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Toém tit
Trong bai bdo nay, MIL-53(Al) va MIL-53(Al) pha tap Zn/Fe da dwoc tong hop bang phirong phdp
nhiét dung méi trong N’N-dimethylformamide. Vit liéu dwoc ddic trung bang cach sit dung XRD, FT-IR, TG,
EDX, SEM va dding nhiét hap phu-khir hdp phu nitrogen. Hoat tinh hdp phu-xiic tdc ciia vt liéu da dwoc
danh gid théng qua hiéu sudt logi bo rhodamine B (RB) tir dung dich nudc. Két qua cho thdy rang sw pha
tap voi Zn khong thudn loi cho sw hinh thanh cau triic MIL-53, trong khi do, cdu triic vat liéu hau nhw khong
bi anh hweong khi pha tap véi Fe. MIL-53(Al, Fe) ¢6 kha ndng hap phu ciing nhw hoat tinh xiic téc cao hon
cac mau vt liéu con lai. RB dwoc loai bé hoan toan sau 240 phiit phdn vmg trén xiic tic MIL-53(Al, Fe) ¢
60°C (RB 10 mg/L,; vat liéu 1,0 g/@,’ H,0,0,192 M; pH 7). Phan irng phan huy RB boi H,O, trén MIL-53(Al,
Fe) xay ra theo kiéu Fenton di thé.
T khéa: Fenton dj thé, hap phu, MIL-53(Al) pha tap Zn/Fe, Rhodamine B.
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Abstract
In this paper, Zn/Fe-doped MIL-53(Al) and MIL-53(Al) were synthesized by solvothermal method in
N’N-dimethylformamide. The material was characterized using XRD, FT-IR, TG, EDX, SEM, and nitrogen
adsorption/desorption isotherms. This material’s catalytic adsorption was evaluated via its removal efficiency
of rhodamine B (RB) from aqueous solution. The results show that doping with Zn is not favorable for the
MIL-53 structure formed, while the material structure is almost unaffected when doping with Fe. But, MIL-
53(Al, Fe) has higher adsorption capacity and catalytic activity than the other material samples. It shows
that RB was completely removed after 240 minutes of the reaction on MIL-53(Al, Fe) catalyst at 60°C (10
mg/L RB, 1.0 g/L of the catalyst, 0.192 M H,0,, pH 7). The decomposition reaction of RB by H,O, on MIL-
53(Al, Fe) occurs in a heterogeneous Fenton-like process.
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1. Pit van dé

MIL-53 la loai vat li¢u khung hitu co-kim loai
(metal-organic framework, MOF) duoc cac nha khoa
hoc & Versailles (France) tong hop va dat tén (Férey
& cs., 2003). MIL-53(MIII) (MIL: Materials of
Institute Lavoisier; M™ = Fe, Al, Cr, Sc, Ga, In,...)
c6 cong thue M"(OH)-(0,C-C QH ,—CO,)-H,0, c6 tinh
linh hoat hoa hoc 16n va do bén hoa hoc cao (Chen
& cs., 2013; Devic & cs., 2010; Gordon & cs., 2012;
Naeimi & Faghihian, 2017). MIL-53 c6 kha nang trng
dung lam xtc tac, hap phu, tach chat, luu trir khi dé
xur ly moi truong (Patil & cs., 2011; Du & cs., 2011;
Rahmani & Rahmani, 2018; Malsche & cs., 2012).

Gan ddy, mot s6 nghién ctru cho thiy raing MOF
¢6 chira thanh phan da kim loai c6 kha ning nang cao
hiéu suit hon so voi MOF don kim loai (Huang &
cs., 2019; Rahmani & Rahmani, 2018). Rahmani &
cs. (2018) da str dung MIL-53(Al) va MIL-53(Al-Li)
lam chét xtc tac cho phan ung Friedel-Crafts cua
su alkyl hoa benzene. Két qua cho thay ca hai xtic
tac nay déu c6 kha ning lam xuc tac cho phan mg
Friedel-Crafts va déu bén sau 14 gid xtc tac & 200
°C. Trong d6, MIL-53(Al-Li) c6 hiéu suat xuc tac cao
hon so voi MIL-53(Al). Vat liéu khung hitu co-kim
loai v6i cac lién két ludng kim loai MIL-53(Fe, Al)
cling da duoc Huang & cs. (2019) diéu ché va khao
sat tinh chat hap phu cua n6 ddi véi glutathione tir
dung dich nudc. Két qua cho thay dung luwgng hap
phu cia MIL-53(Fe, Al) ddi véi glutathione cao
hon dang ké so véi MIL-53(Fe) hay MIL-53(Al), va
ching minh ring MIL-53(Fe, Al) véi lién két ludng
kim loai khong phai 1a hdn hop co hoc don gian cla
MIL-53(Fe) va MIL-53(Al).

Rhodamine B (RB) la mét dai dién quan trong

cta thudc nhudm xanthene, dugc sir dung rong rii
lam chét tao mau trong hang dét may va thuc pham,
va ciing 1a chit huynh quang d4anh dau nu6c ndi tiéng.
RB c6 déc tinh gay ung thu, doc tinh sinh san va phat
trién, doc tinh than kinh va doc tinh méan tinh ddi voi
con nguodi va dong vat. RB 1a mot chat 6 nhiém pham
nhuém hitu co bén dién hinh va thuong dugc chon
lam chét 6 nhidm tiéu biéu dé danh gia kha ning hap
phu-xuc tac cua vat li¢u (Chen & cs., 2012).

Trong bai bao nay, MIL-53(Al) va cac vat li¢u
MIL-53(Al) pha tap véi Zn va/hoic Fe s& duogce tong
hop va g dung lam chat hap phu-xic tac dé loai bo
RB khoi dung dich nudc.

2. Thwe nghiém

2.1. Tong hop MIL-53(Al) va MIL-53(Al)
pha tap Zn/Fe

Quy trinh tong hgp MIL-53(Al) dugc tham khao
tur tai liéu (Du & cs., 2011; Loiseau & cs., 2004).
Céc budc tién hanh cy thé nhu sau: Hon hop gdm
14,685 g aluminium chloride, 9,13 g terephthalic
acid va 180 mL N’N-dimethylformamide dugc cho
vao binh Teflon c6 boc thép (dung tich 200 mL) va
dit vao t sdy ¢ 120°C trong 3 ngdy. Sau dé, loc, lay
san pham ran rira v6i methanol, sy khé thu duoc
MIL-53(Al) méi tong hop. Nung MIL-53(Al) méi
tong hop trong khong khi ¢ 280°C trong 8 gio dé
loai bd céc phan tur terephthalic acid khong tham gia
phan tng, thu dugc MIL-53(Al) tinh khiét.

MIL-53(Al) pha tap Zn/Fe ciing duoc tong hop
theo quy trinh twong ty nhu trén véi tién chit twong
ng la Zn(NO,),-6H,0 va FeCl3-6HZO duoc cho vao
hon hop phan ing trong qua trinh tong hop vat lidu.
Ti I¢ ham luong cac tién chit va ki hiéu mau duoc
trinh bay ¢ Bang 1.

Bang 1. Ki hiéu miu va ti 18 mol cac tién chét pha tap

x Ham lwgng (g)
Mau Ti 1€ mol Al:Zn:Fe
AlCI, Zn(NO,),"6H,0 FeCl,-6H,0
MIL-53(Al) 14,685 0 0 -
MIL-53(Al, Zn) 14,685 6,533 0 10:2:0
MIL-53(Al, Fe) 14,685 0 5,946 10:0:2
MIL-53(Al, Fe, Zn) 14,685 3,266 2,973 10:1:1

2.2. Phwong phap dic trung

Nhiéu xa tia X (XRD) duoc thyc hién trén may
D8 Advance (Bruker, Germany) dung tia btrc xa Cu
Ko & vung quét goc 26 trong khoang 5-70°. Phan
tich trong lugng theo nhiét d6 (TG) dugc thuc hién

trén may Labsys TG/dTG SETARAM. béc trung cua
cac nhom chire trén bé mit vt liéu dugc ghi b.':ing
phd FT-IR trén may Jasco FT/IR-4600 (Japan), mau
dugc phan tan trén nén KBr. Ham lugng cac nguyén
t6 co trong mau duoc phan tich bang phuwong phap
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EDX trén may JEOL (JED-2300 AnalysisStation).
Anh hién vi dién tir dugc quan sat bang SEM (JMS-
5300LV). Dién tich bé mat riéng dugc xac dinh be‘ing
phuong phap Brunauer-Emmett-Teller (SBET) tur
dit liéu ddng nhiét hap phy-khir hip phu nitrogen &
77 K trén may Tristar 3000. Trudc khi do, cic mau
dugc xur Iy nhigt voi N, ¢ 200°C trong 5 gio. Nong
dd RB trong dung dich nuéc duoc xac dinh bing
phuong phap UV-Vis trén may Jasco V-770 (Japan)
tai A =554 nm.

2.3.Nghién ctru loai bé RB trong dung dich nuée

a;

2.3.1. Bdnh gid khd ndng hdp phu va xiic tac
cua vat liéu

Kha nang hap phu cua vat liéu dugc danh gia
bang cach cho 0,1 g vt liéu vao binh tam gi4c chira
50 mL dung dich RB 10 mg/L, pH 7, tién hanh lic
bang may lac & nhiét 4o phong trong 4 gid dé dat duoc
can bang hap phu-khtr hap phu. Sau d9, loc loai bé vt
liéu va xac dinh nong dd RB con lai trong dung dich.

Hoat tinh xuc tac cta vat liu cling dugc danh
gia tuong tu nhu quy trinh ¢ trén voi sy c6 mat cua
H,0, ¢ ndng 0 0,192 M.

Hiéu suét loai bo RB, H%, tinh theo phuong
trinh (1).

C,—C
o = G~

o

x 100 (1)

Trong d6: Co va Ce (mg/L) landng d6 RB trong
dung dich ban dau va lic két thuc thi nghiém.

2.3.2. Loai bo RB trong dung dich nuéc voi sy
hién dién ciua hydrogen peroxide

Trong phan nay, mau MIL-53(Al, Fe) da duoc
sir dung dé danh gi4 kha ning loai bo RB trong dung
dich nuge véi sy ¢6 mit cia H)O,.

¢ Anh huéng cua pH

Vatliéu (0,1 g) dugc cho vao cac binh tam giac
chira 50 mL dung dich RB 10 mg/L va H,O, 0,192
M 6 pH xéc dinh. Gia tri pH cta dung dich duoc diéu
chinh bang 3/5/7/9/ 11 boi dung dich HC1 0,1 M
hodc NaOH 0,1 M. Sau @6, tién hanh lac bang may
lac & nhiét do phong trong 4 gio, loc, xac dinh néng
dd6 RB con lai trong dung dich.

e Anh hudng cua nhiét do

Trong moi thi nghiém, 0,1 g vat liéu duoc cho
vao 100 mL dung dich RB 10 mg/L va H,0, 0,192
M, pH 7, trong binh cau hai ¢6 (dung tich 500 mL) c6
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gin sinh han hdi lvu. Tién hanh khudy tir & nhiét d6
xéc dinh (30—-60°C). Sau mdi khoang thoi gian nhat
dinh, 5 mL dung dich duoc léy ra, loc loai bo vat liéu
va xéac dinh ndng do RB con lai.

® Hoan nguyén vat li¢u

Chét xuc tac sau st dung dugc thu hdi, rira véi
methanol trong 30 phut (ti 1€ 0,5 g/ 100 mL CH,OH),
loc va say kho dé tai st dung.

3. Két qua va thao luin

3.1. Tinh chét ciu tric va kha nang loai b6
RB ciia vit liéu

Gian d6 XRD ctia mau MIL-53(Al) va cac mau
MIL-53(Al) pha tap kim loai kém va/ hoic sat duge
trinh bay ¢ Hinh 1a. Cac peak quan sat thiy & 20 tai
8,7;9,3;10,2; 12,5; 15,1; 17,8; 20,4; 21,8; 25,2, 27,2°
dac trung cho vat li¢u MIL-53(Al), chung té cAu trac
MIL-53 da dugc hinh thanh (Rahmani & Rahmani,
2018). Cuong d6 peak chinh tai 26 ~ 9° gan nhu
khong thay ddi khi pha tap voi kim loai sit hodc hdn
hop cua sat va kém (miu MIL-53(Al, Fe) va MIL-
53(Al, Fe, Zn)). Tuy nhién, viéc pha tap boi kim loai
kém lam giam dang ké cudng do cua cac peak nhiu
xa (mau MIL-53(Al, Zn)). Piéu nay chi ra ring kim
loai k€m da can tr¢ sy hinh thanh khung hiru co-kim
loai trong qua trinh tong hop vt liéu.

Pho FT-IR cua cac mau MIL-53 duoc trinh bay
& Hinh 1b. Dbi v6i MIL-53(Al), cac dai hap thu &
1616 va 1509 cm™ twong Gng véi dao dong hoa tri
phan d6i ximg cia nhém —COO, trong khi d6, cac
dai hap thu ¢ 1416 cm™! twong Gmg véi dao dong
hoa tri d6i xtng ctia nhom —COO (Liu & cs., 2019;
Loiseau & cs., 2004). Peak hip thu quan sat thdy tai
1700 cm! (=C=0) ¢6 thé duoc cho 1a cua cac phan
tir terephthalic acid dugc gin bén trong cic cu tric
mao quan dudi dang da duogc proton hoa (-CO,H)
(Loiseau & cs., 2004). Cac peak dao dong trong ving
s6 song thap 479-594 cm' 1a do sy hién dién cia
Al-0O trong MIL-53(Al) (Liu & cs., 2019). Cac dai
hap thy ndm trong viing 3600-2500 cm’! 1 dic trung
cho nudc hép phu tu do, cling nhu dao dong hoa tri
cta nhom OH trong —COOH va cac nhanh AI-OH
(Isaeva & cs., 2019). Dai hép thu tai 3661 va 3610
cm™ duoc cho la dao dong hoa tri cua O—H trong cac
nhom hydroxyl lién két voi cac ion A" trong khung
mang MIL-53(Al) (Isaeva & cs., 2019). Nhiing gia
tri ndy khang dinh sy ton tai ciia nhém CO, lién két
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cong hoa tri voi nhom bén trong vat ligu. Déi voi cac
mau duoc pha tap voi kim loai kém va/ hoac sét, cac
dai hap thu dic trung trén phd FT-IR hau nhu khong
khac so voi mau MIL-53(Al). Diéu nay chimg té ciu
trac khung hiru co-kim loai van dugc hinh thanh trong
hdn hop pha tap. Két qua nay ciing ph hop voi két
qua XRD ¢ Hinh 1a.

(a)

—— MIL-53(Al, Fe, Zn)

il —— MIL-53(Al, Fe)
. —— MIL-53(Al, Zn)
] —— MIL-53(Al)
Ty PoN i

Thanh phén cac nguyén t6 co trong vat li¢u duoc
phan tich bang EDX va liét ké & Bang 2. Két qua cho
thdy cac nguyén tb co trong vat liéu, gom C, O, va
Al, thay d6i khong dang ké. Nguyén t6 Cl xuat hién
c6 thé 1a do tir cac tién chat ban dau. Su xut hién
nguyén té Zn va Fe trong cac mau MIL-53 pha tap
chig to rang viéc pha tap da thanh cong.

(b)
]\/MTT‘—?W“W

~ X
& 1 J\\ A ER
< 5 1
o A = - :
: “JIUL‘”‘“‘“ £ ] |
o ] MIL-53(Al)
1 | PRy,
-COO -CH' Me-O
3] I0 2I0 3I0 4I0 5I0 6I0 7l0 4000 35100 30I00 25100 20IOO 1 SIOO 1 OIOO 560
20 (do) S6 séng (cm’)
Hinh 1. Giin @6 XRD (a) va phd FT-IR (b) ciia cic miu MIL-53
Bang 2. Thanh phin nguyén té ciia cic miu MIL-53
x Phén trim theo khéi lwong*
Mau
C (0 Al Cl Fe Zn
MIL-53(Al) 48,15 24,90 10,67 16,29 - -
MIL-53(Al, Zn) 40,07 40,36 16,91 1,98 - 0,68
MIL-53(Al, Fe) 45,35 42,00 11,26 0,96 0,42 -
MIL-53(Al, Fe, Zn) 41,16 39,28 14,65 2,97 1,12 0,83

*Gida tri trung binh cua 03 vung phan tich.

Hinh 2a trinh bay két qua phan tich nhiét trong
lugng cua cac mau. Puong cong TG cuia cac mau cho
théy ¢ hai su mat khdi luong. Su méat khoi luong
thir nhat xay ra cha yéu & 99-130°C véi khoi lwong
mat khoang 8-9%. Su mat khdi luong nay c6 18 1a do
su giai hip cua cac phan tir nudce hap phu tu do. Sy
mat khéi luong thir hai (54-64%) xay ra & 526-558
°C, 14 do su phan hity cia cac cau ndi hitu co trong
khung mang ciia vat liéu va chuyén thanh cac oxide
kim loai v6 dinh hinh (Loiseau & cs., 2004). Diéu
nay ching minh ring cac phan tir terephthalic acid
khong tham gia phan ing da dugc loai bo sau khi
nung vat li¢u ¢ 280°C.

Kha ning hap phu va xiic tic cua cic mau vt
lidu duoc danh gia thong qua hiéu sudt loai bo RB
trong dung dich nudc (Hmh 2b). Két qua cho thay
rang cic mau vat liéu déu c6 kha ning hap phu RB

kha cao, hi¢u suat hip phu dat duoc 56,9-73,2%.
Trong d6, cac mau dugc pha tap véi kim loai kém,
g6m MIL-53(Al, Zn) va MIL-53(Al, Fe, Zn), c6 hiéu
suat hap phu thap hon so véi mau MIL-53(Al) va mau
pha tap chi voi kim loai sit (MIL-53(Al, Fe)). Két
qué nay ciing cho thay rang mau MIL-53(Al, Fe) c6
kha nang hap phu RB cao nhit.

Trong su hién dién cia H 0,, hi¢u suét loai bo
RB déu tang 1én so voi hi¢u suat hap phu Trong do,
hiéu suit ting 1én dang ké ddi v6i cac mau co pha tap
kim loai sat (MIL-53(Al, Fe) va MIL-53(Al, Fe, Zn)).
Diéu nay cho thiy rang kim loai st pha tap da dong
vai tro nhu nhitng tac nhan Fenton lam xtc tac cho
phan g phan huy RB bsi H,O,. Hinh 2b cling cho
thdy rang hiéu sut loai bo RB cao nhét (83,6%) trén
mau MIL-53(Al, Fe). Do d6, mau vat liéu nay dugc
tiép tuc phan tich va sir dung trong cac phan tiép theo.
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(a)
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Vat licu

Hinh 2. a) Gidn d6 TG ciia cic miu MIL-53; b) Hi¢u suit loai bo RB trong dung dich nuéc ciia cic miu vat
liéu dwé6i cac didu kién khac nhau
(Diéu kién thi nghiém: RB 10 mg/L; vat liéu 2,0 g/L; H,0, 0,192 M; nhiét dp moi truong; pH 7)

Hinh thai va tinh chit xp ctiia mau MIL-53(Al)
va MIL-53(Al, Fe) dugc trinh bay & Hinh 3. Anh SEM
ctia mau MIL-53(Al) cho thdy vat liéu bao gdm cac
khéi dang tAm hodc dang que v&i kich thude khoang
0,5-1 um (Hinh 3a). Trong khi d6, dang hat 1a chu yéu
duogc quan sat thay trong mau MIL-53(Al, Fe) (Hinh
3b). Pudng dang nhiét hap phu-khir hdp phu nitrogen

(
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2104
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120 A
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90
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Ap suit tuong déi (P/P,)

0.0

ctia mau MIL-53(Al) va MIL-53(Al, Fe) c6 dang
duong dang nhiét loai I va co sy ngung tu tai ap suét
twong ddi cao (Hinh 3¢ va 3d), chi ra rang vat liéu c6
cAu trac vi mao quan va cac mao quan dang khe véi
kich thudc va/hodc hinh dang khong dong déu. Dién
tich bé mat riéng cia mau MIL-53(Al) va MIL-53(Al,
Fe) kha cao, SBET tuong ing la 341,9 va 273,0 m>.g.
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Hinh 3. Anh SEM va duwong ding nhiét hiap phu-khir hip phu nitrogen:
a) va ¢) MIL-53(Al); b va d) MIL-53(Al, Fe)
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3.2. Loai b6 Rhodamine B trong dung dich
nudc boi MIL-53(Al, Fe)

3.2.1. Anh hwéng ciia ham leong hydrogen
peroxide va nhiét dp phan vng

Hinh 4a biéu dién toc d6 phan tmg loai bo RB
trén MIL-53(Al, Fe) & nong d6 cua H,0, khéc nhau.
C6 thé thiy rang hiéu suat loai bo RB ting khong
d4ng ké khi ndng do H,0, tang tir 0,145 dén 0,192
M. Do do, néng do H,0, 0,192 M duogc lya chon dé
téc do phan ing khong phu thudce vao nong do H,O.,.

Hinh 4b trinh bay sy phu thudc hi¢u suit loai
bo RB vao thoi gian & cac nhiét do phan ung khac
nhau. C6 thé thdy rang hiéu sut ting theo thoi gian

(a)
100 ~
)
E 80 4
m
a2
8 o0
=
=}
= 40
<
=
w
3. 20+
T —=—H,0,0.145M
04 ——H,0,0.192M

T T v T T 1

— 77T
0 30 60 90 120 150 180 210 240

t (phiit)

va dic biét ting rat nhanh khi nhiét do tang tir 30 dén
40°C. O 30°C, hiéu suat dat xap xi 15% sau 20 phit
va dat 84% sau 240 phut. G 40°C, hiéu suat dat xap
xi 40% sau 20 phut va dat 94% sau 240 phut. Hi¢u
suét loai bo RB ting chim trong khoang 40—-60°C.
O 50-60°C, hiéu suét dat dugc sau 240 phtt phan
tig 13 98,6-100%. Két qua nay ciing cho thay rang
MIL-53(Al, Fe) co tac dung nhu mdt tac nhan Fenton
dé kich hoatﬂ H,0, tao ra cic gbe hyd}roxyl ¢6 tinh oxi
hoa manh dé oxi héa RB, do hi¢u suat tang theo nhiét
d6 phan tng (Bokare & Choi, 2014). Do do, vat li¢u
MIL-53(Al) pha tap kim loai sit c6 thé dugc img dung
lam chat hap phu-xuc tac dé loai bo RB hay cac chit
hitu co khéc trong dung dich nudc.

(b)
100
&
é 80 -
m
a4
8 60
=
[=]
% 40
2 —=—30°C
3. 204 —e—40°C
as) —a—350°C
0 —¥—60°C

T T T T T T T T T T T T T T T 1
0 3 60 90 120 150 180 210 240
t (phut)

Hinh 4. Hi¢u suét loai bé RB trong dung dich nwéce trén MIL-53(Al, Fe): a) Anh hwéng cia ham lwgng H,0,
(nhiét do phan ing 40°C, pH 7); b) Anh huéng ciia nhiét do phan tng

3.2.2. Anh huéng ciia pH dung dich va do bén
vat lieu

Trong phan nay, hoat tinh xuc tac ctia MIL-
53(Al, Fe) dugc danh gia thong qua phan trng phan
huy RB ¢ cac pH dung dich khac nhau trong hé phan
g giéng Fenton (c6 mat H,0,). Hiéu sudt phan huy
RB ¢ cac pH khac nhau duogc trinh bay ¢ Hinh 5Sa.
O pH 3, hiéu suét phan huy dat 100% va giam dan
khi tang pH dén 7 (90%), sau d6 hiéu suét lai ting va
dat xap xi 96% & pH 11. Didu nay co thé dugc giai
thich 1a do phan ting kiéu Fenton xay ra thuan loi ¢
pH thip nén RB bi phan hiy manh & pH 3 (Bokare
& Choi, 2014). Phan tng Fenton khong thuan loi ¢
pH cao nén khi pH ting tir 3 dén 7 thi hiéu suat phan
hay RB giam dan. O pH > 7, bé mit cua vat liu co
thé mang dién tich am do sy hép phu cac ion OH—,
diéu nay lam tang kha nang tuong tac tinh dién voi
cac cation phém nhudm RB, do do, lam tang hi¢u suét

loai bé RB khoi dung dich. Tuy nhién, su chénh 1é€ch
vé hiéu suat ¢ cac pH khac nhau ciing khong déng
ké. Piéu nay chi ra ring MIL-53(Al, Fe) c¢6 hoat tinh
xuc tac trong khoang pH rong (3—11), va day 1a chét
xtic tac Fenton dj thé (Bokare & Choi, 2014; Du &
Hoai, 2021).

Dé kiém tra sit trong vat liéu MIL-53(Al, Fe)
¢6 bi tan vao dung dich phan ing hay khong, mot
thi nghiém loc duoc tién hanh bang cach tiép tuc
theo doi dung dich sau khi loc chit xtc tac MIL-
53(Al, Fe) ra khoi h¢ phan Gmg. Hinh 5b cho thiy
hiéu suit loai b6 RB hau nhu khong thay d6i sau
khi loc chat xﬁ‘c tac, mac du H202 van ton tai trong
dung dich. Picu nay chi ra rang khong c6 sy hoa
tan sit vao dung dich phan tng tir chat xiic tac. Két
qua thi nghiém nay di khang dinh rang MIL-53(Al,
Fe) dong vai trd 1a chat xuc tac di thé trong qua
trinh phan tng.
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3.2.3. Tdi swr dung vat liéu

Vat liéu MIL-53(Al, Fe) sau mdi lan su dung
dugc thu hoi, rira voi methanol va ti€p tuc tai st
dung. Hi¢u suat loai bo RB cua vat liéu sau hai lan
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Hinh 5. a) Anh huwéng caa pH dén hiéu suét loai b6 RB trong dung dich nuéc trén MIL-53(Al, Fe);

b) Thi nghiém kiém tra sy hoa tan cia sit trong phan wng oxi hoa RB trén MIL-53(Al, Fe),
xuc tac dugce loc sau 60 phut phan wng

tai sit dung dugc trinh bay ¢ Hinh 6a. Co thé thdy ~MIL-53(Al, Fe) ban dau).
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Hinh 6. a) Hiéu suit loai b6 RB trong dung dich nwéc trén MIL-53(Al, Fe) tai sir dung;
Giin d6 XRD (b), pho FT-IR (c) va gidn do TG (d) ciia miu MIL-53(Al, Fe) thu hoi lan 1
(Diéu kien thi nghiém: RB 10 mg/L; vat lieu 1,0 g/L,; H202 0,192 M; nhiét do 40°C; pH 7)

rang hiéu suit giam dang ké trén cac vat liéu tai
sir dung, sau 240 phut phan tng hiéu suat chi dat
khoang 58% va 19% twong tng véi lan tai sir dung
thir nhit va tht hai (so v6i 94% trén mau vit liéu
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CAu triic cua vat liéu sau xuc tic con dugce danh
gi4 bang phuong phap XRD, FT-IR va TG. Két qua
cho théy mau vat liéu thu hdi 1an 1 ¢6 cac peak nhiéu
xa (Hinh 6b) va cac peak dao dong (Hinh 6¢) khong
khac nhiéu so voi mau MIL-53(Al, Fe) ban dau. Piéu
nay chimg minh ring ciu tric cua vat liéu gan nhu
khong thay d6i sau khi sir dung lam chat xuc tac. Tuy
nhién, két qua phan tich nhiét trinh bay & Hinh 6d
cho théiy mau vat liéu thu hdi 1an 1 c6 ba sy mat khoi
lugng xay ra trong khoang nhiét @6 khao sat. Trong
d6, ¢6 hai sy mat khéi lugng xay ra ¢ 97 va 513°C
1a do sy giai hap ctia nudc hap phu tu do va sy phan
hay cta cac ciu ndi hitu co trong khung mang cua vat
lidu, twong tu nhu gian d6 TG ciia mau MIL-53(Al,
Fe) ban dau (Hinh 2a). Su mat khoi lugng con lai
(2,58%) xay ra & 260°C c6 1& 1a do su ton tai ciia cac
phan tir RB con hap phu trén vat liéu. Piéu nay c6
18 da ngdn can sy tiép xuc cta cac phan tir H,O, véi
cac tAm xtic tic trén bé mat vat liéu, vi vay, kha ning
loai bo RB trén cac mau tai s dung giam.

4. Két luan

Viéc pha tap vat ligu MIL-53(Al) véi kim loai
Zn, Fe, hoic dong thoi Zn/ Fe anh hudng khong déng
ké dén ciu tric khung hiru co-kim loai cua vét ligu.
Dién tich bé mit riéng ctia mau MIL-53(Al, Fe) kha
cao, SBET =273,0 m>g"', va xap xi so véi mau MIL-
53(Al) khong pha tap (SBET =341,9 m?-g"). Cac mau
vat liéu déu c6 kha ning hap phu dé loai bo RB trong
dung dich nudce. Viéc pha tap vat liéu véi kim loai sat
lam tang kha nang xuc tac cua vat liéu trong phan ung
loai bo RB v6i sy c6 mat ctia hydrogen peroxide, dac
biét 1a mau MIL-53(Al, Fe). Phan tng loai bo RB béi
hydrogen peroxide trén MIL-53(Al, Fe) xay ra theo
kiéu Fenton di thé. Vat lidu c6 do bén cao va cé thé
g dung trong linh vyc xuc tac-hdp phu dé loai bo
céc chat 6 nhiém hiru co tir dung dich nudc.

Lo&i cdm on: Nghién ctru nay dugc tai trg boi
Trudng Pai hoc Thit Dau Mot trong dé tai ma sb
DT.22.2-006.
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