Tap chi phén tich Héa, Ly va Sinh hoc - Tap 22/ 56 1 (Pdc biét)/ 2017

TINH CHAT GIA PIEN DUNG CUA MANG OXIT HON HQP Mn-Fe TONG HOP
THEO PHUONG PHAP SOL-GEL

Pén toa soan 15/12/2016

Nguyén Thi Lan Anh
Khoa Ky thudt Phan tich, Truong Pai hoc Cong nghiép Viét Tri
Nguyén Tién Khi
Trung tam Ung dung K3 thudt phan tich, Truong Pai hoc Cong nghiép Viét Tri
Mac Pinh Thiét
Khoa Cong nghé Hoa hoc, Truong Dai hoc Cong nghiép Viét Tri

SUMMARY

PSEUDOCAPACITIVE BEHAVIOR OF Mn-Fe MIXED OXIDE FILMS
PREPARED BY SOL-GEL METHOD

In this study, Mn-Fe mixed oxides with promising pseudocapacitive behavior were
synthesized by sol-gel method. The oxide films were deposited on nickel substrates by
spin-coating technique and were annealed at different temperatures ranged from 200 to
500 °C. Pseudocapacitive characteristics and electrochemical properties of the oxide
electrodes were investigated by cyclic voltammetry (CV), chronopotentiometry (CP) and
electrochemical impedance spectroscopy (EIS) methods. The results showed that in 2M
KCI solution, these oxide films exhibited pseudocapacitive behavior with typical isosceles
triangle shape of galvanostatic charge/discharge curves. Among the heat treated oxide
films, the film annealed at 300 °C performed the highest specific capacitance of 341 F/g.
After 500 cycle test, at the charge/discharge current density of 0.5 mA/cm? this material
maintained 73% the first capacitance with 97.3% coulombic efficiency. Electrochemical
impedance spectroscopy results also demonstrated that annealing at high temperature
lead to increases of charge transfer resistance and also diffusion impedances of the binary
oxide materials.
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1. MO PAU khoa hoc tap trung nghién ctu, trong dé
Trong nhitng nim gan day, viéc nghién cO siéu tu (supercapacitor). Siéu tu la
ctru phat trién cac ngudn tich trit ning thiét bi tich trir dién tich c6 mat do tich
lwong méi 1a huéng di dwoc nhiéu nha trir 16n va thoi gian séng dai hon so véi
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pin, mat khac n6 lai c6 mat do nang luong
cao hon rat nhiéu so véi tu dién thong
thuong. Dua trén co ché hoat dong cua
si€u tu nguoi ta thuong chia siéu tu thanh
hai loai: siéu tu 1op kép (hoat dong dua
trén nguyén ly tich trir dién tich 16p kép,
nang luong tich trir dudi dang tinh dién)
va siéu tu gia dién dung (hoat dong dua
trén nguyén ly cua phan ung oxi hoa khu,
nang luong tich trr dudi dang hoa ning)
[1-8].

Khac véi dién dung 16p kép co ngudn gbe
la dong khong Faraday, gid dién dung
phat sinh c6 ngudn gbc 1a dong Faraday
lién quan dén sy chuyén dién tich qua 16p
kép. Tuong tu nhu trong qué trinh phong
dién va tich dién cta ac quy nhung dién
dung sinh ra do mbi quan h¢ dac biét gitra
lugng dién tich tich dugc (Aq) va su thay
d6i dién thé (AE) dé c6 ty s6 d(Aq)/d(AE)
chinh la dién dung (C).

Hién nay, oxit mangan dugc sir dung lam
vat liéu dién cuc siéu tu c6 dac tinh gia
dién dung kha tét. Tuy nhién dung luong
riéng va tudi tho chua duoc cao. Bé cai
thién diéu ndy, c¢6 nhiéu phuong phap
dugc dé xuét nghién ctu, trong d6 huéng
nghién ctru pha tap oxit mangan voi oxit
ctia mot s6 kim loai chuyén tiép nhu Mo,
V, Co, Ni,... da thu duoc két qua déng chu
y[2.3]

bé mo rong pham vi nghién ctru pha tap
lam bién tinh vat lidu oxit mangan ching
t6i tién hanh tong hop mang oxit hdn hop
mangan - sit theo phuong phéap sol-gel
[4]. Cac két qua nghién ctru tinh chat gia

dién dung cua vat li€u dugc trinh bay

trong bai bao nay.

2. THUC NGHIEM

2.1. Héa chat

Céc hoa chét duoc sir dung nghién ctru co
do sach PA, do hang Merck cua Puc san
xuat nhu: KCI, HCI, Fe(CH3COO0),.4H,0,
Mn(NO3)2, NiSO4.6H20, acid citric
(CsHgO7.H20), polyetylen glycol (PEG)
va dién cuc niken.

2.2. Thiét bj

Mot sb thiét bi duoc su dung nghién cuu
gém: May khudy tlr, may spin-coating,
can phan tich c6 do chinh x4c + 10°g, ti
sdy, 10 nung va may Potentiostate ImeX6.
2.3. Tong hop va tao mang oxit hdn hop
Mn-Fe

Qua trinh tao mang oxit hdn hop Mn-Fe
duoc thuc hién nhu sau:

Tong hop dung dich sol: Tron dung dich
gom Mn(NOs) 0,5M va Fe(CH3COO),
0,5M dugc dung dich 1. Tron hdén hop
gbm axit citric 1M va PEG 2% duoc dung
dich Il. Tron dung dich I vao Il theo ti 1¢
mol Mn(NO3). : Fe(CH3COOQ), : CsHgO7
a9 :1: 20 véi tong thé tich dung dich
hoén hop 1a 150 ml. Hén hop dung dich
duogc khudy tron bang may khudy tir, dun
hoi luu gia nhiét & 60 + 70 °C nham muc
dich cho phan Umg thuy phan xdy ra hoan
toan. Hon hop dung dich dugc 1am ngudi
xudng nhiét do phong. Tiép tuc khudy
tron dung dich trén trong khoang 24 gi¢
dé 6n dinh sol.

Chudn bi dién cuc: Dién cuc niken duoc
khic mon trong dung dich HCI 10%
khoang 20 phut, sau d6 rira sach bang

nudc cat, sy kho va dung quay phu.
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Tao mang: Sol thu dugc ¢ trén duogc st
dung dé ché tao mang bang phuong phap
phun phtl quay. Tién hanh phu lan luot ba
16p mang sol 1én dién cuc nén niken, moi
lan phu trong thoi gian 30 gidy, toc do
quay lan luwot 1a 400 vong/phit, 600
vong/phut, 800 vong/phut. Giita mdi lan
phu 1ay mau ra sdy so bo ¢ 80 °C trong 2
gio.

Xw ly nhiét: Mang sau khi quay phu duoc
xir Iy nhi¢t dé tang kha ning két tinh va
tinh chat cta vat ligu. Nhiét do xtr 1y lan
thtr nhat 14 say 80 °C trong 2 gid. Lan x@r
1y nhiét tiép theo thay ddi trong khodng tur
200 + 500 °C trong thoi gian 2 gio. Két
qua thu duoc mang mong oxit hon hop
Mn-Fe bang phuong phap spin-coating
v6i chiéu day mang khoang 20 + 30 um
[4].

Tinh chat di¢n héa va gia dién dung cuia
cdc mang oxit hon hop Mn-Fe duoc
nghién ctu bang phuong phap quét thé
vong tuan hoan (CV), tong tr& dién hoa
(EIS) thuc hién trén hé théng binh dién
hoa gdm ba dién cuc voi dung dich dién
ly KCl 2M, str dung may Potentiostate
ImeX6, tdc do quét thé 25 mV/s trong
khoang dién thé 0 + 0,8 V. Pién cuc lam
viéc 12 cic mang oxit hon hop Mn-Fe,
dién cuc ddi 1a ludi Platin (Pt), dién cuc
so sanh la dién cuc calomel bao hoa
(SCE). Po thé theo thoi gian & dong
khong d6i (CP), khao sat tai cac mat do
dong tir 0,5 mA/cm? dén 2,0 mA/cm?.
Dung lugng riéng cua vat li¢u dugc tinh

theo cong thire: C LAt (1); Tron
€0 con uc: = — — ;
& m.AE J
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do: C- dung lugng riéng (F/g); I- cuong
d6 dong phong, nap trung binh (A); At-
khoang thoi gian quét mot chu ky (giay);
AE- khoang quét thé (Von); m- khoi
lugng cua vat li¢u (gam).

Hiéu suit culong cua vat liéu:
n= %xmo% (2); Trong do: Qn- dién

lugng nap, Qp- di¢n lugng phong.

3. KET QUA VA THAO LUAN

3.1. Két qua do CV

Hinh 1 biéu dién dudng cong CV cua
mang oxit hén hop Mn-Fe duogc xir ly
nhiét nung tr 200 + 500 °C trong dung
dich dién ly KCI 2M tai téc d6 quét thé 25
mV/s.
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Hinh 1. Buong cong CV ciia oxit hon hop
Mn-Fe o Cac nhiét do nung

Két qua cho thiy cac dudong CV cua vat
liéu c6 dang hinh chir nhat. Séng anot va
song catot dbi xtmg nhau chimg to vét
liéu c6 tinh thuan nghich t6t. Vat liéu
dugc nung ¢ 300 °C c6 vung dién tich
hinh chit nhat 16n nhit thé hién dung
lwong cta vat liéu 16n nhat. Nhiét d6 nung
mau anh huéng dén dung luong riéng cua
vat liéu duogc trinh bay trong Bang 1.



Bang 1. Dung leong riéng cua oxit hon

hop Mn-Fe o nhiét dé nung khac nhau

Thung (°C) C (Flg)
200 196
300 341
400 74
500 11

Trong cac yéu td anh hudng dén tinh chét
dién hoa cua vat liéu té)ng hop theo
phuong phap sol-gel, nhiét d6 nung mau
1a yéu té c6 anh huong dang ké. Khi nung
& nhiét d6 thap, vat liéu chua hoan toan &
dang oxit, con 1an hop chét hiru co do
chua chay hét nén hoat tinh dién hoa
khong tot. Song khi nung & nhiét do cao,
vat liéu c¢6 do6 dan dién kém, cdu truc
duong ham bi pha v& va két qua la tinh
chat dién hoa cua vat liéu giam [3,4].

3.2. Két qua do EIS

Tong tré dién hoéa (EIS) cua mang oxit

hon hgp Mn-Fe dugc do trong dung dich
KCl 2M, sir dung dong xoay chiéu cé
bién d6 nhé Us= 5 mV, tan sb bién thién
tir 100 mHz + 100 kHz. Theo [5,7] va sb
liéu thyc nghi€ém thu dugc, xay dung so
d6 mach twong duong nhu Hinh 2.

CPE1

Rs 4“ CPE2
Rct ___ﬂﬂ

Iw

Hinh 2. So' d6 mach twong dwong

Trong do6: Rs - Pién tré dung dich gilra
dién cuc nghién ctru va dién cuc so sanh;
Rct - Pién tro chuyén dién tich; Zw - Téng
tré khuéch tan; CPE; - H::ng $6 pha dac
trung cho dién dung 16p kép; CPE: -
Hing sb pha dic trung cho dic tinh gia
dién dung.

Két qua do EIS va fit mach duoc trinh bay
trén Hinh 3, Bang 2.
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Hinh 3. Phé tong tré Nyquist ciia oxit hon hop Mn-Fe o nhiét
do nung: a) 200 °C, b) 300 °C, c) 400 °C, d) 500 °C
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Bdng 2. Két qud fit mach ciia oxit hon hop Mn-Fe trong dung dich KCI 2M

Thung (°C) CPE: (uF) Ret (Q.cm?) Zw (Q.cm?) CPE2 (nF)
200 15,87 21,63 10,09 4510
300 47,18 18,23 8,31 16870
400 32,48 458,09 264,15 52
500 0,003 3012,8 5173 0,021

Hinh 3 nhén thay trén phd Nyqist cia vt
liéu gdm hai phan: (i)- cung nho tmg véi
qua trinh chuyén dién tich (¢ ving tan sb
cao), (ii)- phan duong thang 16n tng voi
qua trinh khuéch tan (& ving tan s thap).
Két qua fit mach (Bang 1) cho thiy hing
sd pha CPE; dic trung cho tinh gia dién
dung 16n hon nhiéu so v&i CPE; dic trung
dién dung 16p kép hinh thanh trén bé mit
ciia mang oxit. Diéu nay cho thdy qua
trinh hoat dong phong nap cua vat licu
bao gdm hai phan tng chuyén dién tich
chinh [5-7]:

(i) phan tmg oxi hoa khir xay ra trén bé
mat dién cuc:

3MnO2 + 2H20 + 4e «— Mn304 + 40H"(3)

(i) phan tng cai va giai cai ion K* theo
phan ung:

MnO. + K* + e «» MNnOOK 4)
Hai qua trinh (i) va (ii) dong gop vao qua
trinh chuyén dién tich khi vat liéu phong
nap, chung té vat li¢u c6 dac tinh gia dién
dung. O mau oxit nung 300 °C, dién tro
chuyén dién tich (Ret) va tong tré khuéch
tan (Zw) cO gia tri nho nhat, vat liéu co
dung luong riéng 16n nhét. Két qua nay
phu hop véi két qua do CV & trén.

3.3. Két qua do CP
Pé danh gia do bén phéng nap cia vat

lidu c6 thé dua vao su giam dung lugng

78

riéng cua ty sau mot thoi gian lam vige.
Trong thi nghiém phong nap nay, h¢ tu
dién hoa duoc ldp boi hai dién cuc gidng
nhau, 13 vat liéu oxit hon hop Mn-Fe. Vit
lidu dugc nap t6i dién thé 0,8 V, sau do
dugc phong bang dong mot chiéu khong
ddi vé dién thé 0 V. Thuc hién phong nap
& cac mat do dong 0,5 mA/cm? dén 2,0
mA/cm?,
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Hinh 4. Puong phéng nap cia oxit hon
hop Mn-Fe ¢ mdt do dong 0,5 + 2 mA/cm?

Hinh 4 thé hién mdi quan hé giira dién thé
va thoi gian cta vat liéu cho thiy c6 dang
hinh tam giac can diac trung cho tu ly
tudng, tuc la vat li€u co6 dac tinh thuan
nghich tdt. Hon nira, gia tri dién thé roi
tang nhanh theo mat d6 dong phong, dién
thé roi nho nhét 1a 68 mV (& mat do dong



0,5 mA/cm?) va cao nhat 1a 189 mV (&
mat d6 dong 2 mA/cm?). Piéu nay co
thé giai thich 1a do khi cho tu phong &
dong 16n, qua trinh giai cai cac ion tu
dung dich dién ly khong kip thoat ra, gay
tdc nghén trong cdu tric duong ham cia
vat liéu dan dén sy sut thé. O mat do dong
0,5 mA/cm? thoi gian phéng nap twong
d6i 16n, tién hanh khao st d6 bén phong
nap cua cac tu ¢ gia tri mat do dong nay
sau 500 chu ky phong nap, két qua duoc
trinh bay trén Hinh 5.
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Hinh 5: Sy bién doi dung lwong riéng va
hiéu sudt culong cua oxit hén hop Mn-Fe
¢ mat do dong 0,5 mA/cm?

Trong 150 chu ky dau, hiéu suit culong
tang nhanh do thoi gian dau vat lidu lam
viéc chua 6n dinh va 150 chu ky nay co
thé duoc coi 13 phéng nap luyén tap cho
vat liéu. Tu sau chu ky tha 150 tro di, vat
liéu 1am viéc 6n dinh, hiéu suét culong it
bién doi va dung luong riéng c6 xu huéng
giam tur tr. Sau 500 chu ky phéng nap
dung lugng riéng cua ty gidm 27%, hi¢u
Suat culong dat 97,3%.

4. KET LUAN

Nghién ctru tinh chét dién héa caa mang
oxit hon hop Mn-Fe trong dung dich dién
ly KCI 2M cho théy vat liéu c6 dac tinh

gia dién dung, hoat dong cé tinh thuin
nghich cao, dung luong riéng dat duogc
16n nhat 341 F/g khi nung ¢ nhiét d6 300
°C. Két qua tong tro dién hoa cho thiy
phan tng phéng nap cia vat liéu gdom hai
qua trinh 1a chuyén dién tich va khuéch
tan. Khi ting nhiét do nung mau, dién trd
chuyén dién tich va tong tré' khuéch tan
taing dan dén dung luong riéng cia vat
ligu giam. Sau 500 chu ky phéng nap &
dong khong d6i, vat liéu c6 dung luong
riéng duy tri 73% so vdi ban dau va hiéu
suat culong dat 97,3%.
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