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oReport summary (English)

Principal investigator: National Institute for Materials Science (NIMS), Research Center
for Functional Materials, Deputy Director, Izumi Ichinose
R & D title: Development of flammable gas recovery technology in oil and gas fields

1. Purpose of R & D

Crude oil and natural gas are important resources as primary energy and as starting materials
for various chemical products. The oil mining and gas drilling technologies have been evolved
year by year, but their production and refining processes are said to be major sources of
greenhouse gases. In this project, we aimed to efficiently recover flammable gas by using
mesoporous polymer adsorbents, from the associated petroleum gas and produced water that are
emitted during the oil and gas production process. The final goal was to minimize the emission
of greenhouse gases such as methane through proposing a profitable treatment process for
produced water and associated petroleum gas.

2. Outlineof R & D

(1) Contents:

Mesoporous polymer adsorbents made of polyvinyl chloride (PVC) have remarkably
hydrophobic mesopores and selectively adsorb alkanes even under high water vapor conditions.
In this project, the adsorption of ethane, propane, and hexane from the gas phase was evaluated
physicochemically, and the enthalpy of adsorption was quantitatively evaluated. In addition,
mesoporous polymers were prepared from polysulfone (PSF), polyethersulfone (PES), and
polycarbonate (PC), and their adsorption performance was compared with commercially
available adsorbents such as activated carbon.

On the other hand, in order to evaluate the durability of the mesoporous polymer adsorbents,
liquid phase adsorption and vacuum desorption of hexane were repeated, and the changes in
specific surface area and pore size distribution were examined in detail. Furthermore, the low
cost mass production technology was developed for the above mesoporous polymer adsorbents.
Assuming social implementation, we also manufactured a device for recovering flammable gas
generated from a 500 L model solution of produced water and evaluated the recovery efficiency
using various adsorbents.

(2) Achievements:

The hydrophobicity of the mesopores increases in the order of PES<PSF<PC<PVC. In general,
activated carbon rapidly adsorbs water near about 1/2 of the saturated vapor pressure, but in the
case of mesoporous PVC, the enthalpy of adsorption of water is smaller than the heat of
vaporization by about 4 kJ/mol and water cannot be condensed in mesopores even near the
saturated vapor pressure. On the other hand, hexane easily condenses in the mesopores and
desorbs by reducing pressure. Therefore, it was suggested that this adsorbent is effective for the
recovery of light naphtha.

The durability of the mesoporous polymer adsorbents was evaluated from the hexane
adsorption/desorption tests of up to 300 cycles. From the results of BET specific surface area
and the pore volume measurements, the mesopores made of the polymer having a high glass
transition temperature and a relatively small molecular weight were particularly stable.
Furthermore, it was confirmed that hexane could be recovered even from the colloidal aqueous
dispersion of about 50 ppm.

“Adsorption Properties of Methane, Ethane, and Hexane on Mesoporous Organic Polymers
Prepared by the Flash Freezing Method”, Langmuir, 2020, 36, 2184-2190.

(3) Future developments:
In this project, we studied the recovery of flammable gas condensable near room temperature.
In the future, the recovery of acid gases such as CO, and H,S will be evaluated at low
temperature and in high pressure conditions.



