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Abstract: This paper presents the results of the treatment of ciprofloxacin in water with Co,
N-doped TiO; photocatalysts on a vermiculite background. Vermiculite (Ver) material after
activation with HNOs at three concentrations of 10%, 30%, and 40% exhibits a rougher surface. The
40% HNOs activated material has the higest porosity and has a surface area greater than 79.4 times
the total surface area of the raw material. Co- and N-doped TiO; photocatalysts on vermiculite were
prepared by sol-gel method, using a mixture of tetraisopropylorthotitanate Ti(OCsH7)s (TTIP),
ethanol (EtOH), diethanolamine C4H11NO, (DEA), and Co(NO3)2.6H20. The influence of doped
cobalt on the structure, surface morphology, and photocatalytic properties of N,Cox-TiOa/Ver
(x=0.04; 0.06; 0.08 mol) was studied through scanning electron microscopy (SEM) and UV-Vis
absorption spectroscopy. The SEM image shows that anatase-TiO; crystals are evenly coated on the
surface of Ver and the spherical particles are evenly dispersed on the surface of the material. The
absorption spectrum shows that the band gap of the sample N,Cox-TiO./Ver (x=0.04, 0.06, 0.08
mol) decreases from 3.32 eV to 2.64 eV. We implemented the preliminary experiments to test the
efficiency of our synthesized material to treat the antibiotic ciprofloxacin in hospital wastewater.
N,Coo,0s-TiO2/Ver materials showed over 80% efficiency of removing the ciprofloxacin in these
hospital wastewater samples.
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Nghién ctru xir 1y ciprofloxacin trong nuéc bang vat liéu
xuc tac quang TiOz pha tap Co, N trén nén vermiculite

Pau Thi Thuong !, Tran Thi Hong?", Nguyén Thi Hué!

YWién Cong nghé Moi truong, Vién Han lam Khoa hoc va Cong nghé Viét Nam,
18 Hodng Quéc Viét, Nghia D6, Cau Gidy, Ha Ngi, Viét Nam
ZTru'c‘mg Pai hoc Khoa hoc Tw nhién, Pai hoc Qué'c gia Ha Ngi,

334 Nguyén Trai, Thanh Xuan, Ha Ngi, Viét Nam

Nhan ngay 18 thang 8 ndm 2023
Chinh stra ngay 04 thang 01 ndm 2024; Chap nhin dang ngay 06 thang 02 nam 2024

Tém tit: Bai bao trinh bay két qua nghién ciru xir 1y ciprofloxacin trong nudc bang vat lidu xuc tac
quang TiO2pha tap Co, N trén nén vermiculite. Vat liéu vermiculite (Ver) sau khi hoat hoa biang axit
HNO3 v6i 3 ndng do 10%; 30%; 40% co bé mit vat liéu gb ghé hon. Vat liéu dugc hoat hoa bang
axit HNO3 40% c6 do x6p t6t nhat va cé dién tich bé mat 16n hon 79,4 1an tong dién tich bé mat
cta vat liéu tho. VAt liéu xdc tac quang TiO; pha tap Co, N trén nén vermiculite dugc ché tao b?lng
phuong phap sol-gel, sir dung hdn hop dung dich tetraisopropylorthotitanat Ti(OC3H7)s (TTIP),
ethanol (EtOH), diethanolamine C4H1:NO, (DEA), va Co(NQ3)26H,0. Anh hudng ctia coban pha
tap tGi cau trac, hinh thai bé mit, tinh chit xtc tic quang ciia N,Cox-TiO2/Ver (x=0,04; 0,06; 0,08
mol) d& dugc nghién ciru thong qua hién vi dién tir quét (SEM) va phd hép thy UV-Vis. Anh SEM
cho thay tinh thé anatase -TiO2 phu deu trén bé mdt Ver, cac hat hinh cau phén tan déu trén bé mat
vt liéu. Phd hap thu chi ra rang ving cdm ciia mau N,Cox-TiO2/Ver (x=0,04; 0,06; 0,08 mol) giam
tir 3,32 eV xudng 2,64 eV. Nghién ctru thir nghiém kha néng xur 1y khang sinh ciprofloxacin bang
cac vat liéu tong hop dugc. Budc dau thu nghiém trén mau nude thai lay tai bénh vién bang vat liéu

N,C00,0s-TiO2/Ver dat hiéu suat xir I ciprofloxacin trén 80%.

Tw khéa: Ciprofloxacin, xdc tac quang, TiO; pha tap Co, N; vermiculite.

1. M& dau

TiO; 1a chit quang xtc tic gia thanh thip,
khong ddc hai, hoat tinh xtac tac cao,... thu hut
dugc sy quan tdm cua nhiéu nha khoa hoc trong
nudc va thé gidi [1]. Tuy nhién, TiO2 c6 bé rong
ving cdm 16n (3,2 eV) nén no chi thé hién tinh
quang xuc tac khi duoc chiéu bang birc xa tir
ngoai, song dién tir nay chiém mot phan rat nho
(<5%) ning luong buc xa mat troi [2]. Dé vat
liéu TiO; c6 kha nang quang xuc tac trong vung
anh sang kha kién, cac trang thai pha tap kim loai

" Téc gia lién hé.
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hodc phi kim thuong dugc tao ra gitra ving hoa
tri va ving din. Kha ning quang xiic tac cia
TiO, tang 1én dang ké khi dugc pha tap vdi cac
phi kim nhu N, C; kim loai chuyén tiép nhu Fe,
Cu, Co,... [2].

Bén canh d6, TiO; c6 i luc yéu dbi véi cac
chét 6 nhiém hitu co, dat biét cac chat 6 nhiém
hitu co ky nudc va trong qua trinh quang phan,
cac hat nano TiO2 dé dang bj két tu, can trd anh
sang chiéu dén cac trung tim hoat dong [3]. Vi
vay, dé co thé tap trung cac chit 6 nhiém quanh
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hat TiO va cai thién sy on dinh cling nhu kha
nang tai sir dung ciia TiO2, nhiéu nghién ctru da
thuc hién gin hat nano TiO; 1én c4c hat 16n hon,
cac hat nay ciing 1a chat hip phu chat 6 nhiém
[4-6]. Theo nghién ctru cua Ling Jin va cOng su,
vermiculite 14 mot silicat nhém magié bao gom
hai tAm ta dién silica va mot tAm bat dién magié,
c6 thanh phan hoa hoc tinh theo phan trim theo
trong lugng sau khi nung & 1000 °C gom 42,98%
SiOz, 1,21% TiOz, 13,19% Al>Os, 5,29% Fe,0s,
26,62% MgO, 7,14% K,0,... Vermiculite bién
tinh c¢6 uu diém 1a dién tich bé mat 16n, kha ning
hap phu tét, 1a mot vat liéu xdp day hira hen [7].

Bai bao nay dua ra mot sd két qua nghién
ctru, tong hop vat lidu xtic tac quang TiO pha tap
Co, N trén nén vermiculite; Xir 1y khang sinh
Ciprofloxacin trong méi truong nudc bang vat
liéu da tong hop duoc, thir nghiém xir Iy mau
nudc thai Bénh vién Hiru nghi Viét Ti€p Hai
Phong va Bénh vién Viét Nam Thuy Pién Udng
Bi, Quang Ninh.

2. Thuc nghiém
2.1. Héa chat

Axit HNO3 65%, Merk; Khoang Vermiculite
(Ver) , Trung Qubc; Dung méi Ethanol (EtOH)
99,8%, Merk; Diethanolamine (C4H11NOy)
(DEA) 99,5 %, Merk; Tetraisopropylorthotitanat
Ti(OC3H7)s 97% (TTIP), ciprofloxacin (CIP)
98%, Merk.

2.2. Ché tao vdt liéu

TiO; pha tap N, Co dwoc ché tao bing
phuong phap sol-gel. Sol dugc tao thanh tir
TTIP, Co(NOs),.6H.0, DEA va EtOH vai ti 1€
s6 mol phan tir 1a 2(1-x) : 2x : 1 : 34 véi x= 0,04;
0,06; 0,08 khudy déu trong 60 phut. Vat liéu Ver
dugc ra bang nuéc khir ion, siy kho, nghién
nho va sang qua ray, duoc hoat hda bang HNO;3
ndng do 10%, 30%, va 40% bang cach lic déu
trong 24 gio, sau do loc rua vat liéu bang nuge
cat. Sdy kho vat liéu & 105 °C trong 2 gio 10i
nung ¢ 600 °C trong 4 gid [7]. V&i dung dich sol
da pha va vit li€u Ver sau khi da hoat hoa, tién

hanh ngam tam vét liéu bang cach cho ngép dung
dich sol 1én véat liéu Ver (1,5 g Ver dugc ngdm
tam khoang 5 ml Sol TiO), lic bang may lic
trong 2 gio. Qua trinh phu dién ra trong vong 5-7
ngay, sau 7 ngay ngam tam dem vat lidu di siy
kho & nhiét do 120 °C trong 3 gio, sau do6 nung
vat liéu ¢ 500 °C trong 30 phut va 550 °C trong
4 gio. Vat liéu dugc dé nguoi tir tir dén nhiét do
phong [8].

Dién tich bé mat vat liéu duge xac dinh bang
phuong phap BET trén thiét bi Gemini VII 2390,
My, sai s6 +2%. Hinh thai hoc cua vat liéu duoc
x4c dinh qua kinh hién vi dién tor quét (SEM)
Hitachi TM4000PIus, Nhat Ban. Gian do6 nhiéu
xa tia X (XRD) dugc khio sat trén thiét bi
D5005, Brucker, Pic. Phé EDS dugc do trén
thiét bi NanoSEM 450, FEI, My, sai s6 +4%.

2.3. Xur ly ciprofloxacin trong phong thi nghiém

- Thi nghiém dugc thyc hién tai Vién Cong
nghé Mai truong, Vién Han 1dm Khoa hoc va
Cong nghé Viét Nam theo so d6 sau:
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Thi nghiém duoc thuc hién dudi ngudn sang
1 dén UV cong suat 20 W, khoang cach tir dén
dén vat liéu 1a 5 cm, cot chira khoang 1g vét liéu
hép phu. Mau duoc bom qua 1 ¢t chira vat liéu
bang bom cao 4p v6i luu lugng 1 mL/phit. Mau
duoc léy lién tuc sau mdi gid tai van dau ra
dé tién hanh do nong d6 khang sinh CIP sau khi
xu ly.

- MAu gia khang sinh trong phong thi nghlem
dugc pha tir chat chuan ciprofloxacin; mau nude
thai duoc lay tai bé ddu ra cia hé thong xu
ly nudc thai Bénh vién Hiru nghi Viét Tiép
Hai Phong va Bénh vién Viét Nam Thyy Dién
Udng Bi.
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- Str dung may sic ky long cao p (HPLC)
Shimadzu LC-20A d¢ xac dinh ham lugng CIP
trudc va sau xu ly.

3. Két qua va thio luin

3.1. Két qua khdo sat nong do axit HNOs stk dung
de hoat hoa bé mat vat lieu Ver

Két qua chup BET 3 mau vat lidu duogc thé
hién trong Bang 1.

S6 lieu Bang 1 cho théy vat liéu sau khi hoat
hoa bang axit HNO3 30% c6 tong dién tich bé
mat 16n hon 33,4 1an tong dién tich bé mat cia
vat liéu tho. Két qua hoat hoa vat lidu bang axit
HNO; 40% c6 dién tich bé mat 16n hon 79,4 lan
tong dién tich bé mat cua vat liéu tho. Két qua

trén phi hop voi két qua cua Santos va dong
nghiép vé su tang dién tich bé mat cua Ver sau
khi hoat hoa bang HNOs3 [9].

Béang 1. Két qua dién tich bé mat cua vat liéu

So ségnh dién
tich bé mat vt
Tén mau Seet liéu sau hoat
(m?/g) o :
hoa V(’Jl‘ Ver tho
(14n)
Ver thd 4,0743 -
Ver — HNO3; 30% | 136,0698 334
Ver — HNO3 40% | 323,4095 79,4

Két qua chup SEM cuia céc vét lidu Ver trudc
va sau khi bien tinh bang HNO3 v6i cac nong do
10%, 30%, 40% dugc thé hién trén Hinh 1.

Hinh 1. Anh SEM chup Ver tho (a), Ver sau khi hoat hoa baalng‘HNOQ, 10% (b),
Ver sau khi hoat hoa bang HNO3 30% (c), Ver sau khi hoat héa bang HNO3 40% (d).

Hinh 1 cho thiy, trudc bién tinh bé mat vat
lidu tron, phang con sau khi da bién tinh bang
axit HNOs ta c6 thé thiy bé mit vat liéu go ghé
hon, véi ndng do axit HNOs 40% vat lidu co do
xép tot nhat, do d6 Iya chon vat liéu Ver hoat hoa
bang HNO3 40% lam vat liéu sir dung cho qué
trinh sol -gel phu N, Co, TiO,.

3.2. Danh gia tinh chdt bé mat vat liu ché
tao dwoc

Gian dd XRD ctia cac mau N,Co-TiO/Ver
dugc thé hién trén Hinh 2.

Hinh 2 cho théy, tat ca cac vat lidu déu co
anatase TiO- vdi cac dinh peak dac trung tai goc
nhiéu xa 26 = 25,28°; 38,6°% 47,6% 55,1°, pic dic

trung c6 cuong dd manh tai goc nhiéu xa 26 =
25,28°. Cuong do pic tang khi tang ty 1€ mol Co.

- I ,.

Hinh 2. Gian d6 nhidu xa tia X cua ciu trac N,Co-
TiOz/Ver ¢ ty 1€ pha tap khac nhau.
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Anh SEM vat liéu N,Cooes-TiO2/Ver duoc
dua ra trén Hinh 3.

VY B Smm 1504 SEIN LAD)

Hinh 3. Anh SEM vat liéu N,Coo,0s-TiO2/Ver.

Hinh 3 cho thay tinh thé anatase - TiO, phu
déu trén bé miat Ver. Cac hat hinh cau phan tan
déu trén bé mat vat licu.

Két qua phan tich phd tan sic ning luong
(EDS) dé xac dinh thanh phan cta vat liéu
N,C000s-TiO2/Ver duge thé hién trén Hinh 4.

Hinh 4. Phd EDS ctia mau N,Coo 4, TiO2/Ver.

Dit liéu trén anh chyp vat liéu N,Coggs-
TiO2/Ver ¢ Hinh 4 khang dinh sy c6 mit cia Co,
N trong vat liéu dugc ché tao.

Tinh chit hip thy quang cia vat lidu
N,Co-TiO2/Ver ¢ cac ty 1€ mol Co pha tap khac
nhau duoc thé hién qua phd UV-Vis trén Hinh 5.

Tir bude song ban dau (374 nm), khi thém N,
Co vao, bd hap thu chuyén dich sang ving anh
sang kha kién 388 nm, 452 nm va 470 nm tuong
ung voi sy thay ddi ham luong Co 1a 0,04; 0,06;
0,08 mol, (mg véi su ting dan ham lwong Co pha

tap, nang luong ving cim (Eg) giam dan. Do
rong ving cim 1a yéu td quan trong dé xac dinh
hoat dong quang xuc tac cia vat li¢u. Sy co mat
cua cac nguyén ti N, Co trong cac don vi mang
TiO; da sinh ra cac trang thai nang lugng ¢ gitra
ving hoa tri va viung dan, do d6 thu hep do rong
ving cAm cuia vat lidu.

Abs

200 400 600 800

Burde sdng (nm)

Hinh 5. Phé UV-Vis cia miu
(a): Ver thd, (b): N,Coo04-TiO2/Ver,
(C)Z N,COo,oe-TiOZ/VeI’, (d) N,COo,og-TiOZ/Ver.

Gia tri bién hépNthu anh sang A va nang lugng
vung cam Eg ctia mau N, Cox-TiO2/Ver dugc dua
ra trong Bang 2.

Bang 2. Gia trj bién hap thu anh sang A va ning
lugng vung cam E4 cia mau N, Cox-TiO2/Ver

N,Cox-TiOo/Ver Ey (eV) A (nm)
x =0,00 3,32 374
x=0,04 3,20 388
x =0,06 2,74 452
x =0,08 2,64 470

Trong d6: x - lugng Co (mol) thém vao;

N=1 mol.

Két qua Bang 2 cho thdy d6 rong ving cAm
giam tir 3,32 eV dén 2,64 Ev khi tang ham luong
Co tir 0,04 dén 0,08 mol. Két qua nay phu hop
vGi quan sat cua Stella va cong su khi pha tap Co
vao vat liéu TiO, [10].

3.3. Xai Iy CIP bang vat liéu TiO, N va Co trén
nén Ver

Xu ly mau trén cic nén vat liéu Ver tho;
N,COo,o4-TiOz/V€I'; N,COo,oe-TiOz/VGI’; N,COo,og-
TiO2/Ver duoc thuc hién bang hé tuan hoan
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trong phong thi nghiém. Vi nong do CIP dau
vao khoang 10 ppm, mau dau ra dugc tién hanh
do nong do CIP sau mdi gio lién tiép. Qua trinh
thuc nghiém véi mdi vat liéu duoc thuc hién lién
tuc trong 24 gio, két qua xir 1y duge dua ra trong
Hinh 6.

por =l
- g
BT e
s Pt
e .
& -
e
‘/. ¥
! l,*O"""
L 2
L '
—— -

Hinh 6. Hiéu sut xur 1y cua vat liéu.

Hinh 6 cho théy, ca 4 loai vat liéu Ver tho;
N,Coo,o4-Ti§)2/Ver; N,COo,oe-TiOz/VEI’; N,COo,og-
TiOz/Ver déu c6 kha nang xir Iy CIP. Hi¢u suat

xtr Iy CIP tang manh trong khoang 18 gio, sau do
tang cham cho dén 24 gio thi hiéu suat xir Iy gan
nhu khong ting thém. Hiéu suat xir Iy CIP cua
cac vat liéu Ver tho, N,Cogos-TiOo/ Ver,
N,C00,06-TiO2/Ver, N,C0o0s-TiO2/Ver lan lugt la
22,24%, 45,02%, 66,49%, 86,35% sau 24 gio.
Nhu vay, hiéu sult xur ly CIP bé’lng vat liéu
N,C00,0s-TiO2/Ver cao hon nhiéu so véi cong bd
ctia Ngo Thi Cam Quyén va cong sy [11] khi xir
Iy CIP trong méi trudng nudc bang than hoat tinh
tir vo budi dat cao nhat 1a 62,5%.

3.4. Két qua xir 1y mau nude thai

St dung vat liéu N,Coo0s-TiO2/Ver dé xir ly
CIP trong nudc thai lay tai bé dau ra caa hé thong
xtr Iy nude thai Bénh vién Hiru Nghi Viét Tiép
Hai Phong (ky hiéu mau la: M1.1; M1.2; M1:3)
va Bénh vién Viét Nam Thuy Dién Udng Bi (ky
hiéu mau 1a: M2.1; M2.2; M2.3), mau duoc lay
3 lan vao 3 ngay lién tiép, hiéu suat xu ly CIP
trong cac mau nude thai bénh vién duoc trinh
bay trong Bang 3.

Bang 3. Hiéu suat xir Iy CIP trong mau nudc thai bénh vién

Dia diém léy mau Bénh vign Hfru ngm Viet Tiep Bénh vién Viét Nam Thuy Dién Uobng Bi
Hai Phong

Ky hidu mau MI1 M12 M13 M2.1 M2.2 2.3

Nong d¢ CIP 37.310,04 | 25804001 | 49,72+0,03 | 30,30+0,03 | 42,1040,02 | 37,50+0,02

trude xu 1y (ppb)

Nongdo CIPsau |/ 591004 | 4324001 | 656£0,03 | 489002 | 5214002 | 454002

xu 1y (ppb)

g/‘:;“ suat xir Iy 88,42 83,26 86,81 83,86 87,62 87,89

S6 liéu Bang 3 cho thy, két qua xir 1y CIP
trong cic mau nuée t}}éi bénh vién lgﬁng vat liéu
N, Cog,0s- TiO2/Ver déu dat hiéu suat trén 80%.

4. Két luan

D3 téng hop thanh cong vat lidu TiO2 pha tap
Co, N trén nén Ver véi 3 ty 1¢ mol Co 1a 0,04;
0,06; 0,08 mol va 1 mol N. Vit liéu sau khi thém
N, Co vao, bd hip thy chuyén dich sang ving

anh sang kha kién, ning lugng ving cam giam
dan tir 3,32 eV xudng 2,64 eV, twong ing véi su
thay d6i ham luong Co 1a 0,04; 0,06; 0,08 mol.
Thir nghiém kha nang xir Iy CIP bang cac vat liéu
da tong hop duoc cho thay hiéu suat xir 1y CIP
cua vat liéu Ver thd; N,Cooos-TiOo/Ver;
N,C00,06-TiO2/Ver; N,C0o,0s-TiO2/Ver lan luot 1a
22,24%; 45,02%; 66,49%; 86,35%. Budc diu
thir nghiém trén mau nudc thai bénh vién be‘ing
vat liéu N,Coo0s-TiO2/Ver dat hiéu suit xir ly
CIP trén 80%.



D. T. Thuong et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 40, No. 1 (2024) 1-7 7

Loi cam on

Nghién ctru nay dugc tai trg bdi Vién Han

lam Khoa hoc va Cong ngh¢ Viét Nam trong
khudn kho dé tai md so NCVCC.30.02/22-23 va
de tai PTDLCN.47/21.

Tai liéu tham khao

(1]

(2]

(3]

(4]

(5]

P. V. Kamat, TiO, Nanostructures: Recent Physical
Chemistry Advances, J. Phys. Chem. C., Vol. 116,
No, 22, 2012, pp. 11849-11851,
https://doi.org/10.1021/jp305026h.

N. M. Nghia, N. T. Hue, Study on Photocatalyst
Activity of TiO, Doping Fe Covered on Silica Gel,
VNU Journal of Science: Natural Sciences and
Technology, Vol. 32, No. 4, 2016, pp. 24-29.

H. Dong, G. Zeng, L. Tang, C. Fan, C. Zhang,
Z. He, Y. He, An Overview on Limitations of TiO;
- Based Particles for Photocatalytic Degradation of
Organic Pollutants and the Corresponding
Countermeasures, Water Research, Vol. 79, No. 1,
2015, pp. 123-146,
https://doi.org/10.1016/j.watres.2015.04.038.

A. Y. Shan, T. I. M. Ghazi, S. A. Rashid,
Immobilisation of Titanium Dioxide Onto
Supporting Materials  in Heterogeneous

Photocatalysis: A Review, Appl, Catal, A-Gen,
Vol. 389, Iss. 1-2, 2010, pp. 1-8,
https://doi.org/10.1016/j.apcata.2010.08.053.

C. H. Ao, S. C. Lee, Indoor Air Purification by
Photocatalyst TiO, Immobilized on an Activated
Carbon Filter Installed in An Air Cleaner, Chem.

(6]

(7]

(8]

(9]

[10]

[11]

Eng. Sci., Vol. 60, Iss. 1, 2005, pp. 103-109,
https://doi.org/10.1016/j.ces.2004.01.073.

I. A. M. Ibrahim, A. A. F. Zikry, M. A. Sharaf,
Preparation of Spherical Silica Nanoparticles:
Stober Silica, J. Am. Sci., Vol. 6, No. 11, 2010,
pp. 985-989.

L. Jin, B. Dai, TiO, Activation Using Acid-Treated
Vermiculite As A Support: Characteristics and
photoreactivity, Appl. Surf. Sci., Vol. 258, No. 8,
2012, pp. 3386-3392,
https://doi.org/10.1016/j.apsusc.2011.11.017.

R. Benedix, F. Dehn, J. Quaas, M. Orgass,
Application of TiO, Photocatalyst to Create Seft-
Cleaning Building Material, Lacer, Vol. 5. No. 7,
2000, pp. 157-167.

S. S. G. Santos, H. R. M. Silva, A. G. D. Souza,
A. P. M. Alves, E. C. D. S. Filho, M. G. Fonseca,
Acid-leached Mixed Vermiculites Obtained by
Treatment with Nitric Acid, Appl. Clay Sci.,
Vol. 104, 2015, pp. 286-294,
https://doi.org/10.1016/j.clay.2014.12.008.

C. Stella, D. Prabhakar, M. Prabhu,
N. Soundararajan, K. Ramachandran, Oxygen
Vacancies Induced Room Temperature
Ferromagnetism and Gas Sensing Properties of Co-
Doped TiO, Nanoarticles, J. Mater. Sci.. Mater.
Electron., Vol. 27, 2015, pp. 1636-1644,
https://doi.org/10.1007/s10854-015-3935-x.

N. T. C. Quyen, C. H. Dung, L. V. Tan, Research
on the Ability to Adsorb the Antibiotic
Ciprofloxacin in Water Using Activated Carbon
from Grapefruit Peel Made by Microwave-
Assisted Method, Journal of Industry and Trade,
Vol. 15, 2022, pp. 110-115 (in Vietnamese).


https://www.sciencedirect.com/journal/applied-clay-science
https://www.sciencedirect.com/journal/applied-clay-science/vol/104/suppl/C
https://www.sciencedirect.com/journal/applied-clay-science/vol/104/suppl/C

