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TOm tat
Mang khéng dét cAu tao tir cac sgi nano carbon véi xuc tac hat nano Cobalt (Co) tren ~ Nhan 07/05/2023
bé mit (CNF/Co) da duoc ché tao bing phuong phép electrospinning dong truc, tng ~ Puoc duyét 23/05/2023
dung lam dién cuc cathode cho pin lithium-oxygen (Li-O2). Qua trinh electrospinning ~ €Congbo  12/09/2023
dong truc duoc tién hanh véi dung dich 18i/vo 1a polyacrylonitrile/ (hdn hop cobalt
acetylacetonate va polyvinylpyrrolidone), twong &ng. Sau qué trinh xir Ii nhiét, tam
CNF/Co khong chat két dinh thu dugc véi cac hat nano Co phan bd dong déu trén bé
mat sgi CNF. Véi su c6 mat ctaa xdc tac nano Co, pin Li-O; st dung dién cuc cathode
CNF/Co thé hién hiéu qua dién hoa cao hon dang ké vé6i dung luong riéng 4650
mAh/gc so véi 3360 mAh/g cua CNF tai 500 mA/g.. Két qua cho thay, hat nano Co
dan dén hinh thanh LizO,, véi tinh tinh thé kém, dicu nay gidp lam giam su quA theé T+ khoa
cho qua trinh xd va nap. Hi¢u suat nang luong cua pin Li-O; dung di¢n cuc CNF/Co pin Li-O;
cao hon 20 % so v&i dung dién cuc CNF tai ca hai dieu kién xa - nap dang dong toan electros i,nnin
b6 dung lugng va dung lugng gidgi han 1000 mAh/gc. Béc tinh nay ciing giup kéo dai N p; A,g’ .
tudi tho cuia pin Li-Ox sir dung dién cuc cathode CNF@Co (> 80 chu ki) so vai pin Li-  Knong chat ket dinh,
02 sir dung dién cuc CNF (67 chu Ki) tai dung lwong gii han 1.000 mAh/g. va matdo ~ S91 nano carbon,
dong 500 mA/ge.. xUc tac cobalt
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1 Giéi thiéu gay tic cac 16 x5p ngan can su khuéch tan O, vaion Li*,
sy phét trién cia qua trinh ORR, dong thoi gay ra sy
qua thé I6n [5, 6]. Qua trinh nay lam cho carbon tré
thanh mot vat liéu cudn hit nhit dé tao ra cathode vi né
s& hitu kha ning din dién tét va co thé diéu chinh do
x6p thuan loi cho viéc hinh thanh va phat trién cua san
phdm Li0,. Do d6, rat nhidu nd lrc da tap trung vao
str dung carbon hoédc carbon/xtic tac nhu sgi mangan
oxide/carbon [7], palladium/CNT [8], cobalt
oxide/graphene [9], phan tan hat nano kim loai quy vdi
céc loai carbon khéc nhau [10-13] dé tang cudng hiéu
Suit ciing nhu mat d¢ ning luong va tudi tho pin LOB.
Nhin chung, dién cuc cathode cho pin LOB thuong
dugc xay dung bang phuong phap phiu quét mot han
hop gom vat lidu carbon, chit lién két polymer va xtc
tac thich hop 18n mot bo co cdu khung cua vat liéu hd

Cung Vvé6i su phat trién nhanh chong cia cac phuong
tién giao thong dién va hybrid, pin Li-oxygen (LOB)
thu hat sy chu y 16n trong cong nghé tich trir nang
luong Vi c6 mat d6 nang luong Ii thuyét lon (> 3
kWh/kg) va co ché than thién moi truong [1-3]. CAu tao
mo  (Li*™% | (dung dich dién li (electrolyte) |
oxygen®o®) cya pin LOB tao ra dong dién qua phan
ung oxi hda-khu oxi tai cathode (phan ung ORR/OER):
2Li* + O, + 2¢” & Li,0; [3, 4]. CAu tao pin LOB bao
gom dién cuc anode Li, dung dich dién 1i va dién cuc
cathode. Mbi thanh phan ciu tao déu cé nhiing thach
thirc riéng tac dong dén van dé chung cua pin LOB hién
nay la: qué thé 16n, toc do xa-nap thap, va dic biét 1a
tudi tho ngan. B4i véi dién cuc cathode, do san pham
xa Liz02 c6 do dan dién va do hoa tan kém nén cé thé
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tro (tim bot xp Ni hodc carbon). Tuy nhién, c4c chat
két dinh thong thuong, nhu polyvinylidene fluoride
(PVDF) hodc polytetrafluoroethylene (PTFE), dugc
cho riang khéng chi dan dén cac phan tng phu khong
mong mudn bai su tac dong nucleophilic tir cac tac
nhan oxygen ma con lam ting tro khang cua su chuyén
dién tich trong dién cuc [3]. Thém vao d6, chat két dinh
c6 thé gay su phan tach giira vat liéu hoat tinh véi dung
dich dién li va thém khéi lwong khong can thiét vao
dién cuc cathode. Bai vay, rat nhiéu nghién ciru da va
dang cd gang ché tao dién cuc carbon khéng cd chat két
dinh.

Dé 1am giam su qué thé trong qué trinh khir oxygen
(ORR), oxi hoa oxygen (OER), rat nhiéu loai x(c tac,
bao gém kim loai, hop kim, hoic oxide di duoc tng
dung trong thiét ké dién cuc cathode [7, 8, 14, 15]. Gan
day, Eda et al. b4o cdo riang hat nano RuO, gitp hinh
thanh LiO; c6 tinh tinh thé thap, diéu nay déng gop
vao sy phan hiy caa san pham xa ¢ dién thé thip hon
khi qué trinh OER bét dau [16]. Cac nghién ciu gan
day ciing da chi ra rang hat nano Pt trén bé mat soi trong
dién cuc CNF@Pt va hgp kim PtPd trong graphene da
thé hién chirc ning xuc tac huéng téi 1am ting dung
lwong, giam qué thé cho ca qua trinh ORR/OER va ting
s6 chu ki xa-nap [17, 18, 20]. Tuy nhién, gi& thanh cao
cua Pt, Pd, va Ru dit ra vin d& cho cac nha nghién cau
can tim xdc tac kim loai khéc. Gan day, cac kim loai
chuyén tiép/oxit kim loai nhu Co, Ni, va Mn di duoc
nghién ctr rong rai dé thay thé xuc tac trén co s kim
loai quy béi nhiéu wu diém nhu gia thanh ré, phong phu
va kha nang tang cuong cho phan tng ORR/OER [19-
22]. C6 thé lay vi dy nhu nhom tac gia V.C. Hoang et
al. da tong hop xdc tac Ni/NiO trén nén carbon hoat
hoa dé thu dugc két qua rat tét trong tng dung phan
tach nudc [23]. Céc oxit cua Co, Ni, va Mn ciling da
thé hién dugc céc tinh chit xuc tac dién hoa trong cac
phan ttng ORR/OER noi chung va Li-O; noi riéng [24,
25]. Do d6, phat trién dién cuc carbon khong chat két
dinh két hop véi xtc tac kim loai chuyén tiép c6 kha
ning giam qué thé qua trinh OER la kha thi.

Nghién ctru nay phat trién vat ligu tim xop khéng chat
két dinh tir céc soi nano c6 cau tric 18i vo CNF/Co ding
phuong phap electrospinning véi muc tiéu xic tac bén
vitng cho phan ung Li-O, trong pin LOB. Déi véi
phuong phéap electrospinning mot truc binh thuong,
phan 16n xdc tac s& nam trong soi CNF, dan dén gioi
han kha nang xuc tac cho phan ung trong pin Li-O.
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Electrospinning dong truc 14 phuong phéap hitu hiéu dé
c6 thé vuot qua giéi han nay bang cach sir dung dau
kim bao gdom hai 6ng din dong tim, qua d6 hai thanh
phan dung dich khac nhau c6 thé electrospin déng thoi.
Bang cach nay, xc tac c6 thé phan bd hoan toan trén
bé mit soi CNF, dan dén tang cuong vi tri xdc tac. Qua
qua trinh xa li nhiét trong khi tro, sgi nano 18i/vo
PAN/(PVP + (Co(AcAc)) chuyén hoa thanh sgi nano
CNF/Co véi tinh chat linh hoat du tot dé c6 thé dap truc
tiép thanh dién cuc va hat nano Co phan b6 dong déu
doc theo bé mit sgi CNF. Bac biét, hat nano Co thic
day qua trinh hinh thanh Li,O, véi tinh ban tinh thé trén
bé mat CNF/Co cathode. Boi vay, pin Li-O, st dung
dién cuc CNF/Co thé hién d6 6n dinh trong chu ki xa-
nap véi hon 80 chu ki ¢ diéu kién giéi han dung luong
1.000 mAh/g tai cuong do dong 500 mA/g.

2 Thuc nghiém

2.1 Nguyén liéu

Polyacrylonitrile  (PAN, M,, = 150.000), polyvinyl-
pyrrolidone (PVP, M, = 1.300.000), cobalt acetyl-
acetonate (Co(AcAc)2), N,N-Dimethylformamide (DMF,
99,0 %) dugc mua tir Sigma-Aldrich (Han Qudc). Tat ca
hoa chat déu duoc dung truc tiép ma khong can [am sach
thém.

Chudn bj tam dién cuc CNF/Co khdng chat két dinh
Truéc hét, soi nano cau tric 16i vo duoc electrospin tir
dung dich: PAN (10 % khdi luong) trong DMF la dung
dich 16i va PVP (18 % khéi luong) cling Co(AcAc),
(40 % khbi lugng so vaéi PVP) trong DMF la dung dich
vé. Dung dich 18i, vé nay da dugc electrospin qua bo
kim duoc thiét ké dong truc. Puong kinh cua kim bén
trong 1a 0,35 mm, trong khi d6 duong kinh cua kim bén
ngoai la 1,05 mm. Dung dich 16i, vo duogc dua vao hai
xylanh (syringes) riéng biét, sau d6 két ndi véi bo kim
ddng truc. Téc d6 day cua dung dich 18i, vé dugc diéu
khién boi hai bom micro riéng biét trong thiét bi
electrospinning (Nano NC, Han Qudc). Kep ca siu
bang kim loai dugc dung dé két ndi kim vai bo ngudn
cao thé. Khoang cach tir kim dén bo thu mau Ia 18 cm.
Tbc d6 phun caa dung dich 18i, vo duge cai dit ¢ dinh
& 0,5 va 1 mL/h, twong wng. Cudi cung, soi nano
PAN/PVP-Co(AcAc), (16i/vo) di dugc thu trén tim
nhoém dat trén bo phan thu mau.

Tiép theo, mang dugc lam bén trong khong khi tai 280
°C trong 4 gid (té¢ d6 nang nhiét la 3 °C/min) sir dung
10 nung [17]. Cac miu sau d6 dugc nung dén nhiét do
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1000 °C v6i tdc d6 5 °C/min trong 2 gid trong khi ni to
(N2). Trong sudt qué trinh xtr If nhiét, cac tim alumina
(AP) di dugc dung dé tao cau tric 16p-lop AP-fiber
mat-AP nham gitp tim CNF trg nén phang. Tam CNF
cling duoc chuan bi dé so sanh hiéu qua dién hoa bang
cach electrospinning chi dung dich polymer PAN, sau
do xtr li nhiét véi quy trinh tuong ty trén.

2.2 Su phan tich dac tinh

Hinh thai cua soi nano trong cac mau da duoc phan tich
bang phwong phap hién vi dién tir quét do phan giai cao
(FE-SEM) trén thiét bj Tescan VEGA- II LSU (Mi),
thuc hién tai dién ap 10-20 kV. Phan mém TOMORO
ScopeEye 3.6 dugc dung dé xac dinh duong kinh trung
binh cua soi tir anh chup SEM. Phé Raman da thu duoc
tir thiét bi kinh hién vi Raman (Renishaw, Anh) voi
budc song 532 nm laser va do phong dai 100 lan. Do
dan dién cua tam vat liéu duoc do bang phuong phap 4
diém do. Phan tich hién vi dién tir truyén qua (TEM)
dugc thuc hién boi may FEI Tecnai G2 (Mi) voi dién
thé gia téc 200 kV. Quang phd hdng ngoai bién doi
Fourier (FT-IR) duoc ghi lai boi may Nicolet 6700
(Thermo Scientific, Mi). Phan tich nhiét trong lugng
(TGA) dugc tién hanh voi thiét bi Q500, (TA
Instruments, M7), trong khoang nhiét d6 25 °C dén 750
°C trong khong khi véi tbe do 10 °C/min dé xac dinh
phan trim Co trong mau. Phan tich nhidu xa tia X
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(XRD) duoc thu thap biang may Ultima IV (Rigaku,
Nhat Ban) sir dung tia CuKa.

2.3 Do dién héa

Dic tinh dién hda cua cac tam vat liéu da duoc nghién
ctru bang cach st dung pin loai Swagelok Li-O,. Cac
mau d3 dugc tng dung truc tiép thanh dién cuc cathode
trong pin Li-O; ma khdng can thém chat két dinh hay
phu gia din dién sau khi duoc dap thanh tim tron véi
duong kinh 12 mm. Céc vat liéu khac nhu tdm lithium
(Honzo metal), tim loc soi thuy tinh (glass microfiber)
(GF/C, Whatman) va ludgi thép khéng gi (200 mesh)
dugc sir dung nhu 1a dién cyc anode, tim mang ngin
(separator) va phan thu dién (current collector), trong
trmg. D4i véi dung dich dién li, LINOz 1M trong DMAC
da duoc st dung. Bot mudi LiNO; duoc nghién sau do
lam khd tai nhiét d6 150 °C trong ti siy chan khong.
DMAc dugc lam khé sir dung hat hat 4am (molecular
sieves 4 A). Luong nuéc trong dung dich dién li 12 thap
hon 10 ppm, dugc xac dinh bang may chuan do Karl
Fischer coulometer (C30, Mettler Toledo, Mi). Tt ca
pin Li-O2 duoc ghép trong tu glovebox (MBraun, H.O
< 1 ppm). Phan tich dién héa cua pin Li-O; duoc tién
hanh s dung VMP3 potentiostat (Biologic Science
Instrument) tai nhiét do phong.

3 Két qua va thao luan
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Hinh 1 M6 phéng qué trinh tdng hop tim dién cuc CNF/Co.
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Muc dich caa nghién ctu 1 ché tao tim vat liéu dién
cuc cathode tir c&c soi nano carbon véi cac 16 x5p thong
nhau gitp dé dang cho qua trinh chuyén khéi va chuyén
dién tich, két hop xtc tac Co nham lam giam su qua thé
cua pin LOB. Qué trinh ché tao vat lieu CNE/Co dugc
md phong trong Hinh 1. TAm CNF/Co thu duoc bang
cach carbon hda mang ciu tao tir cc soi nano cau trdc
18i/vo dugc ché tao bang phuong phép electrospinning
ddng truc. Soi nano 18i/vo dugc cau tao véi PAN 1 16p
18i va PVP cling tién chat mudi cobalt acetylacetonate
la 16p vo. Khi xt i nhiét tai 1000 °C trong khi N,
polymer PAN chuyén héa thanh carbon va mudi cobalt
acetylacetonate bi khir thanh hat nano Co tao ra soi
nano CNF/Co [19].

Hinh 2 thé hién anh SEM, TEM cua soi electrospin
PAN, PAN/PVP-Co(AcAc), va sgi CNF, CNF/Co.
Theo nhu thiy trén Hinh 2a, soi electrospin PAN thé
hién hinh thai soi lién tuc véi kich thudc dong nhét va
duong kinh trung binh cta sgi 1a 470 nm. Sau khi soi
electrospun PAN dugc carbon hoa, sgi CNF thu dugc
van duy tri hinh thai 1-D twong tw nhu PAN NF voi
duong kinh giém vé khoéng 300 nm (Hinh 2b).

ek L

-
dave= 300 Nm

Hinh 2 Anh SEM ¢ d6 phong dai 20000 lan cua (a) soi nano
electrospun PAN, (b) sgi nano carbon sau khi nung, (c) sgi
nano 16i/vo PAN/PVP-Co(AcAc),, va (d) soi nano CNF/Co.
Anh TEM cua (e) soi nano 18i/vé PAN/PVP-Co(AcAC),, va
(f) sgi nano CNF/Co
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Hién twong nay la do quatrinh co lai cia PAN do mach
polymer dugc chuyén thanh carbon trong suét qué trinh
xt Ii nhiét [24]. D6i voi PAN/PVP-Co(AcAc),, dudng
kinh trung binh cua soi khoang 540 nm (Hinh 2c¢). Su
tuong phan trong anh TEM (Hinh 2e) chi ra cau truc I6i
vé cua soi nano PAN/PVP-Co(AcAc).. Buong kinh
phan 16i cua soi nano khoang 350 nm va d6 day cua lop
vo khoang 95 nm, dan dén duong kinh soi trong anh 1a
540 nm. Anh SEM cho thay soi nano CNF/Co van giir
dugc cau tric 1-D voi duong kinh dong déu khoang
280 nm (Hinh 2d). Su giam duong kinh soi sau khi
carbon hoa la do sy chay cua PVP ngoai 16p vo cling
nhu su loai bo cac nguyén td phi carbon nhu H, N, O
trong polymer PAN [19]. Qua trinh carbon hoda ciing
chuyén ddi Co(AcAc), thanh hat nano Co trén bé mat
sgi CNF (Hinh 2d, Hinh 2f). Cac hat nano Co c6 kich
thudc nhé hon 50 nm va phan bé déng déu doc theo bé
mat soi CNF (Hinh 2f).

Sy c6 mit cua Co trong miu ciing nhu tinh chat tinh thé
va tinh chat dién tir duoc xac minh bang phuong phap
EDX, XRD, Raman va TGA. Anh phan tich nguyén t4
EDX (Hinh 3a) thé hién r rang cac peak cua nguyén
t5 Co. Céc hat nano cia mau CNF/Co duoc xac minh
1a tinh thé Co dua trén phwong phap nhidu xa X-ray
(XRD) (Hinh 3b). Gian d¢6 XRD ghi lai tir phan tich
mau CNF/Co thé hién 3 peak dang chu ¥ tai 260 = (44,
52, 76) d6. Nhiing peak nay twong rng nhiéu xa tia X
trén cac mat mang (111), (200), va (220) cua ciu tric
lap phuong tdm mat (FCC) cua tinh thé Co (JCPDS
#16-0808). Tinh chéat dién tir cua dién cuc CNF va
CNF/Co ciing da duoc khao sat bang phé Raman. Hinh
3c thé hién 2 peak D-band va G-band cua vt liéu tai
(1.340-1.350) cm? va (1.580-1.590) cm™, mot céach
tuong tng. D-band thé hién cau trdc khdng trat tu va
khiém khuyét cua mang carbon tuong wng véi lién két
sp®. Trong khi d6, G-band dai dién cho sy sap xép c6
trat ty cua mang tinh thé carbon theo phuong ngang
tuong @ng Vi lién két sp? cua mang graphit (hay con
goi la tinh graphit). Ti 1& (Io/lc) c6 su khac biét dang ké
giira hai mau: 0,98 cho CNF va 0,91 cho CNF/Co. biéu
nay thé hién su c6 mit cia hat nano Co trong qué trinh
chuan bi mau CNF/Co di lam tang tinh graphit cua vat
lieu [12]. Bo dan dién cua CNF, CNF/Co duge xac dinh
bang phuong phap dau do bon diém. Sy ting do dan
dién tir 3,4 S/cm d6i véi CNF lén 16 S/cm ddi véi
CNF/Co di dugc ghi nhan. Khéi lugng Co trong mau
CNF/Pt 1a 45 % dya vao phuong phap phan tich nhiét
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trong lwong TGA (Hinh 3d) [9]. Su giam khéi luong
manh tai nhiét d6 ~ 400 °C la do su chay cua carbon.
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Sau d6, khéi lwong mau thé hién gia tri 6n dinh trong
khoang (600-750) °C 1a do Co304 con lai [9].
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Hinh 3 (a) Phé EDX cua soi nano CNF/Co, (b) Gian d6 nhiéu xa XRD caa CNF va CNF/Co,
(c) Phd Raman cua hai vat ligu CNF va CNF/Co, (d) Gian db phan tich nhiét trong luong ciia CNF va CNF/Co.

DPé danh gia hiéu qua dién hoda cta cac mau, pin
Swagelok Li-O; da dugc ghép véi cac thanh phan nhu
sau: Li laanode, tim loc soi thuy tinh (glass microfiber)
1a vach ngan, ludi thép khong gi dung dé thu dong dién,
va dung dich dién li la LiNO3; 1M trong DMAc. Ca 2
mau CNF va CNE/Co déu 1a dién cuc khong can chat
két dinh, cé thé dung truc tiép cho pin bang cach dap 15
v6i kich thuéce dinh trudc. Hinh 4a, Hinh 4b thé hién
dir lidu nap-xa hét dung luong cho vong dau tién cua
pin Li-O; sir dung dién cuc cathode CNF va CNF/Co
tai mat d6 dong 500 mA/g.. Mac du dix liéu nap -xa
t6ng quan cua pin Li-O; 1a twong tu ddi véi hai mau,
mot su khéc biét rd rang vé dung lugng riéng va dién
thé trong qua trinh nap -xa da dugc ghi nhan. Poi Véi
CNF, dung lugng dién riéng cua pin tai 500 mA/g la
3360 mAh/g. Trong khi d6, pin Li-O; str dung dién cuc
cathode CNF/Co c¢6 dung lugng dién riéng 4650
mAh/g. tai 500 mA/g.. Diéu nay chi ra rang xtc tac Co
da cai thién dung luong dién riéng va téc do xa nap cua
pin Li-O2. Thém vao d6, su qua thé & ca qua trinh xa va
nap cua dién cuc CNF/Co la thap hon cua dién cuc CNF
rat nhiéu. Dién thé cua quéa trinh sac cua dién cuc
CNF/Co trung binh 1a 3,7 V, trong khi d6 & dién cuc

CNF 1a 4,2 V. biéu nay dan dén hiéu qua ning lugng
ctia pin LOB 1a 65 % ddi véi dién cuc CNF va 76 %
dbi vai dién cuc CNF/Co. Két qua thu duoc tuong quan
vGi mot sé nghién ctru trude day dung xuc tac Pt [23,
25, 26].

Tiép theo, thi nghiém vé tudi tho cua pin di duoc tién
hanh & diéu kién dung luong 1.000 mAh/g: va mat do
dong 500 mA/g.. Hinh 4c, Hinh 4d thé hién dit liéu dién
thé xa-nap ciing nhu s chu ki cia pin Li-O; sir dung
dién cuc cathode CNF va CNF/Co. Dit liéu thé hién su
khac nhau déng ké cua pin Li-O; sir dung hai dién cuc.
Hiéu suat nang lugng cho chu ki dau tién cua pin Li-O;
su dung dién cuc CNF/Co la 81% trong khi véi dién
cuc CNF 1a 67%. Piéu nay c6 duoc 1a do su dong gop
tir tinh chét xuc tac cho qua trinh ORR va OER cua Co.
Trong suét qué trinh thi nghiém s6 chu ki nap-xa cua
pin, su qua thé caa pin Li-O; sir dung dién cuc CNF
ciing ting nhanh hon dang ké khi so sanh vai pin Li-O,
str dung dién cuc CNF/Co. Bai nhirng diéu trén, pin Li-
0, sir dung dién cuc CNF/Co thé hién sb chu ki 18n t6i
hon 80 vong, 16n hon so véi pin Li-O2 str dung dién cuc
CNF (67 vong).

@ Dai hoc Nguyén T4t Thanh
O™

NGUYEN TAT THANH



o
=}

Tap chi Khoa hoc & Céng nghé Vol 6, No 2

5.0

(a)

ﬁ L,/

o~
in

i
=

w
o

=]

Potential (V)

[
n

M
=

1 CNFICo

-
n

45] (b)

4.0

® 35

c

m 30

°

n 25
2.0

CNF

0 2000 4000
Capacity (mAh/g)

2000

Capacity (mAh/g)

1.5 .
0 4000

50

(c)

—2——10—30

50 60 80

500 mA/g

45
40,
§3.5
@ 3.0
©
o225

20

CNF

500 mA/g

CNF/Co
) 200 400 600 800 1000
Capacity (mAh/g)

5L T T T .
0 200 400 600 800 1000

Capacity (mAh/g)

Hinh 4 (a,b) Dit liéu nap-xa dung lwong ti da cho vong dau tién cua pin Li-O; sir dung dién cuc cathode CNF va
CNF/Co tai mat do dong 500 mA/gc. (c,d) Dix liéu nap-xa dang dong cua pin Li-O; sir dung dién cuc cathode CNF va
CNF/Co véi dung lugng gidi han 1.000 mAh/g. va mat ¢ dong 500 mA/gc.

o —ei—

Phan tich ciu triic va xac dinh thanh phan héa hoc cua
san pham xa trén dién cuc cathode 13 quan trong dé tim
hiéu Ii do cho su khac nhau vé dung luong, qua thé va
tudi tho cua pin Li-O.. Trong nghién ctu ndy, san pham
xa da dwoc phan tich bang phuong phap SEM va FTIR
(Hinh 5 va 6). Hinh 5 thé hién anh SEM cua dién cuc
CNF/Co tai trang théi xa dén 1000 mAh/gc, xa hét dung
lwong va nap hét dung luong. Thong thuong, san pham
tai dién cuc cathode trong qua trinh xa cua pin Li-O2 la
céc hat tinh thé Li,O, hinh xuyén [5-7]. Tuy nhién, déi
véi dién cyc cathode CNF/Co tai dung luwong 1000

0
0
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. . s X . .H'
Hinh 5 Anh SEM véi d6 phong dai 20.000x, 40.000x cua dién cuc CNF/Co (a,d) sau khi xa dén dung luong 1.000
mAh/g., (b,e) xa hét dung lwong dén 4.650 mAh/g., va (c,f) sac hét dung lugng.

C e— » [

mAh/g. rat it hat hinh xuyén cua san pham xa dugc
quan sat. Cac soi nano CNF/Co duong nhu dugc pha
mot 16p phim va duong kinh sgi tang tir 280 nm 1én 300
nm (Hinh 5a va d). Khi qué trinh xa tiép tuc va dat
4650 mAh/ge, cac hat Li,O; hinh xuyén di hinh thanh,
I6n dan va dat kich thuéc ~ 1 pm pha gan nhu kin bé
mit soi CNF/Co (Hinh 5b va e). Cac hat hinh xuyén
Li»O; nay sau d6 da phan huy hoan toan va bé mit dién
cuc tré lai trang thai ban dau sau qua trinh sac (Hinh 5¢
vaf). Két qua quan sat dugc trong dong véi cac nghién
clru trudc cia ching t6i ciing nhu moét s6 nghién ciu
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khac [10, 16, 17, 23]. Diéu nay c6 thé Ii giai ring x(c 4 Két luan
tac Co trén bé mat soi da bién d6i tinh chat tinh thé cua
Li,O, trong qua trinh hinh thanh va phét trién. Su hinh
thanh, phat trién va phan hay caa san pham xa Li,O;
cling da duoc cong nhan lai bang phuong phap FT-IR
(Hinh 6). Vi tri peak tai 534 cm™ trén hinh twong ung
v6i chat chuan Li,O, va peak 862 cm® thé hién peak
dic trung cua Li,COs. C6 thé thay, san pham chinh cua
qué trinh x4 1a Li,O, v&i mot chat san pham phu Li,COs
va LICOOCHs3. Cuong do cua peak dac trung cho san
pham xa Li,O, ciing ting dan khi qua trinh xa ting tir
(1.000 dén 4.650) mAh/ge, va két thiic khi qua trinh nap

Dién cuc khong chat két dinh CNF/Co da dugc ché tao
thanh cong bang phuong phap electrospinning dong
truc dung dich PAN va dung dich PVP-Co(AcAc).. Hat
nano Co (< 50 nm) v&i su phan bé ddng déu da duoc
tai 1&n bé mit soi CNF sau qua trinh xir If nhiét soi nano
18i/vo PAN/PVP-Co(AcAc).. Nhd vao ciu tric x6p va
sy ¢6 mat dong déu cua xuc tac nano Co, pin LOB sir
dung dién cuc nay cung cap mot dung luong riéng
4.650 mAh/gc tai 500 mA/g. cao hon dang ké dung
luong 3.360 mAh/g. ctia dién cuc CNF. Xuc tac Co
cling 1am giam sy qua thé ciia pin LOB trong ca hai qua

hoan thanh. trinh xa nap khi so sanh vai pin LOB sir dung CNF.
Li,CO; Li;O Hon nita, su giam qué thé nay gidp cho pin Li-O; kéo
e v ~Full chargedl | dai tudi tho tir 67 chu ki lp 1én hon 80 chu ki tai dung
o luong gidi han 1.000 mAh/gc ya mat d6 dong 500
v e Ful Gichardeg - MAV/g.. Sy hinh thanh cia san pham xa 14 Li;O, voi tinh
£ 7000 mAhig ban tinh thé co thé 1a nguyén nhan tang cuong thé hién
E ———w\r—"Y_"_/m:— dién hoa cua dién cuc CNF/Co cathode. Két qua thu
E 0,0, 3 duoc goi moé hu'(?ng r]ghién cuu voi cac kim loai hoac
® Lo hop kim khac d¢ ché tao dién cyc CNF/xdc tac ung
Liscetate dung cho céc hé thdng tich trit nang lugng.
Lo cam on
e avenumber @y Nghién ctru duoc tai tro bai Quy phat trién Khoa hoc
Hinh 6 Phd FT-IR cua dién cuc CNF/Co v§1 Cong nghé, Truong Pai hoc Nguyén Tat Thanh, ma
tai c&c trang thai nap-xa khac nhau. deé tai 2022.01.124/HD-KHCN.
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Constructing carbon nanofiber/cobalt core/coating material for Li-O2 battery cathodes
Hieu Trung Bui, Manh Le Dang, Phuong Pham Hoai, Long Ngo Hoang

'Hi-Tech Insitute, Nguyen Tat Thanh University
bthieu@ntt.edu.vn

Abstract In this study, we successfully design and synthesize the non-woven mats constructed from carbon
nanofibers with cobalt attached on its surface (CNF/Co) by coaxial electrospinning (ES) for high-performance Li-
O, battery cathode. The coaxial ES process involved a solution of polyacrylonitrile as core fluid and a blend of Co
acetylacetonate and polyvinylpyrrolidone solution as sheath fluid. For CNF/Co cathode, Co (45 wt%) with nanosize
(most of them were lower than 50 nm) is well distributed on the surface of CNF. Electrochemical tests of the
CNF/Co as Li-O; cathode exhibited that the specific capacity of 4650 mAh/g. compared with 3360 mAh/g of the
CNF at 500 mA/g.. The Co nanoparticles leads to the formation of Li,O,with low crystalization rate, which reduces
overpotential during the discharging and injecting steps. The energy efficiency of Li-O, batteries using CNF/Co
cathodes is 20% higher than using CNF cathodes at whole capacity (1000 mAh/g.) discharge/injection. It
contributes to considerably prolonged cycle life of the LOB using the CNF/Co (> 80 cycles) in comparison to the
cell using the CNF cathode (67 cycles) with limiting capacity of 1000 mAh/g. at a current density of 500 mA/g..

Keywords pin Li-O;, electrospinning, free-standing, carbon nanofiber, cobalt
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