
Accepted Manuscript

A Perspective on Rheological Studies of Gas Hydrate Slurry Properties

Ahmad A.A. Majid, David T. Wu, Carolyn A. Koh

PII: S2095-8099(17)30820-2
DOI: https://doi.org/10.1016/j.eng.2018.05.017
Reference: ENG 82

To appear in: Engineering

Received Date: 13 December 2017
Revised Date: 21 January 2018
Accepted Date: 16 May 2018

Please cite this article as: A.A.A. Majid, D.T. Wu, C.A. Koh, A Perspective on Rheological Studies of Gas Hydrate
Slurry Properties, Engineering (2018), doi: https://doi.org/10.1016/j.eng.2018.05.017

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.eng.2018.05.017
https://doi.org/10.1016/j.eng.2018.05.017


  

Engineering 4 (2018) xxx-xxx 

2095-8099/© 2018 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education 
Press Limited Company. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/). 

Research 

Green Industrial Processes—Perspective 

 

A Perspective on Rheological Studies of Gas Hydrate Slurry Properties 

Ahmad A.A. Majid 
a,b

, David T. Wu 
a,c

, Carolyn A. Koh 
a,
* 

a Center for Hydrate Research, Chemical and Biological Engineering, Colorado School of Mines, Golden, CO 80401, USA 
b Faculty of Chemical and Natural Resources Engineering, Universiti Malaysia Pahang, Pekan 26600, Malaysia 
c Department of Chemistry, Colorado School of Mines, Golden, CO 80401, USA 

 
* Corresponding author.  

E-mail: ckoh@mines.edu 

 

ARTICLE INFO 
Article history: 

Received 13 December 2017 
Revised 21 January 2018 
Accepted 28 February 2018 
Available online  
 
Keywords: 
Relative viscosity 
Flow assurance 
Rheometer 

Oil-continuous 

 

ABSTRACT  

Gas hydrates are solid inclusion compounds that are composed of a three-dimensional hydrogen-bonded network of 

water cages that can trap small gas molecules, such as methane and carbon dioxide. Understanding the rheological 

properties of gas hydrate crystals in solution can be critical in a number of energy applications, including the 

transportation of natural gas in subsea and onshore operations, as well as technological applications for gas separation, 

desalination, or sequestration. A number of experimental and modeling studies have been done on hydrate slurry 

rheology; however, the link between theory and experiment is not well-defined. This article provides a review on the 

current state of the art of hydrate slurry viscosity measurements from high- and low-pressure rheometer studies and 

high-pressure flowloops over a range of different sub-cooling (ΔTsub = Tequil – Texp) and fluid conditions, including for 

water and oil continuous systems. The theoretical models that have been developed to describe the gas hydrate slurry 

relative viscosity are also reviewed. Perspectives linkage between the experiments and theory is also discussed. 

 
 

 

 

 

 

1. Introduction 

Clathrate hydrates, also known as gas hydrates, are crystalline structures in which small gas molecules are trapped 

inside hydrogen-bonded water-molecule cages [1]. These gas molecules must be small enough to be trapped inside the 

water cages. As such, typical gas hydrate formers include methane, ethane, propane, and carbon dioxide. Gas hydrate 

formation typically requires high pressures and low temperatures (e.g., 10 MPa, 277 K for methane). Due to such 

formation conditions, gas hydrates can form in and plug subsea oil/gas flowlines, and thus pose a serious safety and 
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