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Abstract: The importance of high capacity energy storage devices has recently emerged for stable power
supply through renewable energy generation. From this point of view, the Na-air battery (NAB), which is a
next-generation secondary battery, is receiving huge attention because it can realize a high capacity through
abundant and inexpensive raw materials. In this study, activated carbon-based catalysts for hybrid type Na-air
batteries were prepared and their characteristics were compared and analysed. In particular, from the viewpoint of
resource recycling, activated carbon (Orange-C) was prepared using discarded orange peel, and performance was
compared with Vulcan carbon, which is widely used. In addition, a Pt/C catalyst (homemade-Pt/C, HM-Pt/C) was
synthesized using a modified polyol method to check whether the prepared activated carbon can be used as a
supported catalyst, and a commercial Pt/C catalyst (Commercial Pt/C) and electrochemical performance were
compared. The prepared Orange-C exhibited a typical H3 type BET isotherm, which is evidence that
micropore and mesopore exist. In addition, in the case of HM-Pt/C, it was confirmed through TEM analysis
that Pt particles were evenly distributed on the activated carbon supported catalyst. In particular, the
HM-Pt/C-based NAB showed the smallest voltage gap (0.224V) and good voltage efficiency (92.34%) in the
1™ galvanostatic charge-discharge test. In addition, the cycle performance test conducted for 20 cycles showed
the most stable performance.

Keywords: Electrocatalyst, Hybrid type Na-air battery, Next generation secondary batteries, Voltage efficiency,
Activated carbon
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7} o, A A FFE S8l xieﬂ
=2 LS 7HAHA HAZE o | A A
A of thgk Balo] =oAL it [1,2]. o]¢}
Y52 Advanced lithium ion battery (Advanced
LIB) 7H‘?=_]'-‘—]' ARA|IT o] 2F A A N R FEE AL Sl
[3-9]. Advanced LIB7j2to] % oA Weke 22 A
= A= M &3 loﬂ‘«ﬂxl Yot HAE S
3= A o]t} Zhang 52 spinel 25 71X = LiyMnsOrn
FAE A xsFL :"%OPOJI oA s 7HA =
LIB Az 433ttt [3]. 53], spinel LisMnsO &F
=2 ZELS =5 oxygen framework 2] £+ AT} A
o] olg& WA|sfo], Zulf Fukg 9 4f Ak A}

ow, 11 A3} O.2C°ﬂ/\‘] 300 cycle 5-2F 83.1%
4%} capacity retentioni} XJICQ oL ARSI T
H 3l 3 Kim 52 olivine —TL}_ 7R = &=
B80S Axa o5 A/1skrd B4 vngo
24, QPR Al Al 2 EAE F1AE LIBE a5
A 3tgitt [5]. Sol-gel¥o2 AT olivine 3}FHE
(LiMPO,4, M = Fe, Mn, Co)E& 5 Y3t orthorhombic
olivine +% ¢} tf &2 #Ho| &9 3o =2 2Ist local
geometric changesE 7}3-& &¢l35t9th A= 3714
olivine 3}3+E =of A LiMnPOso A PO, tetrahedra
distortion®] WA == AL #2319 11, LiFePOy2= %
3k A7) 3k JAS YEFW A]EE LiCoPOs= 17){3
7He & 543 BT cycle 54 UEY S
Tahgiet

ZFA ) o]x} A X &2+ Lithium-air battery (LAB),
Sodium-air battery (NAB), Seawater battery (SWB) 59|
AZE 1 9o, NABL} SWB2] 74 xieﬂo};/_ ZH 3}
sodiume& Y EZ A-&3}o] 7\1%0}“‘5/\1 =2 oY
g 7= AAE FEE 5 qlo] ZHEe vk Qo
E£3]|, LAB, NAB, 181 SWB:= 2% Z0j2] Al
_,]oH X—]Z]_,] A—] o] 7:11-]5_]‘— X—]7]§]-?‘SL X—]X]i }]:L/\
Zo 7 T2 7R Zof s = thefst A7) sker Zu
kol @2 At=o] HEEAL Ut [6-13]. Kim 52
538.4 ngl_J H| ¥ H 42 7} A= mesoporous carbon
(MPC) Zulj& A| %3}l o] & hybrid type LAB®| 2]-8-5}
of 545 &A% A1}, vulean Fujjof H|sf -3t
voltage efficiency®2} 2+ = AFo]Z(20 cycle, 480 hrs) &
A& Uehds 2Askqint [6]. Joo 5& Fes =93t
graphite nanoshell mesoporous carbon (GNS/MC) &1 &
A Z3}H o, o]& hybrid type NABoﬂ Z83slo] EA
= 24T A, PICEM Ho) 2 S5 7HAH, ALo]
2 EANA 4% 54 BYS Haskitt [9]. Kim
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52 SWBY] voltage efficiency®} cycle A2 FAA] 7]
7] $3] mesoporous carbon based on waste biomass
(MCWB) ¢} Polypyrrole (PPY) hydrogel& | & A 34 S
2 A 239 o] ES HE3 SWBO| 45 v
t}. MCWBS} PPY hydrogel ZujEL& A<l H3 Eg)
BET isotherm= R & , PPY hydrogel 7]HF SWB+=
galvanostatic charge- dlscharge A& ol A 243t voltage
efficiencyd 5 SFA Al /414 EA (20 cycle, 480
hrs)& Vet S Haskgioh [14]. 2 :rL°ﬂ/\1% Hybrid
ype NABE $1al AR 75 S0 58 Axol0] 0|5
o B4% vl s 5o, A9 4ZEel Wl
A HHZ 2= A 7§ 48 AMg-3lo] 24 EH(Orange-C)S
AzBFG o, BATE] B4 FAL 9 A2 AL
off &AT(Nd-C)& =3kt [15]. 18t d2 A
3l Q= VuleanZbE2 3 7] 7 7H2 ] s Hlast
Sk £k, A2 FATHNGCR] A7 Eolw I8
hsata) shelly] Slel A E Eele (161 et
o] P/C Zuj(HM-PYC)E /dstelen, 4835 PyC
Zufj(Commercial Pt/C) 9} A 7|3}&+3 A %S v sl
t}h. A 2% Orange-C2} Nd-C+= A& 9 H3 €] BET
isotherm2 H ¢ oH, o]= nlo|a =z 7|33} W 7|Fo
AR FA Itk E3L HM-PYCO 39, &4

A A Zwf flef] Pt JA7F *73711 =3E5F Q3= TEM
=4S EOH gheld o= Ak 53], HM-PYC 7]%EE]
NAB2] 7% 1% galvanostatic charge- discharge A| 3] o] 4]
714 2H-2 Voltage gapi} 931 Voltage efficiency S =
At E?SP 20 cycle B¢t Mgt Ato|E s AlEolA =
M A A5 merh
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activated carbon, Orange-C) hydrothermal activation
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HOA S -, 100°Ce] =2 oF 24417t Fot A=}
51, SPARAREES o] §8) 18 U FejR shEsto] A
g3t
23. H| QuIX| AE 7|8t =T 2dE PYC (HM-PYC) 04
M=
Nd-C 60mg2 Ethylene Glycol 20mLoj| @1l %2
AH71E ALgalol 2087 BaE T, PCL 0042
sfstol ThAl 28T} A2 7|2 ol gato] 2087 £
Zot} 0|3 0.IM %%=° NaOH 20mLE Z7}3t
Al 28 A H7)E ol g5he] 2087 BatelE
Foh ol 200°C9) SRR oF 2417} F9F Reflux
%, pH7} 271 2 w7k HS0.S Bats) 9t
L ER5E olgstel AAT F 80°Ce LEw of
|7t &k A28k HM-PYC ZmjE Al=3}dth

oo
P T -

R O > rho
Job L

>~

24. 7(sfet 0§ 2| HE

A71sket o A=S Axst7] 918, HM-PY/C &
2, Super P, 18|31 polyvinylidene fluoride (Sigma-
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31 mortaro] A 308 FoF &35ttt o] %, 2 em’e] W
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2.5. M7|stst Zole| S2FYsetd Ed 24

Vulcan, Orange-C, Nd-C 2] morphology+= 10 kVof A
AA W& FAF A& v H(SEM) (FE-SEM, Hitachi,
Tokyo, Japan, S-4800)°f 9]3l 2% ¢t} Commercial-
Pt/Cet HM-PYCO] Fi} A} #wv]Z(TEM) w42
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AZE Eot ETIAI R o] Al Y BRE MES FRST
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Figure 1. BET isotherm profiles of electrocatalysts;
(a) Orange-C, (b) Nd-C.
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Figure 2. SEM images of electrocatalysts; (a) Carbon felt, (b)
Vulcan, (c) Orange-C, (d) Nd-C.

Figure 3. (a) TEM image of commercial Pt/C, (b) TEM image
of HM-Pt/C, (c) EDS mapping images of HM-Pt/C, (d)
Atomic percentage information of HM-Pt/C.
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Figure 4. Schematic illustration of Hybrid type NAB.
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(). AL AA = floll A=t ¥hgo] Ritf= X3
gt £, Na” o] 250] NASICONS Faf F=Fo
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(OER, Oxygen evolution reaction)©| %l3§ % th(Equation
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&% % ot

Anode: 4Na<>4Na" + 4¢ E°= 2.71 V (1)
Cathode: O, + 2H,O + 4e<40OH- E°= 040 V 2)
Overall: 4Na + O, + 2H,O<4NaOH E = 3.11 V 3)

AzE W75t Zojge] Aolsely Sy R4S
213l hybrid type NAB©J| %-83}¢] galvanostatic charge-
discharge testE AA|3lH oW, 1 AL Vulcand} A
431 PYC S 9} H] sk Fig. 5o =A|sHT Fig.
5ol EAE uke} Zro], 20 mA g'o] AFE +PH =
7] $A-A Rl BE dgHo|gen], s
Hom 24 9 WAHYSS AT 4 Aeh. Yt
% 6 2 galvanostatic charge-discharge profileo| 4] &%
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ofl voltage gapo] HL52 Zujo] Hio] $4a Ao
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ZF 0371 V&} 0370 VE Vulcan?] 0.764 Vof H|g)| €5
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Figure 5. Galvanostatic charge-discharge profiles of various
electrocatalysts at the first cycle.
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Figure 6. Cycle performances of various electrocatalysts.
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Figure 7. Voltage efficiency and coulombic efficiency of

various electrocatalysts.
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