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Energy, pollution and cost are three significant factors which should be further studied in the process
of synthesizing ethylene and oxalic acid. In the present work, ethylene and oxalic acid are synthesized
from acetylene by paired electrochemical reaction which is an efficient, clean, energy-saving method.
Ethylene and oxalic acid are determined using gas chromatograph (GC), fourier transform infrared
radiation spectrometer (FT-IR) and ultraviolet visible absorption spectrophotometer (UV-Visible
absorption). The new synthesis method will have great potential applications in coal chemical industry.
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1. INTRODUCTION

China has abundant of coal resources but is short of oil resources, so the development of coal
chemical industry will be long-term dominant [1, 2]. It is well known that acetylene is one of the most
basic raw materials for lots of organic chemicals [3]. The route of coal chemical industry such as “coal
— acetylene — ethylene and oxalic acid (from paired electrochemical synthesis) — many organic
chemicals” is the unique idea to synthesize high value-added products from coal based chemicals.
One-step production of acetylene by coal pyrolysis in thermal plasma reactor [4,5] and paired synthesis
of ethylene and oxalic acid with electrochemical method are integrated in this route, then a clean,
continuous and large scale production can be thoroughly realized in making efficient use of coal.
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Ethylene, as one of important basic organic chemicals, has widespread applications. The
production ability and level of ethylene industry have been the important symbol of measuring one
country’s comprehensive economic strength and the level of science and technology. Modern ethylene
industry is intensive in capital and technology, and it is also one of the pillar industries to develop the
national economy. A series of important oil chemical intermediates and end-products are synthesized
from ethylene as raw material through a variety of ways. These products play an important role to
drive the national economic development and to improve people's living standards [6]. At present,
liquid gas method and cracking method are applied in ethylene production process. But some of these
methods are seriously influenced by raw material market, resulting in uneven development or higher
cost [7].

Oxalic acid is widely used in various fields including medicine industry, rare earth elements
refined industry, synthesis of dye intermediates or other organic chemicals, textile and leather industry,
and purification of metal equipments and so on. The quantity demanded of oxalic acid fluctuates with
the vigorous development of related industries [8]. There are various methods to produce oxalic acid
such as oxidation method, dehydrogenation method from sodium formate, coupling method from CO
etc.. However, some of these methods require higher temperature and pressure, involve complex
process and backward technology, cost more highly in raw materials and energy consumption, bring
out serious pollution or it is very difficult to seek the raw materials [9-11].

There is no doubt that paired electrochemical synthesis of ethylene and oxalic acid from
acetylene, as one mild and clean method, is an important research direction in this field and the new
synthesis idea has not been reported all over the world up to now. It will have bright future. Thus, the
problems mentioned above could be solved.

2. EXPERIMENTAL PART

2.1. Instruments and reagents

A direct current (DC) regulated power supply (HB17301SC, Hongbao Electric Group Co. Ltd.,
China) were used to synthesize ethylene and oxalic acid. UV-Visible spectrophotometer, FT-IR
spectrometer and GC with a thermal conductivity detector (TCD, 180 °C) were used to characterize
products’ structures. The reagents purchased from some reagent plants in China are all analytical
grade. The solutions are prepared using fresh double-distilled and deionized water.

2.2. Electrochemical synthesis of ethylene and oxalic acid

Ethylene and oxalic acid were electrochemical synthesized in a divided electrolytic cell with an
isolating membrane. 180 mL H,SO, solution (¢c=3 mol-L™") was poured into the electrolytic cell,
putting Pd electrode in cathodic room and Pt electrode or Ti based oxide electrode with multivariant
intermediate layers in anodic room, respectively followed by ventilating acetylene into the two rooms
at the rate of 15 mL-min™. Connect circuits (1=0.1 A). H,SO, solution was electrolyzed and electrolytic
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products react to acetylene in their own room. And then ethylene could be produced in cathodic room
and oxalic acid could be obtained in anodic room, respectively. The experimental apparatus schematic
diagram of paired electrochemical synthesis of ethylene and oxalic acid from acetylene is shown in
Fig. 1.
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Figure 1. Experimental apparatus schematic diagram of paired electrochemical synthesis of ethylene
and oxalic acid from acetylene

2.3. Characterization of ethylene

The mixture of ethylene product, acetylene and unreacted hydrogen obtained from cathodic
room were ventilated into GC (SP-2100, Beijing Beifen-Ruili Analytical Instrument (Group) Co. Ltd.,
China), separate and detect them (Column: GDX502, 2 m, 40 °C; Carrier: Ny).

2.4. Characterization of oxalic acid

Solution obtained from anodic room is detected using UV-Visible spectrophotometer (CARY
50 Probe, VARIAN, USA, 200~800 nm) and FT-IR (Nicolet 6700, Thermo Electron Corporation,
USA). The characterization results are compared with oxalic acid solution dissolved with 3 mol/L
H,SO, (KBr, 8 cm™, 4000-650 cm ™).

3. RESULTS AND DISCUSSION

3.1. GC analysis of product

The GC chromatogram is used for detection of ethylene as shown in Fig. 2. The peak at 1.188
min. is due to ethylene. In addition, the peaks appeared at 1.508 min. and 0.165 min. are attributed to
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acetylene and the unreacted hydrogen, respectively. It indicates that ethylene is produced from
acetylene in cathodic room by electrochemical synthesis.
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Figure 2. GC chromatogram of product obtained from cathodic room

The required hydrogen for hydrogenization of acetylene is produced by electrolyzing H,SO,4
solution, which ensures the following two reactions take place smoothly:

CoHy; + Hy, — CoHy (1)

CoHs + Hy — CoHg (2)

Equation (1) is the desired reaction whereby acetylene is selectively hydrogenated to ethylene.
At the same time, ethylene is hydrogenated to ethane in Equation (2), which leads to an unexpected
reduction of the ethylene during the process. But the latter should be prevented because of the selective
catalysis of Pd [12-14].

3.2. UV-Visible absorbance spectrum of oxalic acid

As shown in Fig. 3 and 4, there are two very strong absorption peaks at 205 nm, 215 nm and a
weaker absorption peak at 250 nm. It indicated that the product from anodic room has the same
components compared with the oxalic acid solution dissolved in H,SO4 (c=3 mol-L™). The result
suggests that oxalic acid is successfully prepared from acetylene.
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Figure 3. UV-Visible absorbance spectrum of oxalic acid solution dissolved in H,SO,4 (c=3 mol/L)
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Figure 4. UV-Visible absorbance spectrum of product obtained from anodic room

The necessary oxygen for oxidization of acetylene is produced by electrolyzing H,SO, solution,
the following reaction takes place due to the strong oxidizing of oxygen, hydroxyl radicals etc:
CoH, + O, —-H,C,04 (3)

3.3. FT-IR spectrum of oxalic acid

The FT-IR spectra of oxalic acid from anodic room and oxalic acid solution dissolved with 3
mol-L™" H,S0, are shown in Fig. 5. Solid oxalic acid forms double teeth dimers by hydrogen bonding
from hydroxyl, the bond observed at 3440 cm™ is considered to be O-H group. The bond at 1720 cm™
should be designed to C=0 group, and the bond observed at 1220 cmis attributed to (C-0)+(O-C=0)
of —COOH groups [15]. But for oxalic acid solution dissolved with 3 mol/L H,SO, as shown in Figure
5, the double teeth dimers are destroyed, oxalic acid exists mainly in the form of H,C,0,and HC,O,,
forming hydrogen bonding with water. Absorption frequency of (C-O)+(0O-C=0) from —COOH groups
shifts to 1330 cm™. Oxygen of C=0 forms hydrogen bonding with water, which leads to that the
absorption frequency of C=0 shifts to 1640 cm™ [16,17]. What most important is that the FT-IR
spectra of the product is similar to that of oxalic acid solution dissolved with 3 mol-L™ H,S0,. Thus it
can be proved that oxalic acid is in-situ produced from acetylene in anodic room.
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Figure 5. FT-IR spectrum of product from anodic room

3.4. Reaction mechanism

On the basis of the above results, oxidization and hydrogenization mechanism of acetylene is
illustrated in Fig. 6.
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Figure 6. Reaction mechanism of paired electrochemical synthesis of ethylene and oxalic acid from
acetylene

We believe that there are several routes in oxidization and hydrogenization during the process
of paired electrochemical synthesis of ethylene and oxalic acid from acetylene, as following shows.

In cathode, palladium is unique in its ability to selectively hydrogenate of acetylene to ethylene
[18]:

5 5~

5+
Pd+H+—>Pd(Hj, HC =CH+ 2" - HC = CH,

8" 8~ &~ &+ 87 87 &+
2Pd(H]+HC =CH—->PdH C=CHPd - HC = CH, + 2Pd

H H

or H +e —H-, Pd+H — Pd( H),



Int. J. Electrochem. Sci., Vol. 8, 2013 6572

HC = CH + 2Pd(- H) — PdH +C = CHPd — H,C = CH, + 2Pd

And in anode, hydroxyl radical is considered as one of the possible reasons at indirect
electrochemical oxidation of acetylene. Researchers have hypothesized that hydroxyl radical can be
produced by chemical oxidation of water and/or by direct oxidation of hydroxyl ions [19]:

PbO, + H,0 — ¢ —> PbO,(- OH) + H*,

PbO, Pb0,

b
HC = CH + 2Pb0,( OH) = C = C — 0 =C-C =0+ 2Pb0,( H)+2-H,

H H

PbO, PbO,
(OH) (HO)

H H
0 ©
2Pb02(~OH)+O=C—C=O—>O= C-C=0-50=C-C=0+2PbO,

or 2H,0 —4e —> 0, + 4H*, Pb0, + 0, — Pb0,(0,),

Pb0,
(0=0)

HC = CH + Pb0,(0,) - C = C — Pb0, + 0 = C- C = 0,

PbO0, 5"

-
(0=0) 0. -0 &+
Pb0,(0,) + 0 =C-C =05 0=C-C=0-0=C-C=0+2H+Pb0, >
i
SH H&* H H
670- .08 0 0
0=C-C =0+Pb0, > 0 =CC =0+ PhO,

The occurrence of each route is possible. Thus further study is required to determine which
route plays the most important role.

4. CONCLUSIONS

In conclusion, it is recognized that ethylene and oxalic acid can be synthesized from acetylene
with paired electrochemical method. The process will offer a new method for synthesis of ethylene and
oxalic and bring bright future for coal chemical industry.
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