Accepted Manuscript

i AL
Journal of

MOLECULAR
STRUCTURE

Theoretical studies on microstructures, stabilities and formation conditions of some
sour gas in the type |, I, and H clathrate hydrates

Xuran Zhang, Nianxiang Qiu, Qing Huang, Xianhu Zha, Jian He, Yongfeng Li, Shiyu
Du

Pl S0022-2860(17)31285-1
DOI: 10.1016/j.molstruc.2017.09.087
Reference: MOLSTR 24336

To appear in:  Journal of Molecular Structure

Received Date: 7 April 2017
Revised Date: 21 September 2017
Accepted Date: 22 September 2017

Please cite this article as: X. Zhang, N. Qiu, Q. Huang, X. Zha, J. He, Y. Li, S. Du, Theoretical studies
on microstructures, stabilities and formation conditions of some sour gas in the type I, Il, and H clathrate
hydrates, Journal of Molecular Structure (2017), doi: 10.1016/j.molstruc.2017.09.087.

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 proof before it is published in its final 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.


https://doi.org/10.1016/j.molstruc.2017.09.087

Theoretical studies on microstructures, stabilities and formation

conditions of some sour gas in the type I, Il, and H clathrate hydrates

Xuran Zhang”, Nianxiang Qiu*, Qing Huang?, Xianhu Zha?, Jian He®, Yongfeng Li**
and Shiyu Du*?

School of Environmental engineering, Northeast forestry University, Harbin, Heilongjiang, 150040, P.
R. China.

’Engineering Laboratory of Specialty Fibers and Nuclear Energy Materials, Ningbo Institute of
Industrial Technology, Chinese Academy of Sciences, Ningbo, Zhejiang 315201, P. R. China.

®Key Laboratory of Systems Biomedicine(Ministry of Education), Shanghai Center for Systems
Biomedicine, Shanghai Jiao Tong University, 800 Dongchuan Road, Shanghai 200240, China

*Corresponding Author: E-mail: dr_lyf@nefu.edu.cn, dushiyu@nimte.ac.cn
*These authors are contributed equally.

ABSTRACT: Clathrate hydrates are well known for the water cage structures and the
capability of encapsulating natural gas, generally considered as sour gas if containing
appreciable amount of hydrogen sulfide. Using the ab initio calculations at the
wB97X-D/6-311++G(2d,2p) level, we have investigated systematically the
microstructures of five standard water cavities (ID, D, T, H and 1) with single and
multiple hydrogen sulfide inside. The interaction energies and deformation energies
are predicted to ensure the stabilities and maximum occupancies of cages. In addition,
the Gibbs free energies forming various water cavities enclosing CH; and H,S
molecules at temperature range 253K to 283K are also calculated to explore the
selectivity on hydrate types and corresponding formation conditions. The results from
this work may provide new insight into the theory for the replacement scheme in the
exploitation of natural gas hydrate.

1. Introduction

Clathrate hydrate are a class of non-stoichiometric compounds formed by
polyhedral water cages of different sizes and small molecules (such as H,S, CO,, CH,)
that are trapped inside under certain circumstances.[1] As a typical clathrate hydrate,
the Natural gas hydrates (NGHSs) are ice like inclusion compounds which are found
mostly in the permafrost region and deep ocean sites.[1,2] These abundant resources
are believed to be a new clean energy resource which may play as significant role as
the fossil fuels in the future.[3]

The gas molecules in clathrate hydrates are vital in the formation of microscopic
cage-like structures. For example, the hollow dodecahedral cage is energetically less
stable than its cuboids counterpart, yet a guest molecule like methane can stabilize
it.[4,5] Therefore, the accurate description of hydrogen bonding (H-bonding) energies
and van der Waals (vdW) interactions which is usually dominant between host cages
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