Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.1.191

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 1 pp. 191-197, 2023

T WS ol HIFASA SEAAE
HorAN A A%

—
ZMoISHt 7[AIEA

Preparation of Electrolyte for Vanadium Redox Flow Battery
with Thermal Stability Using Mixing Additives

Yong-Cheol Kim', Hyung-Sun Kang® Ung-Il Kang'
1Department of Fire Service Administration, Honam University
*Department of Mechanical Design, Chosun College of Science & Technology

2 % Hug f54 SEHAE AfHY GAMIS FFAIA Hivkg o9 I2oA AEo] doju= AL TA
3171 Y8 AsfN ol SPD(Sodium Pyrophosphate Dibasic) @ SPD/FA(Formic Acid) £33t H7IAIE AME5FITH
A =5 27 Y8 CV(Cyclic Voltammetry)E40 2 71 &2 AF m3E A 0.0SM FA 9} 0.05M SPD
s A9t EIS(Blectrochemical Impedance Spectroscopy)E 53t A7|8}5H4 AP Pslo] EAAY U
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ot 12934 BEAZIE SPD/FA EE/HAIS dol wE Vo' AsEo] 60ToIA 28 ojAto] AuE JYHE P4
o] Ho|x gttt ©dl AFLS SN FAIE &3 F A A ¥ AL Hm FL o V', VV/SPD &
V>*/SPD/FA Ha|% 01] w2k EE(Energy Efficiency)©] 70.1%, 81.0% @ 81.9% <=2 & Ue It} SPD/FA &34
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Abstract In vanadium redox flow batteries, SPD/FA as mixing additives is used to improve the thermal
stability of the electrolyte solution and prevent the precipitation of vanadium ions at high temperatures.
The highest current peak determined by CV was obtained at the optimal concentrations of 0.05M FA and
0.05M SPD. The mass transfer and charge transfer obtained through electrochemical experiments were
analyzed by EIS. The prepared electrolytes were also evaluated for CE(Current Efficiency), EE(Energy
Efficiency), and VE(Voltage Efficiency) by performing charging/discharging experiments. Results of high
temperature stability analysis revealed that the V°' electrolyte made using SPD/FA mixing additives
showed no precipitation at 60T after 28days or more. A comparison of the electrolytes with and without
additives revealed EE values of 70.1%, 81.0%, and 81.9% in V>, V>*/SPD, and V>'/SPD/FA, respectively.
As the diffusion rate increased at the interface between the electrode and the electrolyte, the
polarization resistance generated on the electrode surface decreased, and the voltage loss was reduced.
Our results indicate that the electrolyte prepared with SPD/FA mixing additives shows increased energy

efficiency.
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A AAHLE A7|oqR] =87} F7F6k= FAl0lH,
AtjEor 9l AxIgof| A 2o]= A7]oHR]] 70% ol
o] st AR} AR ARE 7|Fo R el A1 9l
o} 224 ol2f3k SR ARROl T e E 7
TS ZAAEol Wt o] & sidst] g HeR
Ao A] D EEHRI AHA] AR gk 7]&ol
SFERD Qleh AR = S ZFAg oL A
g4 27 50l 9 Euzo] WAst] ALHQ o
YA FFo] oj#eH, o] PTG =349
AIZEAZE Aste] Aol E4o] s 71XA |
o} oo gt siAHRte &2 AMESHA] g2 AES A%
sith7F 83 Al7]0)] Fgoke olHA ARAIARIESS,
Energy Storage System, ©]5} ESS)o] ths HiL Jck
[1-4]. ESS= &8 9 AR w} thefFstA WA
g glon T FoA = Zxolit Ao gk Qby/gdo]
Holud, 853 292 540 HAT = = d
A SERAATE AP A] Bt ofyzt AULE A
As AAE AT A7 A AFFAE 2 W
At GEA SEHAE 718 oARHAPTE EE A (active
material)o] ZgE]0] 2 o) A7]HAE #Fst
£ A= O2A Asfdo] &=l A= FEE] 4t
3/ A8 ol&ste A718KHd S8R0t gl
& SEAXY GEAE AAEE 5 Qe BEL2 V, Fe,
Cr, Cu, Ti, Sn, Zn, Br &°| 2H, o]Qox tjeFet
APLE 7 Aola<s S0l ol87kssith 19744 T
= NASA(National and Space
Administration)®] LRC(Lewis Research Centre)©]
Al Fe/CrAI9] &E2E o83 dl5s SEAXE N
stelont, Cr B9 7t d Rejuhs B3 &3d
“Hcross-over)oll 23 FHHE & AEA 5 59 A
o] A= AJH5]. o]F 1980dt T3] Skyllas-
KazacosTIEoA ¥ =24 25 Hug ©¢
SGEAR ARESHe A7 2AF0E AIZEHA AR
3o ohgt Mehdo] whEo] ool e = &
= AsfjAo g ARG wet E9Z 53 €549
FHE A9 §Fo] HAaseRte EHS S &%
9 883 35T £ Qlo] HAEA SEHAX AAFA
HEA Blsa 584X E 483l 7P 238 o
o} vhEA dEA SEAA A AR EE Hhvbg ol
2 V¥,V V0T, VO, 5o& Alsl/3kelo] ZRsditt
FAH R, AuhtEA Hlss SEAXY v tha
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Eq. (D~(3)3% 2t
2 V4e o VPLE = —-0201
U= VO +H,0- VO, +2H +e
E =100V

)

0)
AR WS VA4 VO® + HyOe VP 4+ VO, +2H

E =126V 3)

AR 7Hs3t HhE SHEEE VCl5, V205, VOSO4
5ol gt} 2 VCl;l A9 s15HEo] Mafjdi} vk
5o} ga7tA7t FAEE A0l AL, V,059] B
o g Qlste] gfo] 2 BAHo] THT). 1
#A A VOSO47} @ol ARGE T Utk vhbE SRE
& gujo gafsto] AM&sled] oj HhpE o]eL 7}
$L 4710l o] 47} i o] (VOM)S Fs]y
of A&, TYS B3 THEIA 37} HhLpE oL
(Ve 23 defjdoz ARgHn}. FAFos 4 A
o FFolA 47} BlLE ol &(VO™)el 57KV, )Z,
S AE 37} HRRE ol (V3] 27KVHE HgtE
o] F4o] XY=, Aol = 9o = vhtg o]9
7}5:7}F Wstste] wpdo] MYHTHS). 1t uhEA
Hafjoe FHdo] AP 1, viyE = 2 A
L& opgo] uhet FFAEsY VO, Aol B84 @
Abst HRE(V,05)0] AEEE HEtH9]. AZE9]
QAIst HhEELS AZo] ®Ho| o] Alsl/3Hde
7e wSS AAAA AL ZVIA Ha, 4&d
HEQ] ke 89S A4 "o E3F dEA
FEAA A Yo HEEL AsH] 522 Pafsto]
Y 4EE S7HA F=7t DS " o2 ]lg)
AEjO] =go] ThEE|of, o]jgt BEAE sidst] sl
w2 A7t AP ok A& AAI5H] At i
ozt fjExzoz FAAJH(SOC, Sate Of Charge, ©]
3} SOC)E W50l F= Ao At 57HVO )=
Buf7] o= i, vhg 58 WA ok #Hol A
o} o3 W £ 9@ oA WS F2A7]
o] Qlth. E3 Lxo mE A& A5 Y5t W
Hog Awer|E AMRSle] 2EE YRl wy
AAE, 2o AWEy] ARgo| wE AAH L A5}
ubysHA k. upAEke 2 H7HAE o]gsto]
HEELS IAIsHE W 5ol ATHIL
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2.1 MaliE mM=

Vanadyl sulfate (VOSO4 nHzO, Japan)°ll 3.0M &
AHH,SO4, Sigma-Aldrich)& H7lste] &4s] &4 2
o] 7}A] wESke] 1.6M VOSO4 + 3.0M HaSO4 S|
2 Axs¥ot. H7MAIZ Sodium pyrophosphate
dibasic(SPD, Sigma-Aldrich) ¥ Formic acid(FA,
Sigma-Aldrich)?] YA &jtste] V¥/sPD @
V*/SPD/FA o] FU3t WAL Axslr] s 1417
B ohA] Rk A5
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2.3 ™Ilekety 4

LSS ARAFZA(CV, Cyclic Voltammetry, ©|st
CV)2 3709 H=-& o]83F PGSTAT 302 A7|3feH4
AIAAHO|HE ARESte] SISt SU=E, Pt
wire @ Ag/AgCl A=HBASI, 3M KCl &4& o]ggt
RE-5B)E 47 &5, A=, 7[&4=2% AME
sielet. A7k £eE54S Yo Az dAsfdS
AR89t Randles-Seveik S50]4], =0.2
o} 1.6 Atol9] A9 "HellA 5~200 mV/s & &85
o} A7|sskd QuE A BESFH(ELS, Electrochemical
Impedance Spectroscopy, °©]3} EIS)> IVIUMSTAT
2 107HZ ~ 10°HZ9] F3}5= H9olA sz A

oA s=3gstoict.
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2.4 VRFB A& Al

B EE 5x5cm’e] B4
o AR S ARRSEe] charge-discharge cyclesE &
3 ARSI Y AA= WEFJICEZA Nafion
12, 59 "E (Nippon carbon, GF-5) A= 4 & 7))
FEHoE AR b FFHE HolEd
EAE 0 FEojdl e Eol o] Wid 5
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ALt HEsHoich
2 AAYsiith 5 @01] 2T 4 3
mm= FFsIG Aside] JH = 247 50 mL
o]a1, o]&2 7] "z 9Jsff 60 mL/mm—J &0z
Foll == S AlEY A AY d
= 0.8 VUiA 1.7 VE A=A, 7t AR 2=
= 40mA Jem’® TAE T 2HbAL 10A0]2 EoF
AgPstglon], M2)9] ARAE(CE), AYAE(VE),
YA ZLE(EE)S Eq. (4)~(6) ol-8sto] A=EstATt.

Discharge Capacity (Ah)

HE A5

Z x]

X1
CE(%) = Charge Capacity (Ah) 00 ()
} _ Average Discharge Voltage (V)
VE(%) = Average Charge Voltage (1) 100 )
" Discharge Energy (TWh)
EE(%) = Charge Enerry (TWh) #100 @)
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Fig. 1. Stability test images of V5+ electrolyte (a)
pristine (b) with SPD system (c) with SPD/FA
system

2 ToliRe| H7|etet ds

A2El) s 2] 98, 0.01,
-10 M«l FA Z+7+ 0.05 M SPD Al2AE
Z7) Q8] A7 s
3}““‘% F1g 2(a)01] TAE HRe} Zo] A 4
5= Uedl= &3l HASE &
P t}. o ﬁﬂriTEi 0.05 M FA SHEAIZ /\]—-9-0]'_]_
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The electrochemical performances of V¥
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Table 1. The electrochemical parameters obtained

from the cyclic voltammetry and the
electrochemical impedance spectra
Scan rate @ 20 mV/s
Sample IPc 1Pa 1PA/IPc AR
(mA/cm’) V)
Pristine 2.44 -2.05 0.84 0.223
SPD 2.35 -2.07 0.88 0.221
© SPD/FA | 243 -2.17 0.90 0.221
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Fig. 3. The electrochemical kinetics of the electrolyte

(a) pristine (b) 0.05 M SPD (c) 0.05 M SPD +
0.05 M FA and (d) plots of the redox peak
current density versus the square root of the
scan rate (slope corresponding to diffusion
coefficient)

3.3 VRFBY| =Y & Ms

40 mA/cm’™lA Z+ AFHES 1041E A
VRFBY] APl 58S A@statt. 181l oA &&
(BB), A &&(VE) ¥ AF HL(CE)S Fig. 49l Vet

et BRARTE V'/SPD Asfda}t v /SPD/FA A
AL V' e AREE(CE) 9 AYAL(VEY =9
oM IA FAEILS & + Ah AREL(CHE
7}k V', VP /SPD € VP*/SPD/FA sl et 91.5%,
96.5% @ 97.7% &Co2 Z7Istgnt. F7MEoz, [
AE(VE)Q 4%, SPDE ks Asfide oF 84%ol
e B e BYow, 76.5%F Uehis Vo
]3] 9% FAFS UERfQict. Adaeo Sk A=
3 AsfA o] AHo A iEErt SUHg) wel AR
Hol A WA¥sk= HIA o] skl AR 54 S
oA WAt AL S 05 Ao ddHr)
olgidt olfE B Ay &2 AsiEnitt 77
70.1%, 81.0% ¥ 81.9% 4 S7¥stott. Al 714 Hsid
2 AMES & Al VRFBO] S Table 29 A5
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Efcency ()
Eclency ()
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Fig. 4. The results of the CE, VE and EE with each
system (a) pristine, (b) SPD, and (c) SPD/FA
through single cell of VRFB

Table 2. The average efficiencies of single cell VRFB
with different stabilizer system.

coulombic
efficiency

%)
91.5
96.5
97.7

Voltage
efficiency

(%)
76.5
83.8
83.9

Energy
efficiency

%)
70.1

Sample

Pristine

SPD 81.0

SPD/FA 81.9
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