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Natural gas hydrates (NGH) are ice-like crystalline substances that consist of water molecules acting as host
and methane guest molecules and formed at low temperature and high pressure 1. Methane hydrate (MH) has
been considered a promising future energy source due to its vast resource volume and high energy density.
Understanding the behavior of MH formation and dissociation at pore-scale and the effect of MH distribution
on the gas-liquid two phase flow is of critical importance for designing effective production strategies from
NGH reservoirs 2. The phase change of NGH from a gas-liquid two-phase system, the evolution of NGH
morphology, and the distribution of NGH at the pore-scale provide critical insights into understanding the
underlying thermal-hydraulic-mechanical-chemical process [3]. Additionally, depressurization method has
garnered significant research attention over the past decades and is widely considered the most promising
approach due to its high energy efficiency [4]. This warrants the development of novel experimental tech-
niques to provide direct visual evidence for MH formation and depressurization-induced dissociation and the
evolution of gas bubbles in pores.
In this study, we devised a novel high-pressure microfluidic chip apparatus that is capable of direct observa-
tion of MH formation and dissociation behavior at pore scale. Fig. 1a shows the experimental apparatus for
pore-scale investigation on the microfluidic chip. The entire apparatus consists of four major components: a)
a confining pressure holder; b) an etched microfluidic chip, as shown in Fig. 1b; c) a constant flow-rate syringe
pump; d) a high-resolution charge-coupled device camera. MH nucleation and growth were conducted under
same conditions with Shenhu Sea, South China Sea (P = 15.0 MPa, T = 276.2 K). Depressurization was used to
induce MH dissociation at three different BHP of 12.0, 10.0, 8.0 MPa with constant pressure drawdown rates
of 7.0 MPa/h at T = 287.7 K.

Figure 1: enter image description here

Fig. 1. (a) picture of the in-house made high-pressure microfluidic; (b) the microfluidic chip used in this study.

Fig .2 shows the evolution of P and T, and MH morphology and gas bubbles during MH dissociation un-
der depressurization. Our experimental results reveal that two types MH formation mechanisms co-exist in
pores: (a) porous-type MH formed from CH4 gas bubbles; and (b) crystal-type MH formed from dissolved
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CH4 gas. Crystal-type MH is relatively stable and its dissociation pressure is lower than that of porous-type
MH. MH dissociation in the pores produce obvious aggregation and coalescence, and converge into a contin-
uous gas phase flowing within the pores under depressurization. The experimental results from our study
aim to provide a direct pore-scale observation of NGH formation and dissociation and provide a fundamental
understating of gas-liquid two phase flow.

Figure 2: enter image description here

Fig .2. (a) Evolution of P of microfluidic chip; and (b) evolution of MH morphology and gas bubbles during
MH dissociation under depressurization.
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