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Abstract: Silver-tin oxide composite powders and silver powders were synthesized by hydrothermal method using NH3 to complex 
Ag+, to reduce  and Na2SnO3 as the source of tin. The powders were characterized by XRD, SEM and EDX. The 
results show that there are macroscopic and microscopic differences between two kinds of powders. Spherical silver powders are   
3 μm in diameter, and silver-tin oxide composite powders are mainly flake of about 0.3 μm in thickness. Silver crystal in silver-tin 
oxide composite powders is preferentially oriented in the (111) crystallographic direction and its oriented index is 2.581. Crystal 
lattice parameter of silver crystal of silver tin-oxide composite powders is 0.409 34 nm, larger than 0.408 68 nm of silver powders. 
The XPS analysis shows that silver in silver-tin oxide composite powders is metallic silver and tin oxide in silver tin-oxide composite 
powders has the red shift for Sn4+(3d5/2) and O2−(1s). 
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1 Introduction 
 

Silver-tin oxide materials have acceptable arc 
resistance, sufficient safety with respect to contact 
welding, comparable low material migration with low 
contact resistance and good overtemperature behavior, 
and practical processing and jointing properties and have 
become the focus of research in contact materials in 
recent years[1−3]. The air contactors of low voltage/high 
current equipment, within a switching current range of 
100−3 000 A, are primarily made from materials based 
on silver-tin oxide, in which the oxide content, in 
practice, lies between about 8% and 12% (mass fraction). 
At present, there are many preparing techniques for 
AgSnO2 contact material such as powder metallurgy, 
alloy internal oxidation, reacting spray[4], chemical 
plating[5−6], reaction synthesis[7] and reaction ball 
milling technique[8−9]. Each of these processes has its 
own advantages, but at the same time, some limitations 
as well[10]. Further improvements in the processing and 
contact properties of these AgSnO2 materials are desired, 
as an increase in their range of applications. Further 
developments in materials and technology might be 
involved with other oxide additives and manufacturing 

technology, particularly the technology aimed at 
controlling the structure-dependent properties.  

In this work the hydrothermal process is applied to 
prepare silver tin oxide composite powders, with silver 
ammine complex solution and Na2SnO3 solution as raw 
materials and sodium sulphite as reductant. The 
reduction of Ag+ and the crystallization deposit of SnO2 
are realized in the hydrothermal process and the obtained 
silver-tin oxide composite powders are mainly flake 
structure with homogeneous distribution of tin-oxide. 
The composite powders are compared with silver 
powders that are prepared under the same condition. 
 
2 Experimental 
 
2.1 Procedure 

Ammonia water was added to 0.1 mol/L aqueous 
AgNO3 solution for forming silver-ammonia complex. 
Na2SO3 solution was added to the solution of silver 
ammine complex as reductant according to stoichiometry. 
The resulted solution was put into a high pressure 
autoclave to react for 4 h at 150 ℃. The produced gray 
powders were washed and filtered, and then dried for 4 h 
at 100 .℃  

For the preparation of silver-tin oxide powder, 
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Na2SnO3 solution was added to above-mentioned 
ammonia complex solution, in which the ratio of 
tin-oxide to silver was 19׃, and then the same processing 
procedure followed that for silver powder preparation to 
obtain silver tin-oxide composite powders. 
 
2.2 Characterization 

X-ray diffractometer (D/MAX-YA type) was used 
to measure the crystalline structure of the sample, Cu 
target, Kα=1.54 nm. SEM (Japanese JSM-5600LV) was 
adopted to observe the appearance and grain size of the 
sample. Energy Dispersive X-ray Detector (EDX) 
(Japanese JSM-5600LV) was used to analyze the 
elemental composition of the sample. X-ray 
photoelectron spectrum was measured for analyzing the 
chemical state of silver and tin in silver tin-oxide 
composite powders. Chemical analytic methods were 
also adopted to determine the content of silver[11] and 
tin[12]. 
 
3 Results and discussion 
 
3.1 Co-precipitation of silver and tin oxide 

H2SO3 is a weak acid. In alkaline solution, it exits 
mostly in the form of  The standard electrode 
potentials of and  complex ion are as 
ollows: 
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Obviously, can reduce to 
metallic silver. The experiment indicates that 

 is not reduced significantly by  under 
ambient temperature. However, complete reduction can 
be realized under the hydrothermal condition of high 
temperature and high pressure. 
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Na2SnO3 is a compound with unstable chemical 
properties in the aqueous solution. will be 

ydrolyzed under the hydrothermal condition: 
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Meanwhile, under the hydrothermal condition, 
Sn(OH)4 deposit can be further dehydrated to produce 
SnO2 crystals[13]: 

OHSnOSn(OH) 224 +=                       (4) 

The depositional equilibrium of is destroyed 
by the hydrothermal crystallization of Sn(OH)4, which 

favors further depositing of Sn(OH)4. 

−2
3SO

According to reactions (1), (2) and (3), OH− is 
consumed in reaction (1) and is released in reaction (3). 
Although no consuming and releasing of OH− occur, 
NH3, released in reaction (2) will react as 

−+ +=+ OHNHOHNH 423                    (5) 

Owing to the presence of OH− in the reaction 
system, it provides the possibility of coprecipitation of 
silver and tin oxide. The pH value of the solution shows 
the final balance of every reaction. When [Ag]T is equal 
to 0.1 mol/L in the solution, the change of pH before and 
after hydrothermal reaction, the deposition of tin oxide 
and silver are shown in Table 1. 
 
Table 1 Changes of pH value before and after hydrothermal 
reaction and deposition of silver and tin-oxide 

Sample 
Initial
 pH

Final 
pH 

Ag 
reduction/% 

SnO2 
deposition/%

Silver powder 9.37 8.09 99.96 − 

Silver in oxide 
composite powder 10.00 8.64 99.86 99.67 

 
It can be seen from Table 1 that pH value of the 

silver powder preparation system is decreased by 1.28, 
while pH value of the silver-tin oxide composite powder 
preparation system is decreased by 1.31. The pH 
decrease of the two systems is almost equal. The reason 
is that NH3 plays buffer on pH to some extent. It also can 
be seen that the reduction of silver is 99.86% and the 
deposition rate of SnO2 of silver tin-oxide composite 
powders is 99.67%. It suggests that silver and tin-oxide 
can be synchronously coprecipitated. 
 
3.2 SEM analysis 

There exists obvious difference in appearance and 
structure between silver powders and silver tin-oxide 
powders prepared by hydrothermal process. Figs.1 and 2 
show the SEM images of silver powders and silver 
tin-oxide composite powders. It is observed that the 
silver powder has similarly spherical structure of about  
3 μm in diameter and the silver tin oxide composite 
powder is mostly of irregular flake structure with about 
0.3 μm in thickness. The composition of these spherical 
particles is difficult to be quantitatively analyzed because 
of its small grain size. However, a back reflection 
contrast analysis indicates that these particles are of the 
same substance as the flakes. The results of an energy 
dispersive spectrum analysis (as shown in Fig.3) of the 
composite powders show that the sample contains 
elements Ag and Sn. In the sample the content of SnO2 is 
9.65% (mass fraction), closely conforming with the 
actual addition amount of 10%. It is also proved by a 
chemical analysis as well. 
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Fig.1 SEM image of Ag powders 
 

 
Fig.2 SEM image of AgSnO2 powders 
 

 
Fig.3 EDX spectrum of AgSnO2 powders 
 
3.3 XRD analysis 

Figs.4 and 5 show the XRD patterns of silver 
powders and silver tin-oxide composite powders, 
respectively, each of which has four main peaks assigned 
to (111), (200), (220), (311) faces, respectively. The 
peaks are sharp with the position being identical with the 
standard peaks of Ag of cubic phase, indicating 
perfectly-grown silver particle with polycrystalline 
structure. Meanwhile, it is found that there appear 

heterophase peaks at 2θ=3.359 5˚, 2.639 8˚ and 1.763 3˚, 
which correspond to the diffraction peaks of SnO2 of 
tetragonal phase. These peaks are less sharp than the 
diffraction peaks corresponding to silver crystal. That 
may result from the small diameter of SnO2 crystal 
particles and the widening of the peaks. Therefore, the 
silver tin oxide composites powders consist of matrix Ag 
and SnO2, without other phases. 
 

 
Fig.4 XRD pattern of Ag powders 
 

 

Fig.5 XRD pattern of AgSnO2 powders 
 

When the diffraction intensities of silver powders 
are compared with those of silver tin-oxide composite, it 
can be found that the relative diffraction intensities have 
obvious differences. The Miller indices (hkl), interplanar 
spacing d(nm) and relative intensities (I/Imax) of X-ray 
diffraction peaks of silver powders and silver tin oxide 
powders are listed in Table 2 and are compared with 
corresponding JCPDS card. Obviously, the silver crystal 
of silver tin-oxide composite powders is preferentially 
oriented in the (111) crystal planes. The ratio of 
intensities can be established by using intensities of the 
111) and (200) crystal plane, as described by (

 
R=I(111)/I(200)                                (6) 
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where  I(111) and I(200) are the diffraction intensities of 
the (111) and (200) crystal planes, respectively. If there 
exists no preferential orientation, R value (also named as 
R0) is 2.5, such as the sample of silver crystal. When 
there exists preferential orientation the orientation index 

 can be adopted to characterize its orientation: p
 

)200(

)111(

0 5.2 I
I

R
Rp ==                           (7) 

 
When p=1, it shows no orientation; when p＞1, it 

shows preferential orientation. The orientation of crystal 
grains is more intensive as p increases[14]. In the 
prepared silver powders, the orientation index is 1.048, 
which shows almost no preferential orientation, whereas 
the orientation index of silver tin-oxide powders is 2.581, 
which shows obvious preferential orientation. 
 
Table 2 Miller indices (hkl), interplanar spacings d and 
intensities I/Imax of X-ray diffraction peaks of Ag powders and 
AgSnO2 powders 

JCPDS 
No.4-0783 

 Silver powder  
Silver tin-oxide 

powder hkl 
d I/Imax  d I/Imax  d I/Imax

111 2.359 100  2.358 9 100  2.363 3 100
200 2.044 40  2.042 7 40.2  2.045 8 15.5
220 1.445 25  1.445 1 24  1.446 0 11.2
311 1.231 26  1.231 8 24.7  1.232 6 10.2

 
Since the structure of silver crystal is face centered 

cubic, its crystal lattice parameter is calculated from the 
XRD data by using the following formula[15]:  

222 lkhda hkl ++⋅=                        (8) 
 
The results show that the lattice parameter of silver 

crystals of silver powders is 0.408 68 nm and that of the 
silver tin-oxide powders is 0.409 36 nm, which is 
obviously larger than the former. 

As mentioned above, the differences between silver 
powders and silver tin-oxide powders, which are 
prepared hydrothermally under the same conditions, are 
given in Table 3. It shows the obvious macroscopic and 
microscopic differences. The complex ions in the 
hydrothermal system have efficacious effect on forming 

−2
3SnO

 
Table 3 Differences of Ag powders and AgSnO2 powders 
prepared by hydrothermal method 

Powder Shape 
Orientation 

index, p 
Crystal lattice 

parameter, a/nm 

Silver powders Sphere 1.048 0.408 68 
Silver tin-oxide 

powders 
Flake 2.581 0.409 34 

flake silver tin-oxide powders. The growth of silver 
crystal of silver tin-oxide powders is limited by 

complex ion and show preferential orientation in 
the (111) crystal plane. 

−2
3SnO

 
3.4 XPS analysis 

Fig.6 shows the XPS spectrum of silver tin-oxide, 
showing clearly the peaks of silver and tin atoms of the 
silver tin-oxide composite powders. Fig.7 shows the 
high-resolution XPS spectra of silver tin-oxide 
composite powders. In the XPS spectrum of Fig.7(a), the 
peaks at the binding energy of 368.3 eV and 374.3 eV 
correspond to the Ag3d5/2 and Ag3d3/2, in good 
agreement with the standard spectrum of silver[16]. It 
suggests that the silver of silver tin-oxide composite 
powders exists as metallic silver. While in the 3d 
spectrum of tin, the binding energy of Sn 3d is 487.4 eV, 
which shifts 0.7 eV from Sn4+(3d5/2) 486.7 eV[17]. 
Similarly, the binding energy of O1s shifts 0.7 eV from 
530.6 eV to 531.3 eV. The difference between the 
binding energies of metal and oxygen (ΔEB) shows the 
electron states of metal-oxygen bonds in metal oxides. In 
the present case, the ΔEB (O1s−Sn3d5/2) of SnO2 is 
calculated to be 43.9 eV. The value is consistent with 
Ref.[18], suggesting that the electron state of SnO2 is not 
changed. The red shift of Sn4+(3d5/2) and O2−(1s) 
suggests that silver has effect on SnO2. 
 

 
Fig.6 XPS spectrum of silver tin-oxide powders 
 
4 Conclusions 
 

Silver-tin oxide composite powders and silver 
powders were synthesized successfully by the 
hydrothermal method using NH3 to complex Ag+, SO3

2- 
to reduce Ag(NH3)2

+ and Na2SnO3 as the source of tin. 
Under the same preparing conditions, there are 
remarkable differences between silver powders and 
silver-tin oxide composite powders from macroscopic 
shape to microscopic structure. Analogously spherical 
silver powders are about 3 μm in diameter, and silver-tin 
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Fig.7 XPS spectra of Ag 3d (a), Sn 3d (b) and O1s (c) levels of 
AgSnO2 powders 
 
oxide composite powders are mainly flakes of about 0.3 
μm in thickness. Silver crystal of silver powder does not 
show preferential orientation and silver-tin oxide 
composite powders are preferentially oriented in the (111) 
crystallographic face and its oriented index is 2.581. 
From XRD data, crystal lattice parameter of silver crystal 
of silver tin-oxide composite powders is obtained, which 
is 0.409 34 nm, larger than 0.408 68 nm of silver 
powders. The silver in silver tin-oxide composite 

powders is Ag0, and tin-oxide of silver tin-oxide 
composite powders has the red shift for Sn4+(3d5/2) and 
O2− (1s). It suggests that silver has effect on tin-oxide. 
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