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Obtaining tin (II) oxide by a chemical method
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Tin (II) oxide formation has been carried out by reacting tin powder with nitric acid at
various concentrations (4 M; 4.5 M; 5 M) in a glass beaker under spontaneous stirring at
various heating temperatures (100°C; 90°C; 80°C). The resulting sample in the form of a
yellowish precipitate was cooled, washed using distilled water and acetone, dried in a
mortar and filtered. The samples were iodometrically tested and characterized using
differential thermal analysis (DTA), optical microscopy (OM) for morphology and phase
analysis (XRD). The results of the iodometric test showed different oxidations. At the 4 M
concentration with all heating temperature variations, Sn?* oxidation was observed. Ac-
cording to the results of OM study, the surface morphology was irregular and there was a
residue of tin that did not completely react with nitric acid. The results of the thermal
test (DTA) showed that the sample experienced thermal decomposition at temperatures of
419°C and 426°C. XRD results indicate that the formation of SnO, has occurred.
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VrBopenus okcuxy onosa (II) ximiunum meromom. Perdinan Sinuhaji, Wahyu Bambang
Widayatno, Agus Sukarto Wismogroho, Cherly Firdharini, Paulina Aryati Samosir
Orpumano okcup osnosa (II) muasxom B3aemozil IIOPOIIKY 0J0Ba 3 A30THOI KHCJIOTOKO 3
pisHUMEU KoHueHTpamiamu (4 M; 4,5 M; 5 M) npu pisHux Temneparypax HarpiBy (100°C;
90°C; 80°C). 3pasku IIPOTECTOBAHO HA Homomerpiio, mpoBemeHO audepeHIiiiHo-TepMiunmit
amanis (DTA), BuBueno mopdoJiorito 3paskiB (onTuuna mikpockomisi, OM), 3poGieHo peHT-
re"iBerkuil ananis chopmosamoi dpasu (XRD). Pesynbratu #040METPUUYHOrO TECTY IIOKA3aAIHU
pisue okmcienHns. Konmenrpamnia 4 M npu Bcix Bapiamisx TeMmieparypu HArpiBy mpuBOgujIa
o oxucaenHs Sn2*. Mop@oJoris moBepxHi HepiBHOMIpHA, IPUCYTHIN SaJIMIIOK 0JN0BA, KWl
y moBHOMY 00cs3i mpopearysas 3 a30THOI KMCJI0TOI. PesysbraTu BUIPOOYBAHHS TEIJIOBUX
piaactusocreii (DTA) moxasanm, IO 3pas3oK TEPMIYHO POSKJIANAETLCA IIPU TeMIleparypax
419°C i 426°C. 3a pesynpratamu XRD-Tecty Bin6ynocsa yrsoperHa SnO,.

ITonyuen oxcun ososa (II) myrem B3ammomeiicTBUS IIOPOIIKA 0JIOBA C a30THOM KHUCJIOTOI
¢ pasauuHBIMHU KoHIeHTpamuamu (4 M; 4,5 M; 5 M) npu pasinuHbIX TeMIlepaTypax Harpesa
(100°C; 90°C; 80°C). Obpasubl TPOTEeCTUPOBAHLI Ha HOJOMETPUIO, IpoBegeH aud)depeHnab-
Ho-TepMuueckuii ananus (DTA), usyuena mopdosiorus o6pasifoB (onTuyecKasd MUKPOCKOIU,
OM), npoBeJeH peHTTeHOBCKUil aHanus copmupoBanHoil (aser (XRD). Pesyabrars! fiogome-
TPUUECKOTO TecTa MOoKasalu pasjuuHoe okucieHue. Konmeurpanusa 4 M mpu Bcex Bapualiu-
AX TeMIepaTyphl HArpeBa IPUBOLUIA K OKMcIeHHI0 SN2*. Mopdouaorus MmOBepXHOCTH ObLIa
HEPaBHOMEDPHOM U IIPHUCYTCTBOBAJ OCTATOK OJIOBA, KOTOPBIM HEe MOJHOCTHIO IPOPEarupoBal ¢
a30THOM KUCJIOTO#. PesynbTarsl mcnblTanus TepMuuecKux cBoiictB (DTA) mokasamnu, 4TO
o0pasel; TepMuuyecKku pasjaraercs mnpu remmneparypax 419°C m 426°C. Pesyasrarer XRD-
TecTa IOKa3bIBAIOT, YTO IPOM3OMLIO obpasoBanme SNO,.
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1. Introduction

Metal tin can form compounds that can
be used as a catalyst, for example tin (II)
Oxide (SnO) [1]. Tin (II) oxide (SnO) is a
p-type semiconductor which has metastable
chemical properties at room temperature; at
high temperatures, it transforms to Sny,O4
which directly forms SnO, [2-4]. Tin (II)
oxide is unstable at all temperatures and
easily forms SnO, [5]. At a temperature of
300°C to 550°C, SnO directly converts into
tin and SnO, [6]; at a temperature of
500°C, in a closed volume, SnO, SnO,, tin
are not formed, but B-tin oxide is formed
[7]; at temperatures in the range of 400°C—
1040°C, SnO is decomposes into tri-tin
tetraoxide which then becomes SnO, [8].
SnO is stable at temperatures of 300°C—
600°C [9]. In recent times, SnO has been
patented as a useful material for lithium
ion rechargeable batteries. This is due to
the very high theoretical capacity
(875 mA-h/g) [10-12] compared to graphite
(372 mA-'h/g) and SnO, (783 mA-h/g) [13].
SnO can be formed in several methods. The
methods used in the manufacture of SnO
are the homogeneous precipitation method
[14], the gas phase condensation method
[15], the condensation/evaporation laser
method in the diffusion chamber [16], the
hydrothermal method [17] and the
solvothermal method [18]. Also SnO can be
formed chemically by using chemical spray
pyrolysis method [19] and sonochemical
method [20]. SnO can be used to speed up
the decomposition process. SnO has a large
surface-to-volume ratio, so it can be used as
a photocatalyst. SnO and other tin oxids
can be used in a wide variety of scientific
and technological applications [21] as coat-
ings [22], catalysts [23, 24], chemical gases,
for thermal reflection and in microelectron-
ies [25].

The purpose of this work is to analyze
the efficiency of formation of tin (II) oxide
by a direct chemical reaction using nitric
acid as an oxidizing agent.

2. Experimental

This study was carried out in two stages:
first, the dilution of nitric acid, and then
the reaction process between tin powder and
nitric acid. The raw materials used are tin
powder and nitric acid. The instrumentation
used in this research: electric stove, mag-
netic stirrer, glass beaker, dropper, volu-
metric flask, vacuum pump, filter paper,
Erlenmeyer pumpkin, Sartorius BSA 2245-
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CW analytical scale, spatula. The methods
used: differential thermal analysis (DTA),
X-ray diffraction (XRD), and optical mi-
croscopy (OM).

2.1 Nitric acid dilution process

65 % nitric acid was converted to molar
units; then the dilution method was used to
calculate 4 M, 4.5 M and 5 M. After count-
ing, 25.7 mL, 28.8 mL and 32.09 mL of
concentrated nitric acid were added to each
100 mL volumetric flask; then distilled
water was added to the limit of the volu-
metric flask. Each flask is homogenized so
that the nitric acid and distilled water are
evenly mixed.

2.2 The process of forming Tin(II) Oxide

The synthesis process of SnO is carried
out using the direct method. The raw mate-
rials used are tin powder and nitric acid.
Tin powder is reacted with nitric acid at
various concentrations of 4 M, 4.5 M, 5 M
with a reaction volume of 19.8 mL,
17.5 mL, and 15.8 mL in a glass beaker
under spontaneous stirring using a mag-
netic stirrer in various variations. Heating
temperature is 100°C, 90°C, and 80°C with
a holding for 2 hours until the brown gas is
no longer visible in the glass beaker. The
reaction between tin powder and nitric acid
gives a yellowish precipitate. The samples
are cooled at room temperature for 1 hour.
The precipitate is washed using distilled
water and acetone to remove acids until the
pH of wash water is 6—7 which can be deter-
mined using litmus paper. Then the samples
are dried at room temperature for 1 hour.
The resulting sample is in the form of a
coarse and dry powder which is then sam-
pled in a mortar and filtered. Most of the
samples were successfully tested using io-
dometry. The presence of Sn?* is indicated
by a color change in the sample and becomes
the first evidence that the sample has been
successfully formed. Then some of the sam-
ples were tested for thermal properties
(DTA), morphology (OM) and phase compo-
sition (XRD).

3. Results and discussion

3.1 Iodometry test

To determine the oxidation state of the
sample, the samples were analyzed for color
change during the reaction.

Table 1 explains that the 4 M concentra-
tion gives an oxidation state of +2 for all
variations in heating temperature, so that it
becomes the first reference to confirm the
success of the sample. The results of the
iodometric test also confirm this concentra-
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Table 1. Oxidation analyzed by iodometry
test

Concentra Time, h Heating temperature
tion 100°C | 90°C_ | 80°C
4 M 2 Sn2* Sn?* Sn?*
4.5 M 2 Sn2* - -
5 M 2 Sn#* Sn#* Sn?*

tion. The optimum is at a concentration of
4 M with all heating temperatures. How-
ever, at a concentration of 5 M, the oxida-
tion state was different. A concentration of
5 M at a heating temperature of 80°C gives
an oxidation state of +2, while at a heating
temperature of 100°C and 90°C, the sample
turns into SnO, when the yellowish precipi-
tate automatically turns into a white pow-
der. This is evidenced by the iodometric ti-
tration test which gives an oxidation state
of +4. Sergio et al. [4] reported that when
heating the SnCl,-2H,O and HNO3; materials
with dilute nitric acid left in a closed con-
tainer or desiccator for 2 months, a white
precipitate adheres to the container. As the
temperature rises, the white residue turns
into a brownish residue with the formation
of SnO,. This indicates that SnO is not sta-
ble in all temperature ranges [5].

3.2 Thermal tests of SnO with differen-
tial thermal analysis (DTA)

Thermal tests with DTA were carried out
to study the thermal properties of tin (II)
oxide (SnQ) with a concentration of 4 M at
80°C and a concentration of 5 M at 80°C.
The sample with 4 M concentration at 80°C
shows an endothermic phase in the range of
27°C to 61°C, and then thermal decomposi-
tion at 426°C. The sample with 5 M concen-
tration at 80°C shows that the endothermic
phase occurs in the range of 41°C to 231°C;
then thermal decomposition takes place at
419°C. Exothermic reactions were not found
for these samples, this is due to the decom-
position of nitric acid that occurs by evapo-
ration [19].

3.3 Morphology of SnO using optical mi-
croscopy

Optical microscopy (OM) characterization
was carried out to determine the surface
morphology of tin(II) oxide. The results of
the surface morphology test at a magnifica-
tion of X500 are as follows.

The results show that the morphology of
the sample is irregular; there is a residue of
tin that does not completely react with ni-
tric acid and also a yellowish color due to
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Fig. 2. Microstructure image of SnO powder
according optical microscopy, x500.

the release of NO, when the sample is
formed at room temperature [26].

3.4 X-ray Diffraction (XRD)

Analysis of the crystal structure and
phases formed in the sample was carried out
using X-Ray diffraction (XRD) using a de-
vice with radiation wavelength A=
1.5418740 A (Cu—Ko) operating at 40 kV
and 30 mA. The diffraction pattern is
shown in Fig. 3.

The diffraction pattern for the sample
with 4 M concentration after heating at
temperature of 100°C shows SnO with the
main peak at 20 = 36.47 degrees corre-
sponding to the plane (002). The peak from
the (316) plane and the formation of SnO,
was identified in the sample at 26 = 26.62,
33.24, 51.73 and 63.74 deg, respectively,
corresponding to (110), (101), (211), and
(112) planes. The diffraction pattern for the
sample with 4 M concentration after heat-
ing at temperature of 80°C shows SnO, red-
modified SnO, and the formation of SnO, at
20 = 26.72, 33.25, 51.76 and 63.71 deg, re-
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spectively, for the planes (110), ( 101),
(211), and (112). The diffraction pattern for
the sample with 5 M concentration after
heating at temperature of 80°C shows iden-
tified SnO, modified red-SnO and the for-
mation of Sn0O2 at 206 =26.71, 83.21,
51.90, and 63.80 deg, respectively, for the
planes (110), (101), (211), and (112). Ac-
cording to the XRD analysis, the samples
with 4 M and 5 M concentrations with a
heating temperature of 80°C did not have
diffraction peaks for red-modified SnO and
SnO. The authors (Fakhrutdinova et al.,
2019) synthesized SnO using Sn granule
and nitric acid at high temperatures, ex-
plaining that SnO was identified at one low
intensity peak, namely 20 = 29.8 deg, corre-
sponding to (020) planes. In this study,
black SnO was formed when the pH of the
synthesized sample was above 5 [27] and
red-modified SnO was formed with SnO,
contamination [28].

Based on XRD analysis, the percentage
of the composition of SnO is shown in the
Table 2; the content of SnO for a concentra-
tion of 4 M with a heating temperature of
100°C is 22.4 %, the content of SnO for a
concentration of 4 M with a heating tem-
perature of 80°C is 381.4 and the content of
SnO for a concentration of 5 M with a heat-
ing temperature of 80°C is equal to 20.7 %.

4. Conclusions

The process of forming SnO using tin
powder and nitric acid has been successfully
carried out by direct chemical reaction
through iodometric titration. Based on the
DTA, it was shown that the decomposition
of the sample occurs at a temperature of
419°C for the sample with a concentration
of 5 M with a temperature of 80°C and at
426°C and for the sample with a concentra-
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Table 2. Phase analysis by XRD

Phases Composition (%)
4M, T=|4M,T=|5M,T-=
100°C 80°C 80°C
SnO 22.4 31.4 20.7
SnO, 38.3 41.3 50.9
SnO-red 39.3 27.3 28.5
thermal
modification|

tion of 4 M with a temperature of 80°C.
The optical microscopy results show that
the surface morphology is irregular. The
XRD results identified SnO with a tetrago-
nal crystal structure and SnO,. Nitric acid
concentration is very influential in ordering
SnO. The concentration of concentrated ni-
tric acid will easily stimulate the transition
to SnO,, and temperature fluctuations
greatly affect the formation of SnO. This is
because dilute nitric acid reacts very slowly
with powder without releasing gas. So, the
heating temperature is needed to speed up
the reaction process, but too high heating
temperature can accelerate the reaction to
Sn0,.
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