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TOM TAT

Sai polymer polyvinylidene fluoride (PVDF) dugc ché tao bang phuong phap electrospinning st
dung dung dich cta PVDF hoa tan trong dung mdi dimethylformamide (DMF) va acetone. Sgi
PVDF sau dé dugc chuyén hoa thanh sgi nano carbon (CNF) thédng qua qué trinh 8n dinh hda hoc
a nhiét do thap ("dehydrofluorination") trudc khi dugc carbon hda & 800°C. Tam CNF thu dugc cd
ca tinh t6t d€ cé thé sir dung tryc tiép lam dién cuc cathode cho pin Li-Op ma khéng can thém
chat két dinh. Cac 16 x6p lién két vai nhau gitia cac sgi CNF riéng lé cé kich thudc 2—4 um, diéu nay
gilp cho dién cuc khong bi tac khi hinh thanh san pham xa. Vai céc 16 x8p 16n lién két vai nhau
va dién tich bé mat kha I6n, dién cuc CNF dugc ché tao tir polymer PVDF dat dung lugng 2.600
mAh/g tai mat do dong 200 mA/g. Hon niia, sgi CNF dugc ché tao ti polymer PVDF ton tai lién
két C—F giup cai thién do dan cla dién cuc, hinh thanh san pham xa Li O it tinh chat tinh thé, dan
dén su gidm qua thé trong qua trinh x& nap cla pin. Diéu nay gop phan kéo dai tudi tho cla pin
Li-O, s&rdung dién cuc CNF téng hap ti polymer PVDF (97 vong) so vai dién cuc CNF téng hop tir
polymer PAN (73 vong) tai dung lugng gi¢i han 1.000 mA/h va mat dé dong 200 mA/g. Cau tric
va hinh théi ctia sgi dugc phan tich bang kinh hién vi dién tir quét (SEM), phd hong ngoai bién déi
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Fourier (FTIR), ph& tan séc nang lugng tia X (EDX), nhiéu xa tia X va phé Raman.
Tu khoa: electrospinning, free-standing, pin Li-O2, polyvinylidene fluoride, sgi nano carbon

GIGI THIEU

Pin lithium oxygen (LOB) dang nh4n dugc sy quan
tam dang ké vi tiém nang tGing dung ctia dong pin nay
trong cong nghé tich tril ning lugng doi hoi mét do
néng lugng cao, cu thé mat do ning lugng ly thuyét
clia pin LOB (3436 Wh L™!) so v6i pin lithium ion
(1015 Wh L~1)!*. Pin LOB dién hinh ¢6 cu tao bao
gom mot dién cuc anode Li, dung dich dién ly dan
ion Lit, va dién cuc cathode O, x6p°. Hoat dong
cua pin LOB dua trén phan ting khtt O, (ORR) tao
thanh Li;O; rdn trong qua trinh x& va phan ng oxy
héa (OER) LiO5 trong qué trinh nap ctia pin®. Tuy
nhién, viéc ting dung pin LOB vao thyc tién gip rét
nhiéu tré ngai do sy qua thé cao gy ra bsi san phim
xa>’, sy khong 6n dinh giita dung dich dién ly va
dién cyc?, cic phan ting phu khong mong muén bén
trong pin®!°, Nhiéu nghién cu da thuc hién nhim
cai thién hiéu sudt pin LOB: (i) Thay thé chét dién ly
thong thuong bang chit dién phan rin dé€ ngan can
su khuéch tdn clia cic goc O, vao trong chit dién
phan !1=13; (i) St dung vit liéu cathode c6 tinh 6n
dinh cao nham gidm cdc phéan tng phu cé thé phan
hay dién cuc 14 (3ii) Sw dung xtc tac kim loai nham cai
thién dong luc hoc ctia phan ting khii oxygen (ORR)
va phan (ing oxy héa oxygen (OER)'>. Mot trong

nhiing thach thic trong viéc stt dung vt liéu carbon
lam dién cuc cho cdc phan ting dién héa d6 1a ting
6 lugng céc diém hoat hoa bé mit dién cuc vi co ché
tich trii nang lugng ctia pin LOB dua trén cac phan
ung trén bé mit 16 i vy, viéc tang dién tich bé mat
ctia dién cuc v6i cdu truc 16 x6p phtt hgp cé thé gitp
cai thién hiéu sudt nang lugng cta pin.

Sgi nano polymer ché tao bang phuong phap elec-
trospinning cé thé dugc ché tao tu cic tién chit
polymer khac nhau bang phuong phap electrospin-
ning. Pay la mét phuong phdp linh hoat va hiéu
qua dé tao ra céc sgi polymer c6 dudng kinh tit vai
nanomet dén vai micromet!”. Hon niia, bing cich
cai tién thanh phén va cdu tric, cac tinh chdt cta sgi
nano polymer ché tao bing phuong phap electrospin-
ning c6 thé dugc cai thién hodc thay déi thong qua
viéc diéu chinh hinh thai bé mit nhu soi triaxial '8,
sgi grooved !, soi hierarchical?’, sgi ribbon?!, sgi
beaded??, sgi core-sheath??, sgi side—by—side“, soi
crimped %, rice grain-shaped nanocomposites?’, va
sgi butterfly wings >°). Sgi nano polymer ché tao bing
phuong phép electrospinning c¢é nhiéu tinh chit néi
bat nhu dudng kinh nho 27 dién tich bé mit1on 28, dé
dang chtic nang héa??, do x0p cao 29 linh hoat!”, da
dang vé cdu trdc va hinh thai 30, Do d6, né da dugc
stt dung trong nhiéu linh vyc khac nhau nhu luu trit

Trich dan bai bao nay: Manh L D, Phuong P H, Hi€u B T. Téng hgp sgi nano carbon tif sgi nano polymer
polyvinylidene fluoride ting dung lam dién cuc cathode trong pin Li-O,. Sci. Tech. Dev. J. - Nat. Sci.;
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ning lugng>®!, mang cé tinh chit ky nuéc®?, mang
loc*3, ting dung trong y sinh 34, xtic tdc >, cdm bién >°.
S¢i nano polymer, ché tao bang phuong phép electro-
spinning, sau do tiép tuc dugc carbon hoéa. Cau tric
va tinh chdt cta sgi nano carbon (CNF) phu thudc
rat nhiéu vao tién chat polymer dugc chon. Polyacry-
lonitrile (PAN) hién tai dang dugc st dung rong rai
dé t6ng hgp CNF bang qud trinh carbon hoa, cic tién
chét polymer khéc nhu polyimide, polyvinyl alcohol,
polybenzimidazole, va phenolic resin ciing da dugc
bdo ca0773°. Trong bai bdo niy, mét cach tiép cin
khéc dugc dé xudt dé€ tong hgp CNE. Céch tiép can
nay st dung tién chit polymer polyvinylidene fluo-
ride (PVDF) vi polymer nay c6 nhiing tinh chat dac
trung nhu ap dién, do bén co hoc cao, khang hoa
chat, 6n dinh nhiét va c6 kha nang hinh thanh cac
c4u tric khac nhau*?. Do dé, né ngay cang dugc ing
dung rong rai trong nhiéu linh vuc nhu tich tri ning
lugng*!, cam bién*2, hé thong loc*?, vat liéu hdp phu
dau*. Dong thdi, nhiéu nghién ctiu cling di cho thiy
PVDF c6 thé anh hudng dén tinh chit co hoc va hiéu
suft dién hoéa cta vat liéu lam dién cuc cathode *4°.
Hun Lee ciing cdc cong su*® da gin CTFE 1én sgi nano
polymer PVDF dé tang dung lugng va chu ky sac-xa
ctia pin lithium ion. Nhém tdc gia Y. Yang *’ da chiing
minh dugc ring hoat héa CNF ti sgi nano polymer
PVDF bang cach két hgp véi polymer PEO trong qué
trinh carbon hoa c6 thé lam ting dang ké dién tich
bé mat, thu nho dudng kinh s¢i, tao ra ciu tric 16
x6p dan dén tang cuong dung luong xa clia pin LOB.
Nhém téc gid Chung ciing cc cong su?® cho thiy
rdng viéc dehydrofluorination (deHF) s¢i nano poly-
mer PVDF trudc khi carbon hda c6 thé tao ra CNF co
céc 16 x6p & kich thudc mesoporous (2-50 nm), gép
phén ting cudng hiéu sudt nang lugng ctia pin LOB.
Hién tai, cic nghién ctiu vé€ CNF dugc téng hop tit
sgi nano polymer PVDF ting dung truc tiép trong pin
LOB ci trong va ngoai nudc van con rat han ché. Vi
vay, bai bdo dé xuit mot phuong phap téng hgp CNF
tit sgi nano polymer PVDEF c6 thé ting dung truc tiép
trong ban cathode ctia pin LOB. CNF nay sau khi car-
bon hoa van git dugc cdu tric 1D véi dusdng kinh
trung binh 280-310 nm. Péc biét, pin LOB st dung
dién cuc dugc tdng hop ti sgi nano polymer PVDF
dat dung lugng 2600 mAh/g va chu ky xa-nap 1a 97
vong & diéu kién giéi han dung lugng 1.000 mAh/g
tai cuong do dong 200 mA/g.

Vi:\T LIEU VA PHUONG PHAP

Vat liéu

Hoéa chit st dung: polyvinylidene fluoride (PVDE,
M,, = 534,000); 1,8-diazabicyclo[5.4.0]undec-7-ene
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(DBU, M,, = 152,24); N,N-dimethylformamide
(DMF; 99,0%); acetone (C¢HgO; 99,0%), methanol
(CH40:; 99,0%) dugc dit tit Sigma-Aldrich (Korea).

Ché tao dién cuc

Hé electrospinning gém ba khéi chinh: khéi cao ép,
khéi dung dich va khéi thu nhu Hinh 1.

Dung dich polymer PVDF dugc chuén bi nhu sau: 1g
PVDF dugc hoa tan bing may khudy tit & 50°C trong
12 h v6i hén hop dung moéi DMF/acetone vdi ti 1é 8:2
& cac nong do 8%wt, 10%wt, 12%wt.

Qua trinh electrospinning dung dich PVDF dugc
thuc hién v6i cdc di€u kién nhu sau: dién ap dat vao:
+10 kV, khoang cach tit kim phun dén diém thu mau:
15 cm, va t6c d6 phun 4 mL/h. Sgi nano polymer
PVDF dugc thu thap trén 16p aluminum foil. Tiép
theo, mang PVDF dugc deHF v6i DBU/methanol
trong khong khi tai 50°C trong 5 h. Mang PVDF tiép
tuc dugc giti 6n dinh trong khong khi 6 180°C trong
2 h. Mau sau d6 dugc nung dén nhiét d6 800°C véi
téc d6 5°C/min trong 2 h trong khi Ar. Trong suét
quaé trinh xt ly nhiét, cac tdim alumina (AP) da dugc
stt dung dé tao cdu tric 16p nham giup tdm CNF co
cdu tric phing.

Hinh thédi clia sgi nano trong cdc miu da dugc
phén tich st dung phuong phdp field-emission scan-
ning electron microscope (FESEM) (Tescan VEGA- 11
LSU), thuyc hién tai dién ap 10-20 kV. Phdn mém TO-
MORO ScopeEye 3.6 dugc stt dung déxdc dinh dudng
kinh trung binh ctia s¢i tii &nh chup SEM. Phé Raman
da thu dugc tli thiét bi kinh hién vi Raman (Renishaw)
v6i bude song 532 nm laser va d6 phong dai x100.
Céc mau nhiéu xa tia X (XRD) dugc thu thap bing
mdy do nhiéu xa tia X (Ultima IV, Rigaku) stt dung
tia Cu Ky .

Tinh chat dién hoéa clia cdc tdm vt liéu dugc nghién
ctiu bing cach st dung pin Swagelok-type Li-O;. Céc
mau di dugc ting dung truc tiép thanh dién cuc cath-
ode trong pin Li-O, ma khong can thém chét két dinh
hay phu gia dan dién, sau 6 mau dugc dap thanh tdm
tron voi dudng kinh 12 mm. Pin Swagelok-type Li-
O, bao gédm cac thanh phan chinh nhu sau: lithium
foil giii vai tro 13 ban anode, tim CNF la ban cathode,
glass micofiber 1 mang ngan, va dung dich dién ly
la 1 M LiNO3/DMAc. Muéi LINO3 dang bot dugc
nghién sau d6 siy kho tai nhiét d 150°C trong tu
sdy chan khong. DMAc dugc sdy kho bang cach st
dung molecular sieves (4A°). Lugng nudc trong dung
dich dién ly nho hon 10 ppm, dugc xdc dinh béng
mdy chudn d¢ Karl Fischer coulometer (C30, Mettler
Toledo). Tat ca pin Li-O, dugc ghép trong tu glove-
box (MBraun, H>O < 1 ppm). Phén tich dién hoa cua
pin Li-O, dugc tién hanh stt dung VMP3 potentiostat
(Biologic Science Instrument) tai nhiét do phong.
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High voltage
power supply

Hinh 1: Mé phdng qua trinh t6ng hgp sgi electrospun PVDF

KET QUA VA THAO LUAN

Bai bdo trinh bay tong hop sgi nano CNF tui sgi nano
polymer PVDF nhidm tao ra cdu tric sgi c6 dién tich
bé mat 16n, gitp cung cip s6 lugng 16n cac diém hoat
héa trén bé mit dién cuc va sdn phim x& LiO; ma
khong anh huéng dén qué trinh khuéch tan cta O,
va jon LiT. Hinh 2a-c cho thdy anh SEM cta s¢i
nano polymer PVDE S¢i nano polymer PVDF thé
hién hinh thai s¢i lién tuc véi kich thuéc tuong doi
dong nhat. Trong hinh, sgi electrospun PVDF & nong
do 8%wt, 10%wt, 12%wt c6 dudng kinh trung binh
l1an lugt 300—-420 nm, 320-420 nm, va 320—450 nm.
Hinh 2d cho thay sgi electrospun PVDF 8%wt sau khi
dugc carbon héa van duy tri duge cdu truc ban dau
nhung dudng kinh sgi da gidm xuéng, 280-310 nm.
Lo x0p gitia cac sgi CNF 1a 2—4 um. B¢ x6p phu hop
va dién tich bé mat riéng I6n dugc ky vong gbp phan
lam thuén 1¢i phan tGing ORR va ting cudng hiéu suit
ning lugng cia pin LOB*.

Phd Raman ctia sgi CNF dugc thé hién nhu trong
Hinh 3. PhS Raman gitp phan biét dugc cic ciu
truc tinh thé va miac d¢ khuyét diém ctia mang car-
bon. Phé Raman ctia sgi CNF t6ng hgp tii polymer
PVDF (Hinh 3) cho théy hai dinh ddc trung cta car-
bon v6 dinh hinh tai vi tri s6 song 1345 cm~! va 1588
cm~! 14n lugt tuong ting v6i dinh D va dinh G*°.
Két qua nay cling cho thdy sy tuong dong vé vi tri
s6 song vai sgi CNF dugce téng hop tit polymer PAN
ma nhém tac gia da t8ng hop truéc day°'. Hon nita,
thoéng qua cudng do dinh G ctia phd Raman, cdu tric
graphite ctia sgi CNF t6ng hgp tit PVDF dugc thé hién
rd rang hon so véi sgi CNF téng hgp tit PAN & nhiét
d6 800°C. Tilé ctia hai peak (Ip/Ig) tuong ting véi tilé
carbon sp®/sp? dic trung cho mtic 46 khuyét diém. Ti

16 Ip/I; 12 0,98 ctia sgi nano carbon dugc téng hop tu
polymer PVDF cao hon so v6i PAN (0,96). Tré khang
ctia tdim CNF dugc phan tich bdng phuong phép dau
do 4 diém tai nhiét do phong. D¢ dan dién ctia CNF
trén co s6 PVDF (3,2 S/cm) cao hon so v6i CNF trén
co s6 PAN (0,9 S/cm) tai cung diéu kién tng hop.
Diéu nay c6 thé tuong quan v6i mic do graphite hod
cao hon ctia CNF trén co s PVDE Hon niia, két qua
nay dudng nhu ciing c6 hiéu qua tich cuc dén y tudng
lam giam qua thé, ting dung lugng cua pin Li-O,.
Bén canh d6, sau qua trinh carbon héa sgi nano poly-
mer PVDEF & 800°C, céc lién két héa trj gitia carbon
v6i hydrogen, carbon véi carbon va carbon véi flu-
orine tai vi tri s6 séng 1405 cm™! 52 1185 cm™! 53
1177 cm~ 12 da dugc loai bé (Hinh 4a). Lic nay,
cdu truc clia sgi chl yéu la cac lién két gitta carbon
v6i nhau. Thanh phan céc nguyén t6 trong tdm vat
liéu CNF trén co s PVDF da dugc xdc dinh béng
phuong phdp phé tin sic niang lugng tia X (EDX)
nhu Hinh 4b. Thanh phén nguyén t6 oxygen c6 trong
mau (16,05% atomic) mot phan do trudc khi carbon
héa s¢i nano polymer PVDE, 1a nh¢ da sti dung buéc
trung gian—6n dinh trong khong khi 6 180°C trudc
khi carbon héa*. Sau d6, trong qua trinh carbon héa
s¢i nano polymer nay & 800°C, vit liéu lam dién cuc
dugc x€p xen ké gitia cic tim Al;O3 nhim gitp dién
cyc CNF c6 cdu truc phing. Tuy nhién, ti 1é nguyén t§
oxygen nay (16,05% atomic) cé thé van la tuong déi
cao so vdi tai liéu tham khio*’. Két qua EDX map-
ping (Hinh 4c, d) cho thdy su phan bé dong déu cua
nguyén t6 F trén bé mit sgi CNFE. Nhu vay, ¢ 800°C
sgi CNF da dugc t6ng hgp thanh cong tit polymer
PVDF va van giii lai dugc mot lugng nho F.

Pin Swagelok Li-O; dugc st dung d€ danh gia hiéu
qua dién hoa ctia mau, pin bao gém cdc thanh phan
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3200—420 am

Hinh 2: Anh SEM ciia sai electrospun PVDF & cac ndng d6 8%wt (a), 10%wt (b), 12%wt (c) va sgi nano carbon trén

cd s& PVDF 8%wt sau khi carbon hoa & 800°C (d)

chinh nhu sau: Lithium foil 1a ban anode, tdim CNF
12 ban cathode, glass micofiber la vach ngin, va dung
dich dién Iy 1M LiINO3/DMAc. Hinh 5a cho thdy két
qua nap xa toan by dung lugng cho vong du tién ctia
pin Li-O; d6i v6i miu CNF dugc carbon hda ti sgi
nano polymer PVDF ¢ 800°C. Pin dugc thi nghiém
& ché do ddng dong 200 mA/g, trong dung dich dién ly
LiNO3/DMAGg, & diéu kién nay dung lugng dat dugc
14 2.600 mAh/g. Tuong ty nhu vay, khi so sanh véi
sgi CNF dugc carbon héda tii polymer PAN & 800°C
ma nhém tic gia>® da tién hanh thuyc hién trong cic
nghién ctiu trudc day cho thdy pin chi dat dung lugng
khoang 1.600 mAh/g nhu Hinh 5b. DBiéu nay c6 théla
trong qua trinh ché tao sgi nano polymer PVDEF viéc
st dung dung moi dé bay hoi acetone di gép phan
tao ra sgi polymer c6 dién tich bé mét 16n hon so véi
polymer PAN do hién tugng phan tich pha trong qué

trinh bay hoi dung méi*’

. Bén canh d6, qué trinh
deHF sg¢i polymer PVDF biang DBU cing gép phén
tao ra sgi ¢6 cac 16 x8p & kich thudc mesopores (2-50
nm) va macropores (>50 nm); diéu nay giup ting hiéu
sudt ning lugng ctia pin®’.
pin & diéu kién dung lugng 1.000 mAh/g va mat do
dong 200 mA/g. Hinh 5c¢ thé€ hién s6 vong lap ctia
pin khi st dung dién cyc cathode CNF dugc tong hgp

Kiém tra tudi tho cta
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ti polymer PVDE Pin Li-O, st dung dién cyc CNF
dugc téng hop ti polymer PVDF ¢6 s vong lip 1én
t61 97 vong. Két qua nay cho thay s6 vong ldp cao hon
dién cuc CNF t6ng hgp tit polymer PAN (73 vong) ma
nhém téc gia da nghién ctiu’!.

bic biét, dién cuc cathode CNF dugc téng hop tu
polymer PVDEF c6 d¢ qua thé khoang 1,56 (V) so véi
1,77 (V) tng véi dién cyc cathode CNF dugc t6ng
hgp tit polymer PAN. Diéu nay c6 thé 1a fluorine c6
dd am dién rat 16n (3,98) va sy c6 mat cua nguyén
t6 nay (Hinh 4b) dan dén hinh thanh lién két gitia
C-F*%95°¢ Mot s6 nghién ctiu da cho thdy ring, lién
két gitta C—F khong chi nang cao dung luong xa cua
pin ma con cai thién do dan dién cta dién cyc tit do
lam giam dd qua thé cta pin lithium . Hinh 6a cho
théy hinh thai ctia san phdm x4 sau chu ky nap xa dau
tién tai ban cathode ctia pin. San phdm xa (~1 pum)
c6 dang torroid da bao pht 1én toan bo bé mit ctia
sgi CNE Sau qua trinh sac, san phdm xa Li;O; phan
htty thanh ion Li™ va gidi phéng O,. Luc nay dién cuc
dugc hoan nguyén lai ciu tric s¢gi ban ddu (Hinh 6b).
Két qua ph6 XRD ctia dién cuc CNF sau qua trinh xa &
Hinh 7 cho thdy ba dinh nhiéu xa d4c trung tai géc 260
=32,80°; 35° va 58,70°, cac dinh nhiéu xa ting v6i ciu
tric luc giac (hexagonal) ctia tinh thé Li;O; >, Tinh
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D G (a) CNF trén co s& PVDF
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Hinh 3: Phé Raman cua sgi nano carbon trén co s& PVDF va PAN sau khi carbon héa ¢ 800°C
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Hinh 4: Phé FTIR cla sgi electrospun PVDF trudc va sau khi carbon héa & 800°C (a) Phé EDX ctia CNF trén cd s&
PVDF (b) EDX mapping clia nguyén t6 C (c) va guyén t6 F(d)
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thé Lip O, nay c6 kich thudc khoang 24 nm dugc tinh
béng céch st dung phuong trinh Scherrer. Nhu vay,
sau qud trinh xa da cé sy hinh thanh tinh thé Li; O,
véi cac dinh nhiéu xa dic trung nhu trén Hinh 7. Véiy
budc d4u cho thdy vétliéu polymer PVDF c6 kha ning
tng dung vao ban cathode trong pin Li-O;.

KET LUAN

CNF di dugc téng hgp thanh cong tit sgi nano poly-
mer PVDF ché tao bang phuong phép electrospin-
ning. S¢i sau khi carbon héa van gitt dugc ciu tric 1D
va c6 kich thuéc trung binh 280-310 nm. Ddng thoi,
viéc sti dung vat liéu CNF ting dung lam ban cathode
cling cho thdy cac phan tng thuan nghich ly tudng
LiO;. Cu thé, trong qud trinh xa da c6 sy hinh thanh,
phét trién ctia san phidm xa Li O, dang torroid va giai
phéng Oy, ion Li™ trong qua trinh nap. Hon nifa, pin
LOB stt dung dién cyc CNF dugc t6ng hgp tu poly-
mer PVDF dat dung lugng 2.600 mAh/g va chu ky
xa-nap 1a 97 vong & diéu kién giéi han dung lugng
1.000 mAh/g tai cuong d6 dong 200 mA/g.

LOI CAM ON

Nghién ctiu nay dugc tai tr¢g bsi Quy Phat trién
Khoa hoc va Coéng nghé, Trudng Dai hoc Nguyén T4t
Thanh, ma s6 dé tai 2021.02.113/HP-KHCN. Nhéom
tac gia xin tran trong cam on.

DANH MUC CAC TU VIET TAT

LOB: Pin Lithium-Oxygen

CNF: Soi nano carbon

PVDE: Polyvinylidene fluoride
EDX: Phé tan sic ning lugng tia X
XRD: Nhiéu xa tia X

SEM: Kinh hién vi dién ttt quét

XUNG DOT LO1iCH

Nhém tac gid cam két khong co bét ky xung dot lgi
ich nao lién quan dén két qua nghién citu.

PONG GOP CUA CACTACGIA

Lé bang Manh: Ché tao dién cuc, thuc hién cac phép
do phén tich va viét bao.

Pham Hoai Phuong: Thiét ké thi nghiém, xt ly két
qua va tham gia viét bao.

Bui Trung Hiéu: Tac gia lién hé, thuc hién kiém tra va
danh gia n6i dung ctia bai bao.
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Hinh 5: D{ liéu nap-xa dung lugng t6i da & chu ky dau ctia dién cuc CNF trén co s& PVDF (a), dién cuc CNF trén co
s& PAN tai mat d6 dong 200 mA/g (b) va dii liéu nap-xa dang dong cda sgi nano CNF (PVDF) véi dung lugng gidi
han 1.000 mAh/g tai mat d6 dong 200 mA/g (c)

Hinh 6: Anh SEM cda soi CNF trén cd s& PVDF sau qua trinh xa (a) va sau qua trinh sac & chu ky dau tién (b)
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Synthesis of carbon nanofibers from electrospun polyvinylidene
fluoride nanofibers for cathode electrodes in Li-O, batteries

Le Dang Manh'2, Pham Hoai Phuong?, Bui Trung Hieu®”"

ABSTRACT

PVDF nanofibers were fabricated by the electrospinning method from polyvinylidene fluoride
(PVDF) solutions in mixture of DMF and acetone solvents. PVDF fibers were then converted to
Use your smartphone to scan this CNF fibers through the low-temperature chemical stabilization ("dehydrofluorination") before car-
QR code and download this article bonization at 800°C. The free-standing, perforated features of the CNF-based PVDF enabled the
CNF to be directly applied as an air cathode in a LOB just after drying, without requiring additional
conducting additives or polymeric binders. The interconnected pores between the individual CNFs
were estimated to be 2—4 um. This could prevent the electrode from clogging when the discharge
product was formed. With the interstitial voids and a large surface area, the CNF electrode syn-
thesized from polymer PVDF had a capacity of 2,600 mAh/g with a current density of 200 mA/g.
Moreover, CNF fibers, synthesized from electrospun PVDF nanofibers containing C—F bonds, could
improve the electrode conductivity, forming Li, O, discharge products with less crystalline proper-
ties, leading to overpotential reduction during a discharge. This contributed to the longer cycle life
of Li-O, batteries using the CNF synthesized from electrospun PVDF nanofibers electrode (97 cy-
cles) compared to the one synthesized from electrospun PAN nanofibers electrode (73 cycles) at a
limited capacity of 1,000 mA/h and a current density of 200 mA/g. Their structure and morphology
were evaluated by Scanning Electron Microscopy, Fourier-transform infrared Spectroscopy, Energy
Dispersive X-ray Spectroscopy, X-ray diffraction, and Raman Spectroscopy.

Key words: carbon nanofiber, electrospinning, free-standing, Li-O2 battery, polyvinylidene
fluoride
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	Vật liệu
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