IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

enkleiers * Leading Minds ¢ Dikgopolo t5a Dihlalefi

N
N
U

U
U
Y
D

Ncholu Manyala

Hybrid materials as cathode and carbon based materials
node for asymmetric supercapacitor applications

=
in

Department of Physics, Institute of Applied Materials, SARCHI Chair in
WCarbon Technology and Materials, University of Pretoria, Pretoria 0028,
| South Africa



Qutline
v Qverview

v" Synthesis of hybrid materials
v' Synthesis of carbon-based materials
v Results and discussion

v' Conclusion

£
ﬁ NIV ERSl EIT VAN PRETORIA
. NIVERSITY OF PRETORIA
UN

A 4

ESITHI YA PRETORIA
s ¢ Lea ) Minds « Dikgopolo t5a Dihlalef

g|<cc



Why electrochemical capacitors (Supercapacitors)

5% to the increasing demand for high-performance energy-storage systems alternative
storage systems are considered.

v' Blipercapacitors are power devices with high
power capability, long cyclic life, fast charge

propagation dynamics with low maintenance cost. § b
S
v" They are suitable for application in backup power § 1
sources, portable electronic devices, electric K
vehicles and hybrid electric vehicles (HEVS). 2 10
[$]
]
. . Q.
v' Most of the available supercapacitor have energy L

density < 10 Wh/kg, when compared with batteries
> 100 Wh/kg.

102 101 1 10 102 10°
Specific Energy (Wh/kg)

v" Hence, there is the need to increase the energy performance
of supercapacitors to be close to or even beyond that of batteries.
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Batteries have low power density and high energy density

Supercapacitors have low energy density but high
power density
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Materials used for supercapacitor devices

Supercapacitors
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Two types of Supercapacitor devices

Active material

Separator

Asymmetric SCs

Active material

Asymmetric SCs
without hybrid
behaviour

Asymmetric-
hybrid materials

Symmetric-
hybrid materials

Electrodes of
capacitive
nature
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Important parameters of Electrochemical Cell

» Specific capacitance (C,) of single electrode can be obtained using

(CV curve) (CD curve) (CD curve)
jl(v)dv 1 21[V(ydt EDLC IAt
= 1y C_ = Fg') mspC =—(F
SPp mvAvV (Fg™), Sp mvV ? (Fg™) SP mAV( 9°)

» A charge balance Q. = Q_ between the two electrodes should be
done; where Q. and Q_ are the charges stored in the positive and
negative electrodes, respectively.
> The charge stored by each electrode can be expressed as  Q = C, mAV

m, C, AU
MERE. AU,

» The enerqy density (E, in Wh kg1) of supercapacitor can be calculated
from specific capacitance
g g CsprU2

E = Wh kg™
e — ( g7)

» Power density (P, in W kg1) of a supercapacitor

_3.6xEp, (W kg™)
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Experimental studies
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Synthesis of Graphene foam (GF)

| ﬂ » Methane (CH,)

(==== decomposition at
2 Furmace
C-n 37 oo " iGas outlet 1000°C
Gas mlet_ -4 Ar H,: .CH, %l >‘ ‘Nn foam graphene
ik e for 10 min "“““""FG’ = Graphene
. 1000 °° JEtching .
P " nucleation/growth
s ‘r
Ni foam (Ni-F) on NF

* High surface NF
used as substrate for
growth

Ni foam graphene
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Synthesis of hybrid metal oxides

1. Mn,(PO,),/GF

2. Co,(PO,),.4H,0/GF

CsHeMnO4

\ I / N

é -*ly

Hydrothermal
N2H9P°4

200 °C for 24 h

Mns(POA)z /GF

8 i ! 2 5
AT AT a8
Y, VAV WA
l " .i:‘.'
\ ¥ i
| Afterstlrring y 113
/ 3 for 18h : ]
*g ..> | w
t'\ & [ {2

CoN,04.6H,0

Hydrothermal reaction
200 °C for 6h

Co4(PO,),.4H,0/GF

— @

Autoclave Recovered product
Scheme 1. Preparation procedure of manganese phosphate, Mns(PO4), micro-rods. Stirrlng for3h Autoclave
3. V,0O./GF
Hydrothermal .
f\if\ 190 @ 20 h V,0./GF omposute
H,0, ‘ V,0;

After vigorous
stirring

-

{ i m Freeze drying

Autoclave
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Synthesis of carbon-based materials

1. Activated carbon (AC) from coconut shell

Crushed

Washed with acid

Mixed with KOH

AT,
059 a®

Carbonization at 700°Cfor2 h
1 °C/min

2. Carbonization of Fe cations adsorbed onto polyaniline (C-FP)

Fe(NO,),"9H, (Fe source)
F PANI

Ni foam

Pasted slurry
Sonication

. v ‘ '-"#\;'}*'." ‘ \'~Nz
¢
ST
19 "omw %

- =

n-t

Carbonization
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Hybrid asymmetric supercapacitors

Three composite materials have been used as positive electrodes and two
carbon-based materials as negative electrodes in asymmetric supercapacitors:

1. Mn,(PO,),/GF//AC
2. Co,(PO,),/GF//C-FP

3. V,O./GF//C-FP —> Mn,(PO,),/GF//AC (—I
| [T
[ C;;ggg- 1_ Co.(PO )./GE//C-EP (__[ Co,(PO,),/ | i Composite ]
materials | (PO, GF __J | materials

e [ V,0/GF ]—-
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XRD, SEM, CV & CD (in 6 M KOH electrolyte) of AC
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SEM & TEM:
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CV & CD (in 6 M KOH electrolyte) for Mny(PO,), and Mny(PO,),/GF

15
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Mn,(PO,).,/GF//AC asymmetric device
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EIS & Stability: Mn,;(PO,),/GF//AC device
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CV & CD (in 6 M KOH electrolyte) for
Carbonization of Fe cations adsorbed onto
polyaniline (C-FP)
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SEM & TEM: Co4(PO,),.4H,0 and Co,(PO,),.4H,0/GF
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CV & CD (in 6 M KOH as electrolyte) for
Co,4(PO,),.4H,0 and Co,4(PO,),.4H,0/GF
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Co,4(PO,),.4H,O/GF//C-FP asymmetric device
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EIS & Stability: Co4(PO,),.4H,O/GF//C-FP asymmetric device_
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SEM & TEM: V,O. and V,O./GF
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CV & CD (in 6 M KOH electrolyte) for V,0O: and V,0/GF
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V,0:GF//C-FP asymmetric device
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Stability and EIS: V,0./GF//C-FP asymmetric device
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Ragone Plot: Asymmetric devices

J

—6— Mn_(PO,) /GF/IAC

10°
|

w
11

[EEY
o
|

—e— V0 /GF//C-FP
—@- Co (PO,) /GF//C-FP

N
1

[EEY
o
il

=

229299

Energy density (Wh kg
[H
o

10

10

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Denklelers « Leading Minds * Dikgopolo tsa Dinlalefi

10° 10’ 10"
Power density (W kg™)

27



Conclusion

We have successfully synthesized hybrid (Mn4(PO,),/GF, Co,(PO,),/GF and

V,0:/GF) materials using hydrothermal approach.

Activated carbon from coconut shell and carbonization of Fe onto polyaniline

(C-FP) were also synthesized

The electrochemical performance of the metal oxides was improved in three

electrode by incorporation of the graphene foam into the metal oxide matrix.

The hybrid materials have been used as positive electrodes and the carbon-

based materials as negative electrodes in asymmetric supercapacitors.

The results showed that asymmetric supercapacitors based on hybrid
materials and carbon-based materials have great potential for energy storage

applications.
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XRD & Raman: Mn,(PO,), and Mn,(PO,),/GF

Mn,(P O,),
ICSD # 23541

Intensity (a.u.)
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XRD & Raman: Co,(PO,),.4H,0 and Co,(PO,),.4H,0/GF
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XRD, Raman & XPS: V,0. and V,0./GF
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