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Abstract

For highly demand of high performance energy storage market, supercapacitors (also known as electrochemical
capacitors or ultra-capacitors), have been studied intensively due to their properties of high power density, long cycle
life. The major challenge for most commercial supercapacitors based on double-layer capacitance is the low energy
density due to the limitation of electrode materials’ surface area. In this study, we developed a nanocomposite electrode
having both double-layer and pseudo-capacitance. Vanadium pentoxide was electrochemically prepared onto a
buckypaper with a three-dimensional structure on a nanometer scale, so it enhances the electron transfer, shortens the
ion diffusion paths and leads to high electrochemical performance. From cyclic voltammetry discharging experiments in
an electrolyte (LiCl 5 M), the composite showed a specific capacitance of 243 F/g, about three times higher than
commercial double-layer capacitors, demonstrating the superior electrochemical performance and rendering it a
promising candidate for supercapacitor application.
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1. GIOI THIEU nhat do cac dic tinh dién dung riéng cao (khoang
1358F/g) do phan ung oxi hoa khir gitta ion Ru va
Siéu ty dién c6 thé xem nhu mot thiét bi dy trir  ion H trong dung dich dién ly [3]. Tuy nhién vi
niang lugng trung gian giira tu dién (cong suat khoang dién thé lam viéc chi khoang 1V, dién cuc
cao/ning luong thap) va pin (céng suit thiap/niang  lam tir rutheni co nang lugng riéng (Whkg) thap [4].
luong cao) [1]. Siéu tu dién ngay cang nhan dugc  Ngoai ra rutheni con la mot kim loai rat hiém (chiém
nhleu su quan tdm trong nhiéu linh vuc doi sbng san  mot phan ty khdi lugng vo trai dat) va gia thanh cuc
XUit cling nhu nghién citu khoa hoc dic biét trong  dit (khoang 14000$/kg) [2]. Nhimg nim gan day,
linh vuc du trit ning luong. Siéu tu dién c6 thé chia  vanadi oxit (V,0s) dugc nhiéu sy quan tdm & linh
lam hai loai dua trén c6 ché hinh thanh dién dung 12 vuc ché tao dién cuc siéu tu gia dién dung hoat dong
co ché dién dung 16p kép va co ché gia dién dung. trong mdi trudng chat dién ly long hay chét dién ly
Cac siéu tu l6p kép du trit ndng luong tr I6p dién  hitu co. V205 ¢6 gia thanh thap (12$/kg) va co trir
kép hinh thanh trén bé mat tiép xtc glu:a dién cucva  luong 16n. Quan trong hon, kim loai vanadi c6 nhiéu
dung dich dién li. Cac vat liéu dung ché tao dién cuc  trang thai oxi hoa (tir 2 dén 5) va c¢6 khdi luong phan
cho siéu tu 16p kép thuong 1a céc loai carbon 6 dién  tir nho hon so voi rutheni, diéu nay gidp V,0s c6 thé
tich b& mat 16n nhu carbon hoat tinh, carbon cloth,va  duy trit nhiéu dién tich hon RuO, dong thoi V,0s
carbon dang aerogel. Siéu tu gia dién dung hinh ciing 14 vat liéu co tuong tac tot véi ion Li* thuong
thanh trén co ché qua trinh xdm nhap cua cac ion  ¢6 trong dung dich dién ly cia cac siéu tu dién. So
trong chat dién giai vao cau trac dién dung l6p kép  véi céc oxit kim loai chuyén tiép khac V,Os 1a moi
va chudi cac phan tng oxi hoa - khir thuan nghich  trudng dan hoic dinh xir tdt cho cac ion kich thudc
xay ra trén bé mat cac dién cuc. Céc vat liéu thuong  nho nhu HY, Li*, Na*,... khi chiing xam nhap vao cau
str dung dé ché tao dién cuc siéu tu gia dién dung la  triic vat liéu. Trong ho cac vanadi oxit, theo ly
polyme dan va oxit kim loai chuyen tiép [2]. Ngay thuyét, V,0s c6 kha ning tich trir ion Li* I6n nhét,
nay, hau hét cac nghién ctu vé vat liéu ché tao dién 6 thé dat duoc 3 ion Li*/V,0s (~ 442 mAh/g).
cuc siéu tu gia dién dung deu tap trung vao cac loai Trong céc dang thu hinh cua cacbon, CNTs la
oxit kim loai chuyén tiép nhu RuO, NiO, vt liéu thu hit nhiéu quan tam cua cac nha khoa hoc
MnO,,...trong d6 rutheni oxit dugc st dung rong rdi  véi cac dic tinh vo cung da dang va tiém ning tng
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dung phong phi. CNTs c6 d6 ctng, do bén siéu viét
va c6 tinh truyén nhiét tot. Cau trdc CNTs c6 thé
dugc thiét ké dé thay doi do dan dién tir mirc d6 cua
kim loai dong dén chat ban dan. Quang tinh, dién
tinh (bao gom dién, dién tir, quang dién tir) cua
CNTs cho thay nhitng tinh chat moi la chua ting
thay trong cac loai vat liéu hiru co 1an v6 co. Khi str
dung CNTs lam khung téng hop V,0s, CNTs duoc
s dung dudi dang gidy bucky. Gidy bucky la loai
vat lidu méi, ndi bat nho trong luong siéu nhe, tinh
dan dién, dan nhiét cao va dat biét cd dién tich bé
mat cuc 16n dat nhiéu ki vong trong nghién ciru ché
tao dién cuc siéu tu dién.

Trong ndi dung nghién ctu nay ching toi tién
hanh téng hop vat liéu oxit V,0s Ién CNTs bing
phuong phéap quét thé vong C-V dung dich VOSO,
1én giay bucky ¢ cac nong d6 khac nhau, tir d6 dua
ra nhan xét vé cac dic trung hinh thai ciing nhu tinh
chat dién hoa, kha nang luu trit dién ciing nhu t6i wu
cac diéu kién tong hop vat liéu.

2. THUC NGHIEM

Hoéa chat: Vanadi(IV) oxit sunphat hydrat
(VOS0,.nH,0) do Sigma-Aldrich san xuét, nudc
DI, gidy bucky.

Thiét bi tong hop va do dac: Dé nghién ciru hinh
thai cdu trdc bé mat vat liéu, ching toi tién hanh
khao sat trén kinh hién vi dién tir truyén qua phét xa
truong (FE-SEM Hitachi S-4800) va thiét bi quét thé
vong EC Epsilon (BASi) dé téng hop ciing nhu khao
sét tinh chat dién hoa cua vat ligu.

Tong hop mau: V,0s duoc tong hop bang k¥
thuat dién hoa quét thé tudn hoan Cyclic
Voltaltammertry (CV) trén hé dién hoa 3 dién cuc
gdm dién cuc lam viéc 1a dién cuc Pt dang soi; dién
cuc so sanh Ag/AgCl trong dung dich KCl béao hoa
va dién cuc ddi Pt dang soan.

Dé tong hop compozit ching t6i sir dung gidy
bucky c6 dién tich 0,5 cm x 2cm x 40 pm khdi
lwong 0,003-0,004 g. Gidy bucky dwogc téng hop tai
phong thi nghiém cong nghé nano, trung tdm nghién
ctru trien khai, khu cong nghé cao thanh phé HO Chi
Minh bing phuong phap loc chan khong. Sau d6 tién
hanh ngam gidy bucky trong dung dich VOSO,, diéu
chinh pH cua dung dich dén 1,8 bang dung dich
HCI, khoang thé phu hop dé tong hop vat ligu 1a tir
0,6V dén 2V.

3. KET QUA VA THAO LUAN

3.1. Dic trung C-V qua trinh téng hep V,0s 1én
giay bucky

Hinh 1 cho thdy duong cong C-V khi téng hop
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D6 Hiru Quyét va cong su
V,0s Ién gidy bucky o toc do quét 20mV/s, qua do
tuong ung vai pic rong trong khoang the tir 0,8 dén
1,3V tuong ng vai sy oxi hda tir Vanadi (1V) sang
vanadi (V), d6 1a cdp oxi héa - khu 17#* /V75%[5].
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Hinh 1: Buong cong C-V khi tong hop V,0s 1én
gidy bucky & cac nong d¢ dung dich VOSO, khac
nhau, thé quét tir 0,6 dén 2,0 V (Ag/AgCI), toc do

quét 20 mV/s

16 1.8 2

V,0s dugc tong hop tirgbc VO trong dung
dich VOSO, theo phuong trinh héa hoc sau (pH
1,8):

VoS0, =VO0* + 507 (1)
2V0%* + 3H,0 = V,0- + 6H* +2e pH=1,8(2)

Giira cac nong do VOSO, khac nhau, duong dic
trung C-V ¢O hinh dang tuong duong tuy nhién
cuong d6 dong khéac nhau, do ion VO ty I¢ thuan
v6i nong d6 VOSO, trong dung dich. Ngoai ra, trong
qua trinh tong hop, cudng do pic cua cac dudng CV
vong dau c¢6 xu hudng cao hon cic vong sau 1a do
dbi vai cac vong quét dau V0¥ dé dang lang dong
trén bé mat cac soi CNT trong gidy bucky bang su
oxi hoéa nguoc lai, hiéu suat oxi hoa giam khi quét
cac vong sau do d6 dan dién cuc giam do luwong
V.05 ling dong trén gidy bucky ngay cang ting,
lugng ion VO2* trong dung dich giam dan, vi thé gia
tri cuong d6 dong giam theo.

3.2. Két qua nghién ciru compozit hai thanh phén
CNTs/V,0s qua kinh hién vi dién tir quét (SEM)

Khi ndng d6 mol dung dich VOSO, tang tir 0,05
M dén 0,3 Mthi khéi lugng gidy bucky c¢6 xu huéng
tang, do nong d6 dung dich cao tuong tng v&i nong
d6 VOS0, cao, V,0s dé& dang tong hop lén gidy
bucky.

Hinh 2 cho thdy anh SEM cua CNTs/V,0s. Qua
hinh 2a anh mat cat giy bucky co bé day khoang 40
pm, cac soi CNT tuong dbi dong déu, gitra cac soi
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van con nhiéu khoang tréng 1a diéu kién tét dé tong
hop V,0s. Hinh 2b 14 hinh gidy bucky sau khi da
téng hop bang dung dich VOSO, nong d6 0,3 M.

Qua anh SEM chiing t6i nhan thay hinh thai bé
mat soi CNT c6 sy thay doi, V,Os bao pha kin
khong con thay rd cac soi CNT. Ngoai ra thong qua
phd EDS ching toi nhan thiy su c6 mat cua cac
nguyén t6 V, O, C; chimng to V,0s da bam trén bé
mit soi CNT. Tuy pha kin nhung van dam bao cau
trdc xop cua vat lidu, nho vay dién tich bé mat vat
ligu ting ma kha ning dich chuyén dién tich cua
dién cuc ciing cai thién.

Nghién cuu ché tao dién cuc...

Phan mg trén dién cuc lam viéc mo ta qua trinh
pha tap va giai pha tap cua Li* dugc biéu dién nhu
sau [7]:

xLit +xe” +1,0.< Li, V.0, (3)

Khi ion Li* pha tap vao mang vanadi oxit, ciu
trdc Li-V-O s& dugc hinh thanh. Théng thuong, ciu
trdc Li-V-O c6 sy thay d6i da dang tly thudc vao
trang thai oxi hoa cua vanadi va ti 18 nguyén té Li, V
va O. Trong do, pha Li,V,0s s&€ cO mat do nang
luong cao nhat do thé oxi hoa cua vanadi I6n nhat
(tr 2-3,4 V).

Céac phan ung oxi héa khur 1a phan wng thuan
nghich va it 1am thay doi cau trac tinh thé. Qué trinh
xam nhap va thoat ra caa ion khoi lop V,0s la qua
trinh thuan nghich nhung khéng hoan toan ddi xung,
do su hinh thanh 16p ludng cuc dién trén mat phéan
gigi gitra dung dich chét dién phan va mang, trong
qua trinh pha tap liti, theo gian d6 C-V cua V,0s

N trong hinh 3a, sau khi dat cuc tidu & khoang 0,1 V,

mat do dong pha tap khong tré v& 0 ngay ma c6 xu

§ hudng tang thém ching to ¢ mot qua trinh pha tap
Y liti méi bat dau. Picu nay dugc giai thich la do qua

trinh pha tap liti cua V,Os dién ra theo tiung giai

I8 doan, tuong Gng voi cac qua trinh chuyén pha

o—e—38—y. Cac qua trinh nay chong chap 1én nhau,

@l tao nén dang gian do nhu hinh 3a. Dang gian 6 C-V

a i z 3
Ul Scae 1401 e Oursr 20290 (ko)

Hinh 2: Anh SEM cuia gidy bucky (a) giay bucky
dugc tdng hop V,0s (b), Anh EDS mau bucky duoc
tong hop V0s (c)

Ddc trung C-V cia compozit CNTs/V,05

Dé nghién cau tinh chat dién héa cua giay bucky
c6 mat V,0s ching t6i sir dung phuong phép quét
thé vong C-V trong dung dich dién giai la LiCl nong
d6 5 M [6]. Vat liéu dugc ap thé thay doi tuyén tinh
theo chiéu tir &m (-0,8 V) sang dwong (+0,8 V) va
nguoc lai, véi cac téc do quét thé lan luot tir 2-50
mV/s. Qua d6, ching t6i nhan thay hinh dang cac
duong C-V tuong tu nhau, ¢ su thay doi cuong do
dong gitra cac téc do quét khac nhau, thay déi theo
thir tu ting dan tuong ung voi do ting khéi luong
V205.
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nay thudng duoc céc tac gia trén thé gidi quan sat
thay voi cac mang vo dinh hinh (& day, mang V,0s
tao & nhiét 6 phong c6 cau tric tinh thé twong ddi
thip). Nguyén nhan dugc giai thich 12 do ciu tric vo
dinh hinh tao ra nhiéu khuyét tat cé thé chwra liti (nén
mat do dong pha tap — giai pha tap cao) déng thoi
cling ngan can qué trinh pha tap — giai pha tap (nén
phan ung xay ra cham va theo nhiéu giai doan). Dya
vao gian d6 C-V cia cac mang dugc quét & céc tde
d6 khac nhau cho thy, khi ting toc do quét thi xuat
hién sy dich dinh pho. Tc do quét thé Ion 1am cho
thoi gian do qua nhanh, dan dén mang khdng kip
tham gia phan @ng. Su thay doi toc do quét thé lam
anh huong dang ké dén cac qué trinh oxi héa khu
xay ra trén dién cuc lam viéc. Khi ting toc do quét,
céc dinh (ing v6i qua trinh khir va oxi héa déu dich
chuyen Ve phla thé phan cuc 16n hon. D& nhan thay
rang, do céac ion Li* c6 kich ¢& va khéi lugng Ion
hon dang ké so véi dién to nén d¢ linh dong cua
ching khdng cao. Vi thé, sy thay doi thé nhanh lam
cho qua trinh pha tap va gii pha tap cta céac ion Li"
khéng dap ung kip. Do do, ca qua trinh oxi hda va
khir déu bi tré dan khi ting toc do quét. Mot diém
can quan tAm nira khi ting toc do quét thé, dé 1a su
gia tang ctia cuwong do dong dap ang.

Theo d6 khi toc d6 quét tang tir 2 dén 50 mV/s,
dién dung riéng compozit c6 xu hudng giam, dién
xung riéng c6 xu huéng ting khi khéi luong V,0s
téng hop duoc tang (hinh 3b va 4). Miu ting 696 %
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khdi lugng c6 dién dung riéng cao nhét (243 F/g) ¢
toc d6 quét 2 mVJ/s.
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Hinh 3: Buong cong C-V cua compozit
CNT/V,0s trong dung dich LiCl 5 M & cac mau
c¢6 d6 tang khdi luong 696 % (a) va méi quan hé

giita dién dung riéng va toc do quét cac mau
compozit (b)

Mau tiang 121 % khdi lugng c6 dién dung riéng
thap nhat (40 F/g) & toc do quét 50 mV/s tuy vay van
cao hon gp doi gidy bucky (20 F/g). Su c6 mat cua
V,0s trong cau tric mang CNTSs cua gidy bucky da
lam thay do6i dién dung cua vat liéu. V,0s bao phi
trén bé mat cac soi CNTs lam ting dién tich bé mat
vat liéu, ngoai ra, cac ion Li" trong dung dich dién
gidi van co kha ning xdm nhap vao bén trong 16p
V,0s5 lam gia tang kha nang tich trlr ion cua vat li¢u
dan dén dién dung compozit tang. Két qua nay tuong
duong vai nghién ciru ctia mot sb tac gia nu:0’C ngoai
nhu nhém tac gia Young Hee Lee [5] da tong hop
thanh cong compozit V,0s trén gidy soi cachon va
dién dung riéng cua vat liéu dat 215 Fig ¢ tc do
quét 2 mV/s hodac nhu nhom tac gia Duck J.Yang va
cong su da tong hop thanh céng V,0s dang soi Ién
soi graphen véi dién dung riéng khoang 218 F/g [8].
Nhu vay su két hop cua gidy bucky vei dién tich bé
mat 1on va 1 vat liéu bén viing dé tong hop V,0s -
oxit kim loai chuyén tiép c6 thé du trit nhiéu dién
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P6 Hiru Quyét va cong swe

tich ciing 1a vat liéu co tuong tac tét véi ion Li* tao
nén compozit vira c6 tinh dan dién cao vira 6 tinh
mém déo phu hop ung dung trong siéu tu dién. Doi
VGi cac mau compozit c6 do ting khdi luong khac
nhau dac trung C-V c0 hinh dang tuong tu nhau, bén
canh d6 con cho thdy nhimg dinh oxi hoa khir dic
trung cho tinh chit gia dién dung cua dién cuc khi
ma cac ion trong chat dién ly xam nhap vao trong
dién cuc (hinh 4) [9].
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Hinh 4: Buong cong CV ciia compozit & cadc ham

lwong V,0s khéc nhau ¢ ciing toc do quét 2 mV/s

1

Ngoai ra ching tdi con tién hanh khao sat tudi
tho cua compozit. Hinh 5a cho thiy qua trinh khao
sat trén mau c6 dién dung riéng tot nhat, do ting
khdi lTuong 12 696 %. Pién dung riéng c6 xu hudng
giam dan dén vong quét thir 200 c6 gia trj khoang 32
F/g. K& tir vong quet thir 100 dung dich chét dién ly
tir khéng mau Chuyen sang mau vang dac trung cho
V*° do khi quét nhiéu lan dudi téc do cao V,0s téng
hop trén céac soi CNT theo tirng mang khi bi cac ion
trong chat dién giai twong tic nhiéu lan 1am pha v&
c4u trlc vat liéu, 1am tan V,0s trong dung dich dién
giai gay ra dung dich c6 mau vang [7]. Vi luong
V,0s trong dung dich that thoét, cu trdc vat liéu
thay doi dan dén dién dung giam manh, gi4 tri giam
khoang 3 lan.

4. KET LUAN

Bai bao da trinh bay két qua thuc nghiém vé
tong hop vat li¢u V,Os tryc tiép Ién gidy bucky duoc
bang phuong phép dién hda. V,0s €6 kha nang bam
dinh tot pha déu 1én bé mat cac sgi CNTS, véi diéu
kién ndng d6 VOSO, 0,3 M cac soi CNTs duoc phi
tot nhét, tao nén cau tric co mat do vat liéu phan bd
dong deu trén toan bo giay bucky. Tuy phu kin
nhung van dam bao ciu trdc xdp cua vat liéu, nho
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vay dién tich bé mat vat liéu ting ma kha ning dich
chuyén dién tich cua dién cuc cling cai thién lam
tang kha nang dy trir dién cua dién cyc dién dung
riéng dat 243F/g.
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Hinh 5: Pac trung C-V cta composite CNTs/V,0s
(a) va dd thi thé hién gia tri dién dung riéng cua
composite trong dung dich LiCl 5 M toc d6 quét

50 mV/s qua 200 lan quét (b)

Loi cam on. Cong trinh nghién ciru duroc tai tro boi
S¢ Khoa Hoc Céng Nghé Thanh Phé Hé Chi Minh
theo hop dong sé 222/2014/HP-SKHCN va Trung
tam nghién ciu trién khai — Khu céng nghé cao
Thanh pho Hé Chi Minh.

Lién hé: P& Hiru Quyét v o
Trung tdm Nghién ctu trién khai, khu cdng nghé cao Thanh pho H6 Chi Minh
L6 13, dwong N2, Khu Céng nghé cao, phuong Tan Phu, Quan 9,

Thanh phb H6 Chi Minh

Nghién cizu ché tao dién cuc-...
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