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ABSTRACT

Supercapacitor has been successfully fabricatechq3iiO-Carbon with Sodium Hydroxide (NaOH) activation on
ceramics template. Synthesis of 782l was conducted by using Sol-gel method. Cerameimbrane as a growth
template of Ti@-C which is activated with NaOH was prepared asipescapacitor electrode materials. Polyvinyl
alcohol (PVA) is used as a separator and phosphaxcid (HPO,) as an electrolyte. NaOH activation on the super-
capacitor electrode had increased the capacitaraleesboth at the combustion temperature of 250°€ 3®0°C.
Based on EDX (Energy Dispersive X-Ray) reported tiira greatest amount of carbon found in the attid elec-
trode at a combustion temperature of 300°C is 6%h6Wwhich provides the highest capacitance valu¢ itha4 540
nF with PO, electrolyte concentration of 0.5 M and the chaggiime for 30 minutes with a conductivity value of
45.4x10° S cnl.
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INTRODUCTION

Compared to the commonly used rechargeable battexipercapacitors which is capable to be chargthalged
with high current, is an energy storage device tviias high power density and long durability [1-Slipercapaci-
tor can store energy by accumulating the oppositege on the double layer at the electrode/elgttranterface
through electrostatic force [4].

A number of carbon materials, such as activatedaraf5-6], carbon aerogel [1, 7],lignin [8], Carbfrom palm
kernel shell [9] and hydroxyethylcellulose [10]vikabeen widely used as  electrode materialsdpercapacitors.

At present, the use of carbon as a supercapadécir@de is more desirable because of its advastaganely car-
bon has a large surface area making it possibétot@ charge more, the numbers are more, the griceeap, and
stable. Some research on the modification of cadmmlectrodes reported to increase the capacit@nsgperca-
pacitors, including adopting the nanostructured ioxide (FgO)-activated carbon composite [11], the growth of
platinum nanoparticles on carbon electrodes [1#raidchical porous carbon fiber prepared using@ $mplate
[13]. In this study, TiQ synthesized using sol-gel method and then caoiederamic coating to be used as super-
capacitor electrodes. Modification of incompletentiustion of TiQ in a wide variety of combustion temperature is
expected to increase the amount of carbon in tha fif carbon-TiQ nanocomposite ceramics and and to expand
the electrode surface made chemical  activatitih NaOH so as to increase the capacitance oparsapacitor
electrode.
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MATERIALS AND METHODS
Equipment’s and materials
Equipments which were used are LCR-Meter (TongRilgctronicTH2820-LCR), Multimeter (Heles UX-838TR),
petridish, copper plate, glass (4x4%noven,furnace hot plate charger (Nokia Handphone8.62 V) and other
laboratory glasses equipment’s

Materials are ceramics used for floor (MaterinaP g, (Merck), (CHCHOH), (Bratachem), Ti(OgH-)4 (Aldrich,
97%), CHCH,(OH)CH; (Merck), GH1;NO, (Merck), and Aquades.

Preparation of electrode

Ceramics are used as floor tiles prepared to lentaiside, thinned until its thickness is 2.5 mnthva diameter of
4 cm [14]. Titania sol preparation is done by mixisopropanol (CECH, (OH) CH), Dietanol Amin (GH{NO,),
and Tetra Titanium isopropoxide (Ti (GF;) 4). The mixture is then stirring for 4 hours at rotemperature. The
coating process is done by dipping the ceramic ititania sol for 2 minutes. The coating procesgegformed on
all sides of the ceramic [15].

Ceramics which has been coated, heated at X0®@ot 1 hour then burned at 30C°for 2 hours. Ceramic coating
that has been soaked with NaOH for 2 minutes, thied at a temperature of 100°C. Supercapacitatrelée TiQ-
C was dried in a furnace at a temperature of 2%0fC300°C for 2 hours.

Characterization techniques

X-ray diffractograms of the samples were recordgidgia GE XRD 3003TT X-ray diffractometer with mahoo-
matic nickel filtered Cul& (A = 1.5416 A) radiation in the62range of 20%0 80°. The morphology and elemental
composition of the carbon were determined by secaneiectron microscope (SEM) that has the attachmwiean
energy dispersive X-ray analyzer (EDX).

Preparation of supercapacitors
Supercapacitor electrode is made like a sandwitierein the polymer electrolyte is placed in the dtedcbetween
the two electrodes. On both sides of electrodeseplanetal plates of copper (Cu plate), then presstida glass
plate.

RESULTS AND DISCUSSIONS

Synthesis process and structure characterization

XRD patterns of NaOH-activated ceramic at combuste@mperatures of 250°C and 300°C are shown inr&igu
(A) and (B), respectively. Ceramic electrodes waggormed on NaOH activation at both the combustémpera-
ture of 250°C and 300°C found contains of SiDO,, carbon, and NaOH. The diffraction pattern of F&ated
electrode at the combustion temperature of 250U380°C showed peaks of a Li@natase, but in very low inten-
sity. The positions of the diffraction peaks at 28%d 48°indicating TiG, in the anatase phase and in good agree-
ment with the results obtained in the previouoref6].
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Fig. 1. XRD pattern of ceramic electrode with a cmbustion temperature at (A) 250°C (B) 300°C

Fig. 2 (B) shows that the ceramic electrode surfaoks more smooth and homogeneous than in Fig).2This is
because of the activation process in the combustimperature at 300°C provide a FiO structure with the active
group and new functional groups which will playiemportant role in the charge storage processingy [17

JTM-FTUA 5.00KV 5.9mm x500 SE 5 " 100um

JTM-FTUA 5.00kV 5.1mm x500 SE 6/20/2016 100um

Fig. 2. SEM images of ceramic electrode are actited NaOH with a combustion temperature (A) 250°C ad (B) 300°C

The elemental composition obtained from EDX profifehe the resources indicated the presence bboasodi-
um, aluminum, silicon, calcium, and titanium. wtegesilicon compounds derived from the ceramic Ginresit,
while Ti is derived from the surface of the ceramiated titania. Activation and increasing contionstempera-

tures can increase the amount of carbon in the ceramic electrode, as shown in Table 1 at 306f€ amount of
carbon can raised to 60.67%.

Table 1. EDX measurement of ceramic electrode

% mass
Atom o 300°C
250C | 300°C (Nonaktivasi)

C 29.62 | 60.67 28.63

O 4573 | 25.51 48.88
Na 7.03 3.33 0.61
Al 2.56 2.14 5.99
Si 8.59 5.91 9.78
Ca 4,10 0.33 3.68
Ti 2.36 2.11 2.44

Determination electric properties
Effect of activation with NaOH

In Fig. 3(A) shows that the combustion temperatfre50°C optimum capacitance value ceramic eleesomghich

are activated (5398 nF) increased 1008 times grélaaé® the electrode before activation (5.350 wih H:PO,
electrolyte concentration of 0.5 M.
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At a temperature of 300°C combustion electrodeivated with NaOH (14540 nF) increased by 148 timesater
than the electrode before activation (98.12 nFhasvn in Figure 3 (B).The electrodes are activated and the com-
bustion temperature to 300°C (14540 nF) has thenopd  capacitance is almost three times grehtar the elec-
trode with the combustion temperature to 250°C §30) as shown in Fig. 3 (A) and 3 (B). This is do¢he com-
bustion temperature of 250°C most of isopropandl @iethanolamine burns to make FiO while the combustion

temperature to 300°C, isopropanol and diethanolamias burned to form TiC so as to increase the capacitance
value.
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Fig. 3. Effect activation of the capacitance on #atemperature of combustion (A) 250°C and (B) 300°C

Effect of H3PO, electrolyte concentration

Fig. 4 shows that with increasingfP, concentration give a greater optimum capacitamdeev at 0.5 M and then
decrease in higher altitude toward stationary. Thisecause the higher the concentration of thetrelgte, more

the amount of electrolyte ions, so that at the tiheharging, the ions will be collected and acclated at the inter-
face of electrolyte and separator. A large amodirih@se ions will slow down the process so thatgbkrization

discarge process of;HQ, ions will be disturbed. The high concentratiorrtiPO, also can damage the electrodes
and the separators [9, 11].
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Fig. 4 Effect of PO, electrolyte concentration against capacitance

Effect of the charging times against conductivity

Fig. 5 shows the effect of the charging time ondbeductivity. At combustion temperature of 250tke conduc-
tivity increase until the charging time of 90 miesit and then decreased slowly. As also observibg atombustion
temperature of 300°C the conductivity increaseaup minutes of charging time, and then decreasedrtd almost
stationary. The greater the capacitance, makes mlectrons to flow and the conductivity increase.
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Fig. 5 Effect of the charging times against conduitity
CONCLUSION

Considering on the actual research that has bee®, dtocan be concluded that the NaOH-activati@aity affect
the performance Ti©C ceramic supercapacitor electrodes thus incrgabim capacitance value of both combustion
temperature of 250°C and 300°C. In the NaOH-aaiateramic electrode at the combustion temperatus80°C
provides an optimum capacitance value almost ttinees greater (14 540 nF) than one of the combusémpera-
ture of 250°C (5398 nF) with HPO, electrolyte concentration of 0.5 M in 30 min. djiag time with conductivity
value of 45.4x18 S cm.
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