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TOM TAT

Trong nghién cizu nay, cac hat nano perovskite holmium pha tap cobalt (HoFe;—«CoxO3 Vdi
x = 0; 0,1 va 0,2 tinh theo Ii thuyér) da duroc tong hop thanh cong bang phirong phép dong két tia
don gian véi tac nhan két tiza la dung dich NaOH 5%. C4c tinh thé nano don pha perovskite HoFe1-
«C0x03 teo thanh sau khi nung két tiza khd ¢ 850 °C trong 1 gio- c6 kich thuréc khodang 50-70 nm. Vat
liéu nano trén co sé perovskite holmium pha tap cobalt c6 @ hap thi anh sang manh & viing fi ngoai
va vung kha kién. Gia tri nang lwong viing cam cua vat liéu giam dan theo chiéu tang nong dé cobalt
pha tap (Eq = 1,92-1,71 eV). Cdc dién cwc HoFe1xC0,0s cho thdy sw phit hop khi sir dung lam vit
liéu dién cuc dwong cia pin lithium ion. Cu thé, dién cuc anode ché tao tir vat liéu perovskite
HoFeo.sC00103 thé hién gid tri dung heong sac dat 288,97 mAh-g+sau 70 chu Ki, twong img véi ti 1é
gitF lai dung lwong 126,42% so voi chu ki ddu tién.

Tir khoa: pha tap cobalt; perovskite holmium; pin lithium-ion; tinh chat dién; tinh chat quang;
vat liéu nano

1.  Mé dau

Trong vai thap ki qua, cac hop chat perovskite orthoferrite dang RFeOs (R =Y, La,
Ho, Sm, Er, Yb, Lu, Nd...) 4 duoc quan tm nghién ctu ca vé khia canh co ban nhu nghién
ctru dic tinh ciu tric, tinh chat quang, tinh chat dién va tinh chat tir (Li et al., 2021; Nakhaei
et al., 2021; Nguyen et al., 2024; Warhi et al., 2018); 1an nghién ctru tng dung nhu tinh xuc
tac quang phan hay cac hop chat hitu co doc hai trong xt If méi truong (Kondrashokova et
al., 2018; Martinson et al., 2020), lam cam bién phat hién cac khi doc & nong do thap (Song
et al., 2020), lam vat liéu méi tng dung trong cac hé théng luu triv/chuyén d6i nang lwong
do chung cé kha nang thuc hién cac chire nang phtrc tap va doc dao (Nguyen et al., 2023;
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Pena et al., 2001; Tan et al., 2017).

Mot trong céc perovskite dang duoc quan tdm nghién cau la holmium orthoferrite
(0-HoFeOs3) (Martinson et al., 2020; Song et al., 2020; Habib et al., 2017; Kondrashokova et
al., 2018). Céc nghién ctru da chi ra rang, cac tinh chat héa Ii caa vat liéu perovskite 0-HoFeOs
duoc cai thién dang ké néu mang tinh thé caa chiing dugc pha tap thém céc nguyén t6 chuyén
tiép phu hop, dac biét khi vat liéu nay duoc tong hop duéi dang kich thudc nanomet. That vy,
nghién ciru ciia Angadi ciing cong su chi ra rang pha tap 20% nguyén tir scandium lam thay doi
ban chat tir phan sit tir ciia perovskite HoFeOs sang st tir caa vat liéu pha tap (HoFeosSco.203)
(Angadi et al., 2020). Trong mot nghién ctru khac, su pha tap nickel trong orthoferrite holmium
véi x = 0,0; 0,1 va 0,3 lam giam gid tri niang lwong viing cam tir 3,71 eV xudng 3,29 eV; trong
khi d0, céc dac trung tir tinh lai c6 xu hudng tang manh (Habib et al., 2017).

Trong bang hé thdng tuan hoan cac nguyén té hda hoc, cobalt va iron 1a hai nguyén té
chuyén tiép ho d lién tiép nhau (26Fe, 27C0), xép cling nhom VIIIB, c6 tinh chét i hoa tuong
tu nhau, nén sy thay thé 1an nhau trong céc perovskite nhim kham phé ra cac tinh chat méi
dugc nhiéu nha nghién ciu quan tdm (Feng et al., 2011; Samvanshi et al., 2019; Nguyen et
al., 2021; Wang et al., 2023; Nguyen et al., 2018). Vit liéu nano trén co s& perovskite
holmium va pha tap da duoc nghién ciu tong hop bang nhiéu phuong phép khéac nhau nhu
phan g pha ran, phuong phap sol-sol sir dung cac polymer hitu co khac nhau, thay nhiét,
Vi s6ng... Nhin chung, mdi phuong phap tong hop déu c6 nhiing wu va nhuge diém riéng.
Do d6, tlly thugc vao diéu kién thiét bi caa phong thi nghiém va muc tiéu nghién ctu, mdi
nhém nghién ctru déu lya chon phuong phéap phi hop dé tong hop ddi twong quan tam nghién
ctru. Trong céc nghién ctru da cong b, céc perovskite RFeOs pha tap cac nguyén té khac nhau
d4 duoc tong hop thanh cong bang phuong phap dong két tua don gian (Nguyen et al., 2018;
Nguyen et al., 2021; Nguyen et al., 2023; Nguyen et al., 2024). Trong phuong phap nay, cac
cation kim loai chuyén tiép duoc thity phan tir tir trong nuéc ndng trude (t° > 95 °C) nham giam
kich thuéc hat dén thang nanomet, sau d6 dé ngudi roi mai thém vao tac nhan két tua thich hop.
Theo hiéu biét tot nhat ciia chdng tdi, nghién ctu tinh chit quang va tinh chat dién cua vt liéu
nano perovskite holmium pha tap cobalt véi cac ti 1é khac nhau, tong hop bang phuong phap
ddng két tua chua duoc cdng bb.

Do d6, myc tiéu ciia nghién ctiu ndy 1 tong hop vat liéu nano perovskite holmium pha tap
cobalt dang bot bang phuong phép dong két tia, phan tich cac dic tinh cau tric tinh thé, tinh
chit quang va tinh chat dién hoa ciia ching.

2. Thuc nghiém va phwong phép nghién ciu

Céc hoa chét sir dung cho thi nghiém déu cua hing Sigma-Aldrich véi do tinh khiét
99,9%. H¢ nano-perovskite HoFe1xCoxO3 (x = 0; 0,1 va 0,2 tinh theo cong thic i thuyét)
dugc tong hop theo qui trinh thyc nghiém don gian gdm cac budc sau day (Nguyen et al.,
2021; Tran et al., 2024).

Buée 1. Can cac mudi tién chit theo ti 16 mol thich hop réi cho vao 50 mL nudc cat
hai lan trong cdc dung tich 100 mL, khudy tir khoang 15 phat cho hdn hop mudi tan hét.
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Budre 2. Ding buret nho timg giot dung dich chira hdn hgp mudi & trén vao coc dung 450
mL nudc néng (t° > 95 °C) va khudy tir lién tuc. Sau khi cho hét dung dich mudi, hé tiép tuc duoc
gia nhiét va khudy trong 15 phut true khi dé dung dich ngudi dén nhiét o phong (~ 30 °C).

Buée 3. Chuan bi dung dich NaOH 5% rdi nho timg giot tir buret vao hé thu duoc &
trén va khudy tir lién tuc. Luong dung dich NaOH 5% duoc lay du dé két tua hét cac cation
kim loai trong hé (nhan biét bang mau hdng cua gidy phenolphatalein).

Bude 4. Hé két tia duoc khudy lién tuc trén may khudy tir & nhiét ¢ phong trong 60
phiit. Sau d6 dé ling trong khoang 15 phut rdi loc 1y két tia bang may hut chan khong va
rira bang nude cat dén pH ~ 7. Cac hat nano perovskite HoFe;xCoxOs (x = 0; 0,1 va 0,2) thu
duogc sau khi nung bot két taa & 850 °C trong 1 gio. Viéc lya chon nhiét d nung 850 °C la
dua vao cac nghién ctru (Nguyen et al., 2024; Tran et al., 2024), trong d6 cac perovskite thu
duogc 1a don pha, c6 do két tinh tét va dat kich thudc nanomet.

Dé thuan tién cho viéc phan tich va bién luan két qua, cac mau duoc ki hiéu lan luot
la HFO, CHFO_0.10 va CHFO 0.20 twong (ing Vi cac cong thuc tinh theo I thuyét 1a
HoFeO3, HoFeo.9C00.103 va HoFeo gC00.20s3.

Thanh phan pha tinh thé caa cac mau vat liéu nano HoFe;_xCoxO3s duoc xéc dinh bang
phuong phép nhiéu xa tia X bot (PXRD), sir dung may phan tich EMPYREAN cua hang
PANanalytical (Ha Lan). Ché do do, bao gdm: cathode bang ddng véi budc séng A = 1,54060
A, gbc quét 20 = 10 - 80 °, téc d6 quét 0,02 °/s.

Thanh phan cac nguyén té Ho, Fe, Co va O trong cac mau duoc xac dinh bang phuong
phap phé tan sic nang luong tia X (EDX), sir dung kinh hién vi quét xa truong S-4800 (hdng
Hitachi, Nhat Ban) két hop véi may phan tich thanh phan nguyén t6 EDX H-7593 (hing
Horiba, Anh). Thuc nghiém duoc tién hanh tai ba diém trén mdi mau, sau d6 tinh gia tri
trung binh va suy ra cong thiec thyc nghiém cua cac mau vat liu.

Hinh thai va kich thudc hat cia cac mau vat liéu dugc quan sat dudi kinh hién vi dién
tir truyén qua (TEM) Joel JEM-1400 (hdng Hitachi, Nhat Ban).

Phé hap thu UV-Vis caa cac mau bot HoFe1xCoxO3 dugc nghién ctiu trén may quang
phd UV-2600 (hang Shinmadzu, Nhat Ban). Gia tri ning lugng ving cdm ban dan (Eq, V)
ctiia cac mau bot dugc tinh bang cach sir dung phuong trinh Tauc nhu trong nghién ctu
(Wang et al., 2019; Wang et al., 2023).

Ahv=Ja(hv-E ) (1)

trong d6, A 1 hé sé hap thu quang hoc, hv 1a nang lwong photon, « 1a hing sb. Viéc ngoai
suy cé&c phan tuyén tinh caa duong cong hudng téi sy hap thu bing khéng (y = 0) va cit truc
hoanh tai gié tri Eq goi la ning lugng viing cdm caa mau.

Mau bot nano HoFe;—xCoxO3 sau nung duoc str dung 1am dién cuc anode trong pin Li-
ion bang cach két hop véi super P va chét két dinh poly(acrylic acid) trong dung méi ethanol
v6i ti 18 khéi lwong 70:15:15. Ching duge khudy tron trong 24 gio dé thu duoc hdn hop
d6ng nhat. Tiép theo, hdn hop nay dugc phu 1én tAm dong bang doctor blade, dién cuc sau
d6 duoc sdy ¢ 80 °C trong 12 gio trude khi dugc duc thanh miéng tron véi duong kinh 15
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mm. Cac dién cyc anode niy dugce dong thanh pin cic 40 (CR2032) cing véi cac thanh phan
khac nhu dién cyc dém va so sanh (tdm lithium), mang ngan (Celgard 2400), dung dich dién
giai (dung dich 1M LiPFs trong hon hop ethylene carbonate va diethyl carbonate ti 1& 1:1)
trong budng thao tac chan khong (MBRAUN).

Dung lugng phéng/sac ctia dién cuc HFO, CHFO _0.10 va CHFO_0.20 duoc kiém tra
trén may phong sac Neware & mat do dong dién 0,1 A-g™ trong vung dién thé 0,01-3,00 V
(so voi Li/Li").
3. Kétqua vathao luan

Hinh 1 1a gian dd PXRD cua cac mau bot kho sau khi nung ¢ 850 °C trong 1 gio. Két
qua cho thay chi ghi nhan dugc cac peak c6 cuong do cao tring véi vi tri cac peak cua chat
chuan HoFeOs trong ngan hang gian dé (PDF number > 74-1479: HoFeOs, Holmium Iron
Oxide). Trén gian d6 Hinh 1 khong quan sét thdy cac peak ung véi céc pha tap chat khéc
nhu Fe;03, H0203, CoO, Co304, HozFesO12 hay CoFe204, chiing to su pha tap ion cobalt
vao mang tinh thé perovskite HoFeOs thanh cong. Dan chang nay ciing duge dé cap dén
trong mot sé nghién cau vé cac perovskite RFeOs pha tap cac nguyén t chuyén tiép khac
nhau nhu HoFe1xNixO3z (Habib et al., 2017), NdFe1-xCoxOs (Nguyen et al., 2021; Samvanshi
et al., 2019), NdFe:-xMnxOs (Nguyen et al., 2023), YFe1xCo0xOs (Nguyen et al., 2018),
LuFe1xCoxO3 (Wang et al., 2023).
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—_ ' ' —__CHFO_0.10
3
g ‘/\_‘_LL_A\_AP
3" " T I rs “lL"'"l. i n
‘w ——CHF0_0.20
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@
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4029 (dcg,?'cc)
Hinh 1. Gian do PXRD cua vt liéu nano HoFe;CoxO3
tong hop bang phwong phép dong két tua sau khi nung ¢ 850 °C trong 1 gio
Bdng 1. Két qua phan tich EDX cia cac mau HFO, CHFO_0.10 va CHFO_0.20

nung ¢ 850 °C trong 1 gio
Cong thire tinh theo Thanh phén nguyén tir, % o . -
Ii thuyét Ho Co Fe 0 Cong thirc thye nghi¢m
HFO 18,23 - 18,05 63,72 Ho01.0:Fe0353
CHFO_0.10 19,01 1,90 17,30 61,79 HoFe.01C00.103.27
CHFO_O.ZO 18,93 3,46 14,81 62,80 HoFep.78C00.1803.31

Két qua phan tich thanh phan cac nguyén t6 (dinh tinh va dinh lwong) cua cac mau HFO,
CHFO_0.10 va CHFO 0.20 duoc trinh bay trén Hinh 2 va Bang 1. Mau HFO chi ghi nhan
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dugc c4c peak ng vai cac nguyén t ¢ trong thanh phan du kién 13 Ho, Fe va O (Hinh 2a),
riéng mau CHFO_0.10 c6 thém peak @ng véi Co (Hinh 2b). Bang 1 ciing cho thiy phan trim
nguyén tir ciia cac nguyén té Ho, Fe, Co va O trong cac mau HoFe; xCoxO3 gan véi cong thac
du kién ban dau theo Ii thuyét. Pidu nay dugc cho la do béan kinh va nguyén tir khdi cua cap
ion Fe3* (r = 0,65A, Fe =55,93) va Co® (r = 0,61 A, Co = 55,85) la xap xi nhau, nén su thay
thé vi tri gitta ching trong céc nit mang tinh thé perovskite HoFeOs xay ra thuan loi (Habib
etal., 2017; Nguyen et al., 2021, Samvanshi et al., 2019; Wang et al., 2023).

Sum Spectrum

Sum Spectrum

ull Scale 6500 cts Cursor: 0.000 keV

Hinh 2. Phé EDX cua cac mau HFO va CHFO_0.10 nung ¢ 850 °C trong 1 gio

Hinh 3 trinh bay anh hién vi dién tir truyén qua (TEM) cua cac mau HFO, CHFO_0.10
va CHFO_0.20 nung & 850 °C trong 1 gio. C6 thé thay cac hat nano HoFe;_xCoxOs tong hop
duoc ¢ dang gan nhu hinh cau hoic hinh cau véi bién canh yéu (xét cac hat nano riéng 18),
kich thuéc cac hat nano riéng Ié quan sat dugc vao khoang 50-70 nm. Tir Hinh 3 ciing dé
dang nhan thiy cac hat nano c6 xu hudng két tu lai v6i nhau, hinh thanh cac ddm hat nano
hodc chudi hat nano dinh hudng ngau nhién trong khdng gian. Su két tu xay ra cé thé 1a do
su hinh thanh cac hat nano véi kich thugc nho, nang luong bé mat 16n (hiéu wng kich thuéc
nano), nén ching c6 xu huéng két tu dé giam nang luong bé mat. Sy két tu gitra cac hat nano
cling dugc cdng bd ddi voi mot sé hé perovskite RFeOs (R = La, Y, Ho, Dy, Th...) khéc
nhau téng hop bang phuong phap hda wét nhu trong cac nghién ctiu (Kondrashkova et al.,
2018; Martinson et al., 2020; Nakhaei et al., 2021; Nguyen et al., 2024; Wang et al., 2019).
Ngoai ra, anh TEM trén Hinh 3 ciing cho thay sy pha tap nguyén t6 cobalt vao mang tinh
thé perovskite holmium anh huéng khéng rd rang dén kich thudc va hinh thai hat tao thanh.
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200.nm

Hinh 3. 4Anh TEM cua c4c hat nano HoFe; xCoxOs nung ¢ 850 °C trong 1 gio: (a) — HFO,
_(b) - CHFO_0.10 va (c) - CHFO_0.20 ,

Nghién ctru cac mau bt tong hop bang pho hap thu UV-Vis cho thay su pha tap ion
cobalt vao cau trlic perovskite HFO anh hudng tryc tiép dén do hap thu va gia tri ning luong
viing cam caa vat liéu nén (Hinh 4). Hinh 4a cho thay céc hat nano HFO va HFO pha tap cobalt
déu thé hién d6 hap thu manh anh sang & viing tir ngoai (4 = 200-400 nm) va giam dan sang
viing kha kién (1 = 400-600 nm). Pic biét d6 hap thu ting nhanh khi ti 1¢ pha tap cobalt ting tir
10 dén 20% nguyén tr. Biéu ndy ciing ngu Y rang ¢ sy giam gid tri nang lugng viing cAm cua
mau CHFO_0.20 so véi cac mau HFO va CHFO_0.10 (Hinh 4c-d va Bang 2). Sy tang do hap
thy va giam gia tri ning lugng ving cam ciing duoc cong bd ddi voi mot sé hé perovskite
RFeO3 pha tap cac nguyén té khac nhau nhu NdFe; xCoxO3 (Samvanshi et al., 2019; Nguyen
et al., 2021), HoFe1-xNixOs (Habib et al., 2017), LuFe;xCoxO3 (Wang et al., 2023) va Gd, Co
dong pha tap YFeOj3 (Yo.sGdo2Feo.ssC00050s, Wang et al., 2019) (Bang 2). Gia tri nang luong
viing cadm caa cac mau HFO, CHFO_0.10 va CHFO_0.20 tong hop duoc gan véi cac hé
perovskite twong tu tong hop bang phuong phép dong két taa nhu Co-doped NdFeOs (Nguyen
et al., 2021) hay Co pha tap LuFeOs tong hop bang phuong phép phan (ng trang thai ran véi
su hoat hda co héa (Wang et al., 2023), nhung bé hon rat nhiéu so véi cac hé perovskite tong
hop bang phuong phép sol-gel va phan tng pha ran (Bang 2).

Cac két qua thu duoc chirng minh rang sy pha tap cobalt vao mang tinh thé perovskite
HFO c6 thé diéu chinh gi4 tri ning lwong ving cim cua cac orthoferrite dat hiém RFeOs.
Theo cé4c nghién ciru (Wang et al., 2023; Housecroft et al., 2005), viéc thay thé mot phan ion
iron c6 do am dién bé hon (Fe = 1,83) bang ion cobalt c6 d6 am dién 16n hon (Co = 1,88) 1a
nguyén nhan 1am giam ning lugng ving cam cua vat liéu nén. Ngoai ra, d6i véi cac hé
perovskite HFO pha tap cobalt, s& xay ra su dich chuyén electron tir orbital hoa tri 2p cua
oxygen khong chi sang viing dan 3d cua iron, ma con sang ca vung dan 3d cua cobalt (Wang
etal., 2023; Polat et al., 2019).

Su cai thién cac dac tinh quang caa hé perovskite CHFO_0.10 va CHFO_0.20 so vaéi
mau HFO thuan duoc ki vong trong viéc tng dung ching lam vat liéu xdc tac quang phan
haty cac chat mau hitu co doc hai trong méi trudng nude dudi tac dung cua anh sang mit troi
(Subramanian et al., 2019; Tang et al., 2014; Baeissa, 2016).
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Bing 2. Ning lwong viing cam cua cac hgt nano HoFe;xCoxOs
o nhiét do phong trong nghién cizu nay va so sénh vgi cac tai liéu da cong bo

Mau vt ligu Eq (eV) Phuwong phap tong hep Nguén
HFO 1,92
CHFO_0.10 1,86 Pong két tua Nghién ciru nay
CHFO 0.20 1,71
NdFeO3 3,35 Dét chay sol-gel Samvanshi et al.,
NdFe.9C00.103 3,26 2019
NdFeOs 2,06 A L4 4 Nguyen et al.,
NdFeosC0o10s 174  Dongkettua 2021
HoFeOs 3,62 . < .
HoFeosNio 105 3.27 Phan ung pha ran Habib et al., 2017
YFeOs 2,42 ., .
Y0:GosFenssCo00s0s 2,24 Phan ung pha ran Wang et al., 2019
LuFeOs 2,06 ., Lo g . .
L UFe0 55C00 150 175 Phan tng pha ran két hop hoat héa cohéa  Wang et al., 2023
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Hinh 4. Phé hdp thu UV-Vis ¢ nhiér @ phong (a) va cac gidn do Tauc tiwong g
cua cac mau HFO (b), CHFO_0.10 (c) va CHFO_0.20 (d) nung ¢ 850 °C trong 1 gio

Hinh 5 trinh bay dudng cong phong sac trong ba chu ki dau ciia cac dién cuc HoFes-
«C0x03. Nhin chung, c6 thé quan sat thiy sy giam dung luong riéng cia cac dién cuc HoFer-
«C0x03sau chu ki phong dau tién. Ti 1¢ giita dung luwgng sac va phong cua cac dién cuc HFO,
CHFO_0.10 va CHFO_0.20 dugc tinh toan lan luot 13 52,92%, 54,70% va 51,38% & chu ki
thir nhét. Gia tri nay lap tirc ting 18n trén mirc 91% & hai chu ki tiép theo cua ca ba dién cuc.
Céc hién tuong nay c6 thé 1a do qué trinh phat trién 16p lién dién dién giai (SEI) khong thuan
nghich trong chu ki phong déu tién. Viéc xay dung 16p SEI nay tiéu ton mot luong ion Li*
nhét dinh va gy can tr¢ qua trinh khuéch tan cta ion Li* dén bé mat dién cuc, dan dén lam
giam dung luong cua pin & cac chu ki tiép theo (An et al., 2016; Wu et al., 2022).
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Hinh 5. Puong cong phéng sac trong ba chu ki dau cua céc dién cuc HFO
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Hinh 6. Gidn dé dung lwong riéng va hiéu sudt phong sac theo chu Ki cia céc dién ciee
HFO (a), CHFO_0.10 (b) va CHFO_0.20 (c) nung ¢ 850 °C trong 1 gio

Dung luong riéng va hiéu suit phong sac & mat d6 dong dién 0,1 A-g™* qua 70 chu ki
cua cac dién cyc HFO, CHFO_0.10 va CHFO_0.20 dugc thé hién trong Hinh 6. Dung luong
sac/phong & chu ki dau tién ghi nhin duoc 1a 234,69/443,51, 288,20/526,83 va 207,92/
404,70 mAh-g trong tng cho cac dién cuc HFO, CHFO_0.10 va CHFO_0.20. Céc dién
cuc cho thay kha ning thuan nghich t6t khi hiéu suat phong sac dat gan 100% bt dau tir chu
Ki thar 2. Trai qua 70 chu ki phong sac, dung Iuwgng sac cua cac dién cuc ¢6 xu hudng tang
nhe dat gia tri 265,33, 288,97 va 262,86 mAh-g~, twong g cho cac dién cuc HFO,
CHFO _0.10 va CHFO 0.20. Két qua nay cho thay kha ning duy tri dung lwong tot qua nhiéu
chu ki phong/sac cua cac dién cuc HoFe1-xC0xO3. Ngoai ra, dién cuc CHFO_0.10 ¢6 dung
lwong cao hon so véi cac dién cuc con lai, diéu nay chirng minh su pha tap nguyén tir cobalt
o muc 10% gitp cai thién hi¢u sut dién hoa cua dién cuc.
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4.  Kétluan

Tom lai, vat liéu HoFeOs pha tap cobalt véi céc ti 18 10% va 20% da dugc téng hop
béng phuong phap ddng két tua voi viee nung ¢ nhiét do cao sau do, ki hiéu lan luot 1a HFO,
CHFO 0.10, va CHFO_0.20. Cac phuong phap XRD va EDX da chirmg minh sy twong thich
giita két qua thyc nghiém va tinh toan li thuyét trong viéc tong hop vat liéu HoFe1xC0xO3
véi X =0; 0,1 va 0,2. Anh TEM cho théy cac hat vat liéu HoFe1—xCoxOs c6 kich thudc nano
(50-70 nm). Sy pha tap cobalt vio trong vat liéu HFO cho thidy mot s6 tic dong dang ké dén
céc tinh chét quang va tinh chét dién cua vat liéu. Cu thé, viéc ting ti 16 nguyén té cobalt 1am
giam gia tri nang lugng vung cAm cta vat liéu tir 1,92 dén 1,71 eV. Ngoai ra, viéc pha tap
ham lugng cobalt & mirc 10% ciing gitp nang cao hi¢u suat dién hoa khi ing dung lam vat
liéu dién cuc anode cho pin lithium-ion.

% Tuyén bé vé quyén lgi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cam on: Nghién ctu nay duoc tai tro béi ngan sach khoa hoc va cong nghé cda
Bé Gido duc va Pao tao trong dé tai ma s6 B2024-SPS-03. Tén dé tai: “Nghién ciu téng hop
vét liéu nano M—doped HoFeOj3; perovskites (M = Zn, Mn, Co, Ni, Cu) bang phuong phéap
déng két tia va ing dung lam vét liéu dién cuc anode trong pin sac Li-ion hiéu ndng cao”.
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ABSTRACT

In this study, cobalt-doped holmium orthoferrite nanoparticles (HoFe;—«CoxOs with x = 0; 0.1
and 0.2) were successfully synthesized via a simple co-precipitation method. After annealing at
850 °C for one hour, single-phase HoFei—CoxOs nanocrystals with particle sizes ranging from 50
to 70 nm were obtained. The cobalt-doped holmium orthoferrite nanoparticles exhibit a large light
absorption in both the ultraviolet and visible regions. A gradual reduction in band gap energy was
observed with increasing cobalt content, from 1.92 to 1.71 eV. Electrochemical testing revealed that
HoFe1-xCoxOs electrodes are promising candidates for use as anode materials in lithium-ion batteries.
Specifically, the CHFO_0.10 (x = 0.1) electrode exhibited a charge capacity of 288.97 mAh-g* after 70
cycles, corresponding to a capacity retention of 126.42% relative to the first cycle.

Keywords: Co-doping; electrical properties; lithium-ion batteries; nanomaterials; optical
properties; perovskite holmium
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