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Abstract : Oxalic acid has been traditionally obtained via the oxidation of carbohydrates using nitric acid and catalysts. However,
this process produces a variety of nitrogen oxides during oxidation and requires a separation process due to its various
intermediates. These products and additional steps increase the harmfulness and complexity of the process. Recently, the
electrochemical reduction of carbon dioxide into oxalic acid has been suggested as an environmentally friendly and efficient
technology for the production of oxalic acid. In this electrochemical conversion system, zinc oxalate (ZnC,0Oy) is obtained by the
reaction of Zn®" ions produced by Zn oxidation and oxalate ions produced by CO; reduction. ZnC,O4 can then be converted to
form oxalic acid, but this requires the use of a strong acid and heat. In this study, a system was proposed that can easily convert
ZnC,0;4 to oxalic acid without the use of a strong acid while also allowing for easy separation. In addition, this proposed system
can also further convert the products into glycolic acid which is a high-value-added chemical. ZnC,04 was effectively separated
into Zn(OH), powder and oxalate solution through a chemical treatment and a vacuum filtration process. Then the Zn(OH), and
oxalate were electrochemically converted to zinc and glycolic acid, respectively.
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Oxalate electrolysis:
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2

2C0; + 2¢ — G047 )
In — In*t — 2¢ )
2CO; + Zn — ZnCy04) 3)

Oxalic acid from zinc oxalate:
27nC,04 + H,SOs — ZnSO; + H,C04 (4)

Zinc electrolysis:
1
Z/nSO4 + H,O — Zn + H,SO,4 + 35 O, (5)
Sum of all reactions:

1
2C0O, + HO — H,G,04 + —

5 0O, (6)
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Figure 1. Reaction mechanism of electrochemical reduction of
oxalic acid.
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Figure 2. System of the conversion of zinc-oxalate to glycolic acid.

A2E 2emz DA SHFACH19). TS HEL 02 wi%
ammonium fluoride (NH4F, Sigma-Aldrich)@} 1 vol.%%] SF4+5
3H3-51= ethylene glycol (EG, Junsei, 99.5%)-8& 8-S ARE-5IFTE
o] 204 A7 A B A (Keysight, E3641A)E AR5}
60 VO] LRt AU 45 52t A7F5He] TiO, nanotube T35
Aok ATH20-22]. F= Abs & A5S AW o2 2 SR
& A Fsta AR5ttt AlRE TNT M- anatase 27742
B=S A Z712171004 450 °C, 1A1ZF 5t SAH5H e
[21,23].

2.2. OfASAYO|ENNM SE|ZAEO| Tet I

ofALA 0| EoflA] ST Z4tC 2] H7|5let4 g Il of
A I IA A AFoRE AFPEGoH, & Aol A
Qtet= 5789 /N =E Figure 20 UEFA QI AA, &-3)
2 A%t GAE ZnC0, BT oxalate (C,04)2} Zn(OH),E
sebA el WS Sl eS| EEshlnt. WA, o]Fof g
S} ¥F3-Ql oxalate reduction®] ASAE AL 4= YEE A
Asdz 0.2 MO NaSO 5 ARERE 0.01 M2 ZnC,04 &N
A| Z3}H . o] % zinc pourbaix diagramE F315}0] Zn(OH),2]
Qgo] B4D F UAES pH 9-10 IATHERL §A1F
th24,25]. o]dl pHS §A5F7] Y3l pH v]E|(Thermo Orion,
ORION STAR A211)Z pHE AA|7to 2 =X 5IHA 3 M9
NaOH &4& 7ottt o] #AE 3l Zn™ ion2 OH9}
HE-&-5to] Zn(OH),9| A= FASHL, oxalate= &% Uiol
gopiAl ot o]% At ofIE Fof oAy} JYAES &
g5ta, AH4E Zn(OH)= ovenoll A 60 °C, 5AIZF 5%t x5k
pig

A, Figure 29] electrolysis 2 TAZ, Zn(OH),o A ZnE
si4st] el WISl e Aslc 2 A, 4
o A=, 7]& A=o] Z+ZF Ti foil, Pt wire, Ag/AgCl 3 M
NaChZ #AH 38= A|AHES AR5l Chronoamperometry
(CAE AFHsIYTt. dojA Zn(OH),S 0.01 MY nitric acid
(HNO;3, 64.0-66.0 %, DUKSAN) 890 BALA| 7|11, Sfg 8N
= WS &0 = ARESIa] 2.0 Vo vs. Ag/AgClo] HAY¥= <
7kt et 1417E 408 59t HEgsto] Zn* oA ZnE Ti foilo]
ZZ}(electrodeposition)8 4= JYEE SFATE

AHA], electrolysis 32] oxalate T TAZ AHA T4
A A oIS B3 Loil oxalate TS §EE-9] catholyte
2 AREseh ®Egoll ARgSH7] Aol HuSO.E ARE&Ste] pH

iy

1.6002 wrEFQict. A7|skehd] 44 3L potentiostat
(IVIUMnSTAT, N55317)& AH&3to] 382 A AE oA AA]E]
Ack &Y A=2 AxF INT A1 em x 1 em)y, g A=
© DSA-mesh (Techwin), 7|% A2 Ag/AgCl (3M NaCl)&
Zy7y AR5t A 7Skt HRS-7]+= Nafion N-117 membrane
(Alfa, 0.180 mm thick)= £ H-cell& ARESFA T F=H
(anolyte) 2 2= 0.2 M9 Na,SOE, 2= (catholyte) O 2=
AR A olnhe AGAAL, UFE BE A9 pHE
1.600|t}. A7] £3f (electrolysisy= 3A|7F B2 60 “Co|A] -1.0
V (vs. Ag/AgCHY] AL Q7IstHA £3=] 9t

2.3.
A= 9 2] 274 25 glsty| s XA 34 £47]
(XRD, PANalytical, X Pert3-Powder, Cu-Ko; radiation) &4
MG} ofdlo] HAE HI] EHE FAAAM
(FE-SEM, TESCAN, MIRA 3 LMH In-Beam Detector)& A3}
TEE Q). FE-SEMO] F2+5 EDS (Energy Dispersive X-ray
Spectrometer)2 A= EHO| AAES EQI5IY L. Oxalate T+
SARA A7l w2 8 U PHEY v 1T HA
I 80}E I 3(HPLC, SHIMADZU, RID-10A)S AR&38lo] B
A5t 2L Bio-radAl] Aminex HPX-87HE ARSI
™, 0.01 N H,S0,2] 0]%4}, 0.08 mL min9] flow rate, 65 °C2]
column oven 2%, 10 ULY] injection volume, 15 2] running
time A EA3H3TH26].

Hom
g 0x
r MO
2 1x

WA, Z0C,0, 83] 9 AT L Waysherk I
MRS A8 ek Setael we o) avdosn

A A 39 AFRCZE 0.2 MY Na,SO9 ZnC,0.5 A2
BAAAE W Figwe 2% 2o] ST ¥4 ot B &
dozg Holn, pH= 8.0 FXolt}. Zn9 pourbaix diagramo]
w2, pH 89 A& Zn7} Zn™ o]0 2 ZEA5}tH, pH 9-100]
4] Zn(OH), (zinc hydroxide)2] FE2 ZASHTH24,25]. 3=
7 %7 got EE ZnC,07F 93| SelE A ok
9, pHE T4 £9 Zn(OH,LE EAT 5 U= 24E 70

Figure 3. Photography of the zinc-oxalate dissolution process ;(a)
Initial state without stirring, (b) right after adding 3 M
NaOH solution while stirring, and (c) after 3 h. ([ZnC,04]
=0.03 M, [Na,SO4] = 0.2 M, temperature: 20 °C)
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Figure 4. (a) Concentration profile of oxalic acid while maintaining
each pH, (b) XRD patterns of samples before and after
ZnC,0y dissolution at pH 10, and (c) samples with and
without annealing after dissolution at pH 9, 9.5. ([ZnC,04]
= 0.01M, [Na,SO4] = 0.2M, temperature: 20 C)
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Figure 5. (a) Concentration profile of oxalic acid stirred for 3 h while maintaining pH 10, and (b) XRD patterns of samples with and without

adding NaOH solution.
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Figure 7. (a) Concentration profile of oxalic acid while maintaining
pH 10, (b) conversion of OX, and (c) faradaic efficiency
using filtered ZnC,0O4 solution.
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Figure 6. (a) FE-SEM image, (b) EDS spectrum, and (c) XRD pattern of Ti (@) substrate after the electrodeposition of Zn ().
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