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AND THE CRYSTAL STRUCTURE OF STRUCTURE I AND
STRUCTURE I METHANE-ETHANE CLATHRATE HYDRATES
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ABSTRACT

Gas hydrates {clathrates) are elevated-pressure (P) and low-temperature (T solid phases in
which gas molecule guests are physically incorporated into hydrogen-bended, cage-like ice
host frameworks.  Hi gh pressure, low temperature clathrate experiments are carried out on
the High Pressure Preferred Orientation (HIPPO) bearn line at the Los Alamos Newtron
Scattering Center (LANSCE) on methane-cthane hydrates. Neutrons are particularly sensitive
to hydrogen and deuterium and they present a significant advantage for investigating the

agueous chemistry of dissolved gases because hydroger atoms represent 2/3 of the atoms in
aquecus solutions,

Methane and ethane are each known to form structure I hydrate, but when mixed, can form sII
hydrate under certain conditions. T will synthesize a wide range of cotmpositions and perform
gas chromatography to determine gas composition, and Jook at crystal morphology and
growth mechanisms of these clathrates using a cryostage Scanning Electron Microscope
(SEM). A combination of neutron and X-ray diffraction will be performed over the full range
of relevant P and T conditions to determing the stability field of each of the compositions.

Keywords: gas hydrates, neutron diffraction, methane-ethane hydrate, Los Alamos
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INTRODUCTION

Gas hydrates (clathrates) are elevated-
pressure () and low-temperature {7) solid
_phases in which gas molecule guests are
_physically incorporated into hydrogen-
bonded, cage-like ice host frameworks.
Natural clathrates have been found
worldwide in permafrost and in ocean floor
sediments, as well as in the outer solar
system (the Moon, comets, Mars, sateliites
of the gas giant planets). Clathrates in
oceanic deposits have a great potential as an
energy resource for the future; some have
estimated that the global reserve of methane
in hydrate form contains more than twice
the energy of all natural gas, petroleun, and
coal deposits combined {1]. However,
clathrates in these deposits exist in rather
delicate equilibrium conditions, and certain
perturbations, such as depressurization
and/or warming can cause decomposition
into methane gas and water. This reaction
has significant implications for clathrate
exploitation since methane released to the
atmosphere due o destabilization of ecean-
floor hydrates could exacerbate greenhouse
effects and potentially contribute to global
warming. ’

Crystal Structure

Three distinct clathrate structures have been
identified, sI, a primitive cubic structure that
forms with smaller gas molecules at
moderate pressures; sil, a diamond-like
structure in a face-centered cubic
framework that forms with molecules larger
than ethane but smaller than pentane; and
sH, & hexagonal framework struchire that
incorporates larger molecules (up to 8A)
such as components of gasoline [2]. A
fourth striucture has been described recently,
the sIIT structure [3], which can be described
as an orthorhombic filled ice structure.

SAMPLE PREPARATION

All samples used for this study was
synthesized at the United States Geological
Survey, in Menlo Park, California using the
method developed by Kirby, Stern et al.
[4,5]. This method has proven valuable for

successfiul growth of polycrystalline hydrate
specimens with controlled and uniform
grain size. A similar synthesis setup is
being constructed at LANSCE for future

clathrate synthesis work.

NEUTRON DIFFRACTION
Introduction

Neutrons are particutarly sensitive to
hydrogen and deuterium and they present a
significant advantage for investigating the
aquieotss chemistry of dissolved gases
because hydrogen atoms represent 2/3 of the
atoms in aqueous solutions and because
clathrate structures are determined by
hydrogen-bonding. Neutron diffraction
yields precise structural information on
atomic positions, inter-atomic distances, and
atomic thermal vibrations under a variety of
experimentz] conditions, providing
information on the nature of bonding and
thermal vibration of kydrogen atoms.
Neutrons’ penetrating power and the lack of
angular drop-off in scattering cross sections
make them superior to X-rays in these
structural studies.

HIPPO- High Pressure Preferred
Orientation

High pressure, low temperature clathrate
experiments are carried out on the High
Pressure Preferred Orientation (HIPPO)
peam line at the Los Alamos Neutron
Scattering Center (LANSCE). The
High-Pressure Preferred Orientation
neutron time-of-flight diffractometer,
HIPPO for short, was designed and
constructed at the Los Alamos Neutron
Science Center (LANSCE) in 1998. Key
specifications of HIPPO are its Sm
incident flight-path,

viewing a low-resolution, high-flux
neutron moderator of the pulsed
spatlation neutron source at LANSCE.
Afier passing an adjustable collimator,
allowing beam-spot sizes of 3, 10, 15,
17, and 20 mm in diameter, neutrons
interact with the sample. Figure 1 shows
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the detector system consists of 1360 *He
detector tubes arranged in pansls on
rings of 150°, 90°, 40°, 20°, and 10°
diffraction angles around the incident
beam direction.

- Raranmy

Cbemn < L

PAREE g lranmntst
syt chamber

Figure 1. Schematic of HIPPO showing
the different sets of detector banks at the
Los Alamos Neutron Scattering Center.

Ancillary equipment on HIPPO

Neutron clathrate hydrate research at
LANSCE can be performed in a variety of
apparatuses, namely the ZAP cell, an Al-gas
cell, a top-hat Al-high pressure cell, and a
low temperature displex.

The ZAYP cell is a large velume moissanite
(SiC) anvil cell. The mossianite anvils are
weakly absorbing and provide higher
neutron flux to the sample than is possible
with tungsten carbide anvils. The ZAP cell
can be used for ultrasonic, Raman or
diffraction work.

An Al-gas cell that was onginally fabricated
at Argonne National Laboratory was later
duplicated at Los Alamos National
Laboratory [6]. The cell is made of an
aleminum alloy and is intended for use with
pressures up te 70 MPa at room temperature
or below which is used mainly for kinetic-
type stdies.

The top-hat Al-high pressure gas cell is
attached to the closed-cycle cryostat and

surrounded by two temperature shields,
allowing its cooting down to 4 K.

The cell pressurizes indirectly via thin
high-pressure tubing coming through a
standard vacuum connector.,

METHANE-ETHANE HYDRATES

Natural gas hydrates form in oceanic
sediments and permafrost from a gas
mixture that containg primarily methane
(CH,) as well as ethane (C;Hy), propane
(CyHy), and other pases in smaller amounts.
Several studies to-date have been done on
“pure” systems of gas clathrates (ex.
methane [7], CO-[8] and propane[9]) but
very few studies have focused on mixed gas
systems that form clathrate hydrates in
Nature.

Subramanian et al. [10] and others report
that metbane and ethane are cach known to
form structure I hydrate (figure 2), but when
mixed, can form sII hydrate under certain
conditions {figure 3). For this study we will
synthesize several methane-ethane
clathrates over the whole range of
compositions (100% end member, 90-10%,
80-20% etc.). After synthesis we uge gas
chromatography to determine the final gas
composition of the clathrates (which might
vary in the synthesis procedure) and look at
crystal morphology and growth mechanisms
of these clathrates using a cryostage
Scanning Electron Microscope (SEM). A
combination of neutron and X-ray
diffraction will be performed over the full
range of relevant P and T conditions to
determine the stability field of each of the
compositions. '
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Figura 2. Neutron diffraction pattern of
ethane hydrate (D;0) on HIPPO.
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Figure 3. Neutron powder diffraction pattern
of methane-sthane (90/10) (D,0) on HIPPO,

CONCLUSIONS:

Ultimately, studying changes in the crystal-
- gtrueture of clathrate hydrates under varying
pressure and temperature 1anges a) will help
explain the environmental consequences of
global warming on natural gas hydrates; b)
will further the understanding the formation
of larpe bodies in the outer solar system,
such as Titan, Saturn’s largest moon, and c)
fead to better techniques of extracting
natural clathrates from the ocean floor to
increase the global encrgy supply.

REFERENCES:

[1]1Kvenvolden, K.A. 4 primer on the
geological occurrence of gas hydrate. In:
Gas Hydrates: Relevance to World Margin
Stability and Climate Change. Henriet, J.-P.
& Mienert, J. (eds). Geological Society,
London, Special Publications, 137, 9-30.

[2] Slean Jr., E.D. Gas Hydrates: Review of
Physical/Chemical Properiies. Energy &
Fuels, 12, 191-196, 1998.

[3] Loveday, J.S., Nelmes, R.I,, Guthrie,
M., Klug, D.D., Tse, I.S. Transition from
cage clathrate to filled ice: the structure of
methane hydrate ITT, Phys. Rev. Latters,
2001.

[4] Stern, L.A., Kirby, 8.F., Durham, W.B.,
Circone, S., Waite, W. Labaratory synthesis
of pure methane hydrate suitable for
measurement of physical properties and
decomposition behavior. In: Natural Gas
Hydrate, in Oceanic and Permafrost
Environments. M.D. Max, Ed. Kluwer
Publ., 2000.

[5] Stern, L.A., Kirby, 811 & Durham,
W.B. Polycrystalline Methane Hydrate:
Synthesis from Superheated Ice, and Low-
Temperautre Mechanical Properties.
Energy & Fuels, 12, 201-211, 1998.

[6] Bobev, S. & Tait, K.T. Methanol—
inkibitor or promoter of the formation of
gas hydrates from deuterated ice? Am.
Mineral, 86(%), 1208-1214, 2004.

[71 Loveday, 1.8., Nelmes, R.J. & Guthrie,
M. High-pressure transitions in methane
hydrate. Chem. Phys. Letters, 250, 459-463,
2001.

[8] Circone, §., Stemn, LA, Kby, S.H.,
Durham, W.B., Chakoumakos, B.C., Rawn,
C.1., Rondinone, A.J. & Ishii, Y. CO;
hydrate: Synthesis, composition, Structire,
dissociation behavior, and a comparison 1o
striscture I CHy hydrate. 1. Phys, Chem. B,
107, 5526-5539, 2003.

[91 Rawn, C.J., Rondinone, AJ,
Chakoumakos, B.C., Circons, S., Stern,
1.A., Kirby, $.H. & Ishii, Y. Neutron
powder diffraction studies as a function af
temperature of structure Il hydrate formed
from propane. Can. 1. Phys., 81, 431-438,
2003.

[10] Subramanian, S., Kini, R.A., Dec, 8.F.,
Sloan Jr, E.D. Evidence of structure 1]
hydrate formation from methane +ethane
mixtures. Chem. Bng. Sci., 55, 1981-1999,
2000.

544

TAT Lo IMUBE B O TTHERZ




