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Nguyen Nang Tu, Quach Manh Dung, Trinh Xuan Dai"

VNU University of Science, 19 Le Thanh Tong, Hoan Kiem, Hanoi, Vietnam

Received 12" April 2025
Revised 111 January 2026; Accepted 14™ April 2026

Abstract: In this research, the a-MnO./UiO-66-NO./TFC-PA photocatalytic membrane was
successfully fabricated by immobilizing a-MnQO,/UiO-66-NO; catalyst onto the outer most surface
of a thin film composite polyamide (TFC-PA) membrane via the interfacical polymerization
process. The resulting membrane was characterized using techniques such as UV-Vis diffuse
reflectance spectroscopy (UV-Vis DRS) and nitrogen adsorption-desorption (BET). The
photocatalytic activity was evaluated by the decomposition of methylene blue (MB) under the
visible light irradiation, with a maximum removal efficiency reaching 95%. Kinetics studies
revealed that the degradation process followed a  pseudo-first-order — model.
Mechanism investigation exhibited that the superoxide radical O, played a dominant role in the
photocatalytic process.
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Pong hoc va co ché phan huy chat hitu co 6 nhiém
trong nudc trén mang xuc tac a-MnO2/UiO-66-NO,/TFC-PA

Nguyén Ning T, Quach Manh Diing, Trinh Xuan Dai”

Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Qué'c gia Ha Noi, 19 Lé Thanh Tong, Ha Ngi, Viét Nam

Nhén ngay 12 thang 4 ndm 2025
Chinh stra ngay 11 thadng 01 nam 2026; Chap nhéan dang ngay 14 thang 4 nim 2026

Tém tit: Trong nghién ctru nay, mang quang xtc tic a-MnO2/Ui0-66-NO/TFC-PA di dugc tong
hop thanh cong bang phwong phap c¢b dinh chét xuc tac a- MnOleiO 66-NO; trén bé mit mang
composite 16p mong (TFC-PA) thong qua ky thuét trang hop bé mit phan cach pha. Vat liéu mang
thu duoc dd duoc dic trung bang cac ky thuat nhu phd phan xa khuéch tan UV-Vis (UV-Vis DRS)
va hip phu - giai hdp N2 (BET). Hoat tinh quang xuc tac dugc danh gia dua trén kha ning phan
hay xanh methylen (MB) trong dung dich duéi anh sang kha kién. Két qua cho thay hiéu suit xtr 1y
xanh methylen dat t6i 95%. Nghién cru mé hinh dong hoc ctia phan g cho thiy qua trinh phan
hay MB trén bé mit mang xuc tac tuan theo mo hinh dong hoc gia bac nhat. Khao sat co ché phan
huy ciing chi ra rang Oy 1a tic nhin oxy héa chu dao trong qué trinh quang xc tac.

Tir khéa: Mang quang xdc tac, khung hiru co kim loai (MOF), dong hoc phan hiy, co ché.

1. Mé dau

Trong nhitng niam gan day, viéc tmg dung
vat liéu xUc t&c quang trong xir Iy méi truong,
dac biét la xur Iy nude thai ngay cang nhan dugc
su quan tam. Cac vat liéu x(c tac quang khi hap
thu anh sang & budc séng phu hop tao ra cac
cap dién tur - 16 trong. Céc dién tir c6 thé khir O,
de tao thanh superoxide (*O2), trong khi cac 10
trong c6 thé oxi hoa nudc tao ra céc goc
hydroxyl (*OH) [1]. Nho tinh oxi hda manh, cac
gbc tr do ndy c6 kha niang phan hiay hidu qua
céc hop chit hitu co khé phan huy tao thanh
nude, cacbon dioxide va cac san phim v co
don gian [2]. Bén canh cic chat ban dan phd
bién nhu: TiO,, ZnO, CuO, Fe;0s, WOs,...
[3-5] thi a-MnO: ciing thu hut nhiéu sy cha y
nh¢ nang luong ving cAm hep (~1,53 eV) [6, 7]
cho phép hip thy anh sang kha kién, mot ngudn
ning luong dodi dao va than thién v6i moi
truong. Ngoai ra, a-MnO; con sé hitu nhidu dic
diém thuan loi khac nhu céu trac xdp, dién tich
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bé mit 16n, than thién v6i moi truong, tong hop
don gian, chi phi thp cho thdy tiém ning tng
dung cao trong xtr Iy moi truong [8-10].

Tuy nhién, han ché 16n nhat cta vat lidu xuc
tac quang 1a sy tai t hop nhanh giita cic cip
e /h*, 1am giam hiéu qua phan @mg. Viét két hop
hai hodc nhiéu chat chat ban dan c6 niang luong
ving cAm phu hop dé hinh thanh hé di thé
(heterojunction) dugc cho 1a huéng tiép can
hiéu qua dé khic phuc han ché nay [11, 12].
Trong cac chit mang tiém nang, UiO-66-NO; -
mot loai vat liéu khung hitu co kim loai (MOF)
- la mot Umg vién sang gia nho nang lugong ving
cAm phuo hop va dién tich bé mat 1on
[4, 13]. Thém vao o6, UiO-66-NO; c6 cau tric
bén viing, on dinh trong nudc va nhidu dung
moi, lai ¢6 ban chét lai vo co - hiru co, cho phép
két hop dé dang vai 16p mang polyamide dé tao
nén mang xdc tac. Mang TFC-PA c¢6 nhiéu uu
diém nhu do bén hoa hoc tdt, hoat dong hi¢u
qua trong dai pH rong (2-11) [14]. Viéc dua xtc
tac 1én mang khong chi nang cao hiéu qua xut 1y
ma con khéc phuc dugc nhuoc diém 16n cua
xuc tac dang bot - kho thu hodi va tai sir dung
sau xur ly.
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Viéc khdo sat mo hinh dong hoc va co ché
phan tmg 1a mot trong nhitng budc then chdt
giup hiéu 16 ban chit hoat dong cua vat liéu xuc
tac quang. Khong chi gitip lam sang to6 qua trinh
phan mg xay ra trén bé mit xuc tac, cac thong
tin dong hoc con dong vai trd quan trong trong
viée so sanh hiéu suit giita cac vat lidu, toi wu
hoa diéu kién phan tmng, va dinh hudng cho
thiét ké hé xu ly trong thyc té. Trong cac
nghién ctru gan ddy vé mang xuc tac di thé két
hop giita oxit kim loai (CuO, Fe 03) va vat liéu
khung hitu co kim loai UiO-66-NO; trén nén
mang TFC-PA, két qua thuc nghiém déu cho
thdy, qua trinh phan hity chét hitu co tuan theo
mo hinh dong hoc gia bac nhat [4, 15, 16]. Bén
canh d6, cac thi nghiém bat gbc ciing duge st
dung dé xac dinh tic nhan oxy hoa chu dao
trong qua trinh quang xuc tac. Cac nghién ciu
déu cho thay rang, goc superoxide (-Oz) la tac
nhén chinh, do hiéu suét xtr 1y chit hitu co giam rd
1ét khi sir dung p-Benzoquinone (chét bét gbc «O7)
trong phan tmg xuc tac quang hoa.

Vé co ché xuc tac, ca ba hé déu hinh thanh
di thé loai II giita oxit kim loai va Ui0-66-NO,
cho phép dong electron dich chuyén tir chat ban
dan c6 ving dan thap (CuO, Fez0s) sang
Ui0-66-NO,, dong thoi 15 trong di chuyen theo
chiéu nguoc lai. Co ché nay lam giam sy to hop
cua cap e/h*, tir d6 tang hiéu suit sinh gdc oxy
hoa manh nhu *Oy va *OH" dong vai tro chinh
trong phan hity chat hiru co [4, 15, 16].

Trong nghién ctru ndy, mang quang x1c tac
a-MnO,/Ui0-66-NO,/TFC-PA di duoc tong
hop béng cach c¢d dinh vat lieu xuc tac
a-MnO»/Ui0-66-NO; trén mang polyamit 16p
moéng (TFC-PA). Hi¢u qua quang xuc tac cua
mang mang vat li¢u s€ dugc danh gia thong qua
kha nang phan huy xanh metylen (MB) dudi anh
sang kha kién, dong thoi khao sat mo hinh dong
hoc va co ché phan tmg nhdm lam sang to tiém
nang tmg dung thyc tién cia hé vat liéu nay.

2. Thuc nghiém

2.1. Héa chat

. Cac hoa chat str dung trong nghién ctru bao
gom: Zirconium (IV) chloride (ZrCls > 99%)
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dugc mua tir Sigma-Aldric, 2-Nitroterephthalic
acid (H.BDC-NO; > 98%) dugc nhap tir Acros
Organics, Potassium permanganate (KMnOa),
Hydrochloric acid (HCI, 37%), Ethanol
(CoHsOH,  96°),  N,N-Dimethylformamide
(DMF > 99%) dat tr Wako Chemical Industries
Ltd, Polysulfone (PSf), m-Phenylenediamine
(MPD, > 99%), Triethylamine (TEA), 1,3,5-
Benzenetricarbonyl trichloride (TMC, > 98%)
liy tir Shanghai Maklin Biochemical Co.,Ltd,
Methylene Blue (MB > 98%) dugc mua tir TCI
Chemicals Ltd, Ethylenediaminetetraacetic acid
(EDTA), p-Benzoquinone (p-BQ), Isopropyl
alcohol (IPA), va Dimethyl sulfoxide (DMSO)
dugc nhap tr Xilong Scientific Co.,Ltd. Khong
¢6 hoa chat ndo can tinh ché trudce khi si dung,
tat ca déu dugce st dung truc tiép.

2.2. T(fng hop vt liéu

2.2.1. Tong hop Ui0O-66-NO;

Viéc tong hop (MOFs) UiO-66-NO, tuan
theo quy trinh chudn hoa trong tai liéu da cong
bd, sir dung phuong phap nhiét dung maéi [4].
Dau tién, ta ding 60 mL DMF dé hoa tan 0,22 ¢
H.BDC-NO, va 0,3 g ZrCls. Phan tmg duoc
tién hanh trong binh Teflon lip vao autoclave
v6i diéu kién nhiét do & 120°C trong 18 gid.
Két thuc thoi gian phan tmg, thu dugc tinh thé
Ui0-66-NO; dang bot mau tring sau qua trinh
ly tam, 1am sach véi ethanol va siy kho.

2.2.2. Tong hop a-Mn0O2/Ui0-66-NO;

Phuong phap thuy nhiét duoc st dung dé
tong hop vat liéu a-MnO2/Ui0-66-NO,. Mudn
c6 ham lugng 1% o-MnO. trén vat liéu
a-MnO,/Ui0-66-NO; ta thuc hién theo cac
bude sau: Chuan bi 20 mL nudc cat chira 0,5 ¢
Ui0-66-NO2, bd sung 0,58 mL KMnO; 0,1 M
cung véi 0,69 mL HCI 0,25 M, hén hgp nay
dugc xir Iy siéu &m trong 10 phit nhim dam
bao phan tan hoan toan. Tiép theo, chuyén tat
ca vao binh Teflon khoa kin vdi autoclave gia
nhiét & 120 °C trong 18 gio. Két thuc qua trinh, ly
tam va lam sach chit ran tao thanh bé'mg nude cat
dén pH khong doi, sau do sdy kho ¢ nhiét do
100°C trong thoi gian 24 gio, thu duoc
a-MnO,/Ui0-66-NO; dang bot c6 mau nau xam.
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2.2.3. Tong hop mang Polysulfone (PSf)

Quy trinh tong hop mang nén polysulfone
duoc thyc hién theo phuong phap trung hop dao
pha dong tu chim. Dung dich tao mang dugc
chuan bi bﬁng cach hoa tan hoan toan cac hat
nhua polysulfone (PSf) trong dung moi DMF &
nhiét do 60 °C. Tiép theo, d6 dung dich tao
mang 1én tdm kinh phang va can mang véi do
day 150 um sau dé nhung viao nudc cat. Rua
sach mang méi can dugc bang nudc cat nhidu
lan va luu trit trong nude cit ¢ nhiét do phong.

2.2.4. Tong hop mang o-MnO,/UiO-66-
NO2/TFC-PA

Phuong phap trung hop bé mat phan cach
pha dugc sit dung dé tong hop mang
a-MnO,/Ui0-66-NO2/TFC-PA. Sau khi mang
Psf duoc ¢b dinh trong khuoén, dung dich A
(pha nudc) chua 2% (w/v) MPD va 2% (w/v)
triethylamine (TEA) duoc d6 1én bé mit mang
PSf r6i ngdm trong 4 phit. Sau khi loai bo chat
1ong trén mang, str dung dong khi N dé loai bo
phén dung dich du con dong lai trén bé mat
mang. Sau d6, bé mat mang dugc ngam trong
dung dich B (pha hitu co) st dung dung mobi
n-hexan) chua 0,15% (w/v) TMC va 0,1%
(W/v) a-MnO2/UiO-66-NO; trong thoi gian 45
gidy. Két thuc phan tmg, dung dich B trén mang
dugc loai bo trude khi sdy mang & 65 °C trong
5 phit. Mang dugc bao quan trong nudc cit
trudc khi duogc st dung

Phan tng gitta nhom -COCI cua Trimesoyl
chloride (TMC) va nhém -NH; trong
m-Phenylenediamine (MPD) trén bé mit mang
PSf tao nén 16p polyamide (PA) mong véi lién
két amide (-CONH-) va giai phong HCI. La mot
chit nhan proton, sy c6 mat cua Triethylamine
(TEA) gitp trung hoa lugng HCI tao thanh
trong phan g, tir d6 ngan can sy proton hoa
amine va gop phan 1am ting toc do phan tmg.

2.3. X&c dinh dac trung vat liéu

Céc déc trung cua vat liéu dugc xac dinh
thong qua thiét bi UH4150 Spectrophotometer
(Hitachi) do ph6 phan xa khuéch tan tir ngoai
kha kién (UV-Vis DRS) v6i dai bude song tir
200-800 nm; Thiét bi Quantachrome & 77K do
dudng dang nhiét hip phu - giai hip N,. Trudce
khi tién hanh do, ciac miu dugc sdy kho &
10 °C trong vong 3 gio.
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2.4. Banh gia hoat tinh quang xtic tic

Thi nghiém duogc tién hanh bang cach dit
mot mang xuc tac a-MnO2/UiO-66-NO,/TFC-
PA c6 dién tich 7 cm? vao trong cdc thity tinh
chtra 20 mL dung dich MB 10 mg/L. Tién hanh
khudy dung dich trong 90 phut & tdc do
200 rpm trong bong toi dé dat can bang hap
phu. Sau d6, dung dich dugc chiéu 4nh sang
kha kién tir dén LED PR160L-427 nm ctia hing
Kessil ¢ qua trinh xtic tic quang xay ra. Nong
dd MB con lai trong dung dich dugc xéc dinh
bang phuong phap do do hap thu quang budc
s6ng 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:

R=2"%1000 (1)
Co

Trong do, Co va Cy lan luot 1a noéng d6 MB
tai thoi diém ban dau va thoi diém t (mg/L).

2.5. Xdc dinh tac nhdn phan huy chinh

Trong nghién ctru ndy, st dung cac tac nhan
la EDTA, DMSO, p-BQ va IPA lan luot bay
h*, e, *O; va *OH dé x4c dinh vai tro clia céc
gdc hoat tinh trong phan {mg xtic tic quang phan
huy xanh methylen ctia a-MnO,/UiO-66-NO..

Quy trinh thi nghiém khao sat anh hudng
clia cac tac nhan by gdc ty do hoan toan tuong
tu véi quy trinh khao sat kha nang xtc tac cia
vat liéu, chi thém sy c6 mat cua cac tic nhan
bt gbc tu do. Cu thé, trong mdi thi nghiém,
1 mL dung dich cac tic nhdn co6 ndng do
0,1 mmol duoc thém vao vao dung dich MB
trudc khi khao sat.

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

3.1.1. Dién tich bé mit riéng cua vat liéu

Két qua phan tich dang nhiét hap phu - giai
hép N, ciia mang a-MnO,/UiO-66-NO2/TFC-
PA va vat liéu a-MnO,/Ui0-66-NO; dugc trinh
bay trong Hinh 1 va Hinh 2. Tir 2 d6 thi, c6 thé
thdy hinh duong dang nhiét hap phu - giai hip
N2 clia mang xUc tac va vat liéu thuoc dang I
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theo phan loai cia IUPAC, ddc trung cho vat
liéu vi mao quan. Dién tich bé mit riéng cua
mang xuc tac duoc x4c dinh 1a 1a 365,4 m?/g so
v6i 760,3 m¥g ciia vat liéu. Didu nay duoc cho
la do 16p polyamit tao ra da che phu mot phan
bé mit cua vat liéu a-MnO2/Ui0-66-NO,, dan
dén giam dién tich bé mit riéng cua vét liéu.

.
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Hinh 1. D4 thi hap phu - giai hip N, cia mang
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Hinh 2. B4 thi hap phu - giai hip N, cua
0-Mn0,/Ui0-66-NO

3.1.2. Pho phan xa khuéch tan tir ngoai kha
kién UV-Vis DRS

Phé UV-Vis DRS cta mang a-MnO2/UiO-
66-NO./TFC-PA, UiO-66-NO, va PSf dugc thé
hién & (Hinh 3). C6 thé thiy Ui0-66-NO, va
mang a-MnO2/UiO-66-NO./TFC-PA ¢6 kha
ning hap thu anh sang trong ving anh sang kha
kién (£ > 400 nm) con mang PSf chi hip thu
anh sang trong vung tir ngoai. Gid tri nang
luong ving cdm dugc xac dinh theo phuong
trinh Tauc:

ahv = A(hv — Eg)"?2 (2)

Trong d6, o 14 hé sé hép thy, h 1a hing sb
Planck, v la tan s6 anh sang, A 1a hang s6 hap
thu va Eg 1a nang lugng ving cam. Gia tri Eq
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dugc xac dinh bang cach vé do thi (a.h.v)Y?

theo hv. D6 thi dudng cong Tauc cta cic mang
dugc thé hién ¢ (Hinh 4). Tir (Hinh 4), ta thu
duoc cac gia tri Eq la 3,10; 3,25 va 3,90 eV
tuong tng 13 gia tri ning lugng ving cim cia
mang o-MnO2/UiO-66-NO,/TFC-PA, UiO-66-NO,
va PSf. Viéc két hgp a-MnO2 giip giam E,
nang cao kha niang hap thu anh sang kha kién.

A N R

o \ K450,

re

um yo m “o0 “n 0 o
Mari senn £ (W)

Hinh 3. Phd UV-Vis DRS ciia mang a-MnO2/UiO-
66-NO,/TFC-PA, UiO-66-NO, va PSf.

- VU LW N0 THC A

Hinh 4. B4 thi duong cong Tauc ctia mang
a-MnO,/Ui0-66-NO2/TFC-PA, UiO-66-NO, va PSf.

3.2. Hiéu qua quang xuc tdc cia mang

3.2.1. Anh huong cia thoi gian tring hop

Theo 1y thuyét, khi thoi gian tring hop
mang ting, luong MPD khuéch tan tir pha nudc
vao pha hitu co tang, do vay d¢ day mang ciing
tang theo. Viéc ting do day cua mang s€ kéo
theo hai kha nang. M6t mat, d§ day mang tang,
lwong xtc tic quang duoc giit lai trén bé mat
mang tang, tir d6 tang hiéu qua xr Iy cua mang.
Tuy nhién, mat khac, khi mang polyamide qua
day ciing s& 1am can tré kha ning héap thy anh
sang cuia vat liéu xtic tac quang, dan dén giam
hiéu qua xir 1y ctia mang. Két qua khao sat cho
thdy (Hinh 5), hiéu suit xir Iy MB ting dan khi
thoi gian trung hop tang tir 30 gidy dén 45 gidy
tuong (mg v6i hiéu suat 88% va 92%, sau do
khi tang thoi gian trung hop 1€n 60 gidy hiéu
sudt xtr Iy giam con 86%.
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Hinh 5. D6 thi khao sat anh hudng cia thoi gian
trung hop dén hiéu suat xu ly MB.

3.2.2. Anh huéng cua ndng d6 Trimesoyl
chloride (TMC)

C6 thé thay, khi ting nong do TMC s& lam
tang d6 day cua 16p mang polyamide giup gilr
lai dugc nhiéu vat liéu hon tir d6 1am ting hiéu
qua xtr 1y. Tuy nhiéu néu néng d6 TMC cao co
thé lam 16p mang qua day hodc khong dong
déu, anh huong dén kha nang hip thy anh séng
va hiéu suat xir Iy. Khao sat thuc nghiém cho
thiy (Hinh 6) higu suat xir [y MB ting tir 88%
dén 95% sau d6 giam con 90% tuong tmg véi
mang tring hop & cac nong d6 TMC lan luot 14
0,10%; 0,15%; 0,20%.
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Hinh 6. B4 thi khao sat anh huong cua ndng do
TMC dén hi¢u suat xtr ly MB.

3.3. Co ché quang xiic tdc cia vt liéu

3.3.1. bong hoc qua trinh quang xuc tac cla
vat liéu

Pong hoc cta phan tng xtic tdc quang phan
hiy MB cua mang a-MnO»/UiO-66-NO,/TFC-
PA dugc khéo sat va danh gia dua trén mo hinh
ddng hoc gia bac nhit va gia bac hai.

Phuong trinh ctia mo hinh déng hoc gia bac nhét:

111% = kyt (3)
Phuong trinh cia m6 hinh dong hoc gia béc hai:

L = kot+ 1 (4)

Ce -G '

Trong d6, Co va Cq 1an luot 1a nong do dung
dich MB tai thoi diém ban dau va thoi diém
t (mg/L); ki va ko 1a hang s6 toc do phan tmg
cua mo hinh dong hoc gia bac nhét va bac hai;
va t 1a thoi gian phan tng (phut). Tu cac dir liéu
thuc nghiém duogc thé hién trong Hinh 7 va
Hinh 8, co thé thdy mé hinh dong hoc gia bac nhat
cho hé s6 twong quan cao (R? = 0,986-0,995)
trong khi hé s6 twong quan cia mé hinh dong
hoc gia bac 2 kha thap (R? = 0,915-0,928). Tur
d6 két luan duge qua trinh quang xdc tac phan
hily MB ctia mang a-MnO2/UiO-66-NO./TFC-PA
xay ra theo co ché cia md hinh dong hoc
bac nhét.

80 120 160 200 240
0.4 - - - :
¥ =-0,005x - 0,207
0.6 | » R = 0,986
-
-~ -0.3 ~ + 48 mg/'m*
= 1 » o 32 mgm’
- 14
e >
a2 -
v = 0 M6x - 0,090 <
1.4 R*=0995
-1.6

Thad gian (phat)

Hinh 7. Do thi dong hoc biéu kién bac mot dang
tuyén tinh ctiia mang a-MnQO2/Ui0-66-NO2/TFC-PA

doi véi MB.
0.5
¥ =0,002x - 0,016
R?=0.915 "
0.4 4 . d
v " 32 mo/m? =
32 my m‘ 4
. + 48 mg/m*
0.3 =
. i
. g v =0,002x + 0,011
0.2 ol R*=0928
0.1 T v ¥ -
80 120 160 200 240

Théi gian (phat)

Hinh 8. Do thi dong hoc biéu kién bic hai dang
tuyén tinh ctia mang a-MnQOy/Ui0-66-NO2/TFC-PA

ddi véi MB.
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3.3.2. Co ché phan huy xanh methylene
cua mang
Dé xac dinh vai tro ctia cac gbc hoat tinh
trong phan Ung xuc tdc quang phan huy xanh
methylen cua o-MnO2/UiO-66-NO2/TFC-PA,
nghién ciru da sir dung cac tac nhan la EDTA,
DMSO, p-BQ va IPA lan luot bay h*, e, <Oy va
*OH. Két qua anh hudng ciia cac tac nhan dén
hiéu qua xt ly xanh methylen ctia mang
a-MnO/Ui0-66-NO,/TFC-PA dugc thé hién
trén (Hinh 9). C6 thé thdy su c6 mit cta p-BQ
lam giam déng ké hiéu qua xiic tic quang cia
mang a-MnO,/Ui0-66-NO,/TFC-PA (giam tir
58,7% xudng 13,7%), khing dinh ring tac nhan
phan huy chinh cta vt li¢u xtc tac nay la <O,
=i

T o alm
&l

£
4 9
X0
o 157
1o 4
o |

h.ll.-nﬂ we EDTA 1L 10 )

Hinh 9. Két qua khao sét tac nhan phan hity chinh.

Trong nhiéu nghién ciru gan day, co ché bat
géc tu do da duogc khao sat dé xac dinh tac nhan
phan huy chinh trong phan img quang xuc tac.
Sangram Keshari Sahu va cong su [17] da khao
sat kha ning quang xGc tic phan hiy thudc
nhuom Rhodamine B (RhB) cua vat liéu ZnO-
MoS,. Céc thi nghiém bay gbc tu do duoc tién
hanh véi cac chat IPA, AgNOs3, p- BQ va EDTA
nham xac dinh vai trd cua cac gbc hoat tinh.
Két qua cho thiy viéc bd sung IPA va p-BQ
tuong ung 1a chat biy gbc hydroxyl (*OH) va
superoxide («Oz) da lam giam rd rét hiéu suat
xtr Iy RhB, cho thay hai gbc ty do nay dong vai
trd quan trong trong co ché phan hity. Trong
mot nghién ciru khac, Roopa M.C va cong su
[18] da st dung vat liéu CuO/rGO lam chét xtic
tac cho qué trinh quang phan hiy thudc nhuém
Rose Bengal (RB). Trong nghién ctru nay, cac
chat IPA, p-BQ va ammonium oxalate (AO)
dugc str dung dé bay lan lugt cac gbc hydroxyl
(+OH), superoxide *O; va 16 trong (h*). Két qua
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cho théy sy hién dién cua AO va p-BQ da lam
suy giam dang ké hiéu suat xir 1y, khang dinh
vai tro chii dao cua h* va <Oy trong qué trinh
phén huy RB. Trong nghién ctu nay, khi khao
sat qud trinh quang phan huy methylene blue
(MB) cua vat li¢u mang xuc tac a-MnO2/UiO-
66-NO2/TFC-PA, viéc bd sung p-BQ di lam
giam manh hiéu suat xuc tic so voi cc chat bﬁy
khac (Hinh 9). Pidu nay cho thay rang
«O chinh 13 gdc oxy hoa chu yéu trong co ché
quang x0Gc tac cua mang a-MnOy/UiO-66-
NO2/TFC-PA.

Dya trén nhiing két qua thyc nghiém, co
ché xuc tic quang phan huy MB cua mang
méang a-MnO2/UiO-66-NO,/TFC-PA dugc dé
xuat nhu sau:

a-MnO;+ hv — a-MnOz(e” + h*)
e/a-Mn0O; — ¢/Ui0-66-NO>
h*/Ui0-66-NO2 — h*/a-MnO;

e+ 02— Oy

07 + MB — San pham phén hay

4. Két luan

Tong hop thanh cong mang quang xtic tic
a-MnO2/Ui0-66-NO,/TFC-PA. Cac dac trung
va diéu kién anh hudng dén hiéu qua quang xuc
tdc ctia mang da dugc khao sat. Vat liéu cho
hoat tinh quang xtic tac t6t trong ving anh sang
kha kién véi hiéu qua loai b6 MB dat 95% sau
300 phut xtr ly véi ham lugng TMC 1a 0,15%
(w/v) va thoi gian trung hop 1a 45 gidy. Nghién
ctru vé co ché cho thay qua trinh xuc tac quang
phan huy MB cua mang o-MnO2/UiO-66-
NO2/TFC-PA tuan theo m6 hinh dong hoc cta
phan Gmg bac mot. Khao sat v6i chat bat goc
cho thdy O, 1a tic nhan chu dao trong co ché
quang x(ic tac cua hé vat litu. Két qua cua
nghién ciru cho thiy tiém ning ciia mang xuc
tac 0-MnO2/Ui0-66-NO2/TFC-PA ung dung xu
Iy cac chat hitu co trong thyc té.
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