhiét & 280 °C khdng anh hudng dén cdu

trdc cda vat liéu. Fe-MIL-53(Al) thu dugc co hoat tinh
xUc tac cao ddi vdi phadn Ung phén huy RB bang
hydroperoxide. T6c dd clia phan Ung phan huy dugc
tang cudng hon khi chiéu buc xa tia UV. Do do, cb thé
Ung dung vat liéu nay trong Iinh vuc xir ly nudc bi 6
nhiém bdi cac chat hitu co.
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