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Abstract

In this work, the adsorption of Ce3* by Sn(OH),, SnO, and Sn(OH). was investigated. By comparing the mass of
cerium oxalate caused by the adsorbed Ce3*, Sn(OH). and Sn(OH)4 have the ability to adsorb Ce3*, while Sn(OH)4
has a stronger adsorption capacity of Ce3*. However, SnO does not have the ability. The possible mechanism of
Sn(OH)x adsorption Ce3* was further discussed. And the result indicates that the hydroxide can adsorb cations
by means of anionic groups on its surface in the solution so that the cations can be enriched on the hydroxide
surface. The paper provides a new method for adjusting the microstructure of catalysts, which has a promising

prospect in the field of catalysts preparation.
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1. Introduction

As is well-known, controlling the microstructure of catalysts is critical to the application of catalysts. Various
strategies have been employed to controlling the microstructure of catalysts, such as atomic layer deposition
(ALD) (Cheng et al., 2015; Song et al., 2019), electro-deposition (Liu et al. 2019; Zheng et al. 2019), and co-
precipitation (Qiao et al., 2014). ALD method features atomic-level flexibility in surface structure control but
depends heavily on sophisticated equipment and processes. Electro-deposition of metals or metal oxides is
cheap and simple in manipulation. However, when preparing electro-catalysts by electrodepositing metal
components on metal oxides with poor electrical conductivity, the metal utilization would be lower, limiting the
usage of large amounts of metal oxides in electro-catalysis. In contrast, co-precipitation is a simple wet chemical
method for preparing most catalysts. Many catalysts are prepared through redox reactions. However, this
method is only suitable for substances that can undergo redox reactions. Through the difference in adsorption
capacity between two different species, the range of substances used for preparing the catalyst can be expanded.
It could be possible to achieve the purpose of regulating the precipitation position and even constructing the

interface of different species by in situ adsorption.

SnOs(Liu et al,2019; Yang et al,2019) is one of the most widely used non-carbonaceous metal oxide with
appropriate electrical conductivity. Similar to SnO,, CeO, (Bambagionl et al. 2012; Chen et al. 2019; Feng et al.
2019; He et al. 2016; Miller et al. 2016; Tan et al. 2016; Yarmiayev et al. 2019; Yu et al. 2019) is also widely used
as excellent co-catalytic component. Sn(OH)x and Ce3* are important precursors for forming SnO and CeO..
Therefore, Sn(OH)x and Ce3* can be used as representatives to study the adsorption between hydroxide and

cation.

In this study, Ce3* was enriched with anionic groups on the surface of Sn(OH)x. By measuring the mass of cerium
oxalate difference between the blank experiment (no adsorption) and the adsorption experiment, the adsorption

capacity of Sn(OH)x to Ce3* can be estimated.

MO ;




To Chemistry Journal Vol 6 (2020) ISSN: 2581-7507 http://purkh.com/index.php/tochem

2. Materials and Methods
2.1 Materials

SnCl-2H,0, Ce(NO)3-6H,O and NaOH were obtained from Tianjin Kemiou Chemical Reagent Co., Ltd; HCl was
obtained from Zhengzhou Piney Chemical Reagent Factory. All reagents were analytical purity without special

notes.
2.2 Preparation of Sn(OH)x

Preparation of Sn(OH),: 0.8840 g SnCl,-2H,O was dissolved in dilute HCI solution with pH of approximately 1,
into which NaOH solution was added drop-wise under magnetic stirring until pH reaches 7. After filtration, the
Sn(OH); filter cake was formed.

Preparation of SnO: 0.8840 g SnCl»2H,O was dissolved in dilute HCI solution, and NaOH solution was added
dropwise to pH reaches 7 with stirring. The turbid liquid was heated until the white precipitate was all converted
into black SnO. After natural cooling and filtration, the SnO filter cake was formed.

Preparation of Sn(OH)4: 0. 7237 g SnCl,-2H,0 was dissolved in dilute HCl solution, and NaOH solution was added
dropwise to pH reaches 7 with stirring. About 3 mL 30 wt. % H,O; solution was added under stirring to transform
Sn(OH): to Sn(OH)4. After filtration, the Sn(OH), filter cake was formed.

2.3 Experiment of Ce3* adsorption by Sn(OH)x

As shown in Fig. 1, the prepared Sn(OH)x filter cake was dispersed into 30 mL 9.186 mM Ce(NO)z-6H>0O solution.
After stirring and adsorbing for 1 h, 8 mL filtrate were respectively pipetted into two 10 mL centrifuge tubes
(mass: m1 and my). Into these two tubes, an appropriate amount of Na,C,O. solution was dropwise added for
forming cerium oxalate for analyzing Ce®* content. After centrifugation and removing supernatant, the two tubes
with precipitate were vacuum dried at 90 °C until the total mass remains unchanged. The corresponding masses
were weighed to be m1' and my', respectively. For comparison, blank experiment was conducted similarly that 8
mL 9.186 mM Ce(NO)3-6H,0 solutions were respectively pipetted into two 10 mL centrifuge tubes (mass: ms and
ma). The final total masses of the two centrifuge tubes with dried cerium oxalate were weighed to be ms' and
my4', respectively.

Fig.1: Schematic diagram of Ce** adsorption by Sn(OH)x
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3. Results and discussion

Table 1: The mass analysis of Ce3* adsorption by Sn(OH),

Adsorption experiment Blank experiment
ma(g) 3.9872 ms(q) 4.0334
m-'(g) 40126 ms'(g) 4.0603
Ami(m4'-m1) (9) 0.0254 Amsz(ms'-ms) (g) 0.0269
m2(q) 4.0074 ma(g) 4.0098
mz'(g) 4.0331 m4'(9) 4.0365
Amz(mz'-my) (g) 0.0257  Amy(ms'-ma) (g) 0.0267
Ami+ Amz (g) 0.0256 Ams+Amas(g)  0.0268

Ams+ Amu—Ami+Amz(g) 0.0012

Table 1 is the mass analysis of Ce3* adsorption by Sn(OH).. Where Am~Amy is the mass of cerium oxalate.
Ami+Am: is the average mass of cerium oxalate produced by 8 mL remaining Ce3* solution after the
adsorption experiment. Ams+Ama is the average mass of cerium oxalate produced by 8 mL 9.186 mM Ce3*
solution. Therefore, Ams+ Amu—Ami+Am: (0.0012 g) is the mass of cerium oxalate produced by 0.1596 g
Sn(OH); adsorbed Ce**, indicating that Sn(OH) has the adsorption capacity for Ce3*.

Table 2 The mass analysis of Ce3* adsorption by SnO

Adsorption experiment Blank experiment

m1(g) 3.4378 ma(g) 3.3698
m1'(g) 34670 ms'(g) 3.3904
Ami(m1'-m1) (9) 0.0292 Amas(ms'-m3) (g) 0.0269
m2(g) 34537 mau(g) 3.4213
mz'(g) 34827 m4'(g) 3.4498
Amay(my'-my) (g) 0.0290 Ama(ms'-m4) (g) 0.0285
Ami+Amz (g) 00291 Ams+Ama(g) 00277

Ams+ Anms—Anmu+Ame(g) -0.0014
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Table 2 is the mass analysis of Ce3* adsorption by SnO. Ams+ Ams — Amu+ Ame (-0.0014 g) is the mass of cerium
oxalate produced by 0.1407 g SnO adsorbed Ce?*, indicating that the Ce3* concentration in solution increased
after the adsorption experiment. This not only indicates that SnO has no adsorption capacity for Ce**, but also
indicates that a small amount of water evaporation should be accompanied during the adsorption experiment,
which causes the Ce3* concentration in solution to increase in the adsorption experiment.

Table 3: The mass analysis of Ce** adsorption by Sn(OH)4

Adsorption experiment Blank experiment
m1(q) 3.9825¢g m3(Q) 4.0378 g
m1'(9) 4.0048 g ms'(g) 4.0638 g

Ami(mi'-m1) (g) 0.0223 g Ams(ms'-ms3) (g) 0.0260 g
m2(g) 4.0036 g ma(g) 401179
m2'(g) 4.0255¢ ma4'(g) 4.0376 g
Amy(mz'-my) (g) 0.0219 g Ama(ms'-mg) (g)  0.0259 g

Ami+Amez(g) 0.0221¢g Amsz+ Ama (g) 0.0260 g

Ams + Amu — Ami+ Amz (g)= 0.0039 g

Table 3 is the mass analysis of Ce3* adsorption by Sn(OH)s. Amz+ Ams—Am:+ Amz (0.0039 g) is the mass of
cerium oxalate produced by 0.1596 g Sn(OH)4 adsorbed Ce®*, indicating that Sn(OH). also has adsorption
capacity for Ce3*. In addition, Sn(OH)4 has a stronger adsorption capacity for Ce3* than Sn(OH). (0.0039 g>0.0012

9).

The possible mechanism of Ce** adsorption by Sn(OH)x is shown in Fig. 2. Ce3* adsorption by Sn(OH)x can be
attributed to the fact that there are some anionic groups around Sn(OH)x, such as O, OH", etc. Ce** in the
solution aggregates to the surface of Sn(OH)x, so that the concentration of Ce** on the Sn(OH)x surface liquid
film increased, while the concentration of Ce3* in the bulk solution decreased slightly. Since there is no anionic
groups on the surface of SnO, Ce** cannot be adsorbed by SnO.

Fig. 2: Schematic diagram of Ce3* adsorption by Sn(OH)x
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4. Conclusions

In this research, it was proved by mass analysis that Ce3* can be adsorbed by Sn(OH). and Sn(OH)4. Compared
with Sn(OH),, Sn(OH)4 has stronger adsorption capacity because there are more anionic groups on the surface
of Sn(OH).4. However, the SnO surface has no anionic groups and cannot adsorb Ce3*. In other words, various
hydroxides have not equal adsorption capacities for different cations. This method can be used to
microscopically control the structure of catalysts, which brings good news for the preparation of catalysts.
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