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In this study, bismuth trimesate materials (Bi-BTC) was successfully
synthesized by solvothermal method using different solvents including
DMF, methanol, ethanol, acetone, and glycerol. The differences in the
crystal structures and morphology of these materials were assessed by
X-ray diffraction (XRD), and scanning electron microscope (SEM). The
functional groups were studied by a Fourier transform infrared (FT-IR)
spectroscopy. Furthermore, the photocatalytic activities of the materials
were tested by the degradation of Rhodamin B pigment under the

visible light. The results showed that as-prepared material under
DMF/MeOH (1:1, v/v) exhibited highest photodegradation toward RhB
(97%) amongh all solvents. These results open up a new approach to

enhancing the photocatalytic activity of bismuth trimesate materials.

Gidi thiéu chung

Khung hitu co kim loai (MOFs), la loai vt liéu tinh thé
x8p, da thu hut dugc sy quan tdm I6n do cd nhiéu Ung
dung trong [inh vuc khac nhau, trong do c6 Ung dung
dé x{t ly méi trudng. Tuy nhién, viéc chiic nang héa va
da dang hoa MOF van con 1a thach thic va cdp bach
déi véi viéc phét trién cac vat liéu dua trén MOF c6
hoat tinh cao [1,2]. MOF dua trén bismuth ¢ hoat tinh
xUc tac quang dé x{ ly chdt mau hitu co trong nudc
da dugc nghién clu thdng qua sif dung cac cation Bi
trong viéc hinh thanh MOF [3,4]. Su linh hoat trong
viéc thay déi cau tric phan ti clia chiing dan dén viéc
tao ra cac vat liéu MOF vdi cdu tric da dang. Viéc Ung
dung bismuth va cac phuic chat clia n6 da co lich st
250 nam, nhung su xudt hién ctua Bi-MOF mdi gan

day. Cac MOFs dua trén Bi 6n dinh vé méat cau tric va
mét trong sé ching co tién nang Ién 16n trong xuc tac
quang hda, cdm bién va y sinh [5]. Vat liéu khung co
kim loai Bi-BTC tU bismuth va cadu néi httu ca H3BTC
(1,3,5-benzenetricarboxylic axit) véi ciu tric tinh thé
dugc diéu chinh cé thé tang cudng hiéu sudt phan
tach cap electron-16 tréng dugc tao ra bdi anh sang, tu
dé cai thién va t6i uu hda hiéu qua cua vat liéu cho cac
Ung dung hién c6 va md ra nhiéu Ung dung tiém nang
mdi [6,7]. Dung mdi la thanh phan khéng thé thiéu
trong qua trinh téng hop vét liéu MOF. Dung mbi
dong vai trd quan trong trong qué trinh téng hop
MOF ciling nhu dnh hudng dén hinh dang cla chung.
Dung mdi cé thé tuong tac vdi ion kim loai hodc hoat
déng nhu phéan tir 1&p day khéng gian trong céu trdc
phan tu MOFs. Ngoai ra, ching cling déng vai tro
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trong viéc diéu chinh cdu tric cla MOF. Dung moi
dugc st dung trong qua trinh t6ng hgp MOF thudng
cod diém soi cao va tinh chdt phan cuc, bao gom
dimethyl formamide (DMF), diethyl formamide (DEF),
dimethyl sulphoxide (DMSQ), dimethyl acetamie
(DMA), ethanol, acetone, acetonitrile, va nhiéu loai
khac [8,9]. Bai khi, mét hdn hap dung méi co thé dugc
st dung, phu thudc vao doé hoa tan cla chét phan
Ung. Qué trinh t6ng hgp MOF chiu anh hudng to moi
trudng phan Ung do dé phan cuc clia dung maéi va kha
nang hoa tan cda lién két hitu ca. Nghién cliu da chira
rang st dung cac hé dung maéi khac nhau trong cting
diéu kién phan Ung cé thé tao ra MOF c6 hinh théi
khac nhau. Biéu nay co thé la do su khac biét trong
muc do khu lién két cla cac chét lién két hitu cd trong
cac hé dung mdi khac nhau [10,11]. Trong ho Bi-MOF,
Bi-BTC dugc t6ng hop bang phuong phap nhiét dung
moi st dung Bi(NO3)s va H3BTC. Cac nghién clu vé Bi-
BTC cho thdy cac uu diém: da dang vé hinh dang va
cac mo hinh phdi tr cia Bi-BTC ti dé dan dén sy khac
nhau vé tinh chat quang xUc tac cta vat liéu [6,12].

Trong nghién ciu nay ching téi da sir dung hé dung
moi DMF, ethanol, methanol, aceton, glycerol dé lam
dung méi téng hap vat liéu khung hitu cg kim loai Bi-
BTC vdi tién chat tif Bi(NOs3)s va H3BTC bang phuong
phap nhiét dung mdi. Vat liéu Bi-BTC dugc ung dung
lam xUc tac quang cho qué trinh phan huy chéat mau
rhodamin B.

Thuc nghiém va phuang phap nghién cdu
Héa chdt

H3sBTC (Trimesic acid, 95%, Sigma-Aldrich), Bi(NOs-
)3.5H20  (Bismuth(lll) nitrate pentahydrate, 98.0%,
Sigma-Aldrich), N,N-dimethylformamide (DMF,
acetone, methanol, ethanol, glycol (xuat x( Fisher —
M¥), va Rhodamine B (RhB, 95%, Sigma-Aldrich). Cac
hda chat va dung méi c6 doé tinh khiét hda hoc va
dugc st dung truc tiép khi mua ti nha cung cép.

Tong hop vat liéu

Vat lieu khung hitu ca kim loai bismuth va axit trimetic
(Bi-BTC) dugc téng hap theo phuong phap nhiét dung
moi, v&i hé dung moi dugc nghién ciu DMF:
methanol, DMF: ethanol, DMF: acetone, DMF: glycerol.
Quy trinh téng hgp Bi-BTC tuong ty trong nghién clu
trudc [13], thé hién & hinh 1. Bau tién, cho 0,15 g
Bi(NO3)3.5H20 va 0,75 (g) H3BTC dugc hoa tan trong
60 mL hé dung moéi DMF: methanol= 1:1. Tiép theo,
hén hop nay dugc khudy trong 30 phut & nhiét dé
phong dé tao thanh hdn hop déng nhat. HAN hop sau
khi hoa tan dugc cho vao 6ng Telflon c6 vo boc bang
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thép chiu nhiét cao va phan Ung dugc thuc hién trong
24 git & nhiét d6 120 °C. Sau dé dé ngudi va hdn hop
sau phan Ung dugc ly tam thu hoi chét ran. Chat rén
dugc rita nhiéu 1&n bang hon hop DMF/MeOH. Cudi
cung, san pham dugc sdy trong 24 gid 3 80 °C bang tu
sdy chan khong, mau dugc ky hiéu: Bi-BTC-Me. Thuc
hién diéu kién phan Ung tuong tu thay thé hé dung
moi DMF: methanol thanh hé DMF: ethanol, DMF:
acetone, DMF: glycerol theo ty 1& 1: 1 va ki hiéu mau
tucong Ung Bi-BTC-Et, Bi-BTC-Ac va Bi-BTC-Gl.

BINO,.5H,0 ~ H.BIC o |
n = |
B 3
] /
H 3 1.Rva
Dungmd| 2 = NI -
> - -, 2.8dy ¥
Dung nhiét

Khudy siéuam t=24h
=20 phit T=120°C BI-BIC-X

Hinh 1: Quy trinh tng hop vat liéu Bi-BTC

Xdc dinh ddc trung vat liéu

Céc vat liéu téng hop dugc dac trung véi cac ky thuét
héa ly khac nhau. Nhiéu xa tia X (XRD) dudc st dung
dé xac dinh cdu trdc tinh thé trén may Shimadzu,
Japan XRD LabX XRD-6100 vdgi bic xa CuKa (A = 0,154
nm). Cac quan sat bang kinh hién vi dién t&r quét (SEM)
dugc chup lai trén thiét bj Hitachi S-4800 FESEM (Nhat
Ban) HI-9039-0006, Quang phé hdng ngoai bién ddi
Fourier (FT-IR, Tensor 27-Bruker, Buc). Phd UV-Vis
dugc ghi trén méay Evolution 60S UV- Visible
Spectrophotometer ctia hang Thermo. PhS Uv-DRS
dugc do & may UV-Vis Agilent Cary 4000.

Khdo sdt hoat tinh quang xuc tdc cta cdc vt liéu

Can 10 mg méau véat liéu cho vao binh phan Ung cé
chtra 100 mL dung dich RhB 50 mg/L, boc kin dem di
khudy trong t6i 60 phut dé dat can bang hdp phu. Sau
do, tién hanh chiéu den LED Cree® Xlamp® XM-L2
(Cree, Inc., Durham, NC, USA) c6 cong suét téi da 40
W va coéng sudt anh sadng t6i da 1052 lumen trong
khoang thdi gian 2 h va ldy mau ra theo thdi gian (15
phut [dy mau mot 1an). Cac mau sau khi 18y ra dugc ly
tam dé tach xUc tac ra khdi dung dich. Néng dé RhB
sau phan Ung & cac thai diém dugc xéc dinh bang
phuong phap do quang trén méay Uv-Vis- Evolution
60S tai budc song 554 nm. Hiéu suét phan huy RhB
dugc tinh theo cdng thuc sau:

Co — C¢
H =

X 100%

Co
Trong d6, Co la ndng dé RhB tai thai diém ban dau; Ci
[an luct la ndng dé RhB tai thai diém t.



Vietnam Journal of Catalysis and Adsorption, 13 —issue 4 (2024) 63-68

Xdc dinh co ché phdn (ng bdt dién to

Thi nghiém dugc tién hanh tuong tu nhu thi nghiém
dénh gid hoat tinh quang xuc, cé su thay déi la sau
thai gian dat can bang hdp phu can thém 3 mL chét
bat géc 1,4-benzoquinone (BQ), Na2C20s, KoCr207 va
tert-butanol (TBA) la tuong Ung la tac nhan bat Oz,
h*, e’, *OH vdi ndng dé 2 pM vao phan Ung.

Ké&t qua va thao luan
Ddc trung vat liéu

Su hinh thanh Bi-BTC vai hé dung mdi khac nhau da
dugc nghién clu bdi gidn do XRD (hinh 2a). Cac dinh
dac trung & 8,2; 9,4; 10,2; 11,65 va 12,4 ° tuang Uing vdi
mat mang (200), (011), (130), (121) va (230) phu hgp vdi
vat liéu khung hitu cg kim loai bismuth cia UU-200
(Uppsala University) [14] d& cong bd. Tuy nhién Bi-
BTC-Me, va Bi-BTC-Et co cudng dé peak rat manh con
déi vdi Bi-BTC-GI thi cuong dé peak thap. Béi vai Bi-
BTC kich thudc tinh thé trung binh dugc xac dinh tu
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chiéu réng tai moét nda chiéu cao peak (FWHM) cua
dinh nhiéu xa mat (200) theo phuaong trinh Scherrer.
Kich thudc tinh thé clia Bi-BTC-Me, Bi-BTC-Et, Bi-BTC-
Ac, Bi-BTC-GI dugc tinh todn 1an luct 1a 10,4; 10,67;
10,47 va 10,35 nm.

Phan tich két qua thu dugc ti phd FT — IR clia vét liéu
Bi-BTC (hinh 2b) cho thdy & budc séng 1700 cm™ cho
lien k&t -COOH, cac mau déu cho cudng dé peak
manh tuy nhién mau Bi-BTC-GI cho tin hiéu yéu han.
Tai vung budc song 1640 cm™ cac méu déu cho tin
hiéu ctia nhém -OH. Cac dinh bién thién manh & 1560
va 13817 cm™ dugc danh gia 1a dao déng khéng déi
xing (Uas(COO)) va dbi xing (Ls(COO) cla nhom
cacboxy (-COO), diéu nay thé hién su lién két cla BTC
vGi Bi**[15]. Tai budc song 1475 cm™ cho tin hiéu mdi
doi 1a lien két ctia C-O-H. Tai budc séng 775 cm™ cho
tin hiéu manh tuong Ung véi dao déng uén C-H cla
benzen. O budc séng 500 cm™ cho tin hiéu cta lién két
Bi-O [16,17] .

(b) WMVJWT

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (l:m‘1 )

d) ——Bi-BTC-Me
49 —— Bi-BTC-Et
——BIi-BTC-Ac
o ——Bi-BTC-GI
o o
)
L
£ 24
2
14

25 3.0 3.5 4.0 45 5.0
Nang lwvong (eV)

Hinh 2: (a), Gidn do XRD, (b) phé héng ngoai, (¢) phd UV-Vis-DRS va (d) dinh nang lugng viing cdm Eg theo ham
Tauc cla vat liéu Bi-BTC-Me, Bi-BTC-Et, Bi-BTC-Ac, Bi-BTC-GI .
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Tinh chat quang hoc clia cac mau vat liéu dugc nghién
clu theo phuong phap phé phan xa khuéch tan tur
ngoai-kha kién va két qua dac trung UV-Vis-DRS dugc
trinh bay & hinh 2c. Két qua tU hinh 2¢ cho thdy mau
vat liéu Bi-BTC c¢6 vung hédp thu anh sang trong
khodng tU 300-400 nm, két qua nay phu hgp vdi céc
nghién cltu trudc day vé phé UV-Vis ran cla vat liéu Bi-
MOFs [15,18]. Bong thdi, nang lugng ving cdm (Eg) cla
mau vat liéu Bi-BTC co thé dugc danh gia dua trén do thi
Tauc [18,19] va két qua dugc trinh bay & hinh 2d. Nang
lugng ving cdm cla Bi-BTC-Me, Bi-BTC-Et, Bi-BTC-Ac,
Bi-BTC-Gl tucng Ung la 3,22; 3,36; 3,29 va 3,5 ev.

Hinh thai tinh thé cla vat liéu Bi-BTC dugc nghién cliu
bdi SEM, két qua & hinh 3 cho thdy mau Bi-BTC-Me va
Bi-BTC-Et thu dugc gém cac tinh thé dang thanh vdi
chiéu dai cac thanh khong ddng nhét. D6 réng cling
c6 su chénh léch ré rang, dao déng tu 250 dén 600
nm. K&t qua cla Bi-BTC-Ac cho thdy cac mau c6 hat
hinh cau nhd xép chdong lén nhau va cac que kich
thudc 16n han, kich thudc dong déu hon, con déi vdi
vat liéu Bi-BTC-Gl ta théy vat liéu la dang hinh que kich
thudc khong dong déu va khong xép chdng lén nhau.

Hinh 3: Anh SEM cuia vat liéu Bi-BTC (a) Bi-BTC-Me, (b)
Bi-BTC-Et, (c) Bi-BTC-Ac va (d) Bi-BTC-Gl

Khdo sdt thdi gian dat cdn bdng hdp phu

Két qua nghién ctu cho thay khd nang hép phu RhB
theo thai gian clia mau Bi-BTC tao ra tir hé dung moi
khac nhau thi vat liéu c6 khd nang hdp phu RhB khéc
nhau, nhung t4t cad déu c6 dung lugng hép phu tang
theo thai gian hdp phu va dat can bang sau 60 phut.
Dung lugng hdp phu clia Bi-BTC & thai diém 60 phut
Bi-BTC-Me, Bi-BTC-Et, Bi-BTC-Ac va Bi-BTC-GI tuong
Ung vdi 25,85; 19,54; 21,53 va 18,56 mg/g trong diéu
kién thi nghiém. Vi vay trong cac nghién clu tiép theo,
tién hanh hép phu RhB trong boéng téi 60 phit trudc
khi thuc hién phan ¢ng quang xuc tac.
https://doi.org/10.62239/jca.2024.075
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Hinh 4: Dung lugng hdp phu RhB theo thdi gian cla
cac mau Bi-BTC-Me, Bi-BTC-Et, Bi-BTC-Ac, Bi-BTC-GlI
(Ilugng xuc tac: 0.01 g, thé tich dung dich RhB 50mg/L:
100 mL, thai gian hap phu: 120 phdt

Kha néing xuc tdc quang cla cdc vt liéu trong phdn
Ung phdn hdy RhB

Sy thay déi ndng dé RhB theo thai gian dugc xac dinh
théng qua may UV-Vis tai budc séng 554 nm. Két qua
theo thdi gian phan Ung khi st dung vat liéu Bi-BTC dé
phan huy chat mau Rhb cho thdy budc séng hép thu
t&i da cla chat mau RhB da Iui tUr 554 nm vé khodng
525 nm, thay cé su chuyén ddi clia budc séng hép thu
t6i da cla RhB. Su thay déi vé mau séc RhB theo thdi
gian cling phan anh diéu dé (hinh 5a).

Khi c6 sy hién dién cla xtc tac thi néng dé cia RhB
thay d6i déng ké theo thdi gian chiéu sang va phu
thudc vao digu kién xtc tac dugc téng hop. Sau 120
phut chiéu séng, khi st dung vat liéu dugc tao ra tur hé
dung méi khéc nhau dé phan huy chdt mau RhB thi
hiéu qua phan hly cling cé sy thay déi. Hiéu sudt
phan huy RhB khi s& dung vat liéu Bi-BTC vdi dung
moi khac nhau gidm dén theo th( tu tir Bi-BTC-Me, Bi-
BTC-Et, Bi-BTC-Ac va Bi-BTC-GI lan lugt la 97,1, 86,9;
95,6 va 76,3%. Két qua cho thdy, Bi-BTC-Me va Bi-
BTC-Ac xUc tac quang cho hiéu sudt phan huy cao han
so vdéi Bi-BTC-Gl, diéu nay phu hgp véi két qua phan
tich XRD va hinh thai bé mat cta vat liéu (hinh 5b).

PE so sanh t6c db phan Ung phan hly RhB trén céc
mau  Bi-BTC, moé hinh  déng hoc  Langmuir-
Hinshelwood béac 1 cling dugc st dung [20] (hinh 5¢),
hang s6 téc db phan Ung cla Bi-BTC-Me, Bi-BTC-Et,
Bi-BTC-Ac va Bi-BTC-Gl lan lugt la 0,0447; 0,02592;
0,04397 va 0,02158. Két qua cho thay phan ing quang
phan hiy RhB trén mau Bi-BTC-Me cé hang s6 t6¢ do
cao nhat (k =0,0447 min™) ching t& qué trinh dién ra
nhanh hon nhiéu so vat liéu Bi-BTC khéc.
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Hinh 5: Phé UV-Vis san pham phan hiy RhB clia vat
liéu Bi-BTC & cac thdi diém phan Ung khac nhau (a) va
Su thay ndng dé RhB theo thai gian phan Ung déi vdi

cac chét xtc tac khac nhau (b). M6 hinh déng hoc
quang xUc tac (c) (0,01 g xuc tac; thé tich dung dich

RhB (ndng dé 50mg/L): 100 mL; thdi gian phéan Ung:

120 phut)

Xdc dinh co ché phdn tng bdt dién tor

Tiép theo, ca ché quang xUc tac cla Bi-BTC-Me dugc
nghién clu bang céach xac dinh cac loai oxy hoa chinh
tham gia vao phan Ung quang xuUc tac, chang han nhu
gdc tu do hydroxyl (OH), electron (e7), 16 tréng (), va
anion géc tu do superoxide (027) [21]. Theo két qua
nghién ctu (hinh 6) khi c6 mat TBA thi hiéu qua phan
hly RhB khéng thay ddi, tuy nhién hiéu qua phan hay
giam manh khi c6 mat NaC>04, BQ, KoCr07. K&t qua
chi ra rang h*, 02", e la cac dang hoat déng chinh
trong qué trinh phan hay RhB, trong dé h* va Oz la
tdc nhan anh hudng manh nhét dén qué trinh phan
hdy RhB, con electron déng vai tro thi cép trong su
phan huy cta RhB (hinh 6).

1004 971
' 92.14
B'E 80
g
3
< 62.94
<«0 _I_
< 604
a
&
3
w
D
= 40
L 33.61
i 30,51
T
L
204
0
Bi-BTC-Me  BQ K,Cr,0,  Na,C,0,  TBA

Hinh 6: Hiéu qua phan hay RhB trén méu Bi-BTC-Me
dudi anh hudng clia cac chét bat géc tu do khac
nhau.(0,01 g xUc tac; thé tich dung dich RhB (ndng dé
50mg/L): 100 mL; thai gian phan tng: 120 phut), 3 mL
chét bat géc ndng do 2 uM).

Cd ché xUc tac cla Bi-BTC cé thé dugc md ta sa bd
nhu sau [22] (Phuaong trinh 1-5).
Bi-BTC + hv = Bi-BTC (h* + )

(
Bi-BTC (&) + Oz (hoa tan) = O2™* 2)
RhB + hv — RhB" 3)
O2* + RhB" — san phdm oxi hda  (4)
(h*) + RhB" — san phdm oxihda  (5)

K&t ludn

Qua két qua nghién citu da cho thdy vai trdo quan
trong cla dung moi trong viéc hinh thanh cac tinh thé
Bismuth cling nhu anh huéng dén kha néng phan tng
quang hoa. Ching téi da téng hap thanh cong vat liéu
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khung httu ca kim loai Bi-BTC vd&i nhiting hé dung moi
khac nhau DMF: Me; DMF: Et, DMF: Ac va DMF: Gl
bang phuong phép nhiét dung méi va Ung dung vat
liéu lam xUc tadc quang dé phan huy chat mau
Rhodamin B trong nudc. V&i hé dung moi DMF:Me khi
téng hogp vat liéu Bi-BTC cho hiéu sudt phan huy RhB
cao nhat 97% trong 120 phut chiéu sang, dong thai xac
dinh dugc chét bat géc 16 tréng (h*), géc oxy hoa tu
do (027) la tdc nhan anh hudng manh nhét dén qué
trinh phan huy RhB

L&i cdm on

Tac gid xin cdm on Trudng dai hoc Cong nghiép
TPHCM da hd trg co s& vat chat dé lam nghién ciu
nay.

Tai liéu tham khao

1

C. Zhang, L. Ai, J. Jiang, J. Mater. Chem. A 3 (2015) 3074~
3081. https://doi.org/10.1039/c4ta04622f

M.S. Khan, Y. Li, DS. L, J. Qiu, X. Xu, HY. Yang,
Nanoscale Adv. (2023).
https://doi.org/10.1039/d3na00627a

F. Ye, ZX. Wei, J.F. Song, X.H. Wu, P. Yue, Zeitschrift Fur
Anorg. Und Allg. Chemie 643 (2017) 669-674.
https://doi.org/10.1002/zaac.201700096

G. Wang, Q. Sun, Y. Liu, B. Huang, Y. Dai, X. Zhang, X.
Qin, Chem. - A Eur. J. 21 (2015) 2364-2367.
https://doi.org/10.1002/chem.201405047

B. Zhang, H. Xu, M. Wang, J. Environ. Chem. Eng. (2022)
108469. https://doi.org/10.1016/j jece.2022.108469

Z. Wang, Z. Zeng, H. Wang, G. Zeng, P. Xu, R. Xiao, D.
Huang, S. Chen, Y. He, C. Zhou, M. Cheng, H. Qin,
Coord. Chem. Rev. 439 (2027 213902.
https://doi.org/10.1016/j.ccr.2021.213902

G. Wang, Y. Liu, B. Huang, X. Qin, X. Zhang, Y. Dai, Dalt.
Trans. 44 (2015) 16238-16241.
https://doi.org/10.1039/C5DTO3111G

O.S. Bull, I. Bull, GK. Amadi, C. Obaalologhi Odu, E.O.
Okpa, Orient. J.  Chem. 38 (2022) 490-516.
https://doi.org/10.13005/0jc/380301

https://doi.org/10.62239/jca.2024.075

68

9.

20.

21.

22.

R. Seetharaj, P. V. Vandana, P. Arya, S. Mathew, Arab. J.
Chem. 12 (2019) 295-315.
https://doi.org/10.1016/j.arabjc.2016.01.003

. Z.Song, J. Liu, Y. Hu, S. Li, X. Zhang, L. Ma, L. Chen, Q.

Zhang, Catal.  Commun. 176  (2023) 106628.

https://doi.org/10.1016/j.catcom.2023.106628

. W.H. Huang, G.P. Yang, J. Chen, X. Chen, C.P. Zhang, Y.Y.

Wang, Q.Z. Shi, Cryst. Growth Des. 13 (2013) 66-73.
https://doi.org/10.1021/cg301146u

. QX. Wang, G. Li, Inorg. Chem. Front. 8 (2021) 572-589.

https://doi.org/10.1039/d0qi01055¢

. H.A. Le Pham, D.T. Nguyen, V.C. Nguyen, T. Ky Vo, Inorg.

Chem. Commun. 159
https://doi.org/10.1016/j.inoche.2023.111822

(2024).

. M. Ahlén, E. Kapaca, D. Hedbom, T. Willhammar, M.

Stramme, O. Cheung, Microporous Mesoporous Mater.
329 (2022).
https://doi.org/10.1016/j.micromeso.2021.111548

. V.H. Nguyen, L. Van Tan, T. Lee, T.D. Nguyen, Sustain.

Chem. Pharm. 20 (2027
https://doi.org/10.1016/j.scp.2021.100385.

100385.

. V.H. Nguyen, T.D. Nguyen, T. Van Nguyen, Top. Catal.

(2020). https://doi.org/10.1007/511244-020-01271-6

T.A. Vu, GH. Le, CD. Dao, L.Q. Dang, K.T. Nguyen, Q.K.
Nguyen, P.T. Dang, HT.K. Tran, QT. Duong, T. V.
Nguyen, G.D. Lee, RSC Adv. 5 (2015) 5261-5268.
https://doi.org/10.1039/c4ra12326¢

. S.Dong, L. Wang, W. Lou, Y. Shi, Z. Cao, Y. Zhang, J. Sun,

Ultrason. Sonochem. 91 (2022)
https://doi.org/10.1016/j.ultsonch.2022.106223

106223.

. S.Dong, L. Wang, W. Lou, Y. Shi, L. Li, Z. Cao, Y. Zhang, J.

Sun, J. Dispers. Sci. Technol. 44 (2023) 2058-2069.
https://doi.org/10.1080/01932691.2022.2059503

B. Ohtani, Photocatalysis by inorganic solid materials:
Revisiting its definition, concepts, and experimental
procedures, 1st ed., Elsevier Inc., 2071.
https://doi.org/10.1016/B978-0-12-385904-4.00001-9

V.H. Nguyen, ALH. Pham, V.H. Nguyen, T. Lee, T.D.
Nguyen, Chem. Eng. Res. Des. 177 (2022) 321-330.
https://doi.org/10.1016/j.cherd.2021.10.043

L. Yang, Y. Xin, C. Yao, Y. Miao, J. Mater. Sci. Mater.
Electron. 32 (2027) 13382-13395.
https://doi.org/10.1007/510854-021-05917-3





