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Nghién clu ché tao hé vat liéu bét nano Cu,O, Cu,O-C3N4 va dénh gié kha nédng phan
hdy chat mau httu cc dudi chi€éu xa anh sang nhin thay
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ABSTRACT

These experiment fabricated CsN4 powdermaterials by the calcinational
method and fabricated CuxO, Cu0-3%C3Ns,  Cu0O-5%C3Ny
nanomaterials by the hydrothermal method. The powdermaterials
characteristics were studied by methods such as: X-ray diffraction (XRD);
raman shift; scanning electron microscope (SEM); UV-vis solid
absorption spectra. The photocatalytic activity of samples was studied
by decomposition of methylene blue dye under visible light radiation.
The results showed that the fabricated CsN4 sample was single phase
with high porosity cotton structure. The CuO, Cu0O-3%C3Nsand Cu,O-
5%CsN4 samples had octahedral crystal structure with the crystal
particle size was about 200-300 nm. The CsN4 doped Cu,O samples
had octahedral crystal particles arranged more closely than that of
CuO and filled in gaps by cotton, porous clusters of CsNa The
materials all had the absorption spectra expanded in the visible light
region (A= 450-900 nm). The C3N4 doped Cu,O samples achieved the
better photocatalytic efficiency than Cu,O and C3N4 samples in visible
light region. The highest photocatalytic efficiency achieved 100% was of
the Cu;0O-3%C3N4 sample in the photodegradation of methylene blue
dye after 30 minutes under visible light irradiation.

Gidi thiéu chung

nang lugng vung cdm réng nhu TiO,, ZnO, SnO,, CdS,
ZnNWOQOy... [2-4,7,8]. Mat khac, Cu,O cd nhiéu dac tinh

Nhu ching ta da biét, oxit ddng | (Cu,0) la chat ban  noi tai cd Iai khac nhu doc tinh thap, than thién vai moi
dan loai p cé nang lugng viing cdm tryc tiép nhd 2,0-  trudng, ngudn nguyén liéu dau dugc suf dung la dong
2,2 eV [1-2]. Vi vay CuzO cé lgi thé hon trong viéc sur 6 san nhiéu trong tu nhién, gia thanh thédp, quy trinh
dung anh sang mét trdi so vdi cac chat ban dan co ché tao vat liéu don gian khong t6n kém [1-4]. Do
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nhitng uu diém nay nén vat liéu Cu,O co Ung dung
tiém nadng trong da dang céc linh vuc: quang dién,
chét xic tac quang, cdm bién khi, cdm bién sinh hoc,
pin mat trgi hiéu suét cao... [2,4,5]. Tuy nhién nhiéu
nghién clu d& cho thdy, cac hat nano xuc tac quang
Cu,O khi dugc chiéu anh sang hoat dong nhu cac dién
cuc ngan mach. Viéc tai t6 hop cla dién tu-16 tréng
quang sinh la mét han ché Ién trong viéc cai thién hiéu
quéd xuc tac quang cla CuxO [1,2,59]. Gan day, chat
ban dan polyme loai n va khong chifa kim loai cacbon
nitrua C3N4 gan gidng vdi than chi (g-C3Na) cling dé
gay dugc nhiéu su chud y trong Iinh vuc lam chat xuc
tac quang. D6 réng vung cdm quang cla C3Na dugc
xac dinh 1a 2,7 eV dugc coi la cdm Ung t6t dudi chiéu
xa anh sang nhin thay [6]. Nhung, cling giéng nhu chét
xUc tac quang CupO, hiéu suét xUc tac quang cua
cacbon nitrua C3Nq tinh khiét van tuong déi thap do su
tai t§ hgp nhanh chéng cua cap dién tu-16 tréng
quang sinh [6,9]. P& nang cao hiéu sudt xuc tac quang
clia vat liéu thi nhiéu nghién ctru da phat trién loai vat
liéu két hop clia C3N4 vdi cac chat ban dan khac nhu
Cu0, TiO,, ZnO, CdS... dé nham khac phuc nhugc
diém clia vat liéu ban dan tinh khiét 1a lam giam téc do
tai két hop clia cap dién ti-16 tréng quang sinh [6-9].
Tuy véy, nhiing béo cao vé loai vat liéu két hgp nay
van con chua dugc phéat trién nhiéu trong cac nghién
clu trong nudc.

V&i nhiing phan tich trén, trong nghién ciu nay ching
toi da thuc hién ché tao hé vat liéu bét nano CuxO,
Cu0-C3Ng va danh gia kha nang phan hdy chat mau
htu cg dudi chiéu anh sang nhin thdy. Nham phéat
trién nhitng Ung dung trong inh vuc xit ly chat mau
trong nganh céng nghiép trong nudc.

Thuc nghiém va phuang phap nghién cdu
Héa chdt st dung

Hoa chat sir dung trong nghién clu gém: Bong
sunphat (CuSO4.5H20 99,9%, AR-China); Natri Sunfit
(Na2SOs 99,9%, AR-China); Urea ((NH2).CO >46,3%,
AR-Vietnam); nudc cét 2 lan.

Quy trinh thuc nghiém

+ Ché tao bét g-C3Na bang phuong phéap ngung tu
nhiét: Cho 50g Urea ((NH2).CO) vao c6i ma néo roi
nghién min, réi cho vao chén st boc kin bang gidy
trdng nhém (nham ngan can su thang hoa cla tién
chat cling nhu lam tédng cudng su ngung tu tao thanh
Cacbon nitrua C3Na). Tiép theo, chén sut chifa mau nay

dugc dem nung & 500°C trong 1 gid vdi téc do gia
nhiét 5°C/phdt. San pham sau nung thu dugc la chét
bot mau vang nhat, do la bét min polyme C3Na.

+ Ché tao bot nano Cu,O pha tap C3N4 bang phuong
phép thay nhiét: dong sunphat CuSO4.5H,0 va natri
Sunfit Na2SOs dugc pha véi ndng dé 0,1M. Tron 1an
dung dich CuSO4 0,1M va dung dich NaySOs 0,1M theo
ti 1& vé thé tich 12 1:10. Dung dich hdn hop cd mau mau
xanh nhat. Khudy déu hén hop dung dich trén may
khudy tUr & t6c dd khong déi 250 rpm trong 30 phdt thi
bat dau gia nhiét dén nhiét d6 90°C va gitt &n dinh &
nhiét dé nay. Tiép theo, thém C3Na vdi cac ti & phan
tram vé s& mol %Cu,O/%C3N4 1an luct la 0%, 3%, 5%
va khudy dén khi dung dich két tia mau ndu do. Hon
hop dung dich dugc khudy tiép tuc thém 30 phut nia.
Sau do6, cac hon hop nay dugc dem thly nhiét 120°C
trong 48 gig. Két tla thu dugc sau thly nhiét dugc ria
nhiéu 1&n bang nudc cdt va loc bang gidy loc. San
phdm bét sach dem sdy khé & 100°C trong 24 gid. San
pham thu dugc la cac bét Cu,O, Cu.O pha tap 3%, 5%
C3N4 min mau dd nau, dugc ky hiéu tuong Ung la
CUzO, CU20-3%C3N4 va CUZO‘S%C3N4 Hinh 1 13 Séﬂ
phdm mau bot min ché tao polyme C3Na va cadc mau
bot nano CuxO, CupO pha tap C3Na.
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Hinh 1: San phdm mau bot ché tao CsN4va cac mau
bot nano CupO, Cup0O-3%C3N4va Cup0O-5%C3Ny

+ Vét liéu ché tao dugc nghién clu cac dac tinh bang
cac phuang phap: Phuong phap nhiéu xa tia X (XRD,
X'pert Pro (PANalytical) MPD, tia buc xa Cu-K®
(A\=1.54065 A), t6c do6 quét 0.03%/2s, v&i goc quét 20~
25-75°%); phuong phap phd raman shift (MicroRaman
LABRAM-1B, budc song laser 633 nm, cong sudt laser
6,25 mW va kinh hién vi soi Leica NPLAN L50x/0.50
BD); phucng phép hién vi dién t&r quét (SEM, HITACHI
TM4000 Plus); phuong phap phd hap thu UV-Vis ran
(DRUV-Vis, Jasco V-750) vdi st dung qua cau tich hgp
60 mm (ISV-922), t6c dé quét 200 nm/min; phuong
phép phé hap thu UV-Vis 1ong (Agilent 8453).

Bdnh gid hoat chdt quang xuc tdc phdn hdy chdt mau
xanh metylen
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Panh gid hoat tinh xtc tac quang cla cac mau bot ché
tao C3Ng, Cux0, Cux0O-3%C3N4 va Cu0O-5%C3Ny béng
phan Ung phan hay chdt mau xanh metylen (viét tat la
MB vdi cong thic phan ti la CisHeCIN3S.3H,0). Thuc
nghiém tién hanh chudn bj 4 cSc thay tinh pyrex dung
tich 100 mL. Trong do, mbi cdc thly tinh dugc 1&y:
0,02g chét xuc tac tuong Ung la cac mau bét vat liéu
(CG3Ng, CuO, Cup0-3%C5Ns4,  Cu0O-5%C3Ny);  50mL
dung dich chat mau xanh metylen (MB); H,0. dugc bé
sung thém 0,028 gL Cac dung dich hén hop nay
dugc khudy t6i 30 phut dé dat can bang hdp phu-nha
hap. Sau do, dung dich hdn hop dugc chiéu sang bdi
den Osram 220V-250W (dén dan dung phat ngudn
anh sang nhin thay c6 budc séng A> 400 nm). Sau moi
khodng thdi gian chiéu sang 10 phdt dung dich dugc
trich ra 2 mL, dem li tdm dé loc 18y dung dich trong va
dem do do hép thu quang trén méy quang phé
Agilent 8453 (& budc séng cuc dai clia dung dich MB
la A= 660 nm). Hiéu sudt xtc tac quang phan hdy chét
mau MB dugc xac dinh theo cong thurc (1):

H (%) = (Co-C)/Co x100 (%) (1)
Trong dd: Co, C 1an lugt la ndng dé cla chat phan tng
Iic ban d&u va & thai diém t (mg/L).

Két qua va thao luan
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Hinh 2: Gidn d& XRD cla mau vat liéu bot ché tao C3N,

Két qua phd nhiu xa tia X clla mau véat liéu bét ché
tao C3Nsdugc thé hién trén Hinh 2. Két qua phd nhiéu
xa tia X cla c&c mau vat liéu bot ché tao Cux0, Cu,O-
3%C3Ny4 va CurO-5%C3N, dugc thé hién trén Hinh 3.
Trén gidn do nhiéu xa XRD Hinh 2 cho thdy vat liéu
C3N4 cb xuét hién pic & céc vi trf goc nhiéu xa 26~
13,2°, 27,3° tuong Ung v&i ho mat mang (001), (002)
cla tinh thé C3N4 [6-9]. Trén phS XRD Hinh 3 cho théy,
ca4c mau vat liéu ché tao Cux0, Cux0-3%C3Ny4, CurO-
5%CsN4 déu xuat hién cac dinh phd & vi trf géc nhiéu

xa 20~ 29,6° 36,4°, 42,5° va 62° tuong Ung vdi cac ho
mat mang (110), (117), (200) va (220) cua tinh thé oxit
dong | (Cuz0) (theo JCPDS 05-0667) [1-5]. Thém nlfa
3, trén phS XRD clia cac mau Cux0 pha tap CsNs con
xugt hién thém 1 pic dugc nhi lén & vi tri goc nhiéu xa
20~27,2° tuong Ung vd&i ho mat mang (002) cla pha
tinh thé CsN [6-9]. Ngoai ra, trén hinh phé XRD khéng
thdy cé pic dic trung ctia Cu hay CuO. Cac pic nhiéu
xa dac trung nay cla cac mau déu dugc md réng.
Piéu nay cho xac dinh 1a mau bot vat liéu CNu, Cu0
ché tao dat dugc déu la don pha. cac mau vat liéu
botpha tap CuxO-3%C3Na, Cup,O-5%C3Ny dé ¢ du 2
pha t6 hop 1a CuO va C3Ng; vét liéu ché tao dat dugc
€06 kich thudc c& nano-mét.
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Hinh 3: Gidn d® XRD culia cdc mau vat liéu bdt ché tao
CUzO, CU20-3%C3N4 va CUzO-S%C3N4

Két qud ph6 Raman shift
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Hinh 4: Phd Raman shift clia mau vat liéu bdt ché tao
CUzO, CUzO-3%C3N4 va CUzO-S%CgNA

Két quad phd Raman shift clia cac mau vat liéu bot ché
tao CuxO, Cu0O-3%C3Ns va CuxO-5%CsNs dugc thé
hién trén Hinh 4. Trén phd Raman cho thdy, cac mau
https://doi.org/10.51316/jca.2021.052
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xudt hién cac dinh phé dao ddng & cac vi tri s6 song
105 cm™, 148 cm™, 220 cm™ va 640 cm™, céc vi tri s6
séng nay déu tuong Ung vdi s6 song dao déng cla
mau Cu20 [3-4]. Biéu nay cho thdy cac mau ché tao
déu dat dugc két tinh tinh thé clia oxit déng | (Cu20).
Cac mau Cu,0 pha tap C3N4 cho thdy 1a cé cac pic dao
déng séng bi suy giam di hon so véi mau Cu,0 khong
pha tap. Biéu nay cho thay la da co su tac dong cla
pha tap CsN4 dén céu trdc cla vat liéu CupO. Két qud
khdo sat Raman shift cho thay la phu hap vdi két qua
khao sat nhiéu xa tia X & phan 3.1.

Hinh thdi hoc bé mdt vdt lieu

Hinh thai hoc bé mat vat liéu dugc xac dinh bang chup
hién vi dién t& quét (SEM). Hinh 5 1& anh SEM clia cac
mau vat liéu bot C3Ny, CuO, CurO-39%C3Ny4 va CuxO-
5%CsNa. Trén anh SEM quan sat thdy: mau CsNs co bé
mat & dang cac dam bong dugc xép chdng lén nhau,
do x8p cao, vai chiéu dai méi dam boéng ¢& khoang vai
trdm nm [8,9]; mau Cu,0O cé cac hat tinh thé hinh bat
dién (octahedra) vdi kich thudc hat ~200-300 nm, su
phan bé cla cac hat 1a déng déu trén bé mat may;
Mau Cu20-3%C3Na va Cup0-5%C3Ny cling van cd cac
hat tinh thé octahedra, cac hat cé su sép xép khit nhau
hon so v&i mau Cu,O khong pha tap va cd vé nhu
dugc lap day cac khodng tréng bdi nhitng dam bdéng,
x6p clia C3Ny, vdi kich thudc hat tinh thé octahedra ¢&
300-400 nm [1,9].

Hinh 5: Anh SEM clla mau vat liéu bot ché tao CsNy,
CUzO, CUzO—g%CaNz; va CUzO—S%C3N4

Két qua ph6 hdp thy UV-vis rdn

Hinh 6 13 phd hap thu UV-vis ran clia cac mau vat liéu
bot ché tao C3N4 CuxO, CuxO-3%CsNs va Cu,O-
5%C3Na. Trén hinh phé hap thu UV-vis cho thdy, mau
vat liéu C3N4 ché tao co bg hép thu & ving budc séng
A~ 450 nm; mau vat lieu Cu20 ¢ b hap thu md réng

nhiéu han trong vung anh sang nhin thay véi budc
song A= 700-900 nm; mau vat liéu Cu0-3%CsN4 va
Cu0-5%C3N4 ¢b bd hdp thu ma réng trong ving anh
sang nhin thdy véi budc séng A= 680 nm, nam trung
gian gita ving hap thu anh sang ctia hai mau CsNgva
Cu,0O. biéu nay cho thdy da co su tac dong clda yéu té
pha tap C3N4 dén vét liéu CuzO, cu thé 1a lam thay déi
dé ma rong clia ba hép thu sdng anh sang cua vat liéu
Cu,0O pha tap CNs nam trong khodng gitta ctia do
hép thu song &nh sang cla hai vat liéu don pha CsNa
va Cu0.
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Hinh 6: PhS hép thu UV-Vis rdn clia cac mau vat liéu
bot C3Ny, Cu0O, Cu0-3%C3N4 va CuxO-5%C3Ny
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Hinh 7: D6 thi bi€u thi méi quan hé cla (ahv)’va hv

theo phuang trinh Taus clia cac mau vét liéu ché tao

Theo phd hép thu clia cac mau vat liéu ché tao C3Ny,
Cu20, Cu0-3%C3N4 va Cu,O-5%C3Ny cho thdy la déu
nam trong ving anh sang nhin thdy A~ 450-900 nm.
Piéu nay cho kha ning quang xuc tac clia cac mau vat
liéu nay déu xay ra dugc trong ving anh sédng nhin
thdy. Tuy nhién, déi vai vat liéu Cu,O pha tap C3Ng thi
c6 kha ndng bay dién tich, 1am gidm t&c do tai két hop
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clia dién tir va 16 tréng quang sinh, dan dén s& lam
tang hiéu qua quang xUc tac cla vat liéu trong ving
anh sang nhin thdy hon so vdi vat liéu khéng pha tap
Cu0 va CN4 [6-9]. D6 rong viing cdm quang cla cac
mau vat lieu dugc xéac dinh theo phuong phép Tauc,
thé hién mai lién hé gitta phé hdp thu va nang lugng
theo phuong trinh: (ahv)’= B(hv — Eg) (2) [2,8]. Trong
do, o= 4tk/A la hé s6 phu thudc va hé s6 hap thu k va
budc song A, B la hang s6. D6 réng ving cdm quang
Eg dugc xac dinh 1a giao diém cla dudng tiép tuyén
véi doan tuyén tinh nhat clia cac dudng do thi (ahv)?-
hv véi truc hv. Hinh 7 1a do thi biéu thi m&i quan hé
clia (ahv)? va hv dya theo phuong trinh Taus clia cac
mau vat lieu CsNg CuxO, Cu0-3%C3N4 va CupO-
5%C3Na. Gid tri Eg cla cac mau C3Ni Cup0, Cu0-
3%C3Ns va CupO-5%CsNs dugc xac dinh 1an luct 1a:
2,75eV,2,2¢eV,2,5eVva26eV

Khdo sdt hogt tinh quang xtc tdc phdn hiy chdt mau
xanh metylen

Hinh 8 13 d6 thi biéu dién khdo sét hiéu sudt quang xUc
tdc phan hay chat mau xanh metylen (MB) cla céc
mau vat lidu bot C3Ny, CuO, CurO-3%C3Ny4 va CuxO-
5%CsNs (c&c mau quang xUc tac déu dugc bé sung
thém luong H,O- 0,028 gL ™). Trén Hinh 8 cho théy, cac
mau khao sat déu cé hoat tinh quang xUc tac tét cho
phan hly chat mau MB trong viing anh séang nhin thay
sau 30 phut chiéu anh séng nhin thdy bai chiéu den
Osram 220V-250W.

120 4
= CN,
-®--Cu,0
100474 Cu,0-3C,N,
S “v-- Cu,0-5C N,
3
2 804
c
@
<
Q. 60 -
IS
?
5 401
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0 5 10 15 20 25 30 35

Thoi gian chieu sang (phut)

Hinh 8: D6 thi hiéu suét quang xUc tac phan huy chét
mau MB dudi chiéu anh sang nhin thy clia cac mau

Mau Cu,0-3%CsN4 dat hiéu qua quang xUc tac cao
nhat 100% phan huy chat mau MB sau 30 phut chiéu
sang. Mau Cu,0O-5%CsN4 dat hiéu qua quang xuc tac
la 98,6% phan hly chdt mau MB. Mau Cu,O va C3N4
dat hiéu qud quang xuc tac phan hdy chat mau MB

thap hon so vd&i hai mau Cu.0 pha tap C3N, & trén, dat
dugc tuong Ung la 98,2% va 98%. Nhan thdy, mau vat
liéu CupO pha tap C3N4 dat dugc hiéu qua quang xudc
tac phan hiy chdt mau MB cao han so véi mau Cu,0O
va C3Nu don pha. Biéu nay co thé dugc gia thich la do
kha nang lam giam t&c dé tai két hgp clda cap dién t-
16 tréng quang sinh clia véat liéu Cu>O pha tap CsNa4 khi
co chiéu sang, dan tdi viéc lam ting hiéu qud quang
xUc tac cla vat liéu Cu,O pha tap [6-9].

K&t luadn

D3 ché tao thanh codng mau vat liéu bot CNu theo
phuong phap nung va cadc mau vat liéu bot nano
Cuz0, Cuz0-3%C3N4 va Cu0-5%CsN4 theo phuong
phap thly nhiét. Mau vét liéu CsN4 ché tao dugc la don
pha vdi cdu tric dang bong do x6p cao, dugc tdp hap
theo tiing dam béng vdi chiéu dai ¢ khoang vai tram
nm. Mau vét liéu Cu.O ché tao dugc cling & dang don
pha c6 cdu tric tinh thé hinh bat dién (octahedra), kich
thudc hat tinh thé ¢ ~200-300 nm. Mau Cu,O-
3%C35N4 va Cu0O-5%CsN4 ché tao co céu tric tinh thé
hinh bat dién (octahedra) vdi cac hat tinh thé dudc sép
x€p khit nhau hon so v&i mau Cu,O va dugc lap day
cac khoang tréng bdi nhitng dam béng, x6p ctia CNy,
vdi kich thudc hat tinh thé octahedra ¢& 300-400 nm.
Cac mau déu cé phd hdp thu quang ma rong trong
ving anh sang nhin thdy. Mu vat liéu C3N4 ché tao co
b& hap thu & ving budc séng A= 450 nm; mau vat liéu
Cu0 ¢b b hép thu & viung budc song A= 700-900
nm; mau vat lieu Cu,0-3%C3Na va Cu0-5%C3Na co bs
hap thu & viing budc séng A~ 680 nm, ndm trung gian
gita vung hap thu anh sang cta hai mau CsNa va
Cu0. Nang lugng ving cdm quang Eg clia cac mau
C3Ny, Cux0O, Cux0O-3%C3N4 va CuO-5%CsN4 dugc xac
dinh dua trén phuong trinh Taus cé gia tri an luct la:
2,75 eV, 2,4 eV, 2,5eV va 2,6 eV. Cac mau CsNg, Cuz0,
Cur0O-3%C3N4 va CuxO-5%C3Ny vai sy bs sung thém
H,O, déu dat hiéu qua quang xuc tac tét trong ving
anh sang nhin thay. Hiéu qua quang xUc tac cao nhéat
dat dugc & mau Cu.0-3% C3N4 phan hdy 100% chét
mau MB sau 30 phut chiéu sang. Hiéu qué quang xudc
tac thap nhéat dat dugc & hai mau khong pha tap Cu.0O
va C3N4 phan hiy 98% chat mau MB.
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clia dé tai cdp trudng T2018-PC-233, Trudng Dai hoc
Bach Khoa Ha Noi.

https://doi.org/10.51316/jca.2021.052
69


http://doi.org/10.51316/jca.2020.052

Vietnam Journal of Catalysis and Adsorption, 10 — issue 3 (2021) 65-70

Tai liéu tham khao

M.A. Khan, M. Ullah, T. Igbal, H. Mahmood, AA.
Khan, M. Shafique, A. Majid, A. Ahmed, N.A. Khan,
Nanosci. Nanotechnol. Res. 3(1) (2015) 16-22.
https://10.12691/nnr-3-1-3

B.R. Kumara, B. Hymavathib, T.S. Rao, Mater. Today:
Proc. 4 (2017) 3903-3910. www.sciencedirect.com

Y. Deng, A.D. Handoko, Y. Du, S. Xi, and B.S. Yeo,
ACS Catal. 6 (2016) 2473-2481. https;//
10.1021/acscatal.6b00205

K. Kardarian, D. Nunes, P.M. Sberna, A. Ginsburg,
D.A. Keller, J.V. Pinto, J. Deuermeier, A.Y. Anderson,
A. Zaban, R. Martins, E. Fortunato, Sol. Energy
Mater.  Sol.  Cells 147  (2016)  27-36.

https:// 10.1016/j.solmat.2015.11.041

P. He, X. Shen, H. Gao, J. Colloid Interface Sci. 284
(2005) 510-515. https://10.1016/j.jcis.2004.10.060

G. Dong, Y. Zhang, Q. Pan, J. Qiu, J. Photochem.
Photobiol. C: Photochem. Rev. 20 (2014) 33-50.
https:// 10.1016/j.jphotochemrev.2014.04.002

H. Yan, H. Yang, J. Alloys Comp. 509 (2011) L26-L29.
https:// 10.1016/j jallcom.2010.09.201

D.R. Paul, S. Gautam, P. Panchal, S.P. Nehra, P.
Choud hary, and A. Sharma, Am. Chem. Soc.
Omega 5 (2020) 3828-3838. https://
10.1021/acsomega.9b02688

X. Yan, R. Xu, J. Guo, X. Cai, D. Chen, L. Huang, Y.
Xiong, S. Tan, Mater. Res. Bulletin MRB 9051 (2016)
1-10. https:// 10.1016/j.materresbull.2016.12.009

https://doi.org/10.51316/jca.2021.052
70


http://doi.org/10.51316/jca.2020.052
https://10.0.49.147/nnr-3-1-3
http://www.sciencedirect.com/
https://10.0.3.248/j.jcis.2004.10.060



