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摘要：分别以三聚氰胺、尿素、碳酸胍和硫脲为原料，通过热解法制备了碳化氮(CN)材料。利用X射线衍射(XRD)、扫描电子显

微镜(SEM)、X射线光电子能谱(XPS)和氮气吸附-脱附测试对其进行了详细表征。将由该材料制备的电极作为阴极，铂片作为

对电极，在酸性溶液中电催化选择性还原Sn。与铜片、石墨板、钌铱钛板等常见阴极电极材料相比，CN不仅在双电极电解池

中具有较低的电势，且在酸性溶液中稳定，可以实现将Sn选择性还原为Sn。

关键词：碳化氮；Sn还原；电催化

中图分类号：O613.71；O614.43+2 文献标识码：A 文章编号：1001‐4861(2024)05‐1015‐10
DOI：10.11862/CJIC.20230433

Selective electrocatalytic reduction of Sn by carbon nitrogen
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Abstract: Graphitic carbon nitride (CN)‐based materials were synthesized using melamine, urea, guanidine carbon‐
ate, and thiourea as precursors via pyrolysis. The synthesized materials underwent comprehensive characterization
employing techniques such as X‐ray diffraction (XRD), scanning electron microscopy (SEM), X‐ray photoelectron
spectroscopy (XPS), and nitrogen adsorption‐desorption test. These materials were evaluated for their performance
as cathodes with platinum sheet electrodes as anodes in the selective electrocatalytic reduction of Sn in an acid
solution. During the reduction of Sn to Sn, Sn can also be reduced to Sn due to the similar reduction poten‐
tials of Sn and Sn. The deposition of Sn on the cathode diminishes the electrode conductivity efficiency. There‐
fore, the electrode material must fulfill the dual requirements of reducing Sn to Sn while preventing the reduc‐
tion of Sn to Sn. In comparison to conventional cathode materials such as copper plates, graphite plates, rutheni‐
um iridium titanium plates, and platinum plates, the CN demonstrated superior performance in the selective electro‐
catalytic reduction of Sn in an acidic solution. In addition, CN exhibited a lower potential in a dual‐electrode elec‐
trolytic cell and maintained stability under acidic conditions, enabling the selective reduction of Sn to Sn.
Keywords: carbon nitride; Sn reduction; electrocatalysis
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0 Introduction

Graphitic carbon nitride (CN)‐based material is a
two ‐ dimensional structure, similar to that of graphite,
and is used as a photocatalyst active in visible light[1].
It is also a layered carbon nitride non‐metallic polymer
n ‐ type semiconductor that can be used in reduction
reactions[2‐3]. Due to their unique physical, chemical,
optical, and electrical properties, these materials have
found extensive utility in photocatalytic applications,
such as photocatalytic hydrogen production[4], photodeg‐
radation of dyes[5‐6], Friedel ‐Crafts reaction[7], etc. With
the in ‐ depth study of CN, CN ‐ based materials have
become new multifunctional nanomaterials in electro‐
chemistry, because of their exceptional thermal stabili‐
ty, large specific surface area, easy modification[8], and
good electrochemical activity[9]. Moreover, the materials
have been fabricated into electrodes or used as carriers
for composite electrode materials in various electro‐
chemical applications, such as hydrogen evolution
reaction (HER), oxygen evolution reaction (OER), oxy‐
gen reduction reaction (ORR)[10], electrocatalytic degra‐
dation of organic compounds in water, and reduction of
metal ions, etc. With the widespread use of electro‐
chemistry in various industries, the demand for elec‐
trode materials continues to rise. CN can be condensed
from a range of nitrogen‐rich organic precursors,
including melamine, guanidine carbonate, thiourea,
urea, dicyandiamide, etc.[11‐12], so making its large‐scale
production and industrial application feasible[13].

Stannous chloride, as a good reductive mordant,
decolorant, and analytical reagent, is widely applied in
medicine, elemental analysis, organic synthesis, and
extraction separation[14‐15]. In industry, Stannous chlo‐
ride is commonly used as a reducing agent in esterifica‐
tion reactions, aromatic amine diazotization reduction
reactions, and nitro reduction reactions. The oxidation
of Sn to Sn in industrial processes results in the
generation of substantial quantities of wastewater,
which causes environmental hazards and harms human
health. Achieving the reuse of Sn industrial wastewa‐
ter not only economizes production costs but also
improves environmental preservation[16]. Traditionally,
Sn reduction has been accomplished through metal

reduction method[17], hydrogenation reduction method[18],
and electrolytic reduction method[19], etc. However, due
to the high cost, low purity, and secondary water pollu‐
tion, the industry has gradually abandoned these meth‐
ods. If Sn  in industrial wastewater is selectively
reduced to the intermediate valence state Sn[20], and
the obtained Sn as a reducing agent again in produc‐
tion, it can not only solve the problem of industrial
wastewater discharge but also save resources. Produc‐
tion costs are reduced to achieve green production.
Therefore, it is essential to develop an efficient, green,
and environmentally friendly reduction method.

Electrochemistry is a versatile, efficient, economi‐
cal, and easily automated method for treating wastewa‐
ter containing refractory pollutants, so it is considered
a green and efficient way to treat wastewater. In electro‐
chemical technology, the choice of electrode materials
is crucial, some literature has selected materials such
as graphite plates and titanium alloys as cathode elec‐
trodes[21]. Suitable electrode materials selection enables
electrocatalysis by simply adjusting the current and
voltage. Electrocatalytic activity mainly depends on the
number of active sites in the material and the configu‐
ration state of the atoms[22].

This study employed four different precursors to
synthesize CN through the pyrolysis method. The mate‐
rial morphology was characterized and the electrochem‐
ical activity was investigated. These materials were
initially utilized in the selective electrocatalytic reduc‐
tion of Sn in an acidic solution. These materials not
only demonstrated strong stability and electrocatalytic
reduction properties in acid solutions but also pos‐
sessed a lamellar structure and a large specific surface
area. These structural characteristics facilitated elec‐
tron flow on the material surface and inside during the
reaction process, facilitating the selective reduction of
Sn.
1 Experimental

1.1 Reagent
SnCl4·5H2O (99%) was purchased from Anhui

Zesheng Technology Company. Sodium diphenylamine
sulfonate was acquired from Shanghai Adama Reagent
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Company. Isopropyl alcohol (99.5%) and CuCl2·H2O
(99%) were purchased from Shanghai Maclin
Biochemical Technology Company. Melamine (99.5%)
was acquired from Zhejiang Jiaxing Maya Reagent
Company. Urea (99.5%) and thiourea (99.5%) were
obtained from Shanghai Lingfeng Chemical Reagent
Company. Guanidine carbonate (99%) was purchased
from Shanghai Aladdin Biochemical Technology
Company. Na2SO4 (99%), potassium dichromate, ammo‐
nium ferric sulfate dodecahydrate (NH4Fe(SO4)2·
12H2O), phosphoric acid, and sulfuric acid were all
purchased from Sinopharm Chemical Reagent Co., Ltd.
Toray TGP ‐ H ‐ 060 raw paper and Nafion dispersion
were obtained from SCI Materials Hub.
1.2 Instruments

X ‐ ray diffraction (XRD) analysis was conducted
using a Japan Smartlab9kW instrument operated at 45
kV and 200 mA, utilizing Cu Kα radiation with a wave‐
length of 0.154 nm and a scanning range spanning
from 5° to 130° . X‐ray photoelectron spectroscopy
(XPS) was performed using an American Thermo Scien‐
tific K‐Alpha instrument, employing Al Kα radiation
with a photon energy (hν) of 1 486.6 eV, a current (I) of
6 mA, and an acceleration voltage (U) of 12 kV. XPS
was employed to characterize the crystal structure of
the material and determine the surface composition
and elemental valence states of CN. The layered struc‐
ture of CN was examined by scanning electron micro‐
scope (SEM, Hitachi Regulus 8100, accelerating volt‐
age was 20 kV). The surface area and average pore size
of CN were measured by a nitrogen physical adsorption
instrument (Japan ‐Mechik Bayer ‐ BELSORP MaxⅡ ,
150 ℃).

HJ ‐ 2B magnetic stirrer, FA1004E electronic
balance, and JG ‐ 40K15 industrial ultrasonic cleaning
machine were provided by Zhejiang Jiugong Automa‐
tion Company. RuTiIr plate (5 cm×10 cm) was pur‐
chased from Suzhou Schulte Industrial Technology Co.,
Ltd. Cu foil (5 cm×5 cm) was acquired from High Purity
Metal Materials Research Institute. DC (direct‐current)
power supply (0 ‐ 100 V, 0 ‐ 3 A) was obtained from
Kunshan Kangkesi Trading Co., Ltd. SK3‐5‐12‐5 tube
furnace was purchased from Hangzhou Zhuochi Instru‐

ment Company. H ‐ type electrolytic cell (300 mL),
platinum sheet electrode (99.9%, 1 cm×2 cm), and
graphite plate (99.99%, 5 cm×5 cm) were acquired
from Chengxin Technology Co., Ltd. Glassy carbon
electrode (Φ=3 mm) and Ag/AgCl reference electrode
were purchased from Tianjin Aida Technology Co., Ltd.
1.3 Thermal polymerization method

The method requiring of nitrogen ‐ rich precursors
such as triazine derivatives as raw materials, directly
heating the monomers to stimulate the conversion to
monomer radicals, and subsequently obtaining CN
through molecular self‐assembly and further high‐
temperature roasting in air or nitrogen to release gases
is referred to as thermal polymerization[23‐24]. The elec‐
tronic balance was used to precisely weigh 10.0 g of
urea, melamine, thiourea, and guanidine carbonate.
Then the reagents were placed into four flats, covered
alumina crucibles, and placed in a tube furnace. The
furnace was heated to 550 ℃ at a rate of 5 ℃·min-1
and maintained at this temperature for 2 h in an N2
atmosphere. After the reaction was completed, the sam‐
ples were cooled to room temperature to obtain light
yellow powders. The samples prepared used urea,
melamine, thiourea, and guanidine carbonate as raw
materials were named CN(U), CN(M), CN(T), and
CN(C). In addition, the material obtained by calcining
urea as a precursor in a muffle furnace was named
M ‐ CN(U), while that obtained by calcining in a tube
furnace was named T‐CN(U). Melamine was dispersed
evenly in ethylene glycol, after which 150 mL of hydro‐
chloric acid (37%) was slowly added and stirred for 3
h. The precipitate was filtered, centrifuged, and
washed until the upper layer of the liquid became
clear. The material obtained by drying the white pow‐
der in a vacuum oven and then calcining it in a muffle
furnace in an air atmosphere was named M ‐HCN(M),
whereas the material obtained through calcination in a
tube furnace in N2 atmosphere was named T‐HCN(M).
To synthesize Cu‐CN, 1.55 g of CuCl2·H2O and 2 g of
melamine were added to 50 mL of ethylene glycol. The
mixture was heated up to 70 ℃ and refluxed for 1 h.
The filtered solid was rinsed with methanol, the mixture
was centrifuged three times, dried in a vacuum oven,

潘 锐等：不同前驱体制备的碳化氮材料电化学选择性还原四价锡离子 1017



无 机 化 学 学 报 第40卷
and then placed in a tube furnace. The furnace temper‐
ature was raised to 550 ℃ at a rate of 5 ℃·min-1 and
maintained at a constant temperature for 2 h in an N2
atmosphere. This obtained material was named Cu‐CN.
1.4 Fabrication of working electrode

For the fabrication of the working electrode, 10
mg of CN(M) was dispersed in 1 mL of methanol solu‐
tion containing 20 μL Nafion dispersion, the mixture
was transferred using a pipette gun, and 0.5 mL was
added dropwise to each side of the carbon paper (5 cm×
4 cm). Then the carbon paper was dried under infrared
light. This electrode was named CN(M) sheet. 10 mg of
Cu‐CN was dispersed in a 20 μL methanol solution of
Nafion. The mixture was pipetted using a pipette gun
and 0.5 mL was added dropwise to each side of the car‐
bon paper, and then the carbon paper was dried under
infrared light. This electrode was named Cu‐CN sheet.
The electrode materials were inserted into an electrolyt‐
ic cell as cathodes, ensuring that the effective area
loaded with the catalyst was completely immersed in
the solution during electrolysis.
1.5 Potassium dichromate titration method

The redox titration method is commonly used to
determine high ‐ content Sn. Sn has strong reducing
properties and is easily oxidized by oxygen in the air
and dissolved oxygen in standard solution, leading to
inaccurate measurement results. At present, the deter‐
mination of high ‐ content tin mostly uses the titanium
trichloride protection ‐ potassium iodate titration meth‐
od, which requires a lengthy measurement cycle and
higher costs. In this paper, the contents of Sn and
Sn  in the solution were detected by potassium
dichromate indirect titration[25‐26]. This method is highly
precise, accurate, and suitable for rapid analysis.
2 Results and discussion

2.1 Structural and morphological characteriza⁃
tion
XRD analysis was used to clarify the crystal struc‐

ture of materials[27]. From Fig. 1, it can be seen that
CN(M), CN(T), and CN(C) exhibited two strong diffrac‐
tion peaks at 2θ=13.1° and 27.46° . Among these, the
peak at 2θ =13.1° corresponds to the (100) crystal

plane of CN, representing a unique diffraction peak
characteristic of Miller ‐ analogs substances with an
in‐plane structural stacking motif, corresponding to the
3‐s‐triazine ring structure[28]. the peak at 2θ=27.46° rep‐
resents the (002) crystal plane of CN, which is formed
by the stacking of planar stacking peaks of the conju‐
gated aromatic system[29‐30], indicating a similar layered
structure in this material. The two characteristic peaks
of CN(M) were the sharpest and the half ‐ maximum
width was the smallest, indicating the highest degree of
crystallization. The diffraction peaks of CN(U) in this
range were weaker than those of the other three raw
materials. Among them, the XRD test results showed
that the CN material was successfully prepared.

The morphologies and structures of CN(M), CN(U),
CN(T), and CN(C) were observed by SEM. The results
in Fig.2 showed that the morphologies and structures of
the four materials were quite different. CN(M), CN(T),
and CN(C) exhibited block structures. The surface of
CN(M) was relatively rough, and the layered structure
of the sample obtained was more obvious. The surface
of CN(T) exhibited a smoother surface because the
product agglomeration was prone to occur during the
roasting process. The CN(U) sample exhibited a
layered structure like cotton wool, which was a fluffy
body composed of particles with a smooth surface. The
primary reason for this morphology′s creation was that
CN(U) would first undergo pyrolysis to produce an
intermediate product. Despite the differences in precur‐
sor materials, all prepared materials exhibited a

Fig.1 XRD patterns of CN prepared with different
precursors
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layered structure.
T ‐ CN(U) and T ‐ HCN(M) were characterized by

XPS analysis to effectively determine the surface com‐
position and elemental valence. Similar to elemental
analysis, XPS can estimate the atomic percentage of
carbon and nitrogen atoms[31], enabling a preliminary

assessment of the T ‐CN(U) structure. The structure of
T‐CN(U) can also be determined through high‐
resolution spectra of C1s and N1s[32]. By analyzing the
composition of the doping element based on the corre‐
sponding binding energy, the valence state of the dop‐
ing element can be determined and its coordination
mode can be inferred[33]. According to Fig.3a, the XPS
spectra revealed that the material was mainly com‐
posed of C, N, and a trace amount of O, and the C/N
atomic ratio was roughly 0.75, which is essentially in
line with the stoichiometry of CN, the deviation may be
attributed to amorphous carbon adhered to the CN sur‐
face, it may be caused by the surface oxidation of bulk
CN during hot oxygen peeling. T‐CN(U) exhibited three
strongly corresponding C1s peaks at 288.17, 286.53,
and 284.74 eV, and the corresponding C1s peaks of
T‐HCN(M) at 288.02, 286.20, and 284.63 eV. The
peaks at 288.02 and 288.17 eV correspond to N=C—
N, while the peaks at 284.63 and 284.74 eV originate
from C—C/C=C[34], and the peaks at 286.2 and
286.53 eV correspond to C—N bonds of sp3 hybrid
orbitals. Fig. 3c demonstrated that T ‐ CN(U) exhibited
four corresponding N1s spectra at 398.58, 399.3,

(a) CN(M); (b) CN(U); (c) CN(C); (d) CN(T).
Fig.2 SEM images of CN prepared with different precursors

Fig.3 (a) Survey, (b) C1s, (c) N1s, and (d) O1s XPS spectra of T‐CN(U) and T‐HCN(M)
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401.02, and 404.43 eV, while the corresponding N1s
peaks of T ‐ HCN(M) at 398.57, 399.51, 401.03, and
404.47 eV. The peaks at 404.02 and 404.46 eV are
derived from the π‐π* excitation of g‐C3N4. The peaks
at 399.51 and 399.3 eV are derived from the bridge N
atom in the N—(C)3 structure. The peaks at 398.48 and
398.57 eV represent the N atom of the sp2 structure in
C—N=C, and the signal at 401.03 and 401.02 eV
originate from the N atom at the sp3 hybridized end of
the heptazine ring (—NH2)[35]. Fig.3d demonstrates that
the O1s peaks of T ‐ CN(U) and T ‐HCN(M) at 532.18
and 532.58 eV, respectively, attributed to the O=C[36].

Fig.4a depicts the nitrogen adsorption‐desorption

isotherm for T‐CN(U) closely resembling a type Ⅰ iso‐
therm curve. The surface area and average pore diame‐
ter of T ‐ CN(U) and T ‐ HCN(M) were measured by
Brunauer ‐ Emmett ‐ Teller (BET) and Barrett ‐ Joyner ‐
Halenda (BJH) methods. The surface areas of T‐CN(U)
and T‐HCN(M) were measured to be 36 and 6 m2·g-1,
respectively, while the average pore diameters were
18.75 and 24.19 nm, respectively. According to the
test results, T‐CN(U) exhibited a large specific surface
area and internal pores. These characteristics facilitate
the adsorption of reactant molecules and provide more
active sites for ion‐conversion reactions.

Fig.4 (a) Nitrogen adsorption‐desorption isotherms and (b) pore size distributions of T‐CN(U) and T‐HCN(M)
2.2 Electrocatalytic test

To inhibit the hydrolysis of Sn  , SnCl4·5H2O
was dissolved in 50 mL of 12 mol·L-1 hydrochloric
acid, the pH of the solution was less than 1. As the
electrolysis process proceeded, the pH of the solution
was always less than or equal to 1. The solution was
placed in a cathode bath with the CN(M) sheet, while a
platinum sheet electrode served as the anode electrode.
An aqueous solution containing Na2SO4 was added to
the anode bath, and a proton exchange membrane con‐
nected the two electrode baths. Table 1 demonstrates
the change in Sn concentration in the solution after 1
h of electrolysis using different electrode materials
under identical current conditions at 35 ℃. The catalyt‐
ic rate of different electrode materials was determined
by measuring the change in Sn concentration during
the 1 ‐ h electrolysis process. Cu foil, graphite plates,
CN(M) sheet, and Cu ‐CN sheet all exhibited superior

catalytic effects. However, Cu foil was prone to corro‐
sion in strong acidic electrolytic solutions. During the
electrolysis process, the graphite electrode served as
the cathode and experienced high current flow, leading
to localized temperature increase on the electrode sur‐
face and gradual decomposition, and the conductivity
effect would be weakened, gradually. CN(M) exhibited
a stable structure, low potential at both ends and resis‐
tance to acids and alkalis, which is conducive to the
selective reduction of Sn to Sn.

Cathode
Cu foil
RuTiIr plate
Graphite plate
CN(M) sheet
Cu‐CN sheet

I / mA
300
300
300
300
300

U / V
12.40
9.06
8.51
7.23
7.84

Area / cm2

20
20
20
20
20

ρSn /
(g·L-1)
2.136
1.425
2.068
2.493
2.137

Table 1 Catalytic effect of different electrodes
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A larger specific surface and pore sizes can pro‐

vide more diverse electron transport routes, and shorter
diffusion distances[37]. Comparing the catalytic reduction
effects of HCN(M) and CN(U) at 35 ℃ for 2 h under the
same current conditions, Table 2 shows the concentra‐
tion changes of Sn generated by electrolysis using
T ‐ CN(U), T ‐ HCN(U), M ‐ CN(U), and M ‐ HCN(U) as
cathode electrodes for 1 and 2 h respectively. The
catalytic rates of different electrode materials were
expressed by measuring the changes in Sn concen‐
tration in the solution after electrolysis for 1 and 2 h.
T ‐ CN(U) and M ‐ CN(U) exhibited the same catalytic
effect, while T ‐ HCN(M) and M ‐ HCN(M) showed the
same catalytic effect. The electrolysis time was extend‐
ed to further explore the factors affecting the electroly‐
sis effect, and CN prepared from different precursors
was used as the cathode. The optimal electrode materi‐
al was then determined by comparing the Sn concen‐
tration changes over the same period. What′s more, the
effects of electrolyte concentration, electrolyte tempera‐
ture, and air atmosphere during the electrolysis process
on the electrolysis process were also observed. Fig. 5a
shows the electrolysis of 1 mol·L-1 Sn solution for 7
h using CN(U), CN(M), CN(T), and CN(C) as cathode
electrodes and platinum plate as anode under a current

of 300 mA and a temperature of 35 ℃ . The samples
were taken every hour to determine the concentration
changes of Sn in the solution. It was observed that
within 2 h, CN(M) and CN(U) exhibited the best catalyt‐
ic activity. With prolonged catalytic time, the best cata‐
lytic effect was obtained from urea, because CN(U) pre‐
pared from urea could be completely and evenly dis‐
persed in the solution during the electrode preparation
process, coated on the carbon paper, and would not be
dislodged in the course of the electrolysis process.
Fig.5b showed Sn produced after electrolysis of dif‐
ferent concentrations of Sn  solution (0.1, 0.3, 0.5,
0.7, and 1 mol·L-1) for 1 h at 35 ℃ using CN(U) as the
cathode electrode at a current of 300 mA. When the
concentration of the solution was 0.1 mol·L-1, the Sn
content generated by electrolysis per unit of time was
too low to be detected. As the concentration increased,
the electrolysis rate increased. However, the electroly‐
sis rate no longer increased once the concentration
reached 0.5 mol·L-1. Therefore, the electrolyte concen‐
tration of 0.5 mol·L-1 was chosen for electrolysis.

Fig.6a illustrated the catalytic performance in 0.5
mol·L-1 Sn solution, with CN(U) as the cathode and
platinum plate as the anode during electrolysis at a cur‐
rent of 300 mA for 1 h. The reaction rate at 50 ℃ was

Cathode
M‐CN(U)
M‐HCN(M)
T‐CN(U)
T‐HCN(M)

I / mA
300
300
300
300

ρSn during electrolysis for 1 h / (g·L-1)
2.493
2.493
2.493
2.493

ρSn during electrolysis for 2 h / (g·L-1)
4.986
4.986
4.986
4.986

Fig.5 (a) Electrolytic reduction performance of CN prepared from different precursors in 1 mol·L-1 Sn;
(b) Effect of electrolyte concentration on Sn electrolytic reduction

Table 2 Catalytic performance of CN prepared by calcination in different atmospheres
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the fastest, so 50 ℃ was the optimal reaction tempera‐
ture. As shown in Fig.6b, CN(U) was used as the cath‐
ode electrode and platinum plate was as the anode elec‐
trode in 0.5 mol·L-1 Sn solution at a current of 300

mA for electrolytic reduction in different atmospheres.
The reduction effect was superior in the N2 atmosphere,
as N2 could protect Sn from oxidation by O2 in the
air.

Fig.7 (a) CV curve of CN(U) electrode in 0.1 mol·L-1 Sn and 0.1 mol·L-1 Sn mixed solution; LSV curves of CN(U)
electrode in (b) 0.1 mol·L-1 Sn solution, (c) 0.1 mol·L-1 Sn solution, and (d) 0.1 mol·L-1 Sn and 0.1 mol·L-1
Sn mixed solution respectively

Fig.6 (a) Electrolytic efficiency at different temperatures and (b) catalytic rate in different atmospheres at 50 ℃ of CN(U)
2.3 Analysis of the reduction mechanism

Scan cyclic voltammetry (CV) was used to investi‐
gate single electron transfer steps. CV can also detect
electrochemical reactions in two‐step electron transfer
and multi‐electron transfer processes[38]. To prepare the
working electrode for CV and linear sweep voltammetry
(LSV), 1 mg CN(U) was dispersed in a 20 μL methanol
solution of Nafion, and the mixture was deposited onto

a glassy carbon electrode. After drying under an infra‐
red lamp, the prepared electrode was utilized as the
working electrode, with a platinum wire electrode as
the counter electrode and Ag/AgCl as the reference
electrode. The initial potential was -1 V, the final
potential was 1 V, the CV scan rate was 0.1 V·s-1 and
the LSV scan rate was 0.5 V·s-1. From Fig.7a, it could
be seen that the reduction potentials of Sn and Sn
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were very neighboring. Fig. 7b to 7d depict the LSV
curves, the deposition potentials of tetravalent Sn 
and Sn were very close and nearly indistinguishable,
so the reduction of Sn  could easily occur while
reducing Sn. If Sn is reduced to Sn, it precipitates
and attaches to the cathode surface, decreasing elec‐
trode conductivity. Therefore, it is necessary to inhibit
the reduction of Sn while being able to reduce Sn
properly by controlling voltage. Under the same condi‐
tions, when the cathode was CN(M), the potential
between the cathode and anode was lowest, and it
could catalyze the reduction of Sn while inhibiting
the reduction of Sn  to Sn. Sn  undergoes one‐
electron reduction to obtain the intermediate valence
state Sn, then Sn undergoes a disproportionation
reaction to obtain a coexistence state of Sn  and
Sn, Sn reduction involves a two‐electron transfer
process, Sn  receives two electrons and is finally
reduced to Sn. The reduction mechanism is shown
below:

Sn4+ + e- → Sn3+ (1)
2Sn3+ → Sn4++ Sn2+ (2)
Sn2+ + 2e- → Sn (3)

Where the standard electrode potentials (E⊖) of Sn4+/
Sn2+ and Sn2+/Sn are 0.151 and -0.137 7 V respectively.
3 Conclusions

The electrolytic reduction of Sn in acidic solu‐
tions requires electrode materials with catalytic reduc‐
tion ability and strong resistance to acid corrosion. In
this research, CN was synthesized using four different
precursors and loaded onto carbon paper to fabricate
electrodes, which were then compared to the catalytic
effect of common electrodes for their catalytic. The
results showed that the CN electrode exhibited lower
potential at both ends and demonstrated effective elec‐
trocatalytic reduction of Sn than the common elec‐
trode. The materials efficiently reduced Sn  while
simultaneously preventing the reduction of Sn. When
the electrolyte temperature was 50 ℃, the Sn solu‐
tion concentration was 0.5 mol·L-1, and the atmosphere
was N2, CN synthesized using urea as the precursor
exhibited the best reduction effect. Therefore, these

materials are used for selective catalytic reduction of
Sn in industry, which is beneficial for solving the
problem of industrial tin ‐ containing wastewater dis‐
charge, improving reaction selectivity, and achieving
resource utilization.
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