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Figure 1 The gross weight change of glyoxylic acid with time

by galvanostatic electroreduction
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Figure 2 Linear sweep voltammetric results of lead electrode
in sulfuric acid (a) and oxalic acid (b) solutions (color on line)
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Table 1 The ion radius and structure of different quaternary ammonium additives

Additive TMAH TEAH TPAH TBAH
lon radius/nm 0.412 0.567 0.788 0.954
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Table 2 The slope of linear relationship between current response and ™2

Electrolvte oxalic acid oxalic acid oxalic acid oxalic acid oxalic acid
y +TMAH +TEAH +TPAH +TBAH
Slope/(mC-s'?) 1.3567 1.3879 1.618 0.5011 0.2619
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Table 3 The HLB value of quaternary ammonium salts and the corresponding ion pairs

Type of additives Structural formula Q* Q/0A
TMAH (CHs):N + OH- 20.225 24.725
TEAH (C:Hs).N + OH- 18.325 22.825
TPAH (CsH)N + OH 16.425 20.925
TBAH (CiHg):N + OH 14.525 19.025
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Figure 9 Constant current electrolysis device (A) and elec-

trolysis results (B) of oxalic acid solution with four different

quaternary ammonium additives (color on line)
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Effect of Alkyl Chain Length of Symmetrical Quaternary
Ammonium Hydroxide on Oxalic Acid Electroreduction Reaction

Bo Huang, Xin-Sheng Zhang, Dong-Fang Niu, Shuo-Zhen Hu"
(State Key Laboratory of Chemical Engineering, East China University of Science and
Technology, Shanghai 200237, P.R. China)

Abstract: Glyoxylic acid with the dual characteristics of acid and aldehyde is an important chemical raw material and organic
synthesis intermediate, which is extensively used in the per fumery, pharmaceutical and fine chemical industries. A family of
symmetric quaternary ammonium hydroxides (QAHSs) with different alkyl chain lengths was used as the additives in generating
glyoxylic acid from oxalic acid electroreduction reaction (OAER). The effects of alkyl chain length on OAER and the
corresponding side reaction, i.e., hydrogen evolution reaction (HER), were investigated. Linear sweep voltammetric (LSV) results
showed that the adsorption of the additives suppressed more on the HER than that on OAER, resulted in improving the current
efficiency of OAER. As the alkyl chain length of QAH increased, the suppression effect on HER was more obvious. The effect of
additives on oxalic acid diffusion was studied by chronoamperometry (CA). With the increase in the alkyl chain length of the QAH
additives, the diffusion coefficient of oxalic acid increased first and then decreased. The constant-current electrolysis results showed
that the additives could effectively improve the current efficiency of the OAER, which was highly related to the alkyl chain length
of QAHSs. The LSV, CA and electrolysis results indicate that the suppression effect of QAHSs adsorption on HER is the main reason
for the improvement of current efficiency. In this study, tetrabutylammonium hydroxide (TBAH) is the best additive to increase the
current efficiency of generating glyoxylic acid from oxalic acid.

Key words: oxalic acid; electroreduction; glyoxylic acid; symmetrical quaternary ammonium additive; alkyl chain length
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