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Abstract.Salt gradient energy (SGE) is a kind of chemical potential difference
energy existing between electrolyte solutions with different concentrations,
which can be converted into high-grade mechanical energy or electrical energy
by certain technical means. Reverse electrodialysis (RED) can convert this kind
of energy into electric energy, and it has become the main technology of salt
difference energy recovery because of its direct conversion and simple equip-
ment. Chromium (Cr(VI)) in sewage discharged from human production and liv-
ing activities will threaten human health through enrichment. Therefore, reducing
Cr(VI) wastewater with high toxicity to Cr(III) with low toxicity and then dis-
charging it is the main technical means adopted in sewage treatment at present,
but the current reduction technology has some problems such as high cost and
high energy consumption. Recovering salt differential energy and reducing chro-
mium-containing wastewater with RED can reduce Cr(VI) in wastewater and
convert salt differential energy into electric energy. The effects of common ions
(Cu?', Zn?" and Fe*") in chromium-containing wastewater on the performance of
the stack and the reduction of Cr(VI) were studied. These ions were added to the
cathode solution of Cr(VI) by the method of controlled variables, and their effects
on the output performance of RED stack and the reduction rate of Cr(VI) were
analyzed. The results show that adding different concentrations of Cu?*, Zn** and
Fe*" to the cathode solution can significantly promote the reduction rate of Cr(VI)
by more than 20%, especially adding Cu?* to the cathode solution of Cr(VI). Fur-
ther study on the concentration of trace ions and the flow rate of electrolyte shows
that there is an optimal concentration for each ion to promote the reduction of
Cr(VI), and the reduction rate of Cr(VI) is higher at low flow rate of cathode
solution. Additionally, adding trace ions can effectively reduce the internal re-
sistance of the RED stack, but does not significantly enhance the performance of
the RED stack.
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1 Introduction

Salinity gradient energy (SGE) refers to the energy generated by the chemical potential
difference between seawater and fresh water or salt solutions with different concentra-
tions. It is a kind of marine energy stored in the form of chemical energy and widely
exists at the junction of rivers and seas.! ], Reverse electrodialysis( RED) is an effec-
tive technical means to recover salt differential energy and directly convert it into elec-
tric energy> 3l At present, chromium compounds are widely used in metal electroplat-
ing, paint, pigment, leather processing, textile dyeing, printing ink and wood preserva-
tion."!A large amount of chromium-containing wastewater is discharged, which is mu-
tagenic and carcinogenic to human body.Pl. At present, the technology for treating hex-
avalent chromium requires high-yield input or secondary pollution by-products®7.,
Therefore, the reduction of Cr(VI) with RED technology in this paper can not only
achieve the reduction of Cr(VI) but also achieve higher stack performance output. Aim-
ing at the possible influence of trace metal ions in chromium-containing wastewater on
the output performance of RED stack and Cr(VI) reduction, the real Cr(VI) wastewater
was simulated as cathode solution, in which trace metal ions with different concentra-
tions were added respectively. The effects of different parameters of electrode solution
on Cr(VI) reduction and stack performance were tested on the RED experimental plat-
form.

2 Experiment

In order to verify the feasibility of reducing Cr(VI) to Cr(III) and generating electricity
by using RED technology, this experiment built a RED experimental platform for re-
lated research. The experimental process is shown in Figure 1.
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Fig. 1. experimental principle system diagram

RED stack is the core device for reducing Cr(VI). Electrochemical workstation and
current amplifier are connected in series to detect the performance of RED stack, such
as measuring short-circuit voltage and power density. The pH detector is used to meas-
ure the pH value of the electrode solution; The variable resistance box is used to adjust
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the external resistance; The peristaltic pump for feeding solution and electrode liquid
is used to provide flow power and control flow rate; The constant temperature water
tank ensures that the feed solution is maintained at a constant temperature; Ultraviolet
spectrophotometer is used to detect the concentration of Cr(VI). Ultra-pure water puri-
fier, electronic balance, magnetic stirrer and beaker are used for the configuration of
electrode washing liquid.

3 Result and Discussion

3.1 Influence of Trace Ion Concentration in Short Circuit State

Figures 2 and 3 show that under the conditions that the temperature is 25°C, the pH
value is 2, the flow rate is 40 mL/min, and the concentration of the concentrated solu-
tion and the diluted solution of the working solution are maintained at 3 mol/L and
0.03mol/L, respectively, three ions of Fe**, Cu?>" and Zn?" are added to the cathode
solution of Cr(VI) at 5 ppm, 20 ppm, 35 ppm and 50 ppm respectively.

As can be seen from Figure 2(a), the reduction rate of Cr(V]) in the cathode solution
containing Fe**, Cu?*" and Zn?" and all ions is higher than that in the pure chromium
cathode solution. Therefore, adding different concentrations of Fe**, Cu** and Zn** to
the cathode solution can improve the reduction rate of Cr(VI). The reduction rate of
Cr(V]) in pure chromium solution is 46.17%. When the addition amounts of Fe**, Cu®*
and Zn?" are 5 ppm respectively, the reduction rate of Cr(VI) is the highest when Cu?*
is added, which is 23.13% higher than that in pure chromium cathode solution. The
reduction rate of Cr(VI) in chromium solution with Fe** at 20 ppm is 26.18% higher
than that in pure chromium cathode solution, which is the best. When adding Zn*" at
35 ppm, the reduction rate of Cr(VI) increased the most, which was 26.6% higher than
that of pure chromium cathode solution. The reduction rate of Cr(VI) with Cu** at 50
ppm is 30.07% higher than that of pure chromium cathode solution. When all ions exist
simultaneously, the reduction rate of Cr(VI) is 16.19% higher. This shows that different
ion concentrations have significant effects on the reduction of Cr(VI).

As can be seen in Figure 2(b), the addition of Fe**, Cu?" and Zn?" has little effect on
the OCV of RED stack, and the basic output voltage is about 4.4 V.Among them, when
adding 5 ppm, 35 ppm and 50 ppm to Cr(VI) cathode solution, the OCV of electrode
solution containing Zn*" is the highest, which is 4.71 V, 4.3 V and 4.27 V respectively.

As can be seen from Figure 3(a), the output power density of the RED stack is 0.96
W/m? when only chromium is reduced, while the output power of the RED stack de-
creases when Fe**, Cu?** and Zn*" are added to the cathode solution to reduce Cr(VI)
respectively, but the output power density of the stack remains the best when reducing
Cr(VI) cathode solution containing Fe**. As can be seen in Figure 4.3(b), when adding
Fe**, Cu** and Zn?" to the catholyte to reduce Cr(VI) respectively, the internal re-
sistance of the RED stack decreased, and the internal resistance of the catholyte con-
taining Fe** was basically lower.
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Fig. 3. Influence of different trace ion concentrations on the output power density and internal
resistance of the stack under short circuit condition.

3.2 Influence of Trace Ion Concentration in Channel State
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Fig. 4. Effect of trace ion concentration of 5 ppm and 20 ppm on stack performance and Cr(VI)
reduction in channel state.

Figs. 4 and 5 show the output performance and Cr(VI) reduction law of the RED stack
when 5 ppm, 20 ppm, 35 ppm and 50 ppm of Fe**, Cu?" and Zn?" ions and all ions are
added to the cathode solution respectively in the channel state. It can be seen from the
figure that the increase of metal ion concentration promotes the reduction rate of
Cr(VI). Firstly, the addition of Zn?'in the range of 20 ppm to 35 ppm can promote the
reduction rate of Cr(VI). Cu** can continuously promote the reduction rate of Cr(VI)
when the amount of Cu?*is 20 ppm-50 ppm. The addition of Fe** can basically promote
the reduction of Cr(VI) at 5 ppm-50 ppm, and it can greatly promote the reduction of
Cr(VI) at 35 ppm. Although trace ions with different concentrations have different ef-
fects on the reduction rate of Cr(VI), they are basically completed within 12 min

As can be seen from Figure 4 and Figure 5, Cr(VI) solution added with trace ions
basically does not promote the output voltage and power density of the stack, but re-
duces the output voltage and power density of the RED stack. Fig. 4(a) shows that when
Fe*, Cu?" and Zn?" are added at 5 ppm respectively, the output voltage and power
density of the RED stack after the reduction of the Cr(VI) solution containing Zn?* are
the maximum values of 4 V and 0.67 W/m?, which is 3.01% higher than that of the pure
Cr(VI) solution, but the power density is 9.4% lower. In fig. 4(b), when Fe**, Cu?" and
Zn?"are added at 20 ppm respectively, the influence of Cr(VI) solution containing trace
ions on the output voltage of the RED stack is basically the same, while the output
power of the RED stack is relatively high at 0.56 W/m? after the reduction of the Cr(VI)
solution containing Fe*", but it is also lower than that of the pure Cr(VI) solution after
the reduction.
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Fig. 5. effect of trace ion concentration of 35 ppm and 50 ppm on stack performance and
Cr(VI) reduction in channel state.

Fig. 5(a) shows that when Fe**, Cu** and Zn?" are added at 35 ppm, the output voltage
and power density of the RED stack are 3.54 V and 0.61 W/m? when the Cr(VI) solution
containing Fe** is completely reduced, but the output voltage of the stack is 4.3% lower
than that of the pure chromium solution, and the power density is almost the same as
that of the pure chromium solution. Fig. 5(b) shows the variation law of output voltage
and output power density of the RED stack when Fe**, Cu** and Zn?" are added at 50
ppm. As can be seen from the figure, trace ions have little influence on the output volt-
age and power density of the stack.

4 Conclusion

This article utilizes a controlled variable method to study the impact of trace ions in
wastewater on the output performance of RED stacks and the reduction rate of Cr(VI)
by adding Zn**, Cu**, and Fe** ions into the Cr(VI) cathode solution and varying the
ion concentrations. The conclusions are as follows:

Adding Zn**, Cu®', and Fe** ions to the Cr(VI) cathode solution can enhance the
reduction of Cr(VI), and the enhancement effect is significant. The promotion of the
Cr(VI) reduction rate is more than 20% higher compared to the pure chromium solution.
Among these, Cu?* shows the most significant effect in improving the Cr(VI) reduction
rate. Compared to other metal ions, when Fe** is added, the RED stack exhibits the
highest output voltage and maximum power density.
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