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Tém tit

Trong nghién citu nay, vdt liéu nanocomposite Fe;O03/CoFe;Oq (CFO) duoc tong hop
bdng phwong phap dong két tua tai cdc gia tri pH tir 9 dén 11 va xir Iy nhiét ¢ 750°C trong 3
gio. Két qua XRD xdc nhdn sw ton tai ciia hai pha CoFe;04 va F 203, voi mirc do két tinh tang
khi pH tang. Anh SEM cho thay kich thude hat giam tir ~51 nm xuong con ~35 nm khi pH ting
va phdn7b0” hat dong deu hon. Khi ung dung lam d‘ién7 cuc anot cho pin Li-ion, cgic dién cuc
CFO the hién dung lwong phong dién cao va kha nang on dinh sau nhiéu chu ky. Mau CFO_pH
10 dat dung luong cao nhat & chu ky dau (969.12 mAh/g) va duy tri 906.97 mAh/g sau 40 chu
ky, voi hiéu suat Coulomb gan 100% tir chu ky thir hai. Sy thay doi kich thudc hat, mirc do két
tinh va phan bo pha giita cac mdau anh huong tryc tiép dén hi¢u suat dién hoa. Két qua cho
thay CFO la vat liéu tiém nang thay the than chi thwong mai lam anode cho pin lithium-ion.
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Abstract

In this study, Fe;Os3/CoFe;O4 (CFO) nanocomposites were synthesized by a simple co-
precipitation method at pH values from 9 to 11 and heat treated at 750°C for 3 h. XRD results
confirmed the existence of two phases CoFe;O4 and Fe:Os, with the degree of crystallinity
increasing with increasing pH. SEM images showed that the particle size decreased from ~51
nm to ~35 nm with increasing pH and the particle distribution was more uniform. When
applied as anode electrodes for Li-ion batteries, CFO electrodes exhibited high discharge
capacity and stability after multiple cycles. The CFO_pH 10 sample achieved the highest
capacity at the first cycle (969.12 mAh/g) and maintained 906.97 mAh/g after 40 cycles, with
a Coulomb efficiency of nearly 100% from the second cycle. The variation in grain size,
crystallinity, and phase distribution between samples directly affects the electrochemical
performance. The results show that CFO is a potential material to replace commercial
graphite as an anode for lithium-ion batteries.

Keywords: Anode Material, CoFe;0y, Electrochemical Performance, Fe;Os, Lithium-
lon Battery, Nanocomposite.
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1. Gi6i thiéu

Trong nhirng nam gan day, su phat trién manh mé cua khoa hoc va cong nghé di kéo
theo nhu cau sir dung nhién li¢u hoa thach ngay cang gia tang. Tuy nhién, sy gia tang nay
khong chi tao ap Iyc 16n 1én ngudn tai nguyén von c6 han ma con kéo theo nhiéu hé luy vé
moi truong, dac biét 1a nguy co 6 nhiém va bién ddi khi hau. Bé d6i pho véi thuc trang nay,
nhiéu nghién ctru da tap trung vao viéc tim kiém cac ngudn ning luong tai tao, dong thoi phat
trién nhiing thiét bi luu trix ning luong dua trén vat liéu than thién véi moi truong nhung van
dam bao hi¢u suat hoat dong cao. Trong sO cac cong nghé luu trit nang lwong, pin Lithium-ion
(LIB) duoc quan tam nhiéu nho nhitng uu diém nhu mat d6 ning luong cao, dién ap lam viéc
6n dinh, tudi tho chu ky dai, kha ning sac nhanh va c6 thé sir dung cac vat liéu than thién voi
moi truong (Huang & cs., 2014). Tuy nhién, cong nghé pin Lithium-ion hién nay van chua
dap ung dugc nhu cau ngay cang 16n vé mat do nang luong cho cac tmg dung mai nhu xe dién
hybrid va hé thng luu trir nang luong quy mé lu6i. Nguyén nhén chinh la than chi, vat liéu
anode dang duogc st dung phd bién, c6 dung lugng 1y thuyet kha thip chi khoang 372 mAh g’
! (Buga & cs., 2005). Do do, nhiéu nghién ctru di hudng dén viée phat trién cac vt lidu thay
thé dé nang cao kha ning luu trit cia anode, trong d6 nhoém oxit kim loai chuyén tiép, dic biét
la ferrite spinel, nhan duwoc sy quan tdm dang ké.

Trong s6 cac oxit kim loai chuyén tiép, nhiéu vt liéu nhu Fe,O; (Zhang & cs., 2021),
MnO; (Liu & cs., 2016) va CoO (Zheng & cs., 2013) da cho thdy tiém ning dé thay thé than
chi nho co ché phan tng chuyén d6i. Co ché nay dwa trén qué trinh oxy hoa - khir giita céc
oxit kim loai va cac Li* trong qua trinh sac va x4. Dung luong 1y thuyét cua vat liéu Fe,O; va
CoO lan lugt dat 1007 va 715 mAh g™, cao hon dang ké so v&i than chi 1a 372 mAh g™ (Wang
& cs., 2015; Wu & cs., 2019; Zhao & cs., 2022). Bén canh do, vat li€u oxit ferrite spinnel c6
cong thuc tdng quat 13 MFe,O4 (M 14 céc ion kim loai chuyén tiép nhu Ni,Co, Zn, Cu) ¢ kich
thude nano cling da duge chimg minh la vat liéu anode tiém nang cho pin Lithium-ion, nho
cAu trac XOp va bén vimg, cho phép phan tng voi nhiéu ion Li* hon, gitip dung luong dat trén
900 mAh g! (Dong & cs., 2024). Vi du nhu béo cao ctia Ying Wang cho thiy nancocomposite
NiO/NiFe;04 dat dung luong 1én dén 1052 mAh g sau 300 chu ky, ngoai ra cic nghién ciru
vé nhém nanocomposite c6 goc Co di chimg té sy vuot troi khi co do bén chu ky rat tot cing
v6i dung lwong cao (Wang & cs., 2019). Cu thé 1a nghién ctru ctia Hui Xia khi pha tap 20%
khdi lugng graphene Vz‘lo CoFe,04 da tao ra dién cuc nanocomposie ¢6 dung lugng nghich dao
lén dén 1082 mAh g' véi d6 On dinh tuyét voi qua cac chu ky sac-xa (Xia & cs., 2012), hodc
nghién ciru cia Yun-Ho Jin str dung 16p carbon dé ting d6 dan dién va cai thlen d6 bén cho
cau tric nanocomposite CoFe;O4/C da ghi nhan dung lugng dat trén 700 mAh g sau 200 chu
ky hoat dong (Jin & cs., 2012), mot nghién ciru dang chu y nita 1a pha tap Sm** vao CoFezO4
da tao ra dién cuc c6 dung lugng dat 800 mAh g' sau 150 chu ky va van duy tri 778 mAh g’!
sau 400 chu ky (Narsimulu & cs., 2020). Nhing két qua nay cho thdy CoFe,O4 va cac dang
bién tinh cua né khong chi cai thlen dang ké dung luong va d6 bén chu ky ma con mo ra trién

vong tmg dung lau dai, qua d6 khang dinh day 1a nhiing ing vién day htra hen cho vat lidu
anode trong pin Li-ion.

Tir nhitng tiém ning & cac nghién ciru trude ddy, nghién ciru ndy sé& tién hanh téng hop
vat lidu composite hai thanh phan Fe,O; va CoFe,O4 (CFO) lam vt lidu anode trong LIB.
Nghién ctru tép trung khao sat anh hudng ciia pH trong méi truong kiém ¢ mirc 9, 10 va 11
1én kich thudc hat, cau trac pha va hiéu suét dién hoa cua vat liéu composite, si dung phuong
phap ddng két tia 1am phuong phap tong hop chinh.

2. Vit liéu va phwong phap nghién ctru

2.1 Quy trinh tdng hep vt liu composite Fe;0:/CoFe;04
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Quy trinh tong hop vat liéu composite Fe,03/CoFe,04 bang phuong phap dong két tia
dugc tién hanh nhu sau: Pau tién Co(NO3),-6H,0 va Fe(NOs);-9H,0 (Xylong Co. - 98.5%)
dugc 14y theo ti 18 mol Co:Fe = 1:2, sau d6 cho vao 50ml nudc cit va khiy déu cho dén khi
tan hoan toan. Dung dich mudi dugc nho tir tir vao binh cu day tron ba ¢ chira 100ml nudc
cit va 100ml ethanol (Xylong Co. - 99.7%), dong thoi khudy tir & nhiét do 70 - 75°C trong 10
phut. Sau d6, dung dich duoc dé ngudi ty nhién vé nhiét ¢ phong, qua trinh khuay tiép tuc
dugc duy tri. Trong lic khudy, dung dich NaOH 0.5 M (Xylong Co. - 98%) dugc thém tir tir
vao d¢ diéu chinh pH dén cac gia tri mong mudn (9, 10 va 11). Dung dich sau d6 dugc dé yén
trong 30 phut cho két tiia ling xudng, roi tién hanh ly tdm mau trong 5 phit véi tée do 4500
vong/phut va tiép tuc ly tim mau lan 2, 3 bang nudc cat va ethanol. Cudi cling cic mau vt
liéu CFO 9, CFO 10 va CFO_11 thu dugc bang cach nung cac mau & 750°C trong vong 3 gid
v6i toe d6 gia nhiét 10°C/phit trong moi trudng khong khi, sau d6 nghién min dé thu duoc bot
vat ligu.

2.2 Pic diém vit liéu

Mot sb thiét bi chuyén dung dd duogc sir dung dé phan tich vat liéu bot CFO. Phuong
phap nhiéu xa tia X (XRD, Bruker-AXS-D8, Bruker) di duoc sir dung dé xac dinh thanh phan
pha ctia vat liéu CFO. Céu trac va hinh thai cua vat liéu dugc kiém tra bang kinh hién vi dién
tir quét (SEM, S-4800, Hitachi).

2.3 Do lwong dién hoa

Céac dién cuc CFO duoc ché tao béng cach str dung k¥ thuét cat ludi dao dé tao thanh
hinh tron, 4p dung cac hdn hop gdm vat liéu bot CFO di lam trude d6, Super P va chat két
dinh poly(axit acrylic) trong ethanol véi ty 1& khéi luong 1a 70:15:15, rdi dem di phu 1én 14
dong. Sau do, cac dién cuc dién say kho & 75°C trong vong 1 gid dé cho dung méi bay hoi.
Tiép theo céc dién cuc duoc dem di cit thanh cic manh tron c6 duong kinh 1.5 cm va lap rap
thanh hinh dong xu bén trong glovebox. Cac thanh phan dugc 1ip rap bao gdm anode, mang
ngan, chét dién giai va dién cuc ddi dién, cu thé 1a sir dung dién cuc CFO, Celgard 2400, dung
dich LiPFs 1M trong hon hop etylen cacbonat va diethyl cacbonat theo ty 1& 1:1, cung véi 14
lithium.

Céc phép do dién héa cho dién cuc CFO dugc thyc hién bang cach sir dung thiét bi
Arbin Instruments (hang Arbin, model: LBT20084). Céac phép do CV dugc thuc hién trong
pham vi dién thé tir 0.01 V dén 3.00 V (so v6i Li/Li*) v6i toe d6 0.3 mV s trong 3 chu ky dau
tién. Qua trinh tudn hoan dugc danh gia & mat d6 dong dién 12 0.1 A g, trai dai trén pham vi
dién ap tir 0.01 V dén 3.00 V (Li/Li*) va phuong phap do dung luong phong/sac ctia LIB hoat
dong on dinh qua cac chu ky.

3. Két qua va thio luin

Pho XRD 6 hinh 1a biéu dién cau triic tinh thé ciia cac miu vt liéu CFO dugc tong hop
& cac gia tri pH khac nhau CFO_pH 9, 10, 11 cho thdy c ba miu déu chira hai pha tinh thé 1a
Fe,0;3 va CoFe;O4. Tai hinh 1b, mau pH 9 ¢6 nén nhidu cao, cac dinh nhidu xa yéu va khong
16 rang, diéu nay cho thay rang tinh thé chwa phat trién t6t, mic do két tinh thap, co thé van
con tap chét hodc cAu trac vo dinh hinh chiém uu thé. Trong khi d6, ¢ hinh 1c va 1d, cac mau
CFO_pH 10 va 11 xudt hién cac dinh nhidu xa rd rang va sic nét hon. Cac dinh tai 30.2°, 32.1°,
35.6° va 62.9° tuong (g v6i cac mit phang (220), (221), (311) va (440) thé hién sy hién dién
cua pha Fe;Os, trong khi do cac dinh tai 30.1°, 35.4°, 56.9° va 62.5° gan vdi cac mat phang
(104), (113), (125) va (208) dic trung cho pha CoFe;O4. Pic biét, mau CFO_pH 10 cho thay
¢6 nhiéu dinh tring khép t6t voi mau chuin 79-1744, chimg t6 mau c6 do két tinh tét va cdu
tric spinel ctia CoFe;O4 hinh thanh rd rét. Con & CFO_pH 11 ciing ¢6 cac dinh nhiéu xa sic
nét, dong thoi xuat hién thém mot sé dinh pht hop véi mau chuin 39-1346, cho thiy sy gia
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tang ham lugng Fe,Os trong san pham. Dinh tai 35.6° cia CFO_pH 11 tré nén nhon va rd rét
hon so véi cac dinh cia CFO_pH 10 va CFO_pH 9, phan anh sy chiém wu thé cua pha Fe,Os
khi tang pH. Su thay d6i nay khang dinh rang pH c6 anh hudng dang ké dén dong hoc két tinh
va ti 1¢ pha trong h¢ vat liéu composite Fe>O3/CoFe;Os.
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Hinh 1 a. Két qua XRD ciia cAic mAu CFO_pH 9, CFO_pH 10, CFO_pH 11 va cac dinh
chuan cia Fe;0; va CoFe;0s.

CFO_pH 9 i
WMMM
" a.ﬁ‘MM
T | errmmmind s
St ' : : :
2 o 39-1346> Fe,0,
2 | Lo
= [ (I L1 11 | | 13 L I I
@
= A 79-1744> CoFe,O,
I ‘ | [ W l . ‘ . I
20 30 40 50 60 70 80

20 (degree)

Hinh 1 b. Két qua XRD ciia midu CFO_pH 9 va cac dinh chuén ciia Fe;O3 va CoFe,04.



Tap chi Khoa hoc Pai hoc Pong Thép, Online First (2026): 1-12

——CFO_pH 10
—
-
©
S
P o 39-1346> Fe, 0,
‘B
g L1 ||| L1 | ] |||||_| ||||||I|I||||
et
§= A79-1744> CoFe,0,
| ‘ | . | 1| r | [ r [ L1 .l | 1 |
20 30 40 50 60 70 80

20 (degree)

Hinh 1 c. Két qua XRD citia midu CFO_pH 10 va cac dinh chuén cia Fe;O; va CoFe;O,.
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Hinh 1 d. Két qua XRD ciia mdu CFO_pH 11 va céc dinh chuén ciia Fe;O3 va CoFe;O..

Hinh thai cia vat liéu CFO dugc tong hop & pH 9 dén 11 va phan tich bang anh SEM
mo ta trong hinh 2 (a-c). Bén canh d6 1a so @ phan b kich thudc hat duoc tao ra tir két qua
SEM dugc minh hoa trong hinh 2 (d-f). O pH 9 hat c6 kich thuéc nano, phan bb khong dong
déu va c6 xu hudng két ty 16 rét véi kich thude trung binh khoang 51 nm. Khi ting gia tri pH
1én 10, 11 kich thudc hat vat liéu nho xuéng 15 rét khoang 35 nm. Tir dit liéu anh SEM va biéu
d6 phan bd kich thudc hat cho thay rang nong do pH trong qua trinh phan tmg anh huéng 16n
dén kich thude hat khi tang pH tir 9 1én 11. Sy bién dm vé kich thudc hat ¢ thé bat nguon tir
su khac biét trong toc do tao mam va qua trinh phat trién tinh thé khi pH ting (Ruiz-Agudo &
cs., 2015; Safi & cs., 2015).

Céc duong cong voltammogram tuan hoan (CV) cuia vat liéu dién cuc Fe,O3/CoFeO4
trong ba chu ky dau tién véi tbe do quét 1a 0.3 mV s™! trong pham vi dién ap tir 0.01 dén 3.00
V (so v6i Li/Li") dugce thé hién trong hinh 3. Quan sat cho thiy dudng cong CV & lan quét thé
dau tién khac biét so véi cac chu ky tiép theo. O chu ky dau, xuat hién mét dinh cathodic 3,
nhon ¢ 0.41 V twong tmg véi qua trinh khir Co?* va Fe** vé trang thai kim loai va di kém véi
su chén ion Li* vao céu tric tinh thé cta vat liéu, tao thanh cac san phém Co, Fe va Li,0, va
cling nhu hop chét trung gian Li,Fe,O3 bi khir thanh Fe (Wang & cs., 2016; Wang & cs., 2012),
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dinh nay dong thoi cho 1a sy phan hity chat dién phan hiru co tao 16p xen k& chét dién phan
rén (SEI) trén bé mit dién cyc, bén canh d6 c6 mot dinh yéu ¢ 0.18 V lién quan dén qua trinh
hinh thanh SEI va phén tmg gitta dién cuc v6i chat dién phan & chu ky dau (Bui & cs., 2025;
Zhang & cs., 2019). Lép SEI chi yéu hinh thanh ¢ chu ky diu nén trong cac chu ky tiép theo,
dinh 0.41 V khong con gitr nguyén vi tri ma dich chuyén thanh hai dinh 13 0.84 V va 1.46 V,
Su dich chuyén nay con co thé do hién tugng phan cuc dién cuc va cac phan ung khong thuan
nghich vé6i chat dién phéan trong qué trinh nap/xa (Li & cs., 2010; Wang & cs., 2016). Trong
lan quét anodic, cac dinh oxy hoéa déu xuat hién & mirc 1.68 V va 2.07 V qua ca ba chu ky,
duoc cho 1a thé oxy héa dic trung cho qua trinh oxy hoa kim loai Fe thanh Fe,O; dbi véi dinh
1.68 V va Co thanh CoO dbi véi dinh 2.07 V (Bui & cs., 2025; Wang & cs., 2016). Céac dinh
anodic nay dan 6n dinh vé vi tri va cuong do & cac chu ky tiép theo, cho thay tinh thuan nghich
dan dugc cai thién sau vai chu ky dién hoa ban dau.
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Hinh 2. (a-c) Anh SEM ciia cic mdu CFO_pH 9, CFO_pH 10, CFO_pH 11. (d-f) Biéu
do phén bo kich thwéc hat ciia cac mau CFO_pH 9, CFO_pH 10, CFO_pH 11.
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Hinh 4. (a-¢) Duwong cong sac/xa cia cac dién cwe CFO_9, CFO_10, va CFO_11
trong ba chu ky dau tién

Pugc do dudi mot dong dién khong ddi, do thi dién thé theo dung lugng phan anh hiéu
suét luu trit nang lugng va kha nang hoi phuc ciia ba mau CFO_9, CFO_10, va CFO_11 hoat
dong trong ba chu ky. Trong 6 d6, mau CFO 9da thé hién su khéac biét ro rét nhét vé tin hiéu
so v6i hai mdu CFO_10 va CFO_11. Cu thé, duong cong sac/xa ciia mau CFO 9 tai chu ky
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dau dugc ghi nhan dung luong thip, nhung ké tir chu ky thir ba kha ning luu trit ning luong
1én toi gan 1200 mAh g'. Pang chi y hon nita, tin hiéu ciia CFO_9 lai khong thé hién d6 doc
rd rang ma lai c6 nhiing dinh nhiéu xuét hién. Pay 1a mot hién tuong xuét hién & cac vt liéu
¢ cac céu tric bi khuyét tat, kich thudc hat khong déng déu, va ton tai céac pha phu hoéc vo
dinh hinh (Zhang & cs., 2019). Tai nong d6 pH = 9, mau CFO c6 thé da hinh thanh céc vi tri
khuyét tat oxy, dong vai trd nhu mot vi tri tam hoat dong moi. Tuy nhién, trong cac phan ing
Iwru trit lithium ban dau, cac Vi tri Kkhuyét tat nay ¢ the nam sau bén trong cau trac vat liéu, do
d6 ma tai cac chu ky ddu mau dat duoc dung luong rét thdp. Trong qué trinh sac/xa & cac chu
ky ké tiép da thuc day su tai cdu tric bé mat, tao diéu kién cho cac vi tri khuyét tat xuat hién
tiép xtic duoc voi cac ion Li*, tir 46 ma dung luong da ting 1én dang ké (Zhang & cs., 2019).
Bén canh d6, trén duong cong sac/xa cua CFO_9 da ghi nhén dugc sy xuét hién cc dinh nhiéu,
cho thiy su lién quan dén hién tuong gia dién dung, khi ion Li* khong chi hoat dong trén bé
mat nhu truyén thong ma chén vao ludn cac vi tri khuyét tat trong cu tric (Zhang & cs., 2019).
Két qua 13, tc d6 phan tng luu trit ion duoc gia ting, din dén su hinh thanh cic dudng khong
c6 do dbe 1o rang. Nguoc lai, ca hai mau CFO 10 va CFO 11, déu biéu dién duong cong
sac/xa 1 rét va 6n dinh qua tung chu ky, cho thdy ¢ ndng d6 pH cao, ciu truc tinh thé it khuyét
tat va hat co kich thudc dong déu. Ngoai ra, khoang chénh Iéch gitra dién ap cua duong cong
sac/xa cling khong qua 16n, cho thiy méu tong hop c6 thé st dung cho cac ung dung thuc té.
Tuong t nhu cac nghién ctru vé cac dién cuc anode trude ddy, ca hai mau CFO 10 va CFO 11
déu dat dugc dung luong cao trong chu ky dau, chimg t6 ¢6 sy hinh thanh cua 16p SEI. Theo
d6, khi phan tmg khir dién ra giita dién cuc va dién phan, ngoai cac pha trung gian nhu Co hay
Li,O hinh thanh thi 16p polymer hitu co SEI cling hinh thanh theo (Dong & cs., 2015; Li &
cs., 2010). Qua trinh nay lam tiéu hao cac ion Li* va electron, tao diéu kién cho dién cuc dat
dugc dung lwong 16n, nhung khong thé thu hdi ¢ cac chu ky sau (Li & cs., 2010). Dya trén cac
dit liéu tir hinh a va hinh b, c6 thé thdy ring mau CFO_10 téi uu hon CFO_11 do dung luong
& cac chu ky sau van gitt & mirc cao khoang 1000 mAh g, so véi dung luong khoang 800
mAh g cia CFO_11. Hon thé nita, d6 tr& 4p thap ching to phan tmg thuan nghich ciing dién
ra d& dang véi cac dudng cong 6n dinh 13 rang. Nhu vay, v6i ndng d6 pH = 10, miu composite
s& dat duoc dung lwong cao va 6n dinh, khong bi suy giam qua cac chu ky phéan Gng.
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Hinh 5. Dung lweng va hiéu suit Coulombic ciia cac dién CFO 9, 10 va 11

Dé lam nodi bét hon vé hidu suét luu trir cua cac dién cye CFO tong hop 6 cac gia tri pH
khac nhau, hinh 5 thé hién sy thay d6i dung luong theo s6 chu ky va hi€u suat Coulomb (CE)
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v6i 40 chuky 6 0,1 A g . Trong 46, mau CFO_pH 9 & chu ky dau cho ra dung lwong kha tét
& muc 954.4 mAh g ', thdp hon so véi mau CFO_pH 10 (969.12 mAh g ') va cao hon
CFO_pH 11 (826.32 mAh g ). Trong khi dung lwong cia mau CFO_pH 9 c¢6 xu huéng dao
dong o nhing chu ky dau thi dung lwong ciia hai mau con lai 14 CFO _pH 10 va CFO pH 11
kha 6n dinh, thay d6i khong dang ké & nhimng chu ky tiép theo. Tuy nhién, & chu ky 29, hai
mau c¢6 xu hudng giam dan va sau 40 chu ky mau CFO_pH 10 vén duy tri tét dung lugng &
mirc 906.97 mAh g ! twong ung v&i kha nang luu trir 14 93.6%, trong khi CFO_pH 11 giam
manh con 616.24 mAh g ' véi kha ning luu trit 74.6% thip hon mau CFO_pH 10 nhung van
thé hién kha ning luu trit dung lwong 6n dinh qua nhiéu chu ky. Pang chu y, hiéu suat Coulomb
(CE) ciia cac mau CFO_pH 10 va CFO_pH 11 déu tang nhanh va dat gan 100% ngay tir chu
ky thr 2, cho thdy kha ning chuyén hoa thuan nghich tét cta vét liéu, tuy nhién mau CFO_pH
9 c6 hiéu suat Coulomb dao dong manh tir khoang 82% dén 103%, phan anh sy kém 6n dinh
va kha niang dao nguoc khong déng déu so v4i hai mau con lai. Tong thé cho thiy, mau
CFO_pH 10 khong chi ¢6 dung lugng ban ddu cao ma con dam bao tinh 6n dinh vuot troi sau
nhiéu chu ky, khang dinh vu thé cta vat lidu dugc tong hop tai mtc pH nay.

5. Két luan

Trong nghién ctru nay, vét liéu nanocomposite Fe,03/CoFe,04 duge tong hop thanh
cong bang phuong phap dong két tia & cac didu kién pH dung dich tir 9 dén. Cac tinh chit cua
vt liéu CFO nhu, anh SEM cho théy khi tdng pH tir 9 1€n 11, kich thude hat giam tir 51 nm
xudng con ~35 nm va phan bd kich thude trd nén dong déu hon. Két qua XRD xéac nhan su
hién dién cua hai pha CoFe;04 va Fe,0; trong cac mau, voi muc do két tinh ting dan khi pH
tang. Trong d6, mau CFO_pH 10 thé hién dung lwong sac/xa cao nhat ngay tir chu ky dau tién,
dat 969.12 mAh g va giit dung lugng 6n dinh sau 40 chu ky (906.97 mAh g) v6i hiéu suat
Coulomb gan 100% tir chu ky thir hai tr& di, cho thiy thay day la diéu kién tbi vu dé tong hop
vat liéu véi hiéu ning tdt cho dién cuc anode pin lithium-ion. Ttr nhiing Kkét qua trén cho tha‘iy
rang vét liéu nanocomposite CFO_pH 10 c6 thé déng vai tro 1a vat liéu hoat dong hiéu qua
cho anode trong pin lithium-ion hiéu sut cao.

Loi cam on: Cong trinh nay thudc dé tai sinh vién SV2025 cuia trudng Pai hoc Su pham
Ky thuat Thanh phd H6 Chi Minh.
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