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Comparison between Acid and Heat Treatment for Capacity Enhancement of
RuO2/MWNT Composite Electrode Materials for Ultracapacitor
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Abstract

In this study, we compared two methods(an acid treatment in strong acid reflux and a heat treatment
in air atmosphere) for hydrophilic surface treatment of multi-walled carbon nanotubes(MWNT) to
enhance the capcity of RuOyMWNT composite electrode materials for ultracapacitor. Both treatments
generated a number of defects on the surface of MWNT by the breakage of ™ bond in graphene layer,
at which carboxyl groups were introduced. However, the degree of hydrophilicity generated by strong
acid treatment was higher than that by heat treatment in air, which was revealed by the guantitative
measurement of surface carboxyl groups by using Boehm titration. The increased hydrophilicity gave
rise to an improved dispersity of RuQ: nanoparticles on MWNT. Finally, the improved dispersity
resulted in the capacity enhancement of composite electrode materials for ultracapacitor.
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Fig. 1. FT-IR spectrum change by surface
treatment.
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Fig. 2. Quantitative evaluation of hydrophilic
carboxy! groups with Boehm titration.
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Fig. 3. Dispersity change by surface treatment.
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Fig. 4. Lattice structure change of RuO: by
surface treatment.

7l QoA 2¥ 4% 150C F71EH718kelA
1621 7+5-<t annealing® &S o422 XRD +
ZENE AAF AAH dAALel =7 FAA F
AstA B4k 9lE RuOy/h-MWNTY RuOz/o-
MWNTS] 7% RuO.8 2AF=e #dsis ga
g 3AT F floy Z Aojze AL FHA
1= RuOyp-MWNTS 79 2 6=43° R4
37 edE AE 98 £+ o 2@y o
£ EFYEAE RuO®l ZAFZE old 5%
Ru(101) |l 2= 5324 RuO: UiFd o
2 Ru %0 EAggdE AL on|Fd ol &
Ado] FA B3 E Alol=e] A &3o]
AT 7% Ru 350 4% H&" F U&E 90
8H=d), annealingAl 3H HEFE MWNTSe A
stHgo] o3 Y% Rue] $d¥ HeE A4z
t. Ru &< £%o dF 71938A] %87 o4&
o 2 £ &4 2o 9o gEdM B A
ol &% AFAHY F7F 2D ol FF EAA9
ML s FZE Alo]29 Ru0,& 127
MWNTge 44171 A olefd &3F 7143}
A %8+ Ru 359 H4Ee 45 5 Ao &3
Mo & 2¢& € & 31& Aoz Badr
HEH oz FUAd T A FH %
iAol slde] EFATAE £F nAE
4L nFEr] g cHAAYE 8T F
ALZE HBre AAEED. a9 594 YR
Aol FHEFE YAAI|Z7; FolAn FY
T BN de F 3l FA £F A & Fez

\
|
|

Current (A)
ey

.I .Pdenti;I‘N VS,ISIICE} . ;

ag 5. ¥ A o3 LEZHANAE &F
Lk

Fig. 5. Capacitance change by surface treatment.
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