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Fabrication of a-MnO2/UiO-66-NO,/TFC-PA
Photocatalytic Membrane Applied for
the Decomposition of Methylene Blue in Aqueous Solution
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Abstract: In this research, o-MnO,/UiO-66-NO,/TFC-PA photocatalytic membranes were
successfully fabricated by immobilizing a-MnO,/UiO-66-NO; catalyst onto the outer most surface
of thin film composite polyamide (TFC-PA) membrane via interfacial polymerization process. The
materials were characterized by using XRD, FTIR, EDX techniques. The photocatalytic activity
was evaluated based on the decomposition of methylene blue (MB) solution under the visible light
irradiation. The results showed that the highest MB removal efficiency was up to 95%. Factors
affecting the efficiency of the decomposition were also investigated. The experimental results also
displayed that the photocatalytic film has good regeneration ability, MB removal efficiency
reached 92% after 5 times and it can be facilely regenerated.
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Regeneration ability.

* Corresponding author.
E-mail address: trinhxuandai@hus.edu.vn

https://doi.org/10.25073/2588-1140/vnunst.5887
90


mailto:trinhxuandai@hus.edu.vn

Q. M. Dung et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 42, No. 1 (2026) 90-97 91

Téng hop mang xUc tac a-MnO2/UiO-66-NO,/TFC-PA
ung dung xu ly xanh methylen trong nudc

Quéch Manh Diing, Nguyén Ning Tu, Nguyén Xuan Tan, Trinh Xuan Pai”

Truong Dai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Ngi, 19 Lé Thanh Tong, Cita Nam, Ha Noi, Viét Nam

Nhén ngay 09 thé}ng 4 nam 2025
Chinh sira ngay 05 thang 01 ndm 2026; Chap nhan ding ngay 17 thang 01 nam 2026

Tém tit: Trong nghién clru ndy, mang quang xuc tac a-MnO2/UiO-66-NO,/TFC-PA d3 duoc tdng
hop thanh cong bang cach c¢b dinh chat xtc tac a-MnO,/UiO-66-NO; trén bé mit mang composite
16p mong (TEC-PA) théng qua k¥ thuét tring hop bé mit phan cach pha. Cic mang quang x{c tic
duoc dic trung bang cac ky thuat nhu XRD, FTIR, EDX. Hoat tinh quang xuc tic dugc danh gia
thong qua kha nang phan huy xanh methylen (MB) trong dung dich dudi anh sang kha kién. Két
qua cho thay hiéu suat xtr Iy xanh methylen dat t6i 95%. Céc yéu t6 anh huéng dén higu qua xir ly
xanh methylen ciing d3 duoc khao sat. Nghién ctru ciing cho thdy mang xuc tac c¢6 kha ning tai st
dung tt, hidu suit xir Iy MB van dat 92% sau 5 chu ky tai sinh, qua trinh tai sinh d& dang khong
can tiéu hao nan g luong dé thu hdi cac vat liéu nhu khi xa dung xuc tac ¢ dang hat.

Tir khéa: Mang quang xuc tac, khung hitu co kim loai (MOF), hiéu suat xir Iy MB, kha nang tai sinh.

1. Mé dau

Phuong phéap oxi héa quang xuc tac di thé
12 mot trong nhitng giai phap tiém ning dé xu
Iy cac chit 6 nhiém hiru co trong nude. Cac
chat xuc tac quang phd bién hién nay nhu cac
oxit: TiOz, Fe;0s;, CuO, Cu0, MnOy,... [1-3].
Trong d6, a-MnO; duoc danh gia 1a mot vat
lidu trién vong nhd vao ning luong ving cim
hep (~1,53 eV), cho phép hap thu anh sang
trong ving kha kién [4, 5]. Bén canh do,
a-MnO2 con ¢6 nhiéu vu diém nhu dién tich bé
mat 1on, cAu trac xOp, than thién véi moi
truong, chi phi thap, dé téng hop, do d6 rat phu
hop dé ung dung trong xtr Iy mdi trudong [6-8].

Tuy nhién, mét trong nhitng han ché phd
b1en cua vat liéu xtic tac quang 1a hién tuong tai
t6 hop nhanh giira cip dién tir va 15 trong, lam
giam hiéu qua quang xuc tac cua vat liéu. Mot
trong nhirng giai phap khic phuc han ché d6 la
két hop a-MnO; v&i chit ban dan khac co ning
luong ving cAm phu hop dé tao ra vat liéu di
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hop loai II, gitp kéo gian thoi gian sdng cac cap
dién tir va 16 tréng din dén ting cuong hiéu qua
guang xuc tac [9, 10].

Hién nay, vat liéu khung hitu co kim loai
(MOFs) da duoc tng dung rong rii trong nhiéu
linh vuc nhu xuc tac, hép phu, cam bién,. ..
[11-13]. MOFs c6 nhiéu dic tinh ndi bat nhu
ban chat lai vo co - hitu co gitup nd co thé tuong
thich v&i rat nhiéu chat khi dugc két hop véi
nhau, bén canh d6 n6 cling s¢ hitu cAu tric cb
d6 xbp cao, d& dang diéu chinh kich thuéc 16
tréng, da dang nhoém chure, bén. Hon nira, MOF
con c6 dic tinh ctia mot chit ban dan, tuy vao
ting loai MOF nhat dinh ma chung cé thé hap
thy 4nh sang trong ving tir ngoai hay kha kién
[14-16]. UiO-66-NO, dugc xem la mét trong
nhitng MOFs ¢6 d6 bén cao v6i nhiéu dung moéi
va hoa chat nhd s¢ hitu nhiéu lién két phéi tri, cac
lién két nay déng vai tro ngan can cac tac nhan
bén ngoai tiép can voi cac tim kim loai dé phéa vo
cAu trac tinh thé MOF. Vit li€u nay s¢ hitu dién
tich bé mat riéng 16n (khoang 970 m?g) [17],
bén véi nhiét, nudc, axit va dung moi hiru co.
Vé6i dién tich bé mit 16n, UiO-66-NO. dugc
xem 1a chit mang 1y tuéng gitip han ché tinh
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trang co cum cua cac hat xuc tac nano trong
moi truong long [17, 18]. Ngoai ra MOF nay
khong chi ¢ ning lugng viing cam phii hgp ma
né con ¢6 4i lyc 16n déi véi a-MnO;, tir d6 vige
két hop hai chat nay c6 thé tao ra vat liéu di hop
loai II giup cai thién déang ké hiéu qua quang
XUc tac cia a-Mn0O; [2].

Tuy nhién, ciing nhu cac chat xuc tic dang
bot khac, viée thu hdi va tai sinh vat liu xuc tac
a-MnO./ UiO-66-NO; tidu ton ning lwong & qua
trinh ly tam, loc. Pé khic phuc han ché nay, viéc
cb dinh xuc tac 1én mang polyme 1a mot hudng di
hiéu qua. Nho ban chat lai v co - hitu co cua
UiO-66-NO,, qua trinh ¢6 dinh 1én mang
polyamide 16p mong (TFC-PA) duoc thuc hién
thudn loi, ddng thoi TFC-PA ciing c¢6 uu diém vé
d6 bén, khoang pH rong (2 - 11), khong bi phan
haty sinh hoc va d& dang ché tao [19].

Trong nghién ctru ndy, lan dau tién viée
tobng hop va ung dung mang xdc tac quang
a-MnO,/Ui0-66-NO2/TFC-PA, trong d6 vat
liéu xtic tac di thé 0-MnO»/UiO-66-NO,/TFC-PA
duogc ¢b dinh trén mang TFC-PA bang ky thuat
trung hop phan cach pha. Diéu nay gitp khic
phuc mdt trong nhirng nhugc diém 16n cua hé
xuc tac dang bot 1a kho thu hdi va tiéu ton ning
lugng trong qua trinh thu héi va tai sinh. Hon
nira, diém nodi bat vé co ché 1a viéc két hop
a-MnO; véi UiO-66-NO2 tao nén hé di hop loai
Il giop kéo dai thoi gian tai t6 hop cap
electron/1d trong, tir d6 ting cudong hidu qua
quang x0c tac Hiéu qua quang xuc tac cua
mang mang vat li¢u sé dugc danh gia thong qua
kha nang phan hiy xanh metylen (MB) duoi
anh sang kha kién, dong thoi khao sat kha nang
tai su dung nhim lam sang to tiém ning ung
dung thuc tién cua hé vat liéu nay.

2. Thuc nghiém
2.1. Héa chat

Céc hoa chét sir dung trong nghién ctru bao
gbém: Zirconium (IV) chloride (ZrCls, Sigma-
Aldrich, > 99,9%), 2-Nitroterephthalic acid
(H:BDC-NO,, Acros Organics > 98%),
Potassium permanganate (KMnOQy),
Hydrochloric acid (HCIl, 37%), Ethanol
(CoHsOH,  96°),  N,N-Dimethylformamide

(DMF, Wako Chemical Industries Ltd, > 99%),
Polysulfone (PSf), m-Phenylenediamine (MPD,
> 99%), Triethylamine (TEA), 1,3,5-
Benzenetricarbonyl trichloride (TMC, > 98%)
(Shanghai  Maklin  Biochemical Co.,Ltd),
Methylene Blue (MB, TCI Chemicals Ltd,
> 98%). T4t ca hoa chat duoc sir dung tryc tiép,
khong qua tinh ché.

2.2. Téng hop vat liéu

2.2.1. Téng hop UiO-66-NO,

Vit liéu khung hitu co kim loai UiO-66-
NO; duoc tong hop theo phuong phap nhiét
dung méi nhu trong nghién ctru da cong bd
truge day [2]. Hoa tan 0,22 g H.BDC-NO; va
0,3 g ZrCls trong 60 mL DMF. Hon hop duoc
chuyén vao binh Teflon dit trong autoclave va
gia nhiét & 120 °C trong 18 gid. San phdm sau
phan tng duoc ly tim, rira bang ethanol va sy
khé thu dugc tinh thé UiO-66-NO, dang bot
mau tring.

2.2.2. Téng hop a-MnO,/UiO-66-NO,

Vit lidu a-MnO/UiO-66-NO, dugc tong
hop theo phuong phap thuy nhiét. Quy trinh
téng hop a-MnO»/UiO-66-NO, c¢6 ham lugng
1% o-MnO; nhu sau: Phan tan 0,5 g UiO-66-
NO; trong 20 mL nuéc cét, thém 0,58 mL
KMnO4 0,1 M va 0,69 mL HCI 0,25 M, siéu am
trong 10 phut. Sau d6, dung dich dugc gia nhiét
trong autoclave & 120 °C trong 18 gi¢. Sau phan
ung, chét ran tao thanh duoc rira béng nude cit
nhiéu lan trude khi sdy kho & nhiét ¢6 100 °C
trong thoi gian 24 gid, thu duoc chat rin dang
bot ¢6 mau xam la a-MnO2/Ui0-66-NO,.

2.2.3. Tong hop mang Polysulfone (PSf)

Mang nén polysulfone duoc tong hop bang
phuong phap trung hop ddo pha. Polysulfone
(PSf) dugc hoa tan trong dung mdéi DMF &
60°C dé thu dugc dung dich tao mang. Sau do,
mang dugc can véi do day 150 um trén tim kinh
phing truéc khi nhing vao nudc cat. Mang thu
duoc s& duoc rira nhiéu 1an bang nude cit va bao
quan trong nudc cat & nhiét dd phong.

2.2.4. Téng hop mang a-MnO,/UiO-66-
NO2/TFC-PA

Mang o-MnO/UiO-66-NO2/TFC-PA duogc
tong hop theo phwong phap tring hop bé mat
phan cach pha. Trudc tién, mang PSf dugc cb
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dinh trong khuén trudc khi ngdm trong dung
dich A (pha nudc) chira 2% (w/v) MPD va 2%
(w/v) triethylamine (TEA) trong 4 phuat. Sau khi
b6 phan dung dich du, khi N, duogc st dung dé
loai bo phin chat 1ong du trén bé mit mang.
Sau d6, dung dich B (pha hitu co) trong dung
moi n-hexan) chira 0,15% (w/v) TMC va 0,1%
(W/v) 0-MnO2/Ui0-66-NO; duoc dua 1én bé
mat mang trong 45 gidy. Sau khi loai bé dung
dich B trén mang va lam kho, mang duogc siy &
65 °C trong 5 phiit va bao quan trong nude cat.

Lop mang Polyamide (PA) mong trén bé mit
mang nén PSf dugc hinh thanh do phan {mg giita
nhém -COCI cta Trimesoyl chloride (TMC) va
nhom -NH, trong m-Phenylenediamine (MPD)
tao lién két amide (-CONH-) va giai phong
HCI. Triethylamine (TEA) dugc thém vao c6 vai
tro nhan proton, trung hoa lugng HCI sinh ra, giup
ngan can proton hoa amine, do d6 lam ting toc do
phan Gng.

2.3. X&c dinh ddc trung vt liéu

Vat litu ché tao duge xac dinh dic trung
bang cac phuong phap: Nhidu xa tia X (XRD)
trén thiét bi Empyrean (PANalytical) voi tia
phat xa Cu Ka c6 budc song A = 1,54 A, gdc
quét 20 = 5 - 40° va toc do quét 0,006 %/s; Phd
héng ngoai phan xa ATR-IR trén thiét bj FTIR
Affinity - 1S (Shimadzu) trong viing s6 song tir
400 - 4000 cm'Y; Pho phat xa nang luong tia X
(EDX) dugc do trén thiét bi Oxford AztecOne.

2.4. Danh gia hoat tinh quang xuc tdc

Mau thir nghiém sir dung 20 mL dung dich
MB 10 mg/L va mdt mang xuc tac
a-MnO2/Ui0-66-NO/TFC-PA ¢6 dién tich
7 cm?. Trong thi nghiém nay, mang cé duong
kinh d=3 cm dwogc dit vao coc chira dung dich
MB va tién hanh khudy ¢ téc do 200 rpm. Mau
dugc khudy trong bong téi 90 phat dé dat can
bang hap phu. Sau d6, dung dich dwgc dit dudi
anh sang kha kién duoc tao ra tr dén LED
PR160L-427 nm cua hdng Kessil. Néng d6 MB
con lai duge xac dinh sau mdi 30 phut théng
qua phép do d6 hap thu quang tai budc song
665 nm trén thiét bi quang phd tir ngoai kha
kién (Model: F7G32AA) cua Agilent
Technology.

Hiéu qua xtt Iy MB duogc tinh theo phuong trinh:

Co— G
Co

R= 100% (1)
Trong do, Co va C: lan lugt 1 ndng do MB
tai thoi di€m ban dau va thoi diém t (mg/L).

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

3.1.1. Gian d6 nhidu xa tia X (XRD)

Gian d6 XRD cia mang a-MnO2/UiO-66-
NO2/TFC-PA (Hinh 1) cho thiy cac dinh nhiéu
xa tai cac goc 20 = 7° va 9° dic trung cho ho
mit mang (111) va (002) cia cdu trac lap
phuong tdm mat ctia UiO-66-NO; [2]. Bén canh
d6, dinh nhiéu xa tai khoang 20 = 17° dic trung
cho mang nén Polysunfone (PSf) [2]. Cac dinh
dac trung cho a-MnQO; khdng quan sat dugc trén
gian dd co thé do luong thip cua vat liéu trén
mang. Tuy nhién, miu duoc tong hop tuong tur
nhung khong c6 mit UiO-66-NO; cho thiy su
xudt hién cac dinh tai khoang goc 26 = 13% 18°%
29° va 37° dac trung cho a-MnO..

@-MnO,/Ui0-66-NO,/TFC-PA
— ¢-MnO,
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Hinh 1. Gian d6 XRD cta mang
0-Mn0,/Ui0-66-NO,/TFC-PA.

3.1.2. Pho hong ngoai ATR-IR

Phé ATR-IR cua TFC-PA trén Hinh 2 xuat
hién cac dinh tai cac sd song 1583,63 cm™ va
1293,3 cm? dac trung cho lién két N-H cua
nhom amin; 1652,1 cm* cua lién két C=C trong
vong thom, dinh tai 1104 cm? cua lién két
C-N-C va 1320,3 cm™ cua lién két C=0. So
TFC-PA, phé cta UiO-66-NO2/TFC PA bi dich
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chuyén nhe vé budc séng thdp hon, nguyén
nhan c6 thé do anh hudng cua nhém —NO> trong
cau truc cia vat liéu UiO-66-NO; lam suy yéu cac
lién két C=0O va C=C tuong tmg [20-22]. O phd
cua UiO-66-NO2/TFC-PA, ngoai cac dinh dac
trung cho TFC-PA thi con c6 cac dinh &
s6 song 1541,05cm™ dic trung cho nhom chirc
—NO;; 475 cm™ va 769 cm™ dic trung cho lién
két Zr-O [17]. Véi mang a-MnO/UiO-66-
NO,/TFC-PA, xuat hién thém dinh tai s6 song
713,51 cm dic trung cho lién két Mn-O [23].

a-MnQ,/1i0-66-NO,TFC-PA

Ui0-66-NO, TFC-PA

v Y |

[TFC-PA -0

P$ truyén qua (%)

TR ey

C-C them
MU ene,c-0,NH o4t

2000 1800 1600 1400 1200 1000 $00 000 400
§60 sing (con”)

Hinh 2. Ph6 FT-IR cua cic mang TFC-PA,
Ui0-66-NO,/TFC-PA, mang xuc tac.

3.1.3. Phan b nguyén t6 (Elemental mapping)

Bén d6 phan bd nguyén té (Hinh 3) tir phan
tich EDX ctia mang a-MnO»/UiO-66-NO,/TFC-
PA cho thay sy phan bd cta cac nguyén td Mn,
Zr trén mang kha dong déu. Mat do ciia nguyén
t5 Zr trong thanh phin cua UiO-66-NO; 16n
hon so v&i mat do cia Mn 1a phu hop véi ty 1€
cac chat khi tong hop.

Mn Kal Zr Lal

) (b)

M am

25um

25um

Hinh 3. Ban d6 phan bd nguyén té cia mang
a-MnO,/UiO-66-NO,/TFC-PA (a) Mn; (b) Zr.

Téng hop thanh cong vat liéu a-MnO»/UiO-
66-NO2 va mang o-MnO,/UiO-66-NO/TFC-PA.

3.2. Hiéu quad quang xuc tdc cua mang

3.2.1. Anh hudng cua ham lugng vat li€u

Hiéu suat xir Iy MB ting tir 78%; 80%; lén
dén 88% (Hinh 4) khi ham luong 0-MnO,/UiO-
66-NO, trén mang ting lan luot 1a 32 mg;
48 mg; 64 mg. Piéu nay c6 thé giai thich 1a do
khi ting lugng vat liéu s& dan téi ting dién tich
bé mit ciing nhu sb tim x(c tac trén bé mat tir
d6 1am ting hiéu suit xir Iy MB. Tuy nhién, néu
vuot qua lugng t6i wu, su co cum c6 thé xay ra,
lam giam dién tich bé mat hiéu dung va hiéu
qua xu ly.

104 & 3 mgm?
08 4 i 48 mg/m*
|
g 0.6 .
0.4 1 !
02 i i - \:}/‘.‘_ﬂ
Hap phu i Quang xiic tac
0.0 r

0 50 100 150 200 250 300
Thoi gian (phi)

Hinh 4. D6 thi khao sat anh huéng cia ham luong
a-MnO2/Ui0-66-NO; trén mang
dén higu suat xtr ly MB.

3.2.2. Anh hudng cua ham luong oxit trén
vat liéu

Tang ham lugng oxit tir 1%:; 2% dén 3%
gilp nang hiéu suét xir 1y tir 63%; 81% va 88%
(Hinh 5). Tuy nhién, khi ham lugng oxit tang
dén 5%, hiéu suat xur 1y lai giam con 70%. Piéu
nay c6 thé dugc 1y giai twong tu nhu voi khio
sat anh huong cua ham lugng vat liéu, khi ham
luong oxit ting, sd lwong tim hoat dong & bé
mit ciing ting dan dén ting hiéu sudt xi 1.
Nhung khi vuot qué luong tdi wu, cac oxit co
thé khong con phan bd dong déu din dén hiéu
sudt xtr Iy MB bi giam.
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Hinh 5. D4 thi khao sat anh huéng ciia ham luong
oxit trén vat ligu a-MnOQIUiO-66-N02
dén hiéu suat xt 1y MB.

3.2.3. Anh huéng cua pha phan tan vat lidu

Thay vi vat liéu o-MnO2/UiO-66-NO, dugc
phan tan trong dung dich B (pha hitu co — n-hexan)
nhu & quy trinh tdng hop mang a-MnO2/UiO-
66-NO./TFC-PA (pha hitu co) da dugc trinh
bay & muc 2.2.4, & mang ddo pha phan tan, vat
liéu a-MnO,/Ui0-66-NO, dugc phan tan trong
dung dich A (pha nudéc).

Két qua khao sat anh hudng cua pha phin
tan vat liéu xuc tac dén hiéu qua xtr ly MB cuia
mang o-MnO2/UiO-66-NO,/TFC-PA duoc thé
hién ¢ Hinh 6. C6 thé thiy mang mang vat liéu
xic tac dugc phan tan trong pha hitu co
(dung dich TMC) cho hiéu qua xir Iy t6t hon so
V&1 mang mang vat li€u dugc phan tan trong
pha nudc (dung dich MPD), véi hiéu qua xu ly
MB clia mang xuc tac quang lan luot 1a 95 va
88%. Diéu nay co thé duogc giai thich 1a do khi
phan tan a-MnO2/UiO-66-NO- trong pha chira
MPD, méi trudng kiém sinh ra boi MPD sé& pha
hity mét phan ciu trac UiO-66-NO,, bén canh
do6 cac hat vat liéu nay sé& gén nhu tao thanh mot
16p ngin cach MPD khuéch tan 1én pha hitu co
dé phan tng v6i TMC, khién cho 16p mang
polyamide hinh thanh khong duoc lién két chat
ché, din dén tinh trang mang bi bong troc va
cac hat vat liéu dé bi roi ra trong qué trinh sir
dung dan dén giam hiéu qua xir Iy ciia mang.
3.3. Kha nang tadi sinh cia mang

Pé khao sat kha ning tai sinh, sau mdi lan
xur ly MB, mang a-MnO2/Ui0-66-NO2/TFC-PA
duoc ly ra khoi dung dich va ngam trong 20 mL
ethanol va thay sau mdi 3 gio, lap lai 4 lan, sau

d6 ngam trong nudc cit 1 ngay. Hiu qua xir ly
MB ciia mang qua nim lan tai sinh dugc thé
hién & Hinh 7. Két qua cho thiy, hiéu suat xu ly
MB sau cic chu ky tai sinh lan luot 1a 94%;
94%; 94%; 93% va 92%. Midc du co sy suy
giam nhe, hiéu sudt van duy tri & mic cao sau 5
chu ky st dung, chirng té vat liu co6 do bén tbt va
kha ndng tai sit dung hiéu qua. So véi xlc tac
dang bot, mang xuc tac co6 uu diém 16n vé kha
ning thu hdi va tai sinh d& dang, khéng can tiéu
tén nang luong cho cac budc ly tdam hoac loc.

Hip phu ' Quang xtc tic
1 PP ! Quang —@-Pha nuéc
0.8 1 i +~Pha hiru co
J 0.6 - !
o
0.4 -
0.2 4
0 T T T T T T
0 50 100 150 200 250 300

Thoi gian (phat)

Hinh 6. D6 thi khao sat anh huong cua pha phan tan
dén higu suat xtr ly MB.

100

95 94 94 94 93 92
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Hinh 7. Két qua khao sat kha ning tai sinh ciia mang
a-MnO,/Ui0-66-NO2/TFC-PA.

4. Két luan

Pi tong hop thanh cong mang quang xdc
tdc  a-MnO,/UiO-66-NO./TFC-PA. Cac dac
trung va diéu kién anh huong dén hiéu qua
quang xuc tic cia mang da duoc khdo sat. Vat
lidu cho hoat tinh quang xtic tac tét trong ving
anh sang kha kién v&i hiéu qua loai bo MB dat
95% sau 300 phut xtr ly. Nghién ctu kha nang
tai sinh ctia vat li€u mang xtc tac cho théy, hiéu
qua quang xuc tac xu ly MB dat 92% sau nam
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tai sinh. Két qua cua nghién ctru cho thiy

tiém ning clia mang xdc tic a-MnO2/UiO-66-
NO/T FC-PA tng dung xur ly cdc chat hitu co
trong thuc té

Loicam on

Nghién ctru nay dugc tai trg bdi Pai hoc

Quéc gia Ha Noi trong dé tai mi s6 QG.23.77.
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