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ABSTRACT

In this paper, Ag/CuO nanomaterials were successfully prepared by
means of a hydrothermal method combined with chemical reduction.
The synthesized Ag/CuQ nanomaterials were characterized by powder
X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), surface area analysis (BET). Two
factors influencing the synthesis of materials such as time of chemical
reduction, concentration of silver nitrate were studied. The results
showed that silver crystals were introduced into the CuO nanosheets.
The BET specific surface area of the obtained Ag/CuO nanomaterial is
113.47 m?.g™". This nanomaterial has a high catalytic activity for the
decomposition of methyl orange (MO) in the presence of hydrogen

peroxide.

Gidi thiéu chung

Nhing ndm gén déy, cac nha khoa hoc rét quan tam
dén van dé téng hop va Ung dung vat liéu nano.
Trong dé co thé ké dén vat liéu nano cla cac oxide
kim loai, dién hinh la CuO. Copper (II) oxide la mét
chat ban dan kiéu p vai nang lugng ving cdm hep 1,2
eV. CuO d& dudc st dung rong réi trong xuUc tac, cam
bién khi, dién hoa, vat liéu siéu dan, chat ban dan [1-
5]. Trong Iinh vuc xUc tac, mét s& béo céo cho thay
vat liéu nano CuO thich hgp dé phan hly cac chét
httu cg gy & nhiém khi c6 mat hydrogen peroxide,
tuy nhién hoat tinh xUc tac cla nano CuO khong cao
[6]. Do d¢, vat liéu nano CuO pha cac nguyén té kim
loai dang dugc chd y v&i muc dich lam tédng hoat tinh
xUc tac cla vat liéu [7-14]. Trong s& do, vat liéu nano
Ag/CuO la déi tugng tiém nang dugdc nghién clu
nhiéu. Van dé dang quan tam la lam sao téng hap

dugc vat liéu nano Ag/CuO vdi hinh thai mong mudn
bang phuong phéap don gian. Bai bdo nay trinh bay
két quéa téng hgp vat liéu nano Ag/CuO bang phuang
phéap thay nhiét két hop vdi khr hda hoc. Cac yéu té
anh hudng dén thanh phan pha, hinh thai cla vat liéu
nano Ag/CuO d& dugc khao sat. Hoat tinh xuc tac cla
vat liéu t8ng hop cling dugc danh gia s béd thong
qua phan Ung phan hdy methyl da cam.

Thyc nghiém va phuang phap nghién clu
T6ng hgp vt liéu

Hda chdt: Cac hda chét st dung trong nghién cliu nay
bao godm Cu(NO3),.3H.O (Guang zhou, Trung Quéc),
AgNOs (Shanghai, Trung Quéc), NaOH (Xilong, Trung
Qudc), SnCly (Xilong, Trung Qudc), CoHsOH (Guang
zhou, Trung Quéc).
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Quy trinh: Vét liéu nano Ag/CuO dugc téng hop qua
hai giai doan sau:

- Giai doan 1: T8ng hagp vat liéu CuO cé céu tric nano
bang phuong phap thiy nhiét

Hoa tan 3,76 gam Cu(NOs)2.3H,0 bang 50 mL nudc
cét, khudy déu hdn hop bang may khudy tur, vira khudy
vUa nhod tU tU tung giot dén hét 40 mL dung dich
NaOH 1 M. Khudy déu hdn hgp trong 20 phut, cho
toan bd hén hop vao binh Teflon rdi chuyén vao
autoclave, day that kin va dat trong td sdy & nhiét do
120 °C trong 24 gic.

- Sau khi thly nhiét, autoclave dugc dé ngudi mot
cach tu nhién dén nhiét dé phong, loc két tha den thu
dugc réi rifa nhiéu lan bang nudc cat dén khi dich loc
cod pH & 7. San pham thu dugc sdy kho & 80 °C.

- Giai doan 2: T6ng hagp vat liéu nano Ag/CuO

Cho 0,5 g vét lieu CuO da t8ng hgp & giai doan 1 vao
40 mL dung dich SnCl,/C:HsOH 0,05 M, khudy déu
hdn hop bang may khudy tif & nhiét dé phong trong 5
phut. Tiép theo, thém vao hén hap 40 mL dung dich
AgNOs ¢ ndng dé xac dinh va khudy déu hén hop
bang méay khudy tur véi t6c db 750 vong/pht trong
nhiing khoang thdi gian khac nhau. Sau khi khudy
xong, loc tach két tla va rifa nhiéu [an bang nudéc cét
dén khi dung dich loc c6 pH =7. S&n phdm thu dugc
dé khé trong khoéng khi & nhiét dé phong.

Trong nghién cliu nay, 2 yéu t& anh hudng dén cau
tric vat liéu da dugc khdo sat:

+ Thai gian khirion Ag*: 10, 20 va 30 phut.
+ Nong dé dung dich AgNOs: 0,0003 M, 0,0005
M, 0,001 M va 0,01 M.

Ddc trung vat liéu va hoat tinh xuc tac

Thanh phén pha cla vat liéu dugc nghién clu bang
phuong phép nhiéu xa tia X (D8 Advanced Bucker,
Puc) vdi tia phat xa CuKa. Cac dao déng cla lién két
dugc do trén may FT-IR 8010M (Shimadzu). Hinh thai
bé mat vat liéu dugc do trén may SEM JMS-5300LV.
Dac trung x6p cla vat liéu dugc nghién clu bang
phucng phap dang nhiét hdp phu va khit hdp phu N>
G 77K trén thiét bj Tri Star 3000 (M¥). Trudc khi do, céc
mau dugc xU If chan khéng & 110 °C trong 6 gid.

Hoat tinh xUc tac cla vat liéu nano Ag/CuO dudgc danh
gia thdng qua phan Ung phan hiy methyl da cam s
dung tac nhan oxy hoa H>O,. Quy trinh dugc thuc hién
nhu sau: Cho 0,04 g vat liéu nano Ag/CuO vao 200 mL
dung dich methyl da cam 20 mg.L™, khudy bang may
khudy tU véi t6c dd 400 vong/ phut & nhiét dé 30 °C

trong thai gian 5 phut. Sau d6 cho thém chinh xac 1,0
mL H.O» néng dd 30% vao hdn hop. Sau nhiing
khodng thai gian xac dinh, ldy 5 mL dung dich dem ly
tdm 1&y phan léng, xac dinh néng dé con lai cua
methyl da cam bdng phuong phép UV-Vis & cac thdi
gian do.

D& chuyén hoa methyl da cam dugc tinh theo cong
thuc:

D6 chuyén hoa (%) = %100

_(C.-Cy)

C.
Trong dé G, va C 1an lugt 1a ndng dé cta methyl da
cam tai thai diém ban dau va tai thai diém t phan Ung
(mg.L.

Két qua va thao luan
Bdc trung vt liéu tong hgp
Anh hudng cta thoi gian khir ion Ag*

Hinh 113 &nh SEM cla céc tdm nano CuO téng hop &
giai doan 1va cac mau nano Ag/CuO t8ng hop & thdi
gian khirion Ag* khac nhau.

TU &nh SEM nhan thdy mau nano CuO bao gém céc
tdm nano mong cé chiéu dai trung binh khodng 500-
1000 nm. Khi thém Ag vao cac t&m nano CuO, hinh
théi cla vat liéu hoan toan thay déi. Cac hat nano Ag
dugc hinh thanh trén cac thanh nano CuO dugc danh
dau bai cac vong tron.

Ung v6i céc khodng thdi gian phan (ng khac nhau thi
mat dé cac hat Ag bam Ién cac td&m nano CuO khéc
nhau. & mau 10 phit da cé su xuét hién cac hat nano
Ag bam doc theo bé méat clia cac t&m nano CuO. Khi
thdi gian phan Ung tang lén 20 phat, 30 phdt, mat do
cac hat nano Ag bam lén cac tdm nano CuO day dac
han so vdi mau 10 phut. B& mat cac tdm nano CuO bi
bao phd hoan toan bdi cac hat nano Ag khi thai gian
phan Ung khirion Ag* 30 phut.

IMS-NKL 2.0kV 4.8mm x60.0k SE(M) 500nm
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Ag/Cu0.30 phit

IMS-NKL 5.0kV 4.7mm x100k SE(M)

Hinh 1: Anh SEM clia nano CuO va cac mau nano
Ag/CuO t6ng hgp & thai gian khirion Ag* khac nhau

Nhu vay, bang cach diéu chinh thai gian phan (ng,
lugng cac hat nano Ag trén bé mat CuO cé thé duac
ki€m soat. Do do cé thé thdy rang thai gian phan Ung
anh hudng dén qua trinh thém nano Ag vao cac tdm
nano CuO.

TU nghién cltu nay, mau téng hap & thai gian 20 phat
va 30 phut dugc chon dé nghién cltu thanh phéan pha
clia vat liéu. Gian dé XRD clia cac mau nay dugc trinh
bay & hinh 2.

Gian dé XRD cua 2 mau nanocomposit Ag/CuO déu
xudt hién cac peak & 26 khoang 35,48°; 38,75°; 48,68°;
61,55% 67,22° tuong Ung vd&i cac mat phan xa (002),
(111), (117), (202), (113), (220) cua tinh thé CuO (JCPDS
05-0661), cac peak & 26=38,00° 44,25°; 64,28° tuong
Ung vdi cac mat phan xa (111), (200), (220) cla tinh thé
Ag (JCPDS 4-783). Ngoai 2 pha tinh thé CuO va Ag,
ching téi khéng quan sat thdy cac nhiéu xa dic trung
cho pha tinh thé Cu(OH),, Cu.O, Cu hay Ag.O, diéu
nay cho thédy diéu kién thuc nghiém khao sét chi thu
dugc pha tinh thé CuO va Ag.
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Hinh 2: (a) Gian dd XRD cla cac mau CuO, Ag/Cu0.20
phut, Ag/Cu0.30 phut; (b) Gian dd XRD clia cac mau
Ag/Cu0.20 phdt, Ag/CuQ.30 phut & 2 Theta tur 35
dén 65 do

Tuy nhién, tr hinh 2 nhan thdy cudng d6 peak & mat
phan xa dic trung cho pha tinh thé Ag cla hai mau
déu yéu ching td do trét tu cla pha tinh thé nay thép.
Trong hai mau khao sat, cac peak dic trung cho pha
tinh th€ CuO cla mau t8ng hgp trong 20 phut co
cusng dd manh han, chiing té su thém Ag vao vat liéu
nano CuO c¢é anh hudng dén dd trat tu cla vat liéu
ban dau. TU nghién cliu nay cho thay vdi diéu kién
khdo sat, cac hat nano Ag da dudc phu Ién cac tém
nano CuO ban d&u.

4 Kl
ull Scale 777 cts Cursor 15.247 ke (2 cts)

Hinh 3: Phan tich EDX ctia mau Ag/Cu0.30 phut
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Su hién dién cla cac nguyén t6 trong vét liéu Ag/CuO
dugc kiém tra bang phuong phap EDX. Két qua cla
phép do EDX khang dinh su c6 méat clia cac nguyén ti
Ag, Cu, O, Sn, Cl (Hinh 3) trong mau vét liéu.

Thanh phan hda hoc clia mau nay dugc tém tét trong
Bang 1.
Bang 1: Thanh phan nguyén t6 cla
mau Ag/Cu0.30 phut phan tich bang EDX

Nguyén té 0 Cl Cu  Ag ©Sn

% Nguyéntd 634 192 2565 174 727

K&t qua phan tich EDX cho thédy ngoai ba nguyén té cc
ban Cu, O, Ag, mau vat liéu van c6 hai nguyén té Sn
va Cl vdi phan trdm nguyén ti nho. Biéu nay cho thay
SnCl, van con trong van liéu. Két qua phan tich EDX
khdng dinh su c6 mat clia Ag trong mau, phu hop véi
két qua phan tich XRD.

Anh hudng cia ndng dé AgNO3

Nong do AgNO;s cling la mét trong nhitng yéu t6 gop
phan tao ra hat nano Ag c6 d6 déng déu vé mat kich
thudc. Néu ndng dé dung dich AgNOs qua cao thi cac
hat nano Ag tao ra khdng bén, dan tdi s& bi két tu tao
ra cac hat co kich thudc I6n hon. Trong nghién cltu
nay, nong dé dung dich AgNOs 0,0003 M; 0,0005 M;
0,001 M; 0,01 M dugc si dung dé téng hap vat liéu
nano Ag/CuQ. Cac mau dugc téng hdp vdi thai gian
pha tap la 30 phut.

Hinh 4 1& hinh anh SEM cac méu pha tap & cac ndng
dd AgNO; khac nhau. Cac mau nay dugc ki hiéu nhu
sau: Ag/CuO.xy, trong dé x la néng dé dung dich
AgNO;, y la thai gian téng hgp vat liéu.

Anh SEM cho thdy khi ting ndng do AgNOs lén thi
lugng Ag bam Ién tdm nano CuO cling tang. Khi ndng
d6 AgNOs thap 0,003 M, 0,0005 M (mau
Ag/Cu0.0,0003.30, Ag/Cu0.0,0005.30), lugng Ag bam
lén tucng ddi it, nhung khi tang ndng dé AgNOs lén
0,001M, 0,01M thi lugng Ag bédm 1én cac tdm nano
CuO cang nhiéu. Quy ludt nay cé thé giai thich nhu
sau: khi néng dé AgNQOs cang I8n thi s& ion Ag* bi hap
phu 1én cac tdm nano CuO cang nhiéu, dan dén lugng
ion Ag* bi khir cang nhiéu do doé lugng Ag phd trén
cac tdm nano CuO cang nhiéu. Nhu vay, nong do
AgNOs anh hudng 16n hinh thadi mau vat liéu
nanocomposit Ag/CuO téng hap.
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IMS-NKL 5.0kV 4.2mm x100k SE(M)

IMS-NKL 5.0kV 4.7mm x100k SE(M)

IMS-NKL 5.0kV 4.3mm x100k SE(M)

Hinh 4: Anh SEM clia c&c mau nano Ag/CuO téng
hop & ndng dé AgNOs khéc nhau

Anh hudng clia ndng do AgNOs dén thanh phan pha
cla vat liéu dugc nghién clu théng qua gidn do nhiéu
xa tia X. Hinh 5 13 gian d® XRD cla cac mau téng hop
3 noéng dé chéat pha tap khéc nhau.

Hinh 5 cho thdy XRD clia cadc mau t8ng hop & cac
nong dd AgNOs khac nhau déu c6 cac peak nhiéu xa
dac trung (111), (200), (220) cho pha tinh thé Ag va céc
peak nhiéu xa dac trung (002), (111), (117), (202), (113)
cho pha tinh thé CuO. Ngoai ra, gian dé XRD khong
xudt hién cac peak nhiéu xa déc trung cho pha tinh thé
clia Cux0, Cu, Cu(OH), va Ag.0O cho thdy rang méau
Ag/CuO thu dugc la tinh khiét. Biém khac biét quan
sat thdy & gian do XRD la cac peak nhiéu xa dac trung
cho pha tinh thé CuO clia hai mau t8ng hop & ndng
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dd 0,0003 M va 0,0005 M c6 cudng dé manh hon so
vGi hai mau téng hop & ndng dé 0,001 M va 0,01 M.
biéu nay la do lugng Ag phu trén cac tdm nano CuO it
nén anh hudng khong nhiéu dén cau tric trat tu cla
CuO. Khi lugng Ag pht Ién cac tdm nano CuO nhiéu,
céu tric clia CuO kém trét ty hon, thé hién & cusng do
peak nhiéu xa (002), (111) yéu. Két qua nay phu hgp vdi
sU phan tich anh SEM & trén.
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Hinh 5: Gian d& XRD clia cac mau téng hap & nhiing
ndng dé AgNOs khéac nhau
DéE cé thém thong tin vé thanh phan cla vét liéu, cac
mau nano Ag/CuO téng hop con dugc dic trung
bang phé héng ngoai va két qua dudc trinh bay &
hinh 6.

% T | Ag/Cu0.0,01.30
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Hinh 6: Ph& IR clia cac mau téng hop hap & nhiing
ndng dé AgNOs khéac nhau

T hinh 6 nhan thay phd IR ciia mau nano CuO gdém
céc peak sau: peak & s6 song 3445 cm'dac trung cho
dao déng ctia nudc hap phu vat ly [15], peak & s& séng
1627 cm™ dac trung cho dao déng bién dang Sp-o-
[15], cac peak tuong Ung vdi cac s6 séng 500 cm™, 413
cmdac trung cho dao déng Cu-0 [15]. Phé IR cla hai
mau téng hgp & nhitng ndng do AgNOs 0,0003 M va

0,01 M déu cé céc peak dac trung clia nano CuO, tuy
nhién cac peak nay dich chuyén vé s¢ séng cao hoac
thdp hon do cdu trdc ctia nano CuO co su thay déi khi
thém Ag vao. Peak & s6 song 3445 cm™ quan sat thay
& mau nano Ag/CuO cé cudng dé manh hon mot it so
v&i mau nano CuO, peak dic trung cho dao déng bién
dang Sh-o-n chuyén vé ving cé s6 song cao hon 1627
cm™. Sy gidm cuong dé peak hdp thu & 500 cm™ (d4c
trung cho dao déng Cu-0) va chuyén vé sé séng thdp
hon 493 cm™ d8i véi hai mau tng hap ching td su
pha tap Ag anh hudng dén su kéo dan lién két Cu-O
clia véat liéu nano CuO ban d&au. Ngoai ra, phé IR cla
cac mau nanocomposit Ag/CuO khong thdy xuét hién
peak nao lién quan dén Ag, chiing té khong co lién két
hda hoc nao hinh thanh gitta Ag va CuO. Két qua nay
phu hgp vdi su phan tich XRD & trén.

Tinh chat bé mat va cdu tric mao quan cla mau
Ag/CuO téng hop & néng dé AgNOs 0,01 M dugc
nghién cltu bang phucng phéap hdp phu - khir hdp phu
N> & 77 K. Hinh 7 trinh bay dudng déng nhiét hdp phu
- khir hap phu N..

—— AgCu0 0.01 - Adsorption
—6~_AqCu0 0.01 - Desomption

s
s ]
g &-«:'V’"
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% =
£
e
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o a2 os | as  os  ds o7 as  oa 1o
Ap suit twong déi (P/Ps)

Hinh 7: Budng dang nhiét hdp phu - khit hdp phu N>
clia mau Ag/Cu0.0,01.30

TU hinh 7 nhan thdy dudng dang nhiét hdp phu - khir
hdp phu cla mau Ag/Cu0.0,01.30 thudc loai Il theo
phan loai IUPAC. Vong tré bat dau xudt hién & ving ap
sudt tuong déi P/P°=0,42-1,00. Theo phuang trinh BET
(Brunauer-Emmett-Teller), dién tich bé mat clia mau |3
113,47 m?g™. Dién tich bé mat cla vét liéu nano
Ag/CuO 16n hon rét nhiéu so vdi dién tich bé méat cla
c4c t&m nano CuO ban dau (Sger = 12,78 m?.g™ [16],
diéu nay co thé dudc gidi thich 1a do su xuét hién cla
cac hat nano Ag phu trén cac tdm nano CuO lam téng
dién tich bé mat clia vat liéu 1én nhiéu lan.

Hoagt tinh xduc tdc cha vt liéu nano Ag/CuO
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Hoat tinh xUc tac cua vat liéu nano Ag/CuQ dugc danh
gia thong qua phan Ung phan hly methyl da cam.
Mau Ag/Cu0.0,01.30 va mau nano CuO dudc st dung
dé nghién cltu hoat tinh xtc tac. Hinh 8 trinh bay dé
chuyén héa clia methyl da cam theo thdi gian trong
phan Ung oxi héa methyl da cam bang H,O. st dung
chét xuc tac la nano CuO, nano Ag/CuO.

—=— C4 CuO, khéng c6 H,0,
100 +— ——C6 CuO, cd H,0,

—&— Cd Ag/CuO, khdng ¢d H,0,
—¥— Cd Ag/CuO, c6 H,0,

80

=]
o
1

P chuyén hoa (%)
s
1

20

T T T
0 50 100 150 200
t (phiit)

Hinh 8: D6 chuyén hoa methyl da cam theo thai gian

Khi khéng cé H.0, ma chi co xtc tac Ag/CuO thi do
chuyén hoa methyl da cam chinh la hiéu sudt hdp phu
metyl da cam trén vat liéu t6ng hgp. TU hinh 8 thdy
rang hiéu sudt hdp phu metyl da cam trén hai vét liéu
khao sat thap, sau 200 phut mau nano CuO 1a 2,5 %,
con mau Ag/Cu0.0,01.30 13 7,3 %. DSI véi trusng hop
c6d H0, va cé xtc tac Ag/CuO thi dé chuyén héa cla
metyl da cam la 81,6 % cao han nhiéu so vdi trudng
hop st dung xtc tac CuO 33,7 %. Biéu nay cho thay
viéc thém kim loai Ag vao vat liéu CuO cd céu tric
nano sé lam tang hoat tinh xUc tac cla vat liéu.

Hoat tinh xUc tac cla vat liéu phu thudc vao nhiéu yéu
té nhu dién tich bé mat, kich thudc, hinh dang vat liéu
nano, hoat tinh clia cac g6c HO".... Trong gidi han cla
nghién clu nay, ching téi chua cé du ching ci dé
khdng dinh yéu t8 nao quyét dinh dén hoat tinh xuc
t4c clia vat liéu ma chi khao sat sa bd hoat tinh xUc tac
clia vat liéu sau khi thém Ag so vdi vat liéu nano CuO
ban dau.

K&t luén

D3 téng hop thanh céng vat liéu nano Ag/CuO bang
cach két hgp phuong phép thay nhiét vai khir hda hoc.
Hinh thai cta vat liéu téng hap phu thudc vao cac diéu
kién nhu thai gian khir ion Ag*, ndng d6 AgNQOs. Diéu
kién thich hgp dé t6ng hop vat liéu nano Ag/CuO la
thai gian khr héa hoc 30 phut, néng dé AgNOs 0,01

M. Dién tich bé mat cla mau t8ng hop & diéu kién
thich hop nhét la 113,47 m?.g™. Vat liéu Ag/CuO cai
thién déang ké hoat tinh xUc tac phan hly methyl da
cam khi c6 mat H,O, so vdi vat liéu nano CuO.

Tai liéu tham khao

1. Qiaobao Z., Kaili Z., Daguo X., Guangcheng Y., Hui
H., Fude N. Chenmin L., Shihe Y. Progress in
Materials  Science (2014) 60 208-337.
https://doi.org/10.1016/j.pmatsci.2013.09.003

2. Kim Y-S, Hwang I-S, Kim S-J., Lee C-Y, Lee J-H,
Sensors and Actuators B: Chem (2008) 135 298-303.
https://doi.org/10.1016/j.snb.2008.08.026

3. Yang C, Su X, Xiao F., Jian J.,, Wang J., Sensors and
Actuators  B: Chem (2017 158 299-303.
https://doi.org/10.1016/j.snb.2011.06.024

4. Jing L, Jun J, Zhao D., Shao-Zhuan H., Zhi-Yi H., Li
W., Chao W., Li-Hua C,, Yu L., G. Van T., Bao-Lian S,
Journal of Colloid and Interface Science (2012) 384
1-9.
https://10.1016/j,jcis.2012.06.044

5. Qiu G, Dharmarathna S., Zhang Y., Opembe N.,
Huang H., Suib S.L, Journal of Physical Chemistry C
(2012) 16 468-477.
https://doi.org/10.1021/jp209911k

6. Long-Shuo W. Jian-Cheng D, Fan Y., Ting C,
Materials Chemistry and Physics (2008) 108 165-169.
htpps://10.1016/j.matchemphys.2007.09.029

7. Tian Long, Long Yan, Song Shuyan, Wang Cheng,
Chemical Journal of Chinese Universities (2019)
40 2549-2555.
https://10.7503/cjcu20190382

8. Maryam L., Nasrin E., Korean Journal of Chemical
Engineering (2013) 30.
https://10.1007/511814-013-0152-2

9. Xiaobing S., Bingxian C., Fan W.,, Xiaoling W., Lixia
T., Minguang F., Bin L., Lihui D,, Lin D.: ACS Applied
Material Interfaces (2018) 10 40509-40522.
https://10.1021/acsami.8b13220

10. Mahmoud Nasrollahzadeh, Tetrahedron Letters
(2016) 57 337-339.
https://doi.org/10.1016/j.tetlet.2015.12.019

1. Abdallah F. Zedan, Assem T. Mohamed, M. Samy
El-Shall, Siham Y., AlQaradawi and Amina S.
Allabera, RSC Advances (2018) 8 19499.
https://10.1039/c8ra03623¢

12. Hany A. E, Sadek M.A, Adsorption Science &
Technology (2018) 36 1352-1365.
https://10.1177/0263617418771777

https://doi.org/10.51316/jca.2023.007
47


https://doi.org/10.51316/jca.2023.001
https://doi.org/10.1016/j.pmatsci.2013.09.003
https://doi.org/10.1016/j.snb.2008.08.026
https://doi.org/10.1016/j.snb.2011.06.024
https://doi.org/10.1021/jp209911k
http://dx.doi.org/10.7503/cjcu20190382
https://www.sciencedirect.com/science/article/abs/pii/S0040403915304354#!
https://doi.org/10.1016/j.tetlet.2015.12.019

Vietnam Journal of Catalysis and Adsorption, 12 —issue 1(2023) 42-48

13. Bouazizi N., Vieillard J.,, Thebault P., Desirac F, https://doi.org/10.1007/513204-021-01743-5
Clamens T., Bargougui R., Couvrat N., Thoumire O, 15. Behrouz S. Ebrahim A.G, Yashar AK, Ali K,
Brun Ne., lLadam G., Morin S, Mofaddel N, Advanced Powder Technology (2014) 25 1043-1052.
Lesouhaitier O., Azzouz A. Le Derf F., Dalton https://10.1016/j.apt.2014.02.005
Transactions (2018) 1-30. 16. Nguyén L& My Linh, Bach Thi Kim Hiéu, Vietnam
https://10.1039/C8DT02154F Journal of Catalysis and Adsorption (2022) 111 74-

14.  Parvathiraja C., Shailajha S., Applied Nanoscience 79.

(2021) 11 1411-1425. https://doi.org/10.51316/jca.2022.011

https://doi.org/10.51316/jca.2023.007
48


https://doi.org/10.51316/jca.2023.001
https://ui.adsabs.harvard.edu/search/?q=author:
https://ui.adsabs.harvard.edu/search/?q=author:
http://dx.doi.org/10.1016/j.apt.2014.02.005



