
Author's Accepted Manuscript

Hydrate formation in Layers of gas-saturated
amorphous ice

Mars Z. Faizullin, Andrey V. Vinogradov, Vladi-
mir P. Koverda

PII: S0009-2509(15)00204-3
DOI: http://dx.doi.org/10.1016/j.ces.2015.03.032
Reference: CES12241

To appear in: Chemical Engineering Science

Received date: 26 January 2015
Revised date: 9 March 2015
Accepted date: 15 March 2015

Cite this article as: Mars Z. Faizullin, Andrey V. Vinogradov, Vladimir P.
Koverda, Hydrate formation in Layers of gas-saturated amorphous ice,
Chemical Engineering Science, http://dx.doi.org/10.1016/j.ces.2015.03.032

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal
pertain.

www.elsevier.com/locate/ces

http://dx.doi.org/10.1016/j.ces.2015.03.032
http://dx.doi.org/10.1016/j.ces.2015.03.032
http://dx.doi.org/10.1016/j.ces.2015.03.032
http://dx.doi.org/10.1016/j.ces.2015.03.032
http://dx.doi.org/10.1016/j.ces.2015.03.032
http://dx.doi.org/10.1016/j.ces.2015.03.032


1 

 

Hydrate Formation in Layers of Gas-Saturated Amorphous Ice 

 

Mars Z. Faizullin
*
, Andrey V. Vinogradov, Vladimir P. Koverda 

 

Institute of Thermal Physics, Ural Branch of the Russian Academy of Sciences, Amundsen 

st. 107a, Ekaterinburg, 620016, Russia 

 

Abstract 

Layers of amorphous ice saturated with methane, ethane, propane and carbon dioxide were 

obtained by condensation of molecular beams of rarefied vapor and gas on a substrate 

cooled with liquid nitrogen. The amorphous state of such objects at low temperatures is 

stabilized by the high viscosity and the small value of the stationary nucleation rate of the 

crystal phase. Their heating in condition of high metastability is accompanied by 

spontaneous explosive crystallization, which leads to the formation of gas hydrates. Glass-

transition and crystallization temperatures were determined by changes in their dielectric 

properties under heating. An increase in the gas content in layers of amorphous ice causes 

an increase in the crystallization temperature without any significant changes in the glass 

transition temperature. At atmospheric pressure in a liquid n-pentane medium the retention 

of gas hydrates was observed up to temperatures close to 273 K. Self-preservation ensured 

the retention of hydrates in a metastable state at temperatures exceeding considerably their 

equilibrium dissociation temperatures. Samples of gas hydrates obtained at a maximum 

gas flow rate during the deposition contained up to 15 mass % of methane, 12 mass % of 

ethane, 13 mass % of propane, and 23 mass % of carbon dioxide. 
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