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Improvement of thermal stability in Pt/C catalysts

Use of silica for

Protection of carbon support

Prevent Pt nanoparticle 

growth / aggregation

PtSiO2 aerogel

carbon

Pt catalysts

metallic platinum

nanoparticles

Pt catalysts are widely 

used in various industries 

and scientific fields.

Preparation of Pt/(C–SiO2) catalysts

.
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Two step process:

• Deposition of SiOx on carbon

Si–OCH3 + H2O  Si–OH + CH3OH 

Si–OCH3 + Si–OH  Si–O–Si + CH3OH 

Si–OH + HO–Si  Si–O–Si + H2O

Sol-gel deposition of SiOx
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• Carbon (Vulcan XC-72)

• CH3OH / H2O

• Sonication, 1 h

Silica Deposition

(4 days)

Stirring / TMOS

Filtering, washing, 

drying (60°C, in 

vacuum)

Powdering

Sol-gel deposition of SiOx

Sol-gel method 

provides:

homogeneous

C-SiO2 network

controlled 

amount of SiO2

• Carbon (Vulcan XC-72)

• CH3OH / H2O

• pH  2 (CH3COOH-H2O, HCl-H2O)

• Sonication, 1 h

Filtering, washing, drying 

(60°C, in vacuum)

Powdering

pH  7 (NH4OH-H2O)

Polycondensation (4 h)

Stirring / TMOS

Hydrolyzes (3 h)

Deposition - 9 h
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• Pt nanoparticles  prepared from reduction of 

H2PtCl6

• NaBH4 as a reducing agent

• Pt nanoparticles adsorption on various 

substrates

 Schlesinger, H. I.; Brown, H. C.; Finholt, A. E.; Gilbreath, J. R.; Hoekstra, 

H. R.; Hyde, E. K. Journal of the American Chemical Society 1953, 75, 215.

 F. T. Awadalla et al., U.S. Pat. 5,304,233 (1994)

Deposition of Pt on various support
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Impregnation method

Carbon / SiO2 , 

stirring, keeping 1 h

• H2PtCl6 – H2O 

• NaBH4 – H2O

Reduction of Pt

Colloidal method
• Carbon / SiO2

• H2PtCl6 – H2O   (sonication)

NaBH4(aq) reduction

Filtering, washing, 

drying (60 - 70°C)

Powdering

Drying at reduced 

pressure for 2 h, 60oC

Filtering, washing, 

drying (60 - 70°C)

Powdering

Drying at reduced 

pressure for 2 h, 60oC

DLS

TEM, SEM

TEM, SEM

Deposition of Pt on (C–SiO2)
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20 nm
SiO2 aerogel

SEM (Zeiss Supra 55)

SiO2 aerogel + Pt

Micrographs for SiO2 aerogel and (SiO2 aerogel + Pt)
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Deposition of Pt on TiO2

The Raman spectra of TiO2 and (TiO2-Pt) showed that the 

spectrum of the composite (TiO2–Pt) does not contain 

bands characteristic of TiO2, which indicates a uniform 

coating of the surface of the TiO2 particles with Pt 

nanoparticles.

• Pt nanoparticles  prepared from reduction of H2PtCl6
• Deposition of platinum on TiO2
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TiO2 (Degussa Company )

Micrographs for TiO2 and (TiO2 + Pt) 

TiO2 +Pt

48 nm

SEM SEM
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TiO2 
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TiO2 +Pt
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Deposition of Pt on HA
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2 Dorozhkin S. V. //  Biology and Medicine J. Materials. 2009. 

Т. 2.

Synthesis of Hydroxyapatite (HA)

10Ca(NO3)2+6(NH4)2HPO4+8NH4OH→Ca10(PO4)6(OH)2+20NH4NO3+6H2O

Solid phase — fine suspension

Ca10(PO4)6(OH)2



13

4000

5000

6000

7000

8000

9000

10000

11000

12000

0

5000

0 200 400 600 800 1000 1200 1400

HA_N22_100%_35s_64n_ON_16_04_2021 HA_Pt_N24_15%_15s_64n_ON_16_04_2021

962 cm-1

Raman Shift, cm-1

R
e
la

ti
v
e
 I

n
te

n
s
it
y

Raman spectra of HA and (HA + Pt) 
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Formation of a Gallic Acid complex on the Hydroxyapatite surface
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Deposition of Pt on porcelain balls

The reaction apparatus of gas analyzers usually uses 

backfills made of bulk materials of sufficiently large size 

for the free passage of gases through the apparatus. 

Porcelain balls

Diameter — 3 mm.

Balls

H2PtCl6 – H2O   (sonication)

NaBH4(aq) reduction

Washing, drying (100 – 150 °C)

Next deposition of Pt

Calcination (800 – 900 °C)

The resulting catalyst is characterized by a uniform coating of the surface of 

the PT.
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СН4 + 2О2 = СО2 + 2Н2О

- The catalytic activity was tested using an atmospheric 

air analyzer GAMMA-ET chromatograph. 

- Hydrocarbons have low chemical activity, especially 

methane. 

- The catalyst was tested in air, which was additionally 

injected with a certain amount of methane.

Deposition of Pt on porcelain balls

Tests have shown good catalytic activity (≈98 %) of the 

resulting catalyst. 

The stainless steel reactor was filled with the catalyst, 

heated to 500 °C, and air containing methane (C = 150 ppm) 

was passed through the reactor).
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Conclusions

Methods for obtaining new composite materials by 

deposition of platinum nanoparticles on various support are 

presented. 

The obtained materials have a field of rational use.


